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ERRATA IN
SUPPLEMENT TO RADIO TRANSMISSION HANDBOOK, SUMMER,19LS .

Project C-l4kh, Communications Section,
National Defense Research Committes,

Prepared by National Bureau of Standards.

Page 2, 24 paragraph, change last sentence to "In addition a
Section (IV) is included, giving tables and nomograms for
the rapid calculation of distance ranges and usable fre—
quencies, for limited distances; in some cases even these
give the data for transmission over almost the entire earth.".

Page 6, 34 paragraph, omlt the second and third words, "sets of".

Page 6. 4th paragraph; the third and fourth sentences refer to
use of Figs. 17-52 with the transparent maps Figs. 67 and
69 of the Handbook. Through an error in printing Figs.,
17-52 do not match exactly in size Figs. 67 and 69 of
the Handbook. Therefore when scaling the transparent
maps must be shifted a proportional part of their total
length, according to the distance to be measured.

Page 15, 34 paragraph, 5th line, change "table 5" to "table 47,

Page 16. Third line, under "VI, Sources" should read: "the
following sourcecs, whose effective cooperation has been
most valuable". Add "Australian Government" to 1list
under "(a) Ionospherec data'.

Fig. 1. Add "Over or Near Land" to seccond line of legend.
Add 0° just after "Azimuth" in third line of legend,

Fig, 23. The circle botween 12 and 13 should also be labelled

Fige 53+ In third line of legend replace 9 by the word "to',
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U. S. DEPARTHMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON

How to Use the N,D.R.C,}N.B;S.'Radio‘Transmission Handbook

and SUpolement'for the Coming Year.

The Handbook and Supplement were prepared by the National
Bureau of Standards for projects C-9 and C-U} respectively of
the National Defense Research’ Committee, The Handbook gave
predictions of usable transmission distances and frequencies
for the winter (November through February) of 1941-42, The
Supplement gave the same for the summer (May through August)
of 1942, The predictions have been found by the experience
of the past winter and summer to be reliable,

The two books have a certain amount of utility for the
year ahead by the anplication of céertain factors to the data
given. For any specified set of conditions frlequencies will
be somewhat less and distances somewhat greater, in the year
ahead than in the past year. The factorg to be applied follow.

The graphs of distance ranges (Figs. 1 through 32 of the
Handbook; Figs. 1 through 16 of the Supplement)_ and the maps
of maximum usable frequencies and lowest useful high frequen-
cies (Figs. 33 through 62 of the Handbook; Figs. 17 through’
?2 of the Supplement% may be used for the coming Winter

1942-3) and Summer (1943), by multiplying the maximum usable
frequencies by 0,90 and the lowest useful high frequencics
by 00950 SR

For examplc, Fig. 15 in the Handbook gives, for 2000-milg
receptlion at azimuth 180°, rcceiver gbout 40°N, at 1200 local
time, Winter 1941-2, a maximum usablc frequency of 25.2 Mc and
a lowest useful high, frequency for 1 kw of 13%.0 Mc, Under
these same conditions for Winter 1942-3 the maximum usable
frequency will be 22,7 Mc and the 1-kw lowest useful high
frequency wiil be about 12,3 Mc., The 1l-kilowatt distance
range for 13 Mc 1is, correspondingly, that given in the Hand-
book for 13 +'0.95 ="1%,.7 Mc = 2200 niles; and the skip dis-—
tance on, say, 12 Me, is that shown in the Handbook for
12 + 0,90 = 13,3 Mc, i.e., 650 miles. (The skip distance
given in the Handbool for 12 Mg, Winter 1941-2, is 500 miles).

Note that the distance ranges, skip distances, maximum
usable and lowest useful high frequencies given for UO°N are
roughly good for recelving locations betwcen 30°N and 50°N,
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and those given for the cquator are‘roughiy good’  for receiving
locations betwcen 10°S and 10°N latitudes. Also, the valucs
given in the Figs. rcferred to in the Handbook for Winter
1941-2, 40°N, may be uscd for rcceilving locations between 50°5
and 30°8 for May through August 1942, by multiplying the maxi-
mum usable frequency by 0.95 afd the lowest uscful high fre-
quency by 0,98, and for May through Aug. 1943, by multiplying
the maximum useful frequency in the Handbook by 0485 and the
lowcet uscful high frequeney by 0.92. Also the valucs given
in the Figs. rcferred to in the Supplement for Summer, 1942,
L0o°N, may be uscd for rcc¢lving locations between 50°5 and
30°8 for Nov, 1942 through Feb., 1943 by multiplying the maxi-
mum usable freoquency by 0.95 and the lowest uscful high fro-
quency by 0.98. . ,

 The distance-range nomograms, Figs. 58 through 62, in ‘the
Supplcnent, may be uscd for the months of Nov, 19 2 through
Fcb. 1943, in tho oppositec hemisphere (i.o. lat. LO°N, Summer,
can be uscd for late. 40°8, Winter) by multiplying the frequen-
cics on the frecquency scale by 0.98. The cxamplc shown in
Fig. 61, then, would be, for H0°S to 20°8, Nov, 1942 through
Fob, 1903, 1 kw OW, tine 0800, distance range 1500 miles,
frequency 8.0 x 9.8 = 7.8 lic.

Valucs of distancc ranges, skip distances, lowest uscful
high froquencics and maximun usable frequencics for spring and
autunn may be estimatcd by interpolation betwecen the winter
and sunmcer data. ' ' .
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I. INTRODUCTION

The "Radlo Transmission Handbook", to which this is a
supplement, gave predlctions of usable transmission dis-
tances and freguencies (in the range from 1000 to 30,000
kilocycles) for the winter (Nowember through February) of
1941-1942,  Bixty-two Figures were included, giving the’
maximum usgable frequency, lowest useful high frequency,
distance range, and sklp distance, for wvarious radiated
vowers, times of day, azimuths, and nlaces on the earth.
Basic data were also included so that apnroximate calcu-
lations could be made for any transmission path anywhere
on the earth, ‘

This Supplement gives simllar information for the
sumner (May through August) of 1942. 1In general, the
distance~-range gravhs and usable-frecuency maps cover
the same ranges of latitudes, azimuths, oowers, and local
times as do the similar graphs and maps in the Handbook;
the distence-range graphs do not show as many latitudes
and times of-day. There are also included the same baslc
k¥inds of data as in the Handbook Apvendix., In addition a
Section (IV) is included, glving tables and nomograms for
the rapid calculation of distance ranges and usable fre-
quenciles, for transmission over distances not exceedlng
41000 miles.

