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HELPFUL HINTS ON RADIO WAVE PROPAGATION

Use of u frequency during the hours when the GRAFEX symbol is “'F" should ensure
that good communication is achieved on most days of the month.

Using a frequency when the symbol is *“%"* should be satisfactory on more than half
of the days in the month. In this case, 2 secondary frequency should be considered for

those Periods when the selected frequency is not supported because of the day-to-day
variability of the tonosphere.

A situqtion requiring the use of a frequency in the **** region can arise around local
rn_lghl-tin?e when the OWF falls rapidly, o, especially just after dawn when the OWF
rises rapidly. )

It should be possible 10 maintaln good communication during times when two modes

are possible (**M'* and *‘B'") provided that the signals received on the 1wo modes are
not comparable in strength,

Generally, signals propagated by the first E mode and the second F mode are several
dBs weaker than the signal propagated by the first F mode.

If the antenna favours the first F mode (by its gain patern) this will further reduce the
possibility of intetference.

There is the possibility of multi-mode interference when operating w i
from the *'M'" and “X" regions. P # wih frequencies

It is undesirable 1o operate close to the ALF (the symbol **A™ indicates that the fre-
Quency is much 100 close to the ALF) a3 signal strength may be reduced by absorption.
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1. INTRODUCTION

IPS GRAFEX frequency prediciions conlain a wealth of radiopropagatlon informartion for
HF communicators. For any month, the predictions provide informatlon concerning
transmission condltions and possible propagation modes for a given clrcukt. Informatlon Is
presented for (requencles In the range 1-40 MHz using tables and pictorlal format of symbols
and letters.

2. BACKGROUND INFORMATION

a. The ionosphere and its reflection properties.

The tonosphere is that part of the upper';imosphere which is partially ionised by the sun's
radiation and consists of three regions which are denoted by the letiers D, E and F. The level
of ionizatlon is strongly Influenced by the activity cycle of the sun and also by the combined
effecis of (the earth's magnetic fleld and upper atmospheric winds,

HF communicatlons rely on radio waves being reflected back to earth from the ionosphere. As
radio waves pass through the lower ionoyphere (the D reglon) the signal is atienvated; lower
frequencles being attenuated more than higher frequencies. Radio waves that are not com-
pletely absorbed {n the D region will be reflecied in either the E region or F region of the
ionasphere; normally the higher the frequency, the deeper into the ionosphere the radio wave
penetrates before reflection. 1f the frequency becomes 100 high, then the radio wave will pass
compleiely through the lonosphere.

b. Propagation Modes.

HF radio waves will propagate from a transmitter to a receiver via the longsphere by whatever
path (or mode) is available. If any path is available, no matter how unexpected, the radio wave
wilt use It However, rather thun model atl paths, computations are perfortned for those paths
most likely 1o be useful to radio communicators. For the majority of cases, the most likely
path is also the simplest path.

GRAFEX predictions are a compact description combining information of up 10 four likely
paths for a given clrguit. Two of these paths are propagared via the E reglon and iwo by the F
region.

Each path can be ranked in order of tlketihood. The most likely path is usually the one that
has the least attenvatlon (or pathloss)., This normally corresponds 10 the path with the leasy
number of reflections, or hops, in the lonosphere.

The communication path of mode that requires the fenst number of hops between transmitter
and recelver, Is called the first mode. The path that requires one exira hop is called the second
mode. For more detailed informadion, see Appendix A,
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3. MAIN FEATURES OF GRAFEX PREDICTIONS

rhe following st Identifies various fentures of the frequency prediction chart.

[dentification

)

7)  Time Period
D T Index
D Bearings

Circuit Length

i\

Mode

©

Elevation angles

o

D Two Layers
3 Horizontal Axis
@ OWF, EMUF, ALF

S

Yertical Axis

¥

Predictions are identified by the names of the terminals of the
circult (normally western terminal first),

The month for which predictions are valid.

