Coordinate Scales for Radiation Patterns

A number of different systems of coordinate scales or grids are in use for plotting antenna patterns. Antenna
patterns published for amateur audiences are sometimes placed on rectangular grids, but more often they are
shown using polar coordinate systems. Polar coordinate systems may be divided generally into three classes:
linear, logarithmic and modified logarithmic.

A very important point to remember is that the shape of a pattern (its general appearance) is highly dependent

on the grid system used for the plotting. This is exemplified in
Fig A, where the radiation pattern for a beam antenna is
presented using three coordinate systems discussed in the
paragraphs that follow.
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Linear Coordinate Systems

The polar coordinate system for the flashlight radiation
pattern, Fig 10, uses linear coordinates. The concentric circles
are equally spaced, and are graduated from 0 to 10. Such a grid
may be used to prepare a linear plot of the power contained in 6"
the signal. For ease of comparison, the equally spaced concen- T
tric circles have been replaced with appropriately placed circles
representing the decibel response, referenced to 0 dB at the
outer edge of the plot. In these plots the minor lobes are
suppressed. Lobes with peaks more than 15 dB or so below the
main lobe disappear completely because of their small size.
This is a good way to show the pattern of an array having high
directivity and small minor lobes.

(A)

Logarithmic Coordinate System

Another coordinate system used by antenna manufacturers
is the logarithmic grid, where the concentric grid lines are
spaced according to the logarithm of the voltage in the signal. If
the logarithmically spaced concentric circles are replaced with
appropriately placed circles representing the decibel response,
the decibel circles are graduated linearly. In that sense, the by i
logarithmic grid might be termed a linear-log grid, one having - it
linear divisions calibrated in decibels. / - ;

This grid enhances the appearance of the minor lobes. If the
intent is to show the radiation pattern of an array supposedly ! o .
having an omnidirectional response, this grid enhances that : e
appearance. An antenna having a difference of 8 or 10 dB in . .
pattern response around the compass appears to be closer to
omnidirectional on this grid than on any of the others. See
Fig A-(B).

(B)

ARRL Log Coordinate System

The modified logarithmic grid used by the ARRL has a
system of concentric grid lines spaced according to the loga-
rithm of 0.89 times the value of the signal voltage. In this grid,
minor lobes that are 30 and 40 dB down from the main lobe are
distinguishable. Such lobes are of concern in VHF and UHF
work. The spacing between plotted points at 0 dB and
-3 dB is significantly greater than the spacing between —20 and
—23 dB, which in turn is significantly greater than the spacing
between —50 and -53 dB.

For example, the scale distance covered by 0 to -3 dB is
about /10 of the radius of the chart. The scale distance for the
next 3-dB increment (to —6 dB) is slightly less, 89% of the first,
to be exact. The scale distance for the next 3-dB increment (to
—9 dB) is again 89% of the second. The scale is constructed so
that the progression ends with —100 dB at chart center.

The periodicity of spacing thus corresponds generally to the
relative significance of such changes in antenna performance.
Antenna pattern plots in this publication are made on the
modified-log grid similar to that shown in Fig A-(C).
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Fig A—Radiation pattern plots for a high-gain Yagi
antenna on three different grid coordinate systems.
At A, the pattern on a linear-power dB grid. Notice
how details of sidelobe structure are lost with this
grid. At B, the same pattern on a grid with constant
5 dB circles. The sidelobe level is exaggerated when
this scale is employed. At B, the same pattern on the
modified log grid used by ARRL. The side and
rearward lobes are clearly visible on this grid. The
concentric circles in all three grids are graduated in
decibels referenced to 0 dB at the outer edge of the
chart. The patterns look quite different, yet they all
represent the same antenna response!
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The New Look for QST’s
Antenna Patterns

Antenna radiation patterns can be very useful in Amateur
Radio. But using the wrong coordinate system for the plot
may obscure important pattern information.

By Jerry Hall,* KiTD

What "s the Fronf-to-side ratio of that

new vertical phased array featured in
O87? Perhaps you've noticed, the
hackground grid for antcnna patterns ap-
pearing in recent issues is new to QST 1t's
desiened to let yon determine answors to
this kind of question easily. [f vou didn’t
notice the new coordinate system, vou
may wartt fo peek agam at page 19 of
April 1980 QST,! and at page 32 of the
May 1980 jssue,” Why did we change to
this particuiar grid? Some background in-
formation on this system of coordinates
appears in the paragraphs that follow.

