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Home-Brew Rf Impedance
Bridge

- indispensable tool for antenna fans
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I n the const ruc tion and
adj ustment of HF anten­

nas, an undesirable stand­
ing wave ratio may be expe­
rienced even though the
antenna appea rs to be oper­
ating at reso nance. The ex­
act antenna impedance
may be unpredictable be­
cause of inte rac tion with
other objects. o r variations
in physica l confi guration as
a result of mechan ical re­
st rict ions. The use of a sim­
ple impedance measuring
device can e li minate the
uncertain ty of est ima ting
antenna impedances and
all ow an intellige nt ap­
proach to ante nna match­
ing. This artic le describes

the construc tion of a high­
frequency rf impedance
bridge capable of measur­
ing resi stive impedances of
5 to 500 Ohms at freq uen­
cies up to 30 MHz. Calibra­
tion and operating instruc­
tions are included .

Theory of Operation
Fig. 1 shows the si mpli­

fied schematic dia gram for
the impedance bridge . The
meter compares the volt­
age at the unknown R with
the voltage at the variable
R when rf vo ltage is ap­
plied. If the variable R is ad­
justed for a minimum meter
indicati on. the voltage at
the wiper of the variable R

is equal to the vo ltage at
the junction of the fixed R
a nd unknown R, and the
bridge is balanced. Now the
volta ge division ratio of
the variable R is equal to
the voltage division rat io of
t he o the r two res istors.
Si nce the fixed R resistance
is known and the va riable R
resistance can be ca librat­
ed, the unk nown R can be
dete rmined . In practice. the
d ial of the va riable R is
marked with resistance va l­
ues while various known­
value res istors are subs ti­
tuted for the unknown R
when the bridge is ba l­
anced.

Design Points
Fig. 2 shows the sche­

mat ic diagram of the im­
pedance bridge. A 25(}()hm
potent iometer is smalle r
a nd less expensive than a
differentia l capacitor. The
use of two separate diode
detectors, 01 and 02. pro­
vides convenience of op­
era tio n, sinc e the zero­
center meter wi ll indicate
the d irect ion of the null
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even when pinned. This also
el im inates the need for a
sens itivity control, since 0 3
and 04 will limit the volt­
age ac ross the meter and its
series resistor .

The use of two 2-Watt.
lQO-Ohm resi stors for the
fixed Su-Obm element pro­
vides for power dissipation.
The 25(}()hm value for the
potentio mete r was a lso
selec ted for powe r con­
s id e ra ti o ns . A nomin a l
5-Watt (53-O hm) input
results in a sha rp null with
moderate com ponent heat­
ing. The use of a hot-carrier
diode suc h as the 1N5711
for 0 1 and 02 may seem in­
dicated, but d iodes can be
selec ted fo r m at ch e d
cha racteristics at less ex­
pe nse. and e rrors can be
cal ibrated out. It was decid­
ed not to include reactive
measurements in the im­
pedance bridge since this
woul d add expense, in­
crease size, and complicate
cal ibrat ion. If the unknown
antenna can be first tuned
to a resist ive impedance by
using a grid-dip osci ll ator,
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Fig. 1. Simplified schematic diagram.



Photo B. Photo C.

Fig. 2. Schematic diagram. Capacitors are disc ceram ic;
resistors are V1 ·Wat t unless o therwise indica ted. Boxes in­
d icate panel markings. Connect meter pola ri ty so that
clock wise rotation o f NULL potent iometer causes p os itive
merer deflection.
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reactive measurements are
unnecessary.

Const ruction
The impedance bridge is

bu ilt in a California Chassis
M-60 aluminum box. The
most important mechanical
considerat ion is to provide
short connections for the
portions of the device . The
potentiometer is a Cla rosta t
RV4NAYSD2S1A, and must
be mounted near the two
50-239 co nnecto rs. A shaft
co u p ling and extension
allow a convenient location
for the dial at the front of
the meter movement loca­
tion . A sma ll aluminum
bracket is used to mount
the potentiometer . The
mete r is a Triplett 327-Pl,
SG-uA, zero-center (1QO-uA,
end-scale) movement. The
dial can be made from a
kno b w ith a large flat
washer attached for a scale.
The calibra tion marks are
then written on the washer

in penci l. A sc rew-head slot
provides the index mark .
Fixed re si stors are halt-Watt
carbo n unl ess otherwise in­
dicated in Fig. 2. The capac­
ito rs are disc ceramic.