Corments and suggestions on the Handbook gnd this
Supnlement are desired, and should be sent to Radlo
Section, National Bureau of Standards, Washington, D.C.
It is desired to make future supplements and revisions
of maximum service to the users. In particular, comments
are requested on the relative value of tables, graphs,
"maps", nomograms, and other ways of presenting the data.

Errata in Handbook.- The following errors have been
discovered in the original (Jan.l) Radio Transmission Hand-
book? -

Page 34, in 15th line, insert "half" before "the
logarithm",

In Figs. 22, 29, and 32, the 0.1 kw and 0.0l kw labels
on the curves should be interchang=d4.

In Fig. 40, a label "&" was erroneously placed on the
12-Mc contour,
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No mention was made in the Handbook of the sources
of the data utilized. That oversight is corrected in this
Supplement - see Sec. VI.

II. RAPID APPROXINMATE METHOD: - ALL DISTANCES.

: The attached Figs. 1 through 16 are distance-range
graphs of the same tyoe as those (Figs. 1 to 32) in Sec.
III of the Handbook. They show, for local noon and mid-
night, at a recelving station in any latitude between about
30°N and H50°N, the limits of distance over which practilcal
radio communication is possible, for four azimuths and for
five different values of radiated vpower. The curves are
labelled "distance range" and "skip distance"; they also
glve maximum usable frequencies and lowest useful high
frequencies, since:

(1) the maximum usable frequency for any distance 1is
the frequency for which that distance is the skilp distance,
and : '

(2) the lowest useful high frequency, for any distance
and power, is the frequency for which that distance is the
distance range for the given power.

‘The distance-range graphs are averages for the period
May through August, 1942, for quiet days (days when there

18 no lonosphere storm), and for transmission by way of the
regular layers of the lonosphere (the E, F;, and F or Fp
layers).* - Conditions on a particular day may differ markedly
from the average. The graphs were calculated by the methods
glven 1in the Appendix of the Handbook, and are based on the
data glven therein and Sec. V hereof. The maximum usgble
freguencies given here may be considerably exceeded during
frequent 1lrregular periods because of reflections from
patches or clouds of "sporadic-E layer": during periods of
disturbance and ionospheric storminess, the skip distance

may be considerably greater than, and the distance ranges
conslderably less than the values shown; see "Anomalies",
pages 11-1l4 of the Handbook.

These graphs, like those in the Handbook, are only
for frequencles greater than 1000 kilocycles. The solid-
line curve in each graph represents the skip distance and
also the maximum usable frequency; the dashed-line curves

_3For more detalled informatlion on the ionosvhere and its
effects on radio transmission than 1is given in the Hznd-
book, see the pamphlet, "Radio transmission and the
lonosphere", issued by the National Bureau of Standards.
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represent the upper limit of useful distance (distance range),
and also the lowest useful high frequency, for varilous powers
radiated from the transmitter. These powers are for radlo-
telenhone (vhone) communication; for any given distance
range, about 0.0l as much power would be required for radio-
telegranh (CW) communication. For non-heterodyne reception
of ICGW (interrupted continuous wave) or MCW (modulated con-
tinuous wave) telegraph signals, the phone curves should

be used., Non-directive transmission is assumed; a radlated
power of 1 kw is taken as equivalent to a field intensity

of 0.186 volt per meter measured at one mile from the
transmitting antenna in the direction of the path from

the transmitter to the receiver, If this field intensity

is known to be F volts per geter, then the power to be

used with the curves 1is 29F<,

The graphs are based on the lowest field intensity
which vermits practical reception in the presence of or-
dinary background interference or noise. As used here,
practical recevtion does not mean, on the one hand,
satisfactory brozdcast program reception or, on the
other hand, recepntion of extremely weak CW signals which
would recquire much repetition and great effort to receive.
The graphs also assume the use of a reasonably good re-
celving set and an operator of reasonably good ablility.
Each graph-is labelled either "over open ocean" or "over
or near land"., This distinction i1s made because, when
the receiving set is on shipboard far away from land in
some latitudes the "static!" is much less than when the
recelving set is on or near land. The areas in which
the "over or near land" graphs apply are shown cross-
hatched in the map of Fig. 53; for receiving locatlons
outside of the eross-hatched areas the "over open ocean'
gravhs apply.

For freduencles gbove the maximum usable frequency,
the relatively short ground-wave distance range 1s shown,
for a power of 1 kilowatt, by the lines made up of long
dashes., There are two curves, one (marked "land") for
transmission paths all or nearly all over land, the other
(markeé "ocean") for transmission paths all or nearly all
over sea-water., As in the Handbook, the l-kilowatt line
is everywhere shown with long dashes,

Teble 1 gives aporoximate factows by which the 1-kilo-
watt ground-wave distance range may be multivnlied to ob-
tain the distance range for other nowers.



"5".

Table 1.
Factors for ground-wave distance ranges.

Radiated power, -
kilowatts Land Ocean
Phone CW
0001 - 0050 0070
0,1 .= 0.75 0.85
1,0 0.01 1.00 1.00
10.0 0,1 1.30 1.15
100.0 1.0 1.60 l,ﬁp
- 10.0 1.90 1.45
- 100.0 2030 1.60

The high-frequency ground-wave calculations were made
for antennas thirty feet high. The distance ranges given
are for the ground wave alone, not considering the irregu-
larly-reflected tropospheric wave. At frecquenciles above
10 megacycles, the tropospheric wave may sometimes pro-
duce falr transmission at distances as much as five
times the "land" ground-wave range shown on the graphs.

