Interpreting QST’s New

Propagation Charts for Low

Power and Low Antennas

The monthly propagation charts in the “How’s DX?” column are
computed for a high-power amateur “superstation.” But you can
definitely use the charts for a modest setup, as well. Here’s how.

By Jerry Hall, KITD
Associate Technical Editor (Retired)
181 Brimfield Rd
Wethersfield, CT 06109-3309

power of 1500 W with high dipoles (100 ft)
ctober 1994QSTintroduced a new forthe lower frequency bands, three-element
format for the propagation chartsYagis at 100 feet for 20 and 17 meters, and
that appear each month in thefour-element Yagis at 60 feet for the higher
“How’s DX?” column.! Some readers have frequency bands. The man-made noise level
expressed concern about the “unreal” statiospecified for receiving was quiet, typical of (A)
values chosen to prepare the charts, thoseral areas.
listed in Table 2 of that article. Instead, Granted, that setup describes a
shouldn’t the values be chosen for a morésuperstation’—a “big gun” station—that is
typical amateur station? To recap briefly, theavailable to only a small percentage of radio
charts are calculated for a CW transmitteeamateurs. So what good are the charts to the
average amateur? The short answer is that a
superstation best defines the probable time
and frequencyoundariesfor making ama-
teur contacts. In other words, if we consider
a particular path, those boundaries define the
earliest probable time for a band to open and
the latest time for it to close.

Let's investigate this further. Assume it (B)
is April and that we live in the central part of
the US. The observed 2800-MHz solar flux is
80, and we want to know the probable propa-
gation conditions to Central Asia. Figure 1
graphs théONCAPresults. First let's exam-
ine curves for the superstation (Figure 1A).
You will recall that the MUF curve refers to
the median Maximum Usable Frequency,
that is, the MUF that occurs 50% of the days
inamonth. Similarly, LUF refers to the Low-
est Usable Frequency, with the LUF being
that which occurs 50% of the days in a
month?2 The term HPF refers to the Highest
Possible Frequency, which occurs 10% of the(c)
days in a month.

From the sections of the chart where the
LUF (broken line) is below the median MUF
(lower solid line), we see that on 50% of the
days in April, 20 meters will be open from
about 0030 to 0230 UTC (all times quoted in

INotes appear on page 36.
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this article are UTC times). A marginal open-

Figure 1—Propagation probabilities from ing should exist from about 1330 (when th

mid-USA to Central Asia for April (any

Figure 2—From top to bottom, MUF and
8 UF probabilities for short, medium, and

year) with an observed solar flux value of MUF rises above the 14 MHz line) to 1500,ong-distance paths: at A, East Coast to
80. The path length is 7728 statute miles. when the LUF crosses over the 14 MHz linewest Coast; at B, mid-USA to Western

At A, curves for the superstation, and at B, The HPF (upper solid line in Figure 1A) Europe; and at C, mid-USA to Australia.
curves for a modest station described in shows that on 10% of the days in April, 17These charts are for February (any year)

the text. Note that the HPF and MUF
curves are identical, not affected by
station equipment; only the LUF curves
differ. Also note that at B, much infor-

again from 1530 to 2100. In addition, a one-

meters should be open from 0000 to 0200 ar@f’d @ 2800-MHz observed solar flux value
of 75. The upper LUF curve is for a

. modest station, as described in the text,
hour-long 15-meter opening should develogng the lower LUF curve is for the

mation is lost on the time and frequency around 1800 UTC on 10% of the days insuperstation. Receiving antennas were

boundaries for possible contacts. April.
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held constant for these calculations.



April (about three days).

But what about the other 27 days of the
month? If you had only these modest-station
curves available, you'd just be guessing
about possible contacts on this path with
more than 100 W or with antennas higher(A)
than 55 feet. If yoeouldmake contacts, how
much more power would you need: 500 W?
The legal limit? Or how high an antenna: 75
feet? 100? And at what times of the day?
00 04 08 12 16 20 00 Figure 1B gives almost no information in
answer to these questions, since the median
time and frequency boundaries are not indi-
cated. About all we can say for certain is that
we should avoid times when the LUF curve
is well above the median MUF curve. Itis for
this reason that the “superstation” parameters
are used for th&@ST curves—to show the
probable boundaries fanyamateur station. (8)
So when you use the charts, just keep in mind
that they do represent boundaries.

By the way, do not be discouraged by the
bleak outlook for modest stations from
Figure 1B; most paths are not so gloomy.