The tevel of activity for which the prediction applies is specifiad
by the value of the T index.

The true (not magnetic) bearings in degrees from each of the
two erminals (western terminal first),

Great circle distance between terminals. (" District’* predic-
tions apply for all distances berween 0 and 300 km from the
transmilter).

Predictions are made {or two modes, each mode usually
consisting of E and F layer hops.

Ruwofrmﬂwuk&oﬂmandmu) for each mode
for each layer.

I:md)luiommnudeforbothﬂtl!uﬂFhthm-
tion),

Frequency in MHz.

Tabies of optimum working frequency (OWF), E-tayer max-
imum usable frequency (EMUF) and alsorption limiting fre-
quency (ALF). See Appendix A for definitions,

Universal time (diurnal vardaion),

Appendix B for a full description of GRAFEX symbots.
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4. HOW TO USE A GRAFEX PREDICTION

The following examples are to be read in conjunction with the GRAFEX prediction shown on each op-
poting page.
Example 1:

A radio operator in Sydney wishes to contact a fellow operatot in Wellington at 10:00 UT. What will_bc
the propagation conditions for the frequencies available? The Sydaey operalor has an antenna which
radiates energy at 5° - 50* above the horizontal.

Solution:-

i.  Determine the possible propagation modes. The fourth line of GRAFEX shows the possible
modes end corresponding radio wave elevation angles; first mode 1F (6° - §%), 1E (0°%);- second
mode 2F (20* - 23*), 2E (6°).

Since the antenna angular range s * - 50° above the horizontal, it wlll transmit via the 1F, ¥
and 2E modes. No radio wave witl be teansmitied vis the |E mode because the circuit length ex-
ceeds 1800km.

Locate the 1ime 10 UT in the first column of numbers on the left side of the chart. Values for the
first mode OWFE, EMUF and ALF are read from successive columns and have values: 6.4, 0.0,
0.0 MHz respectively. Corresponding values for the second mode are read from the ¢olumns on
the right side of the chart: 5.1, 0.0, 0.0 MHz,

fii. Determine the propagation conditions from the letters snd symbols read from left to right at 10
uT.

Anslysis:

®  The first mode EMUF is 0.0 MHz for all hours because of the circuit length. The firsi mode ALF
and second mode EMUF and ALF have a value of 0.0 MHz between 6 to 20 UT because it is
night-time during these hours. °

@  For frequencies | to 6 MHz the symbol **M"* applies, This indicates propagation is posaible via
both the 1F and 2F modes. For frequencies above the second mode OWF (3.1 MHz) and the top
“'M*" symbol (SMHz), the IF mode will be prasent on nearly all days of the month with the 2F
mode present on 15-27 days. Both modes wili be present on all days of the month for (requencies
below 5.1 MHz.

@  Frequencles In the ranges 7 to 8 MHz and 9 to 11 MHz have the symbols “'%"* and **."*, respec-
tively. These symbols refer to propagation conditlons for the IF mode only. The Sydney
operator could transmit solely vis this mode at these higher frequencies. However, there is a
smatler percentage of days for which successful communication is possible, i.e., 7 10 8 MHz
(1527 days), 9 1o 1) MHz (3-15 days).

Conclusions:

e  Freguencies below 3.1 MHz will propagate via both LF and 2F modes on nearly all days of the
month, A (ading signal will result (rom multimode propagation uniess the antenna provides
more than 3 dB gain to ¢lther the 1F or 2F mode.

®  Frequencies in the range 5.1 10 6 MHz will succeed on more than 27 days of the momh. Propags-
tion will be via the |F mode and possibly the 2F mode (50%-90% chance). A steady signal witl
result from propagation vie the IF mode alone. Again, s fading signal could resuht irom
multimode propagation, as described above,

®  Frequenciesin the range 7 to 8 MHz will succeed on 15 10 27 days of the mounth while frequencies

in the range 9 to {1 MHz will succeed on less than 15 days of the moath. On those days when the
signal does propagate, it will do so via the F mode only. Therefore u steady signal should result.
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IPS GRAFEX NT FREQUENCY PREDICTICME
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Example 2

What are the best times
19877 The operator’s antenna

for a Brisbanc radio operator 1o contact Noumea on 7 MHz in June
has maximum gain at an elevation angle of less than 20° above

the horizontal.