For further information on the use of the distance-
range graphs of Figs, 1 through 16, see pages 1L4-20 of
the Handbooke.

III, INTERMEDIATE METHOD: - ALL DISTANCES.

The attached Figs. 17 through 52 give the maximum
usable frequencies and the lowest useful high frequencies
for 1 kilowatt radlated power, for reception, at the time
and latitude stated on each Fig., from a transmitter located
anywhere in the world. They are "usgble-frecuency maps"ef
the-same type as those (Figs. 33 to 62) in Sec. IV of the
Handbook. The usable frequencies jivean in these Figs. are
averages, for lonospherically cuiet days, for transmission
by way of the regular layers of the ionosphere. They are
- Tor the period from May through Auzust, 1942, and were
calculated by the methods glven in the Apmendix of the
orlgingl Handbook, using the basic data glven therein
and in this Supplement. :

The maximum usable frequencies may considerably exceed
the values glven in these Figs., during frequent irregular
periods, because of reflections from clouds of "sporadic-E
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layer"; during nerilods of disturbence and ionosvheric stormi-
ness the maximum usgble frequencies may be considerably less
than, and tke lowest useful high freguencies considerably
creater than, the values shown; see"Anomalies", pages 11-14
of the Hancbhook.

: In Figs. 17 through 52, as in the similar pseudo-naps
in the Hendbook, the ordinates are degrees of latitude, north
and south of the equator, and the abscissas are the number

of degrees of longltude that the transmitting location is
east or west of the receiving location. The lines of
longitude differehce are spaced 15° because a longitude
¢lfference of 15° corresponds to one hour of time differ-
ence. The receiving location is always at the intersection
of the vertical center line and the line of latitude for
which the map is prepared. Thus if the transmitting loca-
tion is 60° of lonzitude to the east of the receiving loca-
tlon and is at latitude 25°S, it is located on the map U
squares to the.right of the vertical center line (line of

0° longltude difference), and 2 1/2 squares below the hori-
zontal 0° latitude line (equator).

Two sets of lowest-useful-high~frequency maps are given
for each latitude and time of day, and are distingulished by
the labels "over open ocean" and "over or near land", This
distinction 1s the same as in the case of the distance-range
graphs described above, and the areas to which each type of
map avplies are the same and are shown in Fig., 53.

Distances are not shown directly on these mgps. The
upper and lower limits of frequencies for transmission from
any point in the world to the receiving points for which
the meps are constructed may be obtained by reading off
the frequencles on the curves which pass through the trans-
nitting points. If desired, distance ranges and skip dis-
tances for any given frequency may be scaled from these
maps by the use of the "great-circle maps" for latitudes
40° or 0° given as Figs. 67 and 69 in the Handbook., Thus,
for a glven great-circle path, determine the distances
from the receiving point to the points where the great
circle Intersects the maximum-usable~-frequency curves and
the lowest-useful-high-frequency curve for the glven fre-
quency. The distances corresvonding to the maximum-ussble-
frequency curves are the "skip distances", and the dis-
tance corresponding to the lowest-useful-high-frequency
curve is the "distance range". Note that the distances on
Figs. 67 and 69 of the Handbook are glven in thousands of
kilometers. One mile equals 1.6093 kilometers and one
kilometer equals 0.6214 mile (see also discussion on DPe33
of the Handbook).
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As may be seen from Figs. 1 through 16, there are in
most cases two skip distances for each frequency and great-
circle path, an lnner one which may be anywhere from O to
2500 miles from the receiving location, and an outer one
which 1s generally more distant than 2500 miles from the
recelving location. Within the reglon bounded by these
two distances the radio waves will be transmitted and will
not penetrate through the lonosphere; elsewhere they will
not be transmitted because of penetration through the
lonosphere. Usually, the distance range determines the
upper, and the skip distance the lower, limlt of distance
for transmission.

The band~6f useful frequencies for transmisslion over
any path may be determined by using these maps according
to the procedure outlined on page 21 of the Handbook.

Procedure for Powers Other than One Kilowatt.- As
stated on page 22 of the Handbook, the maximum usgble fre-
quency is indepéndent of radlated power, but the lowest
useful high frequency 1is not, and therefore correction
must be made for a radiated power different from one kilo-.
watt. The following procedure is suggested to replace the
procedure outlined on page 22 of the Handbook. It is based
on the fact that the distance range with a glven power on
a glven frequency 1s the same as that with a lower power
on a somewhat higher frequency, or with a higher power on
a somewhat lower frequency. This is only an approxima-
tion; for precise distance-range determinations 1t 1s
necessary to follow in detall the procedure of calcula-.
tion outlined in the Appendix of the Handbook, and it
would be necessary to construct a separate map for each
value of raediated power. .

The maps of lowest useful high frequency are glven for
a radiated power of 1 kilowatt, radiotelephone (phone)
trensmission., For other radiated powers, or for CW trans-
migsion (heterodyne reception), for which only 0.01 of the
radiated power 1s required as for phone transmission of
equal intelligibility, the followlng procedure may be used:

(a) Determine the lowest useful high frequency (for
1-kilowatt phone) from the maps,

(b) Use the nomogram, Fig. 54, (for method of use, see
example showvn on nomogram)* to determine the lowest useful
high frequency for the power actually used, or

¥X nomogram is a graphical device for rapld calculation by

meéans of allgning stralghtedges with numbers on two or
more scales and reading the answer on another scale,
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(c) Add to or subtract from the l-kw phone value of
lowest useful high fredquency in-megacycles the aprropriate
number taken from Table 2 below, but bear in mind that the
lowest frequency considered here is 2 megacycles., If the
l.u.h.f. calculated 1s less than 2 megacycles the value .