(8)
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Using the Published Charts with a
Modest Station

Is there a way to use the published charts
and compensate for low power and low an-
tennas? Yes there is, but it's not a simple
matter of adding or subtracting decibels and
coming up with a firm result. Some general
guidelines can be drawn from Figuresz(c)
through 6. These are charts of the median
MUF and LUF results for various differences
in the station complement and the iono-
sphere. The HPF curves are omitted to avoid I

(©

confusion from too many lines. All charts 00 64 08 12 16 =2

show the same three paths: short in lengths
Figure 3—MUF and LUF probabilities for medium, and long-distance. The shortesﬁ.-igure 4—MUF and LUF probabilities for
four antenna heights over average earth. path (at Ain each figure) is between the Eagbur different transmitter power levels. LUF
LUF curves in each chart (top to bottom) Coast and the West Coast, 2435 miles. Theurves in each chart are 5 W at the top, then
are for antenna heights of 50 feet, 75 feet, medium-length path (at B) is between mid-100 W, 1500 W, and the 100 kW broadcast

100 feet, and 125 feet. Transmitter . ; ;
U ; . tation at the bottom. Antenna gains,
antenna gains, transmitter power, receiver ~USA and Western Europe, 4345 miles, and 9

h . ; ; antenna heights and receiver noise levels
antennas and receiver noise levels were the longest path (at C) is mid-USAto Austra- - -\ o s o all power levels.
held constant for all antenna heights. lia, 8843 miles. All charts are for February

(for any year), and all but Figure 6 are for an
. average observed solar flux of 75, about whdbng-distance paths, contacts may be pos-

Curves for the Modest Station we are currently seeing. sible from a superstation at times they are not

Now let’'s examine Figure 1B, charted for  Figure 2 shows the probabilities for thevery likely from a modest station. Great dis-
the same path but for a more modest amateguperstation and for a modest stationtances alone, however, don’t mean there will
station. These curves are for a typical resitONCAP calculations for lower power and be no band openings for modest stations. To
dential station running a 100-W transmitterlower antennas indicate what many amateunit, from Figure 2C for a winter month and
with dipole antennas at 50 feet for 80, 40 andiready know from experience—a band willfor a lower level of solar activity than was
30 meters, and small Yagis (5dBd gain) at 55ften open sooner and close later for theised for Figure 1, we see a predicted opening
feet for 20, 17, 15, 12 and 10 meters. Th&uperstation than for the modest station. Fdrom mid-USA to Australia on 12 meters,
receiver noise level is —136 dBW, typical forexample, Figure 2A indicates that on 50% o#lbeit brief, at 2300 UTC. And yet the path to
residential areas. the days, the 40-meter band for the modegtustralia, Figure 2C, is 1115 miles longer

Note, first of all, that the HPF and thestation will be marginally open for contactsthan the path of Figure 1. The difference in
median MUF in Figure 1B ar@lenticalto from the East Coast to the West Coast for 8ath latitudes is the primary reason for this.
those in Figure 1A. Power levels and antenhours, from about 0400 to 1200. For thePaths that cross the equator usually experi-
nas almost never affect the MUF. The LUFsuperstation, 40 meters will be open forence higher MUFs than those that don't.
curve, however, is a different story, showingl7 hours—9 hours longer—from 2200 to .
that on 50% of the days there will be no ama1500. (Longer band openings won’t alwayga‘ntenna Height
teur-band openings at all during the 24-houtake place for superstations, however. From Aside from the time of day, the time of
day. But a more serious consequence is th@igure 2A, the time frame for the 17-meteryear and the level of solar activity, the fol-
in Figure 1B we've lost useful information opening is 1700 to 2200 for both the modedowing factors determine the LUF: transmit-
on anypotential band openings. This chart station and the superstation. Of course thter and receiver antenna heights, transmitter
does show a frequency window at 1600, buteceived signal strengths from the two staand receiver antenna gains, transmitter
that occurs outside any amateur band. Thgons will differ during this opening!) power, and man-made noise level at the re-
chart also shows the probability of 20, 17and And as experience has also showngeiver site. Of these, transmitter power, an-
10-meter openings on 10% of the days inONCAPreports (in Figure 1) that for sometenna gains and the noise level at the receiv-
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Figure 5—MUF and LUF probabilities for
four levels of man-made noise at the
receiver site. LUF curves in each chart (top
to bottom) are for man-made noise levels of
—125 dBW (typical for industrial areas),

—136 dBW (residential), —148 dBW (rural),
and —164 dBW (remote). Antenna gains,
antenna heights and transmitter power
levels were held constant for all noise levels.