Solutlon

i

Determine the possible propagation modes. Since the antenna has maximum gain at
less than 20° above the horizontal, the possible propagation modes will be only:- First
mode - 1F (14° =189, Second mode - 2E (12°). The 1E (3*) and 2F {30° - 36) modes are
not supported as the radio wave vertical elevation angles are beyond the antenna's
transmitting limits (the lower limit of the most commonly used antenna is 4*).

Determine the propagation conditions from the letters and symbols for 7 MHz. Sym-
bols are read from the top (00 UT) to the bottom (23 UT) of the chart.

Analysls

For 00 UT to 03 UT the symbol 1§ applies. This indicates that propagation is possi-
ble via the 2F mode only. Since the antenna does not transmit energy at high enough
elevation angles for this mode, these hours are not suitable. The 1F mode is not pro-
pagated because 7 0 MHz is below the first mode ALF (7.1 10 1.3 MHz).

At 04 UT the symbol **X"* applies and indicates that propagation is possible vis the 2E
mode as well as mixed Eand F modes on nearly all days of the month. Although the
IF mode is available, because 7.0 MHz is below the first mode OWF (11.5 MHz at 04
UT), it may be & weak signal because it ls close to the first mode ALF (6.7 MH2),
However, since both the E and F modes are available, there is a possibility that in-
terference fading of the signat may occur.

From 05 10 07 UT the symbol *‘M” applies. This symbol usually indicates that pro-
pagation via the 1F, 1E and 2F modes is possible but since the antenna can only sup-
port the 1F mode, the symbol will refer to this mode only. Since 7.0 MHz is below the
first mode OWF (11.5 10 8.9 MHz) for 03 to 07 UT and above the first mode ALF (6.0
10 0.0 MHz),the IF mode at 7 MHz will be available on neatly al{ days of the month.

The %" symbol applies from 08 to 19 UT and “F"* symbol at 20 UT. Each symbol
indlcates that propagation is possible via the LF mode only. The symboi “%"" in-
dicates that propagation is pomnsible on 15.27 days of the month while “F' indicates
that propagation is possible on nearly all deys of the month,

For 21 UT the symbo! *'M"* applies, while for 22 t0 23 UT the symbol **X'* applies.
These conditions have already been discussed.

Conclusion

The hours 00 to 03 UT are sot suitable for communications on 7 MHz since no pro-
pagstion is available,

Propagation Is possible at 04 UT and 22 to 23 UT via the 1F and 2E modes. However
there is the chance of fading.

From 05 to 07 UT and at 21 UT, propagation is possible on nearly all days of the
month via the 1F mode only. Therefore s steady signal should result.

Between 08 1o 19 UT communications will succeed on 18 to 27 days of the month via
the 1F mode only, and 50 2 steady signal should result.

e AL20UT communications on 7 MHz will succeed on nearly all days of the month with

a steady signal propagated via the |F mode only.
]
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APPENDIX A
OPERATING FREQUENCIES AND PROPAGATION MODES

"J

{GURE A1 PROPAGATION MODES j

s) Opersting Frequencles e w s wm s mema

" For any circuit there is a maximum usable frequency (MUF), which is the l)lahgst frequency
supported by & particular region of the lonosphere. The MUF for the E region is denoted by
EMUF and for the F region, FMUF or MUF,