- to be taken 1s 2 megacycles.

‘Table 2

Factors for.Lowest Useful High Frequéncy

Radiated power, o
‘kilowatts
_Phone CW
0,01 - - Add 5.2 Mc to the l.u.h.f.
OO0l - Add 2.2 Mc to the l.u.h.f.
1.0 0,01 Ugse the l.u.h.f. as given
10.0 O.l Subtract 1.7 Mc from the l.u.h.f.
100.0 1.0 Subtract 2.9 Me¢ from the l.u.h.f.
- 10.0 Subtract 3.8 Mc from the l.u.h.f.
- '100.0 Subtract 4.5 lc from the l.u.h.f.

Range of Usefulness of the Mavs.,- The maps are given
for two latitudes.of receiving station and for six times of
day. The maps labelled LooN may be  used for receiving sta-
tions located between latitudes 30°N and 50°N, while those
‘labeled 0° may be used for recelving stations located be-
tween 10°S and 10°N, Their accuracy becomes less, the
greater the difference between the recelving stations
latitude and the latitude for which the mavp is con-
structed. For other latitudes and for times of day
other than those specified on the maps, usable frequen-
cies may be determined by interpolation.

. For further remarks on the use of the mavps, interpola-
tion, variation, etc., see the discussion on pages 20-23
of the Hancbook. The dilstance ranges and lowest useful
high frequencies in the summer of 1943 will probably be
but l1ittle different from the values given here for the
gsummer of 1942; the distance ranges will probably be
slightly greater, and the lowest useful high frequencies
slightly lower, ﬂor the summer of 1943 than for the summer
of 1942, The maximum usable frequencles for May through
August 1943 will probzbly be about 10% less than those
given_in this supnlement for the period May through
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August 1942; the skip distances will thus be somewhat greater.
If these variations ‘are kept in mind, the dlstance-range
graphs and the usable-frequency maps glven here may be used
for the summer of 1943, Conditions for November 1942 through
February 1943 are discussed in the Handbook, page 23. Equi-
noctial conditlons are quite different from summer or winter
conditions, _ '

IV, MORE EXACT METHODS: - SHORT DISTANCES.

The methods in this Section are slightly more compli-
cated than those of Secs. II and III, but less so than the
basic calculations given in Sec. V. Some users may find
it easier to use the tables and nomograms of this Sectlon
than to use graphs, especlally where there are a large
number of gravhs to be examined and chosen from. No
single series of graphs can represent all the possible
varlations of the factors involved in dlstance-range or
usable-frequency determination. MNore comprehensive data
may be glven by a small number of tables and nomograms
than by a large number of graphs.

There is no practical way of simplifying the plcture
of radio transmission over distances of 4000 miles or more,
For such long-distance transmission, the paths must be
"individually examined and analyzed in some such way as in
the Appendix of the Handbook. Hence, for great dlstances,
the distance-range graphs and the usable-frequency maps
in the Handbook and in this Supplement are to be used,
supplemented when necessary by calculations according
to the Handbook Apvendlx,

For distances less than about 4000 miles, however,
this Section provides a rapid means of deternining dis-
tance ranges and usable frequencles for a wide varlety of
conditions which are met in practice. The data are glven
in the form.of tables and nomograms., Some of the data are
given in both tabular and nomographic form; each person
may use the form most convenient for him, A detalled
‘description of the tables and nomograms follows.

Mgximum Usable Frequency.- The regular-layer maximum
usable freguency for any distance up to 4000 miles 1s deter-
mined by multiplying a certain frequency, dependent on latl-
tude and time of day, by a factor dependent on the distance.
It has nothing to do with radiated power or noise level at
the receiver. '

| The basic data are the maximum usable frequencies for
transmission by way of the E leyver for a mnath 1000 miles in
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in length, and by way of the F or Fo layer for a path 2200
miles in length. For transmission paths of lengths other
than these, maximum usable freguencles are different and ,
must be calculated. These frequencies are given for every
point in the world in the maps of Figs. 68 and 69, the
direct use of which 1in more accurate computations is
described in the next Section. For the purposes of this
Section, however, these frequencies are listed numerically
in Table 3 (pages 17-1€) for every two hours during the
day and for every 20° of latitude, for reception from the
north, east, south, and west.

The first step is to select the frequency numbers
which most nearly represent conditlons over the tré&ns-
nission path., For example, for a receiver at 55°N, 0800
local time, receiving from the east, the 2200-mlile m,u.f.
would be 13.9 Mc, and the 1000~mile m.u.f. would be 1U4,5
Mc, as determined from Tagble 3., These fredquencies can be
determined more preclsely, for the midpoint of the trans-
mission path, from the maps, using the method described in
the Appendix of the Handbook, but the values obtained from
the table are accurate enough for most purposes. -

The maximum usagble frequency is the greater of the two
values obtzined by multiplying the 1000-mile E m,u.f. and
the 2200-mile F m,u.f. by their respective factors for the
given distance from table 4, or alternatively, the greater
of the two values obtained by entering the distance and
the frequency in the two nomograms Figs. 55 and 56.* The
sklp distance for a glven frequency may also be calculated
at the glven time, location, and azimuth, by using the
fact that the maximum usable frequency for any dlstance
1s the frequency for which that distance 1s the skip dis-
tance,

Thls procedure takes into account ?1~1ayer transmission

also. Detalled conslderation of this 1s outside the scope
of the discussion in thls Handbook Supplement.
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Table 4

Distance Factors for Maximum Usable Freauency

{Haximum usable frequency for a glven distance is the greater -
of the two values obtained by multiplying the 1000-mile E
m,u.f. and the 2200-mile F m.u.f. (from Table 3 or from

" Flgs. 68 and 69) by the factors in this Taeble for the.
glven distance). :

Distance in Wor EB-layer For F- or Fo-layer
miles | ‘transmisgsion |. transmission
0 0,23 0.37
200 0.3 . 0,38
Loo 0.5 O.41
800 0,89 0.57

