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Joe Carr, K4IPV

simple antenna
instrumentation

Regardless of the type of antenna you erect, it wil
rarely be absolutly correctdespit the fot that st
ons were_followsd carefully and textbook formulax
were usd. This i because such formulas aresither based
on a idel situation or uss cortain asumptions that may
or may not be valid in your paricuer case.

Fine tning 4n antenna system s al but impossivle
without some sort of insrumentation 1o tll you what's
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going on. In act, it wise 10 have the instruments on
Rand that are deseribed here, because they wil el you
diferent things snd will fnd thei best use in different

t ammeters

Ratio frequancy curronts can'tbe measured asily by
requiar sc ammeters but requie s specal ype of nstru
ment based on the thermocousle. The internal schematic
of an of ammeter s shown in fig. 1. The f curent, 1.
flows through & resistive element. Power lost in this
rsistance s converted o heat, which s applied 10 3
thermocoupl. The thermocouple consists of two srips
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of disimilar metais joined to form a V. When this
unction is hetod, do will flow through the metar. This
direct current wil be proportionsl 1o the rms value of
the f current. RY smmeters are ganerally free of
froquency offacts up 1o 50 or 60 Hz. Some instru
ments, especially older types, must be used with care
since they may be senitie 10 the ype of panel on
which they're mounted, Some, for example,aro markec:
“calirated on a 1/8inch (3rm stoel pancl” and are
only sccurate when used with such 8 ponel, The 1f
ammeter can be uted to indicate curront levels in 3
ransmission lne or a5 3 means of calibrating # more
convenient form of rf wattmeter. The power indicting
instrument i connected n series with the rf ammeter
and is inserted betwsen the. transmiter and 8 non.
inductive dummy load. Variaus power leves ars applied

rob: (8 hows s vlag idu (o o 1 e

julye77








[image: image2.png]and the watimeter is calbrated from the smmeter
incicatiansand the P = 2 relstionship.
f voltmeters

R voltmeters can be made using a dc voltmeter and a
special prabe or adapter. Such probes are called
“demodulator” prabes. This probe i shown i fig. 2A.
Diodes CAT-GR3 are standard germanium signl-detctor
dovices such a5 the popular 1NGO. Use one diode for
every 16 or 50 volts of peak rf valtage ampitud. Capacs
fors G2 st C3 s filtrs. This type of probe i &

.. it o i motr e o . th e seman. T

peakreading type, bot most of aur interst willbe i the
s values. Those values are rlated by
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Since a resistor i needed in the probe, and thevoltmeter
has an input impedance, we can construct 3 divider 50
that the voltmeter will readthe rms value of rf sine
waves Th voltagedivicer i fig. 28 follows th rule
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Wihere
Ry, i the meter input resistance
Ry i the probe resistance.
Eiy s the ioput rfsignl sk vltage
8y combining the two squations we see that
Rty _ygn @

Bt R, s usually causl 1o 10 magohms in most lec-
worie Valtmeters, 50

0meg+ R,
10meg

Ry = (1414)(10 meg) or 19,14 megohms

Use precison 1% fo betier) noninductve esistors. The
resistors in fig, 2A are shown 35 two separate compo:
ents because thy were avllsbl.
dip meters

Orginaly known 35 griddip. meters, these s
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ments sre used to find resonant frequencies of tank
Gircuis, or 5 3 ignal source, o 1o find lapproximetcly)
the values of capacitors and inductors. Fig. 3 shows &
ypica dip-mete circui; this one i #gate dipper using &
uncton fet. Inductor L1 is mounted outside the insiru
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ment case. Energy from this col s coupled 0 the coll i
the resonant tank circui being tested. When the L1-C1
ank of the dipper s uned to the resonant frequency of
the tank being tested, the amount of energy ransfrred
will increasa sharply which producs a slight dip in gato
curent. This property can b ussd to indicate the
resonant fraquency of the tank under est, which s read
from the calbrated dia ganged to C1

Dip metrs usualy are not 100 aceurate 3 indicators
of frequancy, 50 3 calibrate reciver should be used to
senso thesignal an read ts frequency.

“An antenna i basically 3 tuned resonant ciruit o t
can be teste uing thedip metr. Fig. 4 shows a method
by which the ipper s coupled (0 an antenn. The point
st which the dip it noted is the sntemna resonant
fragquency. A mistake often made when using dippers is








[image: image3.png]tuning 100 fast. The dip is sight, so one must une very
souly.