Let’s uxamine Fig. | for a moment. Fip.
i A shows the thewretical arimuth plot of
the signal radiated from a half-wavelength
horizontal dipole antenna. Fig. 1B is the
theorctical azimuth plot ef two | /4-wave
vertical antenna  clements placed 174
wavelength apart and fed equal currents
90 dewrees out of phasc, These two plots
show rhe type of polar or circular grid-
¢oordinate system which has been used
far years in Q8T and other ARRL
publications.

What Do These Plots Mean?

How do we interpret patterns? It's not
difficult.  bmagine that the horizontal
dipole antenna is installed above a large,
flat desert, At some distance away, say 20
wavclengths or more, we crect a horizon-
tally polarized recelviog antenna at the
same hieight as the dipele, We excite our
test dipole antenna with a transmitter — a
watt or kess is sufficient. Now suppose we
SIMENOW ave our recelving setup in a
large circle around the dipole, alwaws
kevping our recetving antonna poinfed
toward the dipoie and always staying the
wuget same distance from the center ot the
dipole.

*Technical Editér, QST
‘Hetereness appear on page 28,

26 09T . . . .

As we move around the dipole, the
signal picked up by our receiving antenna
will change in strength. The strength will
be maximum when we are looking broad-
side at the dipole, and will be minimum
{theoretically zero) when we are looking
directly at either end of the dipole. The ef -
fevt would he exactly the same if our
receiving position were fized and, instead,
we rotated the test dipole.

The pattern of Fig, 1A tells us exactly
this. The azimuth scale, indicated in
degrees around the outside edge, shows us
the angle of departure of our receiving set-
iup fram the feference or starting point.
Broadside ta the dipele conductor (0- and
180-degroes arimuth in Fig. 1A we reccivg
maximwm «ignal. Mincty degrees away

from braadside. off the ends of the
dipote, we  receive nothing. At in-
termediate  angles  the  strength s

somewhere betwoen these two extremes.
Here in where the circular coerdinate
system comes into play, we can read these
intermediate signal strengths directly from
the plot,

Calibration of the Polar-Coordinate
Scale

Eet’s say we calibrate our test setup
with the receiving antenna located broad-
side to the dipole. We adjust the transinit-
ter power so that exactly | millivolt of rfis
measured at the recciving antenna ters
minals. Fig. A now hecomes simply a
plot of the millivolt reading we would oh-
tain at the receiving antenna as it is moved
around the vircle. The scale is linear,
having a range of 0 to | millivolt.

I we were to increase our transimitter
power o obtain a veading of 1 volt in a
direction broadside from the dipole, the
plot of the antenna pattern would remain
unchanged. Here our coordinate svstem
would simply represent the signal response
on & [near scale of 8 to [ volt. You see,
everything is refarive to the full-scale value

of the piat! We couid alss prepare a plot
in absolute values of signal strengih, such
as might be reasured in microvolts ar
millivolts per meter, although very few
amateurs have the test eyuipment needed
to perform such measurements. The shape
of the pattern would be unchanged.

Even if we were to roverse our transmit-
ter and rf volimeter locations, using rthe
ipnle to receive and our second antenna
to “illuminate®” the Jipole with radiated
energy, the pattern would not differ, This
i5 true because the radiation patiern of a
given antenna s the same whether it be
used for transmission or for reception,
assuming that proper terminations are
maintained at both ends of the eransmis-
sion line.

The plot of Fig. tB reveals the same
type of information for the phased ver-
tecal array. Imagine here that instead of
being located in 2 Jdesert, we place
murselves amd the anteana array on 2
gigantic sheet of <olid copper, a perfect
conductor, QF course we now use a regeiv-
ing antenna that is vertically polarized. As
we mave aur receiving setup in a giant gir-
Cie around the array {or as we rotate the
phased-array system), the signal strenpth
will yary with the angle of departure from
the array axis as shown in Fig, 18, Maxi.
mum signal is received when our receiving
setup i in line with the two radiating
elements and in the direction of the ele-
ment having the fagging phase (0-degices
azimuth in the plot of Fig, 1B In the op-
posite  dircetion  on  the  drray  #xis
(180-degrees azimuth) the sipnal strength
is theorctically svro. The circubar coor-
dinate scale is again relative, as explained
far Fig. 1AL

S0 what™s wrong with this coordinate
wale? Why vhange? A moment’s reflecs
tion will reveal some good reasons. First
of all, none of us ever bothers to trot an rf
solimeter out to the terminals of our
antenna o easure  signal  strengths
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Frg. 1 — At A, 4 thearetical azimuth plot of the signal rachated from a hiorizontal haif-wavelength dipale. The axis of the conductor lies along the
oDrF0-degree line on the chart. At B, the theorelical azimuth plot af two 1/4-wave vertical afemants spaced 1/4 wavelength apart and fad 90 degrees
oul of phase. The two elements of the array lie ajong the 0f180-degres line, with maximum signal being radiated in the direction of the #lemeni that
i% lagging in phase. |n thess plots the inear system of concentric circles represents signal strength in voltage units, with zem at the centar.