1000 1,00 0.67
1200 1.05 0.75
1400 1.07 0.82
1600 1,08 0.88
1800 1,08 0,94
2000 1,07 0.98
2200 1.05 1.00 -
2Loo 1,00 1.02
2500 0.95 1.03

In the examvle above, where the 1000-mile E m,u.f. 1is
14,5 Mc and the 2200-mile F m.u.f. is 13.9 lc, suopose the
trangmission path is 600 miles long. From table I the factors
for 600 miles are 0,72 for E-layer transmission, and 0.47 for
F- or Fo-layer transmission. The maximum usable frequency
1s thus the greater of the two frequencles obtalned by mul- :
tiplying 0.72 x 1U4.5 Me = 10.4 e and 0.47 x 13.9 Mc = 6.5 Me.
The maximum usable frequency 1s thus determined by E-layer
transmission, and 1s 10.4 Mc for the example given; con-
versely the skip dlstance for 10.4 Mc is €00 miles. The -
same result could be obtained also by using the nomograms.

If desired, it could be determined whether E-layer or
F-lgyer calculations would be necessary by the use of the
nomogram of Fig. 57, or by taking the ratio of the 1000~
mile E m,u.f. to the 2200-mile F m,u.f. and consulting
Table 50 . .
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Table 5

Tonograms

1ooo-mi -E e Ua f.

Use F;Fo-layer

Use E-layer

Use F,Fz-layer

Retlo 3500-mi.F m.u.f.| tables; map, |tables,map, tables, map,
nomogram nomozram nonogram
2.50 0 to 100 mi. 100 to beyond -
‘ ' . 2500 mi,
1.50 0 to 170 ni. 170 to beyond -
2500 mi.
1,00 0 to 270 mi. [270 to beyond -
. | 2500 mi.
0.90 0 t0.310 mi. {310 to 2200 mi, | 2200 to beyond
' . 2500 mi.
" 0.80 0 to 400 mi. |LOO to 1200 mi. | 1200 to beyond
: 2500 mi, -
0.70 0 to 520 mi. b20 to 910 mi. 910 to beyond
' - 2500 mi,
C.65 1 0 to beyond - N
| 2500 mi. -

Lovwest Useful Hich Frequency.- Five nomograms are given

for determining the lowest .useful high freaquency for any time

of day, for stations located between 50°8 gnd 50°N,

These

are based on predlcted average conditions, for qulet days,

for trensmission by way of the regular lzyers.

They also

- glve distence ranges, since the lowest useful high fre-
cuency for a given distance and power is the frequency for
vhich that distance is the distance range for the glven

nower.

The method of use of the nomograms is i1llustrated by

the examples shown thereon.

from 0.1 kilowatt (vhone) to 1000 kilowatts (CW).

The frequency range covered
is 2 to 30 megacycles; and the range of radisted vower is

Fig. 58,

labelled 40°S, may be used for receiving locations between

50°S and 20°8. .

Mo distinction is made between land and

ocean locations, because at this time of year static condi-

tions are not bad in these latitudes.

Figs. 59 and 61,

labelled 0°, may be used for receiving locations between
20°35 and 20°N, and Figs. 60 and 62, labelled LO°N, may be
used for recelving locatlons between 20°N and H0°N,
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The sky~-wave distence range and skin distance, and the
range of useful freguencies, are cox leuely determined by the
procedure outlined gbove (na*es 9-12

Ground-YWave Distance Ranges.- The distance range of the
ground wave over land or sea may be determined by use of the
two nomograms of Figs. 63 and 64, Because of the wide var-
lety of receivinv conditions which may be encountered, a
"rield intensity factor A" i1s used instead of tge radlated
vower. This factor is taken as A = L + logyg F /P where F

1g the recuilred field intensity in microvolts per meter and P
18 the radiated power in kilowatts. The fleld intensity
fector "A" thus includes not only radiated power, but also
the tyve cf receiving set and noise condlitions, the latter
two of which have elsewhere been included Jointly es an
average "reaulred field intensity". For example, an
insensitive receivin get in a mobile army unit where the
nolse level is high would correspond to a large field in-
tensity factor, while a gsensitive receivinc set in a rela-
tively noise—free location would corresponé to a low field
intensity factor.

Teble 6 blves a=proxinate values of the field intenslty
factor for various tynes of recelvinz sets, noise conditlons,
and values of radisted nower. The nomogram of Fis, 65 gives
a more orecise deternination of the factor, DLOVlQed the re-
auired field intensity and the radiated power are known,

Table 6

Estimated Values of Fileld Intensity Factor "Al

(To be used with ground-wave nomograms of Fiss. 63 and 64),

[Gbod receiving set |Averd.e receivin: set Poor receiving set

Power 'Quiet]ilod. 1Bad Quiet[lioGa Bad Quiet|liod. |[Bad

| noise|noise 'noise |noise nolse {noise

low 6 |9 12 g 11 14 10 1P 14
Phone { medium| 4 7 10 6 9 12 g 10 12
high 2 5 g b 7 10 6 g 10

low I8 7 10 6 9 12 ' 8 10 12

cw medium| 2 5 & 4 7 10 6 8 10
high 0 3 6 2 5. g I8 6 &
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Given the field intensity factor A, the ground-wave dis-
tance range for any freguency meay be determined directly from
the nomograms of Figs, 63 and 64. These are for vertical
antennas 30 feet high, and for average ground and sea water,
resvectively. They are for the ground wave alone, and do
not take into account the irregularly reflected tropospheric
wave, which can considerably lncrease the distance range on
high freguencies. In fact, on frequencies of 10 megacycles
or greater the distance range due to this trovospheric wave
mzy occasionally exceed five times the distance range of the
ground wave over land,

Low-Freguency Distance Ranges.- Two nomograms are given
for the rapid estimation of sky-wave distance ranges on fre-
guencies below 1000 kilocycles., These are Figs. 66 and 67,
‘'They are glven only for the range of latitudes 10°S to HO°N,
and for two times of day: "day", or the period from agbout
sunrise to sunset, and "night", or the period from a little
after sunset to a little before sunrise,

V. PRECISE METHODS USING BASIC DATA.

This Section gives iInformation similar to that in the
Apvendix of the Handbook. Figs, 68 and 69 give the basic
data from which to calculate meximum usable frequencies;
they show directly maximum usable frequencles over the
entire world, for any latitude and local time, for 2200-
nile F- or Fe-layer, and for 1000-mile E~layer transmission.