Wheatstone bridge

Basic to many forms of nstrument s the Wheatstone
ridgeof fig. 5. This circuit compares the outputs of two
voltage ividers 21/23 and Z2/24. Under these circum.

o 5. Wheaona bidge, whih in th bas of many st

sances, where Z1/Z3 = 72126, the voltoge betwesn
points A snd B s zer0. Under these conditions,
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I mstcases impadance 23 will bs & calirated sandard
rsistance and 24 il be the inknown. The valuesof 21
and 22 are not tao crtical, but they should not be too
itaront. from the other roistances n the circul, This
keeps the nscessary amplitude of the signa source
within rasonable bounds. In many cses Z1 = 22 50 that
23 % 74 st nul. This makescalbration of Z3 saie, The
meter ot the center of the bridge may b sith

voltmete or 3 current meter, In fact, i s the curent
meter that's most frequently used s the null indicator
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the noise bridge

An sdaptation of the Whaatstone bridge i shown in
g, 6. This i the nase brdge and uses  diode noise
generator and amlife to drive two arms of the bridge.
Transformer T1 s 3 toroid wit tifitar wincing. O col
is connected across the output of the nolse generator
ampiifie, whil the remaining two cols form arms of
the bridga circuit, I snother arm of the bridge is &
calbrsted 0.250 ohm potentiometor, A1, The las bridoe
arm s the antenna or other unknawr,

"The null detector in this version of th bridge icuit
is 3 rocoiver. Although the coax cable 10 the racaver
may be any conveniont lengeh, the cabl to the antenna
Mt b ether extremely short ralatie t0 3 hlf wave
lengih or . must be an integer multple of half wave
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where ¥ is the cable velociy factor (0.5 for foam
dilectric nd 0.66 fo regulr corx) N s any integer.
“This lengi is necessary because the impedance at the

antenna feadpoint s rflctad st haf-wavelongth inter-
vals long the ine. The nois bridge i connected to both
the receiver and the anvanna, Thereceiver is ned to the
desired frequency. Resistor R is then variod slowly
it  nul in noige fvelfrom th receve i noted.

Fig. 68 shows an alternatve form of noie bridge In
which s 140-pF variable capacitor is connectad in seies
with 3 250-ohm potentiometer. A compensating 70-9F
fixed capacitr is connected in series wth the antenna
The varisble capacitor s fittad with a calbrated dia that
has 3 2610 marked at the point where C1 = 70 oF (in
other wards, C1 = C2). Arbitrary callbration marks are
saled  from this cnter zero. A nul oceuring when C1
s ot 10 s 20 point (70 pF) means that theantenna is
esistive, which imlies that the receivr i tuned {0 the
antennas resonant frequency. If the null ocaurs either
side of the zaro point, then the antann s reacive at the
froquency indicated on th receiver.

“The scle is marked Xe. on one side of the 2610 paint
and X,_on the other sice. f 3 null occurs on the Xe.
Gde, then the rocsiver it tuned on the high tide of
resonancs. Alternatively, if the null occurs on the X,
side, then the roceive s tuned 10 8 frequency that s 05
Tow. The sntemna is esonant at the frequency indicated

7. Th aneans impedance brdge, anohe adspatin of th

o the receiver dial when  null occurs at a point whare
the Capscitor dial reads zaro (C1 = 70 oF). Amateur
oo bridges are made by Omega-T Systems and by
Palomar Engineers.

antenna impedance meters

Anther adaptation of the Wheatstone bridge is he
antonna impedance bridge of fig. 7. Bridge arms consst

Stk 1

. Appentons o the Wnesttons b for anann massre.
s o 1t n () 18 e e e 11 5 oo

julyi977 (@ 73







[image: image4.png]of CIA, R, CI8, snd R,. Capacitor CIA and C18 are
respacive halves of 8 ifferentil capacitor. In thistype
of vaiabl, capacitor C1A inreases s C18 decreses. R,
s sancara resistancs, 50 or 75 ohms in mos cases,
isthersistive componant o the anterna impedance
Tris circut. wil not measure resctance but it does
alow you to tll whether ther i 3 reactiv component

present. I purely resistive situation the meter il ull
Sl the way 10 2610 when th disl on C1 56t 0 that the
bridge i bolanced. 1 the meter does ot rul al the vay
0 2810, then there i some resctance present. You can
ol whether it is capaitive or nductive by varying the
sigpalsource frequency until frquency i found where
the meter does null to 2et0. Antemias are capacitive
below their resonant. fraquency snd. inducive. sbove
it resonant. frequency. This information, the. tels
Vo whether 10 lengihen or shorien the radator 1o
s resonance at the deird frequency.