Alignmen t
Table 1 list s the test

equ ipment used in the prep­
aration of th is article. Con­
nect the eq u ipme nt a s
shown in Fig. 3. Adjust the rf
source for a five-Watt pow­
er meter indicat ion . Con­
nect a 50-Ohm (approxi­
matel y) ca libra tion resistor
to the impedance bridge
LOAD termina l. Se t the im­
pedanc e br id ge NUll po­
tent iomete r to eac h e nd of
its range and verify an im­
pedance br idge meter in­
dication of approximate ly
50 uA at each end of the
meter scale. The most con­
venient use of the imped­
ance bridge will resul t if the
meter is co nnec ted so that
a clockwise NULL contro l

sett ing will cause a posit ive
meter deflection. Change
the meter connections if re­
qu ired. It a sym metrical
meter ind ication ca nnot be
o btained while manipu lat-

ing the NULL contro l. try
changing any of the diodes.
Diodes have bee n fou nd to
be shorted. "weak," o r ac­
cidental ly marked with re­
versed pol arity.

Name Application Model/Part no.
Rl source Drive impedance bridge and swr br idge Heathkit HW·32
Swr bridge Anten na measu rements Heathkit HM·2102
Grid-dip oscillator Aesonate antenna Heathk it GD·1B
Calibrat ion resistors Cal ibrate impedance br idge and swr bridge 2-Wall Carbon, PIN RCR42 (assorted)
Volt ohmmeter Check Cali bra tion res istors Micronta 22-204A
Dummy toad Load lor rl source (5().Ohm nominal) Heathkit HN·31
Precision resistor Resistance cali brat ion standard PIN AN-, ALR-, RD-, or RBR- prelixes
Power meter Measure rl source output Swan WM-1500

Table 1. Eq uipment requ irements. (Select io n of these items does no t indica te a product endorsement o r evalua tion of
their performance. Use of other equipment may result in perfectly satisfac tory resul ts in the procedure.)
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Photo D.

ment will give the ra tio of
the resistances, but will not
ind ica te whic h is larger.

Typical Appli cations
A sho rte ned 20-mete r

ve rtical ground-pla ne a n­
ten na wa s cons tructed to
demonstrate the USe of the
impeda nce bridge. Imped­
ances of vertical antennas
of va ry ing length are well
known ' and provide some
indication of the imped­
ance bridge 's performance.

The ultimate objective
was to construct a 2().mete r
antenna from a 12-foo t
length of a luminum tubi ng.
Fig. 5 shows the results of
various configurations. The
following procedure was
used to adjust the antenna :

1) Make rough adjust­
ments fo r a nten na reso­
nance by using the grid-di p
osci llator coupled to a loop
of wire at the antenna base.

2) Make fine ad justments
with the swr bridge by va ry­
ing the rf so urce frequen cy
and observing where the
min imum swr IS.

3) Mea sure the resistive
base impedance of the an­
ten na with the impedan ce
bridge.

4) Use t he best ava ilable
mea ns to matc h the anten­
na impedance, or,

5) Change the ante nna
tuning method to change
the base impedance and
allow a pplication of the
matching devices available,
and,

6) Repeat steps 1 thro ugh
5 unt il the a nten na is
matched.

Fig. 5 shows tha t a per­
fect match for a 53-Ohm
system wa s not found To il­
lustra te a simple matc hing
sys te m , y.; -w a v e le n g t h
transmission-li ne matc hi ng
sections were applied. The
length (in feet) of a y.; -wave
coax section is A.l4 ­
246(Vl/F, where V is the
tra nsmission line ve locity
facto r (0.66 fo r RG-58 and
RG-59) and F is the frequen­
cy in MHz.l The imped­
ance, looking into the end
of a terminated section is 2
= (Zoll/Zl. whe re 2 0 is the
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f ig. -I Typical calibra tion
traceability.

made from t he same type
of resistor . Check the cali­
bration resistors with a cali­
brated volt ohmmeter and
mark the resistors with their
indica ted va lues. Check the
volt ohmmeter with a prec i­
sion resi stor. The precision
resistor can be any of the
marked film o r wire-wound
resisto rs. If the resistor is
purchased new and und am­
aged , ca lib ra t io n tr ace­
ability in the manufacturing
process is (hopefully) as­
sured. Pa rt numbe rs fo r
preci sion resistors begin­
ning with RN-, RNR-, RL R-,
or RBR - are exce ll ent.

Co nnec t the equipment
as shown in Fig . 3. Connec t
a ca li brat ion resistor to the
imped an ce bridge LOAD
te rmina l and adjust the im­
peda nce bridge NULL con­
trol for a zero (ce nte r) im­
pedance bridge meter in­
dicat ion. Mark the ca libra­
tion resistor va lue on the
impeda nce bridge NUl l
dia l. Repeat this procedure
for a ll resistance va lues de­
si red .