‘The MUF varies from day-to-day due to prevailing conditions in the jonosphere. Consequent-
ly, it is not possible to predict exact values. However, it is possible to predict frequeacies with
a 107, S0% or 90% chance of successful propagation. These frequencics are called the upper
decile, median and lower decile MUF's. The lower declle MUF is also known as the Optimum
Working Frequency (OWF). i

Frequencies greater than the upper decile will be propagated on less than 3 (10%) days of the
month, white frequencies less than the lower decile will be propagated on st least 27 (50%)
days of the month. The median MUF represents the frequency value for which that frequency l
will be propagated up to 15 (50%) days of the month. '

The symbols which make up & GRAFEX represent propagation information on a range of fre-
guencics which lie between the upper declle MUF and the absorption limiting frequency (ALF)
for the first and second modes. The ALF indicates the lower limit of the usable frequency
band and takes into account signal attenuation due to absorption and the effects of E-layer
screening.

b) Propagation Modes

GRAFEX predictions provide radiopropagation information for only the E and F layers, This
information does not include sporadic-E (Ev) propagation. Sporadic-E is a thin layet of
unusually high ionization (thus a good reflector of HF signals) located in the E reglon. Es is
particutarly prevalent during the summer. The presence of sporadic-E can lead to signai fading
and screening. However, if conditions are appropriate, Es can also help to provide strong
signal reflection. This is why sporadic-E is often blamed when predictions are unsuccessful.

The upper panel of Figure Al shows examples of one-hop modes (propagation via one layer
only). Thus 1E, 1Es, IF means one-hop propagation via the E, Es and F layers repectively.
Simple multihop modes are shown in the middle panel which illustrates 2 hops via the E and
Es layers (2E, 2Es) and 3 hops via the F layer (3F). Examples of complex modes are shown in

the lower panel where propagation can be via the E, Es and F layers. [PS prediclions do not
contain any modes which include an Es reflection.

Tor cireuit longths of lecs than 4000 km, ths flrst mode In usually IF or 1E so that the second l
mode is specified by 2F or 2B, For lengths greater than 4000 km, the first mode can be ¢ither

2F or 3F (propagation via the E layer is not considered for distances greater than 6000 km) so

that the second mode is specified by 3F or 4F.

If the antenna beamwidth is too wide, no discrimination between modes can be achieved and
muhipath or interference fading may result. Some conditions where muitipath fading can oc-
cur are shown in Figure A2, These occur when two or more modes of comparable signal

strength are received simultaneously, This condition is described by the symbols *M" and
“X' in a GRAFEX prediction.

taging wil ooaur it the pignal sengine of the two
comperabiy and the Lvhe dpay betwesn
them s sigrihcant

—
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APPENDIX B
DEFINITION OF GRAFEX SYMBOLS

A description of GRAFEX symbols Is given below, A symbol will indicate that propagation is

possible:

'blank’

on less than 3 days of the month, This iymbol is also used when the frequency is
below the ALF snd no propagation Is possible,

on 3 to 15 days of the month via the first P-layer mode.
from 18 to 27 days of the month via the flrst F-layer mode.
via the Arst F-layer mode on almost all days (fe. move than 27 days of the month).

via the first E-layer mode and may be possibic via the flrst P-layer mode for 3 o
15 days of the month,

on all days of the month via the first E-layer mode and may also be possible via
the first F-layer mode on 13 to 27 days of the month,

via the flest E-layer and F.ayer modes on over 27 days of the month.

via the {irst F-layer mode on 27 days of the month, the second F-layer mode on 13
1g 27 days of the month, and possibly the fIrst E-layer mode. Note that the signal
1s likely to propagare sicongly on each of these modes nnd this could result in in-
terference fading.

vin the second F-layer mode on 15 to 27 days of the month. As this {requency Is
below the first F mode ALF, propagation {8 possible only by the second mode.

via the second B-layer and other modes, such as mixed E, F and higher order F
modes. Interference fading will probably occur,

Low signal sirengthy should be expected, due to high absorption of the radio
wave, because the frequency is very close to the ALF.
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