Signal sources for the antenn impedance meter
inclode ordinary signl generators, dip maters, or
individual crystal oscltors. If you're ery careful and
uso loose coupiing, s alo posibe (o use s ow-power
wansmitter 35 the signal source. 1e used both 3 dip
meter and those low-cost Intemnational Cystal OX osci
lator kits i this application. I also used the Leader
LIN870A anterna impedance meter (1.8 - 150 ).
i designed to mate with thee dip meer, back o back,
50 that  complat signal source-bridge assembly may b
Tormed.

swr bridges

There are several ways to mesursantenna swr. One s

o il anather s nstmant s Using th e ocicston.”
T banch am e, dor, 197,600, E

74 @ juiyror7

o messure the vltage components of the forward and
efloctd power 3t some point in the ransmission .
s reationship i given by
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where
¥, s the forward voltage

V), s the refected volage
Volthg varis long the fine, an s posible to educe
the apparant swr by rimming the coaxia cabe. How-
ever, this results in an erronous reading that may give
You's flss sense of securty.

Fig. B shows a resitive swr bridge. It s 2 Wheatstone
idge n which 1. R2, R3 snd the antenns impedance
form the respective ams. Diodes CR1 and CR2 should
be ' matched par but should be saisfactory 1 you
match the forward and reverse resitances with an
ohmmeter. Resstor R s used to trim out i forencs in
6 and 7. Normall, the microammeter i st to full
scale with $1 in the forward positon. Resistor R4 is
adjusted to make M1 incicate full sale (100 4A). The
switch is then twrned 1o the rflected postion and the
meter niedle drops to a curent proportional 1 the swr
I most swr meters the il wil be caibatad in sur

Another type of swr indicator populaized i certin
ARRL publcations, i the Monimatch of fig. 9. The
heart o this instrument is the pickup sensor. I conssts
of two conductors, one for aach directon, arrangod in
parale and in close proximity ta the Coaxil cable
center conductor. In some versions enameled wires sre
Sipped. undermeath the shield conductor of & short

8 Rasai v B, 1 15 o7 o, dpending on

ength o conal cable. I others, the conductors are
etched onto 3 pisce of printed-cruit board nside o
hild box. This clas of istrument i ciffarent from
ather sur meters n that i bacomes mare sansitive 3t
roquency increases.”

f wattmeters

Figs. 10 and 11 show two popular forms o f pover
metar, Of cours, you can comput the sur of an anten
1 system by comparing forward and refected pover
levels. The crcuit of fig. 10A is known 35 the Micro
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match, which was available commercially for years. It s
450 based on the ubicurtous Wheatstone bidoe

The bridge arms consist of 1, C2, R and the
impedance of the antenna. 1 is only 1 o, s0 very
it powsr s ot due 1o insertion of the instrument

10 the lne. Various versions of the Micromatch have
e, tw, or three power ranges (10, 100, or 1000 watts
Hullscale. These are selectod as i fig. 108,

A more recont circuit based on the reflectometer
principte i3 shown in fig. 1. Although much of this
ecuit i simila 10 other Gircuits, we again have  itua
Tion in which uniqueness 1 i he design of the pickup
Sansor. I this cate it consists of 8 ol of wire wiapped
around the coaxil cable conter conductor. In most such
instruments the conductor is actually a heavy piece of
sold bus wire and the pckup coil 1 wound on a toroid
form. The wire conductor i threaded through the center
of the toroid. This, in fac, i the basisof most low cost
f wattmetors on the market today.

‘Althougn it's 3 little excessive 1o expect any one
amateur o own ail of these different types of antenna
instrumentation, 1 must be noted that svery one of
them i uniqu in its own way and ail are eminently
useful for doping out o roubleshooting.reluctant
antenna systems

ham radio

of your subscription at any time.

Amateur Radio’s
New Fun Magazine

A Brand New Concept
written and edited
with you in mind.

Ham Radio HORIZONS is a completely differ
ent idea, dedicated 1o the Boginner and No
vice yet put together in 3 way that everyone
will enjoy. In fact this. is the first Amateur
Magazine that wil even appeal to the non.
Amateur members of the famil.

Each month Ham Radio HORIZONS will be
stressing the FUN side of our hobby — work:
ing DX, winning_contests. improving your
Station, earnin awards and upgrading your
license. We'll be showing you how to get
started in Amateur Radio, the most fasci
nating of all_hobbies. You name_it, Ham
Radio HORIZONS wil cover it and we'll do
it'in an easy to understand easy 1o enjoy
Ham Radio HORIZONS is put together by the
most experienced and capable feam of Am
ateurs in the field, experts who know how to
Telate their experiences in an irresistibie and
exciting way — and just for you. You'll like
Ham Radio HORIZONS.

Amateur Radio s really on the move in 1977
and Ham Radio HORIZONS is committed to
taking a leadership position in the rapidly
expanding, forward looking radio service that
we are ail so ucky to share. A lot's going to
happen and Ham Radio HORIZONS wil be
right there in the middle of it all

We're promising you the most exciting year
of Amateur Radio reading you ever had. Try
3 subscription and if you don't completely
agree we'll gladly refund the unused portion
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