Note: The swr bridge also
can be ca librated by this
me thod . Sta nding wave
ra tio is given by: swr =
Zl/Z2, where Zl and Z2 are
the impedances o f the
source (swr bridge) and the
c a lib ra tio n re sistor . The
larger resi stance value is
used for 2, so that the swr
will be a number greater
than o ne. The swr measure-
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directly from the carbon
calibration resistors. How­
ever, some type of testing is
requi red to verify the ac­
cu racy of the calibration
resistors since it is known
that this type of resistor is
not extremely stab le or very
precisely specified. Also
note that period ic cal ibra­
tio n of the im peda nce
bridge is required since it is
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fig. 3. Test configuration.
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Calibration
Calibration I S the

periodic verification of
essential performance pa­
ramete rs. Traceability of all
measu red values to a higher
accuracy standard is essen­
t ia l. Fig. 4 shows a sug­
gested flow of traceability
for the impedance bridge.
Note that the impedance
br idge could be cal ibrated
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Fig. 5. Antenna measurements. Numbers are measured
values; swr is referenced to 53-Ohm (nom inal) system; fre­
quency is 14.1 MHz. Measurement setup is shown in Fig. J.
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Fig. 6. Coaxial matching exercise. Values in parentheses are
measured values; impedances are mea sured "looking
toward" antenna with components to the transmitter end
disconnected. Measuremen t setup is shown in Fig. J.
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Chassis box was used to
cover the base of the anten­
na, which extended through
a hole in the top of the box.
The hole was insula ted with
a free sample of ca te rpilla r
grommet from Weckesser.
UHF connec to rs (Pl·2 59,
etc.) were used to connec t
the coax sect ions fo r ease
of measurement , but con­
nec tions could be simple
spli ces for permanent use .

Conclusions
The previous exerci se

may seem pointless, but it
se rves as a good illustration
o f typica l measu rement
and matching methods.
Anyone would be most in­
cl ined to feed the % -wave­
lengt h anten na with 53­
O hm lin e and to lera te the
1 .5:1 swr. Also, the an tenna
length could be increased
to u.za-wavelength ' and
tuned with a capac itor to
match a 53-O hm line. The
point is that the use of a
simple impedance bridge
will a llow the employment
of all these techniques and
provide ve rif ic a t io n o f
antenna theory application .

The Ben Lowe article}
provides impedance mea­
sureme nts made with only
an swr bridge, and perfo r­
mance of so me calcula­
tions. It is felt , however,
that many amateurs will
prefer the use of the im­
pedance bridge to avoid do­
ing the calcula tions, par­
tic ula rly if man y measure­
ments a re to be made. Al so,
many inexpens ive ham and
CB swr bridges don't have
t he re sol ution to make
precise swr measurements
since they a re inten ded
primarily to find 1:1 swr. •

For the record , the ca­
pacity hat for Fig. 5(e) was
four 30-inc h pi e ce s of
3lB-inc h diameter tub ing.
The inductor wa s two turns
of #1 8 wire, Y.. -i nc h in
diameter, and 114 -inch long.
The antenna vertical ele­
ment was a 12-foot length
of 2-inch diameter tube,
and rad ia ls were made from
six 'l z-toot le ngths o f #18
wire sp read aro und the
ro o f. The a ntenna wa s
mounted with two cha in­
link fence clamps bolted
into a piece o f plywood
nailed to the gable o f the
roof . The bottom of the
antenna was insula ted with
plast ic tape. A California

matching-section charac­
teristic impedance and Zl
is the te rm inati on im­
pedance at the other end of
the sec tion. Manipulation
of the equation shows that
a good match to a 73-Qhm
system can be obtained
with a 53-Ohm matc hing
sec tion fo r t he antennas of
Fig. 5(b) a nd (d). This is a
popu lar matc hing tec h­
nique for vertica l antennas.
The Fig . 5(a) antenna cou ld
be matched with a 4:1
toroidal transformer (2:1
turns ratio).

To acco mplish a match
to a 53-Qhm system, two
matching sec tio ns were
used. Fig. 6 shows this ap­
proach. This method pro­
vides a good match to the
ante nnas of Fig. 5(e) and (c).
The Fig. 5{e) app roac h was
fi na lly sett led upon since
the capacit ive top loading
allowed the use of a very
sma ll base-loading induc­
tance, thus increasing a n­
tenna effic iency . A large
base inductance will cause
loss since it is used at a
high-c urrent poin t. The
amount of capac itive and
ind uct ive lo ad ing was ad­
justed while keepi ng the
an te nna resona nt (one was
balanced aga inst the other),
until the desi red base Im­
pedance was obta ined . Ac·
tual measured values are
shown in parentheses in Fig.
6
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