They are similar to Fig. 63 of the Handbook, which, however,
shows only the F- and Fo-layer values. In this Supplement

Fig. 69 shows E-layer frequencies for the parts of the world
for which the E layer deternines the maximum usable frecuency
for some distance. The numrber on each curve of Fig. 68 is
the 2200-mile F m.u.f. in megacycles. The curves of Fig., 69
are similarly for the 1000-mile E m,u.f, These maps are for
average ionosvhere conditions during quiet days, May through
August, 1942, for transmission by way of the regular iono-
sphere layers., On days of ionosvhere storms the maximum
usable freocuencies may differ greatly from the values shown.
The maximum usable frequencies may, at frequent irregular
intervals, considerably exceed the values calculated from:
these maps, because of reflections from clouds of sporadic-E
layer (see "Varigtions and Irregularities", pp.l9-20 of the
Handbook).

The method of using these mans for transmission dls-
tances greater than 2500 niles hes been outlined on pages
35 and 36 of the Hendbook. Only the F-layer-frequency mep
need be used for these paths. Briefly, this method con-
sists of suverposing a plot of the great-circle path from
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the ftransguitting statlon to the receiving stetion on the men
of Fiz. 6& at the correct local tines, and noting the lowest
irecguengy curve which the vnath encounters. If th;s occurs
at either end of the path, the maximum usable freduency for
the nath is the value at a point 1200 miles from that end
toward the middle of the neth if it occurs somewvhere along
the path, the maximum usable freouenCJ is the lower of the
two values at voints on the path 600 miles either way from
the point where the lowest value occurs. :

To determine the maximum usgble freouency for vaths
shorter than 2500 miles, determine first the annroximate
lotitude and locsl time of the midpoint of the eath Ob=-
tain from the maps of Figs. 68 and 69 the 1000-mile E m,u.f.
and the 2200-mile F m.u.f. at this nlace (1f the place lies
in a part of the man where no E-layer curves are shown
E-layer transmission does not have to be cons1dered)

Using the nomograms of Figs. 55 and 56 (or the factors in
Table 4) calculate maximum usable freouencles for the de-
sired distance for the two modes of trensmission (E- and
F-layer). The greater of these two values is the actual
maximum usable freguency for the vath. The skip distance
may then also be calculated, since the maximun usable fre-
quency for a given distance is also the freduency for
which the given distance is the skip distance.

For example consider the maximum usable frequency for
a 750-mile path whose midpoint is at latitude 40PN, at 1100
local time. .The 2200-mile F m,u.f. is 15.7 megacycles, and
the 1000-mile E m,u.f. is 16.1 megacycles. lMultivlying by
the factors for 750 mlles from table 5 gives, for Fo-layer
transmission &.5 megacycles, and, for E-layer transmission
1%3.7 megacycles, The maximum usable freqguency is. thus 13.7
megacycles, and, conversely, the skin distance for 13.7
megacycles 1s 750 miles, ;

Note that the maximum usable frequency thus obtained is
independent of radiated power or of noise conditions a2t the
receiving point. It is the same in both directions over the
same vpath,

Fige. 70 i1s the gbsorption-index man of the world for
the months of May through August, It 1s similar to the
map of Fig. 64 in the Handbook, and is to be used in exactly
the same way as described on mages 30-35 of the Faneboo&.
In so using it, the great-circle maps of Figs. 65 through
69 of thﬁ Handbook are to be used, and also the "absorvtion
constant" curve and the "unabsorbed field intensity" curve,
Figs. 70 and 71 of the original Handbook. The "reauired
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field intensity“ curves to be used for the months of May
through August are, however, different from those in the
Handbook., They are gilven, for statlons between 50°8 and
20°S in Fig. 71, and for statlions between 20°8 and 50°N,

located at sea or on or near land in Figs. 72 and 73.

' ﬁives a map of the world showing the areas in
which "statio is likely to be severe and for which the
"over or near land" curves and graphs are to be used.

VI, SOURCES

. Ionosphere and field-intensity data used in the prepara-
tion of the Handbook and this Bupplement were obtained from
the followina gources:?

(a) Ionosphere datat

National Bureau of Standards, Washington, 'D.C.

University of Puerto Rico, San Juan, P.R.

1941 Louise A. Boyd Expedition to waters west
of Greenland.

‘Leland Stanford University, Calif,

College, Alaska, observatory of Carnegle
Institution of Washington.

Huancayo, Peru, observatory of Carnegle
Ingtitution of Washington.

Watheroo, Western Australia, observatory of
Carnegie Institution of Washington.

Canadian Government.

‘British Government,

(b) Field intensity datas

National Bureau of Standards, Washington, D c.

‘University of Puerto Rico, San Juan, P.R,

1941 Louise A. Boyd Expedition to waters weet

: of Greenland.

Louislana State University, Baton Rouge, La.

Leland Stanford University, Californla.

College, Alaska, observatory of Carnegie
Institution of Washington,

Federal Communioatlons Commission, Washington, D.C.