o

Fig, 2 — "New look™ azimuth plots for the same antennas piotted in Fig. 1. The patierns have 2 slightly different shape but are guits recognizable to
those who may be familiar with various antenna patterns. The log-paricdic system of concentric circles tepresents signal strength in decibels
elative to that in the diredtion af masxirnum radiation, with - 100 0B at the center.

hecause.of the impractivality, As a result,
we're just not accustomed (o thinking of
signal strengths io terms of rf millivolts,
iicravidts, or whatever, especially when
vierything is velative. Instead, most of s
bave become acepstomed to thinking in
fvrms of  decibels, or JdB. Receiver
manufacturers have made it extremely
vasy Tor us to think in Jecibel terms, with
every communications receiver that has

mor¢ than hare ¢ssentials sporting an 3
meter. Nearlv all of these meters indicate
5 units to 59, and indicate decibels above
59, How many times have you heard this
Eind of an esxpression? “You're 40 dB
wer 89 here, solid copy!™

The two plots of Fig. [ don't give us
much help directly iF we're looking For
relative information in dB. What’s the
front-to-xide ratio of the phased vertical

array? Or how much is my signal down at
a particular XX station it he is 80 degrees
away from broadside of my fixed dipole?
Sure, we can find the answers to these
questions by taking information from the
plot and applying the famitiar equation,
dB = 201log Ei/Ea. But why not plot the
pattern on a coordinate system of decibels
in the First place, and save all that frouble?
Thix was the thinking which went on in
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aur minds at ARRL headquarters as we
were considering the change.

The New Look

Now please vxamine Fig. 2. These pai-
tern plots are for the same antennas as
those of Fig. 1. The only difference is that
the plots are made on & nonlincar polar-
voordinate system graduated in decibels,

We  pondered  various  degihel-
vounrdinate systems for guite a while
before arriving at the ¢hosen one, A linear
seale in JdB is casy to work with when
making plots, for example, but has one
serious drawback which 'l explain. In a
real situation, a change from 0 ta ~3 JB
i signal strength is far more «gnificant
than a change from, say, —20to —23 dB.
But on a lincar dB scale these two changes
would be represented by the same sale
distance. No, we wanted something where
4 change fram 0 ta =3 dB was portrayed
with a larger scale distance than =20 to
=23 dB. which in turn shounid he
represented by a larger distance than ~ 30
to =53 dB.

A leg-perigdic coordinate system was
the answer, where the yraduations vary
periodically with the fogarithm of the
signal strength (in voltage units). To cover
the desired decibel ranpe without severgly
distorting the pattern shapes From those
of voltage plots (as shown in Fig. 1), we
chose (1,89 for the periodicity constant. In
plain English, here™ what that muans,
The svale distance covered by the outer-
most 2-dB increment, 0 to -2 dB, is a
particuiar length, approximately 1/19 the
radius of the chart. The scale distance for
the next 2-dB increment is slightly less,
X9.0 percent of the first, to be exact, The
weale distance for the third 2-dB increment
is 89 percent uf the secand, and sa on,
vach 2-dB  increment bhecoming pro-
gressivaly smaller toward chart center.
The scale is vonstructed so the progression
eitds with ~ 100 dB at exact chart center.
In amateur practice, signals of 30 or &1 dB
and more below the reference level will
normally be so weak as to be insignificant,
wu we deerned the small size of the —50dB
innermost circle as shown it Fig. 2 to he
quite acceptabl: for vur purpeses, The
coardinate system we've adopted may not
be suitable for vome laboratory work,
where better definition at greater dynamic
ranges may be desirable.

We think you'll appreciate this new
look for antenna patterns. The “loak? i
desivned for case of pattern interprota-
tion, in terms wo're accustomed 1o uxing
a» amateurs. What's the tront-to-sicde
ratio uf that new vertical phased array
featured in Q577 Well, if it happens tn be
the array patterned in Fig, 2B, you can
readily determine the doswer — 3 dBLBSE

References

‘bagers, CAn Analysis of the Balun," QST, April,
19K,

Belrase, " The Half Sloper — Sucesssful Doploys
teat a0 Bisgma,' (ST, May 1980,

Jul 1980 QST - Copyright © 2019 American Radio Relay League, Inc. - All Rights Reserved




