Sometimes, without expecting it, we get more than we
bargained for. If you happen to own one of the popular
antenna analyzers available, WCOY explains what else
they’re capable of telling.

How To Get More Information From Your
Antenna Analyzer

Advances in technology have brought us
new instruments to help us build homebrew
antennas and understand their performance.
Antenna analyzers are available that provide
readouts of standing wave ratio (SWR) and
impedance (Z). These instruments are simple
to use, are portable, and provide great insight
into how well an antenna is operating. What |
have discovered is that these instruments
actually provide more information than many
realize! If you would like to get more perfor-
mangce from your SWR analyzer, read on.

The technigues discussed in this article per-
tain to-antenna analyzers that give measure-
ments of SWR and impedance. This inciudes
the RF ANALYSTTM RF-1 sold by Autek Re-
search, and SWR Analyzer™ with RF Resis-
tance Meter™ models sold by MFJ Enter-
prises, Inc. | own the RF-1 and have found it
extremely useful in my antenna work.

BY WARD HALL*, WCBY

While working with it, | felt that more infor-
maticn must be available from it than the
instructions said. A check of equations avail-
able in The ARRL Antennia Book, and a cail to
Autek Research, revealed that this s true, and
that an antenna’s input resistance {(R) and the

magnitude of its reactance (X) can be deter- .

mined frem measurements of SWR and imped-
ance {7). This is possible even at frequencies
away from the antenna’s resonance.

Knowing the antenna’s R and X valugs is
extremely useful in determining how to change
the antenna or design a matching network o
lower SWR.

An antenna's impedance is purely resistive
only at its resonance frequencies. Away from
resonance and without readjustment, the an-
tenna's impedance wifl contain a reactive com-
ponent in addition to the resistive part. This
reactive component does not contribute to ra-
diation, and in fact, it increases the antenna’s

reactance to SWR and impedance are as fol-
lows (Ref. 1k

_ {A+B)
SWR= —2-B) (Eq 1)
where:

—————
A=vR+ZP+ %2 (Eq 2}
B =(R-Z)2 + X2 (Eq 3)

R = resistive component, ohms

X = reactive component, ohms

Z, = characteristic impedance of the feed
line {(ohms)

Tha antenna analyzers provide measure-
menis of SWR and Z. However, R and X are
related fo Z as follows:
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Fig. 1- The relationship among VSWR, Z, and R.
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Fig. 2- The relationship among VSWA, Z, and X.

Ma’dﬂl Antennas For Today’s Amateur

PERFORMANCE PLUS! THE ARD SERIES 2m/70 cm ANTENNAS

P Meet the hottest new line of dualband mcbile antennas on the rcad today. Maldol's ARD
ARDHEB Series. They are world-famous for style and performance and extend the range of any mobile
rig new or old. ARDs are pretuned, broadbanded, weatherproof, available in chrome or black
finish, and truly make the going first class!

Model Height Signal Gain {dbs) Power{max)
ARDSB 19.37 2m:f70cm:3.8 120w
ARD6/6B 26.5" 2m:2.6/70cm:4.9 100w
ARD10/10B 34.4” 2m:3.0/70cm:5.5 120w
ARD11/1tB 41.5" 2m:3.7/70cm:6.1 120w
ARD12/12B 48.2" 2m:4.3/70cm:8.8 150w
ARD16/16B 64.8" 2m:5.0/70cm:7.7 150w

Selection Guide: Talier models give max range, shorter models are good choices for use in
cities and parking decks. Models with /B are black finish. L

MK-30 MOTORIZED TILT-OVER MOUNT
The mobileer's dream! Ideal mate for ARDs, but also works great with other antennas up to
56" fall. Neat motorized unit quick-installs on trunk lid. Remote up/down switch fits under dash.
Permits one-touch filting for low overhangs. NOTHING ELSE LIKE IT. MK-30T/Trunk lid,
R/Roof gutter, H/Hatchback, K/Auto Rack. Also available AM-01B manual tilt-over mount.

RG-4M AND NL SERIES MATING CABLE SETS
For-quick, easy and professional instailation -of fult-anterna system: Preinstalled antenna
socket and screw-apart PL-259 for routing through crevices. The finishing touch! Economical
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Most new hams have lots of questions. CQ has the answers. The 1995 CQ Beginner's Guide to Amateur Radio
is absolutely the best source of information for amateur radio equipment and practical operating advice. it's a cQ
tradition and available today! But that's not all—veteran hams find our guides fo be invaluable too!