The' first five sources under (a) and the first .six
sources under (b) are associated in a cooperative project,
of radio transmission measurements under sponsorship of
Communications Section, National Defense Research Committee.
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Table 3

Maximum Usgble Frequencies
(for 1000-miTe E-layer and 2200-mile F- or Fo-layer
transmission. See text for commutation of other
distances).
In Megacycles. May through August, 1942

‘Local time _ R ,
f da 00 02 o4 06 08 10 12 14 16 18 20 - 22

0 N.Pole

Nort 1 . . 'Y '
East . 13.0 13.4 4.8 09 13.5 12.7 12.1 12.1
South | 11,8 11.5 12.0 12.6 13,3 14,6 15.7 16.2 16.0 1 .0 13,7 12.8
West [|12.9 12,3 12,1 12,3 12,9 13,3 12,9 14,7 15.0 .9 1 .3 13,6
North |12.6 12,6 12.5 12.5 12.5 12,4 12,4 12,4 12,5 12.5 12,5 12,6
East |11.0 12.1 12.& 13.5 13’Z 13.7 13.5 12.8 12,0 11,0 10,6 10.8
South | 9.0 9.6 10.6 12,1 13.4 1Lk.2 14,3 14,2 13,4 12,1 10.6 9.6
West -%%’O 0.8 10.6 11,0 12,0 12,8 13,5 13,7 13.7 13.5 12.& 12,1
“B0°N to 70 ) : 3
North 11.9 11.7 12.2 13.0 13.5 1L4.6 15,7 16,1 15,5 IETE‘”I31??1277?
East |11.0 0.7 11l.5 12.5 13.9 15.0 15,2 15,2 15,1 14,6 13.7 12,3
South | 12.2 9.7 8.2 11.0 12.2 1L.g 15.2 15.2 15,2 15,7 16.0 14.5
West |12.8 11,3 0.4 11.1 12,1 13,4 14,8 15,1 15,2 15.2 15,1 1k4,2
North |[10.0 0.1 11.1 12.4 13,4 14,0 14,0 14,0 13,4 12.4 11,0 1lo0. 7

] East - 9.0 1103 13.2 1 05 1500 15.1 15.0 1 05 1005 o
2 ) South - - g1 11.5 13.& 15.1 15.9 15,1 13.8 11,5 - -
West - 8.0 1005 12.6 i 01 15.1 1 01 12. 1 .2 11.1 -

30°N to H0°N

North 12 2 9. ° . . . ° .
F Eg:t 11 9 8.7 9.5 1109 ° 15.8 1609 1700 1702 17.9 1700 1 08
South 12 12,8 10,0 1l1.€ 14.0 17.0 19.7 20.5 20.5 20.5 20.3 18.5
West [10,7 12,0 8.8 9.3 11.8 14,3 15,8 16,8 17,0 17,1 17.9 17.0
o | b0 50 28 BE BT e B e BPRL & o0
as - - . . L} 3 [ [ ] - -
i il I 1%'5 g 1ot 1l WP %2 e -
es - o - ° ° ° ° ° ° ° —
10°N to 30°N —
orgh 15,4 12.0 9.0 1l.3 13. 15.9 18.9 19,5 19;2 0.0 19. ol
p JEast |17.6 1k.0 12.2 1h1 17.4 20,9 23.3 23.8 25.2 22,4 2.6 20.3
South | 21,0 17.6 13.9 15.1 1E.9 20.5 22,3 23.0 23.4 23,6 23,3 22.
West 1939 16.9 1305 12.5 1 08 1802 21.] 23.7 23.8 23,2 22.2 21.3
North| - . =~ 4,8 10.6 13.7 15.5 16.3 15.6 13.6 10.6 - -
) Eg:t b - 605 ‘119 12.1 lg.; 1692 lzoz 12.2 609 had -
N South - - - 7.6 13.1 15.3 16.2 15. 13.1 9.0 - -
West - - - - 12.1 15.0 1603 16.1 1&.3 11.8 5.0 -
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Table 3. Haximum Usable Freguencies, iklay through Ausust 1942

co

of day
10°S to 10°N

Local time
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FIG. 8. Rapio Distance RANGES.
MAY THROUGH AUG. 1942. OVER OPEN OCEAN.

LATITUDE 40 N. 0000 LOCAL TIME. AZIMUTH 270"

(Powcas SHOWN ON CURVES ARE FOR PHONE TRANSMISSION.
POWERS FOR CW TRANSMISSION ARE 0.0l AS GREAT.)
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] .2
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] — 5
25— . - [
i Radiated Power, -
i Kilowatts i
] — |
Phone cwW °
20 — -1
P
i . B
0'0\ - -
] \ -7 -
i 0. \ 0.0\ /// 15
15 10 4977 [
_ S \O i
| 00 1000 -
//
| - - 20
10 — i
| _ Example shown by -
L dashed lines: -
- 1- kw phone Lu. h.f. = 11.0 Mc i
4 Power = 1 kw GCW - 25
5 — Actual lu.h.f = 8.0 Mc -
] i
| ] — 30

Fig. 54, Nomogram for determining lowest'useful high frequency
(l,u,h,f.) for any power, given its value for one kilowatt

phone,
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2200 - mile F m.uf = 20,0 Mc
Distance = |000 miles ' '
F-Layer m.uf = |3.0 Mc

m.u.f,
Megacycles
50
40 ,
_ Distance,
30 Miles
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. E 2000
T~ _1I5 s '
\\\\\ r-
10 T~ -
8 \-T 1000
6 b
5 i
N — 500
3 X
= 0
2
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Example shown by
dashed ' lines:

Nomogram for determining meximum usable frequencies

for F- or Fa—layer transmission over any distance up to

2500 miles,
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Example” shown by
lines:

Distance = 500 miles
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E- Loyer m.u.f.
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Fig. 56. Nomogram for determining meximum usable frequencies for

E-layer transmission over any distance up to 2500 miles,



1000 - mile E m.u.f, 2200-mile F muf,

Megacycles : , Megacycles
Limits of Distance '
25 Where E Layer .
N Determines m. u.f.,
] Miles -
20 ]
i Upper ‘Lower — 4
i | Limit Limit !
1S - e
i — 100 .
4 — 6
10 = B 7
> — 200 8
9 — 3000 L
8 — 2000 —5— 300 — 9
) 000 —= 206 10
L 700 == 700 I
6 — L
% 15
4 - Example shown by C
dashed lines: _ 20
1000-mile € mu.f = 7 Mc - C
3 - 2200-mile F muf = 10 Mc " 25
E - Layer calculations to be L
made for distances between C
i 540 and 900 miles . 30
2 - -
C 40
E— 50