Power Levels and Noise Levels T T T T

Figure 4 shows the results with three 28 __I__I__I__I__I___
amateur-transmitter power levels—5 W, 24 I
100 W and 1500 W. And just to show how 20
much you do (or don’t) gain witteally high (A) 16
power, a curve for a 100 kW broadcast sta-

tion is included for comparison. As you can 12
see from Figure 4C for Australia, even at the 81 _Se==T>H
broadcast-station power level, the LUF is not 4

always far below the median MUF. While
increasing your transmitter power does en-
able the receiving station to hear you better,
that does nothing as far as your ability to hear
the other station. It often happens that DX
stations camear US stations but are unable

to make two-way contact with their low
power. Even so, DXers will be quick to point
out that the increased power will give you an
edge over the weaker signals in a pileup. C)

In this article | have not included charts
for varied antenna gains, but the effect would
be exactly the same as changing the transmit-
ter power level; a 10-dB gain in antenna per-
formance produces the same result at the re-
ceiver site as a 10-dB gain in transmitter
power. But of course that 10-dB antenna
gain improves the other station’s signal by
10 dB whenyouare doing the receiving.

Figure 5 shows the effects of different
noise levels at the receiver site—typical lev-
els for industrial areas, residential areas,
rural areas and remote areas. The value fdfC)
industrial areas, 125 dB below 1 W at 3 MHz,
equates to an S-meter reading slightly below
S6 if we equate S9 to 30/ across 502 and
if we assume an S unit to be 6 dB. The re-
maining noise levels are progressively lower
in strength. As we all know, high noise levels
at the receiver site can completely mask’
weaker incoming signals. Figure 6—MUF and LUF probabilities for

four levels of solar activity for February
-to- any year). The 2800-MHz solar flux levels
Day-to-Day Chanqes . i(n e)g():/h cr)lart (top to bottom) for both sets

The charts published @STare prepared of curves are 95, 85, 75 and 65. Antenna
in advance of the period they cover, using gains, antenna heights, transmitter power
predicted level of average solar activity.levels and noise levels were held constant
Even if the prediction is quite accurate on théor all solar activity levels. With increasing

i ; levels of solar activity, the MUF increases
average, the solar activity level will vary over =" cter rate than the LUF.

the monthly period covered by the charts:

Figure 6 displays the effects of “long-term”

variations in solar activity—longer than just ;
ing location are the most significant. It maya day or two. (AlthoughONCAPis not in- mgié?g;esizelz\%lz f;‘séigar?;ec:ir\]/?tn the LUF
come as a surprise that antenna height is neénded to calculate probabilities for less than™ |, summary. don’t give up on u¥s'ing the
always a big factor as far as the LUF is cona calendar month, experience indicates thz?ﬁonthly charts }fyou have only a modest sta-
cerned. The results of varying transmittetthe calculated results are useful for a shortg[, . or if vou run ORP. Just remember the old
antenna heights from 50 to 125 feet areermifthe level of solar activity has remaine dage tt):at frequenc.ies slightly below the
shown in Figure 3. You'll note that the four relatively constant for several days running.}y £ are alwavs the best to use. You can work
LUF curves of Figure 3A almost merge into  The LUF curves published @STassume the world Witl¥5 W if vou chodse our fre-
one thick line. that the Earth’s geomagnetic activity is 1oW.;. ;o1 cies carefull ansjl if vou are yersistent

However, greater antenna height can b@bservations indicate that the LUF rises With?’he curves will iyve ou Zwealthpof useful

an advantage at certain times of the day foincreasing values of K and A indices, whos nformation whe% yoﬁ go looking for con-
some paths, indicated by a spreading of thealues are broadcast hourly by WWV aniacts guiding you to the best bands and the
LUF curves. Under conditions when the LUPWWVH. Furthermore, we know that the LUF o times to fil your logbook with DX calls
is just below an amateur band, high antennagiso depends on day- to-day propagation '
can widen the QSO window enough to enconditions, just as the MUF does. When solages
able contacts that may be impossible withactivity increases, so do path losses from jerry Hall, K1TD, “Those New QST Propaga-
low antennas. Figure 3B depicts such a situabsorption at lower frequencies. Therefore, tion Charts,” QST, Oct 1994, pp 27-30.
ation for 30 meters at 1200. Hel@NCAP  on exceptionally good days when propaga“ Some propagation experts use the term LUF
indicates that stations with high antennas wiltion conditions support the HPF, the LUF will 10 m®an the lowest ueable frequency for 90%
ikely have “armehair copy” from stations in be Somewhat highe than tRSTeunves in-  e/2Ciiy. This reiabity level s more uset
Western Europe, whereas those with lowdicate. Figure 6 shows the degree of such teur Radio needs. We have chosen to use a
antennas will find the European signals to behanges for a fixed set of antennas, power [ess conservative 50% level for required reli-
down in the noise and unreadable. and receive noise level. As you can see, the2Pility in the "How’s DX?" graphs.

From February 1995 QST© ARRL