Filled with practicat information from some of our hobby's most seasoned hams you'll find this edition o be our
best yet. Here’s just a sample of the arficles you'll find:

. Your tntroduction to Amateur Radio...VHF/UHF, Joe Lynch, N6CL
. Making the Transition ta HF, John Dorr, K1 AR
. Packet Radio Made Simple, “Buck” Rogers, K4ABT

. Amateur Radio on a Shoe String, Rich Moseson, NW2L
. Software for Amateur Radio, Ed Kalin, K1RT
. DXing Without Sunspots, “Chip” Margellt, K7JA

And There’s Much, Much More!!
in addition to incredible articles, you'll find page after page of equipment listings complete with product specs, prices, and other valuable
information. And, who can’t Use our world-renowned Dealer and Manufacturer listings? Discover exactly where to reach the companies and
T i distributors that serve the amateur marketplace—all in an easy-to-use index of phone numbers and addresses.
gl You'll want to keep this resource handy for your day-to-day operation. Don’t delay, be sure to order your copy

\

 of the 1995 CQ Beginner’s Guide to Amateur Radio right away!
S For Fastest Service, Order Toll Free (800) 853-9797 - - STl

% I | YES, Send me coples of C's 1995 Beginner's Guide to Amateur Radio at §5.85 each (plus $2.50 shipping & handling; $3.50 foreign):
i 1 | Name — . : Callsign
£ | : Address _ - - . City ' State - Zip
f:i_| _ CheckD . MO Visa O Mastercard O AMEX I Discover (1 B
] l Card & R _' i Expiration Date
! ? Signatiire : . : (S@hzt&re is required on alf charge orders}
) Mail your arder to: GO Communicatians, Inc., 76 North Broadway, Hicksville, NY 11801, FAX 516-681-2926 Also available through your local dealer!
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We can combine these expressions to solve for
R from measurements of SWR and Z {Ref. 2).

(2500 + 72) x SWR
50 X (SWR2 + 1)

R=

{Eq 5)

Resistance (R) can therefore be solved for,
and then the magnitude of reactance {X) can
be solved for using Eq 6.

X=+72-R? (Eq 8)

Figs. 1 and 2 were generated using these
equations. Fig. 1 is a reference chart to look
up resistance values (R) for measured values
of SWR and impedance (£). Fig. 2 provides the
magnitude of reactance (X), also for measured
values of SWR and impedance (Z).

For example, suppose you used an anten-
na analyzer to check the performance of a

dipole antenna and measurad an SWR of 4:1
and impedance value (Z) of 90 chms. In fig. 1
lines drawn from 4,00 on the SWR (vertical} axis
and 90.00 onthe Z {lower) axis intersect on the
curve labeled R = 50 ohms. That might sound
tike a nice match to & 50 ohm coaxial line, but
remember that the SWR was measured as 4:1.
Next check fig. 2 for the reactive value (X).
Lines drawn from 4.00 cn the SWR (vertical)
axis and 90.00 on the Z {fower) axis intersect
outside the X = 70 ohm curve at about 75 ohms,
the cause of the high SWR. A matching circuit
that cancels the 75 ohm reactive component
would create a good match condition to a 50
ohm coaxial transmission line.

Now for the cautions and disclaimers for
using these look-up charts. As menticned, this
method only gives you the magnitude of the
reactance, not whether itis positive {inductive)
or negative (capacitive) reactance. There are
methods of determining this by experiment that
will be discussed later. Also, caution must be
used for certain combinations of SWR and Z,
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because measurementinaccuracies may lead
o inaccurate values of R and X.

The effects of instrument errors can be seen
in fig. 2. The lines of constant reactance be-
come close together for values of Z greater
than 70 ohms and SWRs around 2:1 and less.
For instance, an SWR measurement error of
+0.1 for a SWR of 2:1, and Z = 90 ohms can
result in a reaciance error of up to 20 chms.
Likewise, errors in measurement of Z will com-
pound the problem. The good news is that ver-
ficals, dipoles, Yagis, etc.. typically have resis-
tive and reactive components in the region
where the results are not sensitive to mea-
surement errors. As a ruie of thumb, you should
be cautious of results when they are derived
from measurements of large Z at iow SWR.

Fig. 3 is provided as a single look-up chart
that contains curves for R and X. & covers an
SWR and Z range that includes most antennas.

Whether the derived reactance is capacitive
or inductive is not directly available through
this method, but usually can easily be deter-
mined through knowledge of antenna behav-
jor or with a litile experimentation. We know that
reactance is zero at an antenna’s resonance,
where an SWR minimum occurs. We aiso know
that as freguency is varied from rescnance,
these antennas typically will have a capacitive
{negative) reactance below resonance, and an
inductive (positive) reactance above reso-
nance. By experiment, a smail-value capaci-
tor will decrease an inductive reactance and a
small-value inductor wiil decrease a capaci-
five reactance. Care must be taken not to
swamp the reactance you are trying to deter-
mine with the reactance of the added compo-
nent. The following equations wilt assist you in
determining the correct value to use:

1

c-—31
6.28 x fx X

L=6.28xfx|X]

whers:

C = capacitor value

L = inductor value

= frequency of measurement

ol = magnitude of capacitive reactance
from the look-up charis

X = magritude of inductive reactance
from the look-up charts

Since you wili not know ahead of time
whether it is an inductive or capacitive reac-
tance, try one or the other and see if it increas-
es or decreases the measured reactance.

Conclusion

Antenna analyzers are popular test instru-
ments that can provide much ussful informa-
tion for improving antenna performance. With
a little effort, these devices can provide infor-
mation similar to an impedance brldge instru-
ment at a fraction of the cost.
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