Fig. 57. Nomogram for determining range of distances for which

E-layer m,u.f, calculations require consideration,



Frequency,

S Megacycles
Distance Range, 2
Miles !
7000 3 B
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6000 3 i
5000 = Radiated Power,
- Kilowatts -
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409 3 Phone cw _A4—10
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] IOOO ///
- / -
3000 1 100, ,09/,
AN oo [ -
2500 \\ L
7 \ /40
] /// — 15
2000 -] /// B
i /// O[
7 N ' r
= <\ |
1500 i N i
B AN
. \\ Example shown by — 20
J \ dashed lines: B
: \
1000 — \ Frequency = 10.0 Mc L
N Power = | kw CW
. \ Time = 1000 =
800 — - Distance range = 2900 miles
N N =
] AN
- \ — 25
600 N i
. \
_ \
400 ] N B
N \\ =
200 — N .
\\
\ — 30
\
\
17 16 15 \l4 13
00 H—+— t f . —+HI12
07 08 09 10 H
Local Time At Midpoint Of Path

Fig, 58, Nomogram giving radio distance ranges for receiving
locations between latitudes 50°3 and 20°S. Average for
Juiet days, May through August, 1942, for transmission by way

of the regular ionosphere leyers,
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3000—3 -
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1500 7\ i
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1000 N
3 \
800 - \\ ______
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600 — N
500 — .
400 - \\ s
300 N\ i
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90 i Example shown by I
doshgd lines: 20
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Power = | kw, CW B
Time = 1000 )
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Fig. 59. Nomogram giving radio distance ranges for receiving locations
between latitudes 2093 and 20°N. Average for quiet days, May
through August,l942, for transmission by way of the regular iono-

sphere lsyers, over or near land.
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Kilowatts
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\EXGmpw shown by
N d\clshed lines:

Frequengy = 10.6 Mc

Pgwer \* 1 kw CW
Time = 1000

Distance

range = 1900 miles
N\ — 25.

N\ - 30
18 17 16 i5 \{4 13
1 } } } - } H 12

o H }
06 07 08 . 09 10 1

Local Time At Midpoint Of Path

Tig. 60. Noﬁogram giving radio distance ranges for receiving locations
between latitudes 2093 and 20°N, Average for quiet days, May
through August, 1942, for transmission by way of the regular iono-

sphere layers, over open ocean,
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Example shown by
dashed lines: -

\ Frequency = 8.0 Mc 20
Power = | kw CW
N Time = 0800 -
\Distonce range = 1500 miles L
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Fig., 61. Nomogram giving redio aistance ranges for receiving

locations between latitudes 20°N and 50°N, Average for quiet

aays, Mey through August, 1942, for transmission by way of the

regular i1onosphere layers, over or near land,
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locations between latitudes 20°N and KO°N,

Frequency,
Megacycles
- 2
-5
Radiated Power, I
. : 7
Kilowatts Pid
// F
Phone CwW.- ~ 10
// ~
IOoo/ i
- 15
X
AN Example shown by 20
\ dashed lines: -
\ e
N\ Frequency = 8.0
\ Power = | kw CW -
\ Time = 0800
\\ Distance range = 1500 miles u
\ - 25
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\
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\
\ i
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Nomogrem giving radio distance ranges for receiving

Average for quiet

aays, May through August, 1342, for tranemission by way of the

regzular ionosphere layers, over open ocean,



- GROUND. WAVE DISTANGE RANGES OVER LAND

Distance Range,

Miles - Frequency,
Megacycles
1000
800 ~ 10
- — 9
600 - Z?,
500 — . . 6
i Field Intensity - s
400 Factor A¥ L
3 4
300 3 i
E — 3
200 r
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100 = i
80 - I
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50 — — .8
A 7
40 — 6
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1 Example shown by
dashed lines: — 4
20 -
Frequency = 4 Mc
N ) F?CfDI’ uAu = 5 3
Distance range = 80 . miles
1o -
2

% See Nomogram Fig. 65,
or Table 6.

Fig. 63. Nomogram for determination of ground-wave distance ranges,
-1k

for t;apg@issigg over ground of average conductivity (5 10 e.mu.)
and dielectric constant (15 ), At times sky waves may exist and

increase the distance ranges by a factor of 5 or more,



GROUND WAVE DISTANGCE RANGES OVER OGEAN

Distance Range, Frequengy,
Miles Megacycles
2500 50
2000 4
: 40
1500
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1000 — 25
800 —
cop ] Field .Intensity 20
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. o
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J L 10
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80 L 1)
] i
60 .
50 —
J - 12
40 —
. Example shown by
30 dashed lines:
| Frequency = 10 Mc
Factor "A":= 7
20 Distance range = 200 miles

% See Nomogram Fig. 65,
or Table 6.

Fig., 6l4. Nomogram for determination of ground-~wave distance ranges,
for transmission over sea water (conductivity § 10'11 e,m,u,,

dielectric constant 80),
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Fig, 65. Nomogrem for determining field intensity factor "an, for

use with nomograms of Figs. 63 and 64,
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Fig. 6o, Nomogram for determining low-frequency sky-wave distance

ranges,

sunset, May through August,l9i2,

~ between 20°3 and 50°N,

Average for ionospherically quiet daya,_sunrise to

For receiving location



Frequency,
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. ' Radiated Power,
1000
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Miles T 800
10000 Phone o - 600
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5000 1000 + 10 ———-F 300
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Fig. 67. Nomogram for determining low-frequency sky-wave distance
| ranges, Average for ionospherically quiet nights, sunset to
sunrise, May through August, 1942, For receiving locations

between 2093 'a.nd FO°N,
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