
Project /Application 

A Simple 
Impedance Bridge 

This two -component project lets you measure 
impedance, determine resonant frequency, 
calculate input /output impedance ratios, etc. 

By William R. Hoffman 

Anyone involved in loudspeak- 
er design and construction 
soon finds the impedance 

bridge to be an important basic tool 
in his work. Despite its current un- 

popularity, the impedance bridge is 

probably the most versatile piece of 
test equipment you have to make re- 

active (inductive and capacitive) 
measurements. 

You have only to consider the 
range of uses for the impedance 
bridge to realize its value. With the 

bridge, you can quickly measure the 
impedance of an unknown capacitor 
cr inductor at a given frequency and 
then go on to find the resonant fre- 
quency of a loudspeaker. You can 
also measure the impedances of a 

transformer's windings and then cal- 
culate its input /output impedance 



ratio. Analyzing a complex load, 
such as presented by a distributed line 
or a multiple- speaker PA system, is a 
relative snap. Actually, the list of 
uses can go on and on. 

Now that you know the value of 
the impedance bridge, you can build 
one of your own. All it takes is a re- 
sistor and a switch, plus a signal gen- 
erator and an ac voltmeter. Though 
the impedance bridge setup to be de- 
scribed is utterly simple, one exactly 
like it is regularly used by a well - 
known hi -fi equipment reviewer for 
his published test reports. 

About the Circuit 

Shown in Fig. 1 is the schematic dia- 
gram of the impedance bridge. Since 
it contains only a resistor (RI) and a 
double -pole, double -throw switch 

Fig. 1. This is the schematic diagram of the impedance bridge. This two -compon 
ent circuit must be used with at least an oscillator and an ac voltmeter. 

(SI) this circuit is more in the "ac- 
cessory" rather than "instrument" 
category. To be useful at all, it must 
be connected to a signal generator 
and a voltmeter (or chart recorder or 
oscilloscope) as detailed in Fig. 2. 

In this circuit, RI makes the ac 
voltage from the oscillator appear as 
a constant current. (The only limiting 
factor in this arrangement is the oscil- 
lator, which can be narrow or broad 
spectrum, depending on your specif- 
ic applications.) Therefore, the volt- 
age dropped across the device under 
test (D.U.T. in Fig. 2) is simply a di- 
rect indication of its impedance. 
When the bridge is calibrated, each 
ohm of impedance is equal to 1 milli- 
volt at the accessory's output. This 
greatly simplifies matters, since the 
measured voltage on the meter (on a 
millivolt scale) can be directly read as 
impedance. For example a reading of 
2.7 mV becomes 2.7 ohms, while 32 
mV becomes 32 ohms. 

If your voltmeter lacks adequate 
sensitivity to accurately respond to 
signal amplitudes in the millivolt 
range, you can simply run the oscilla- 
tor's output through an amplifier to 
obtain the required signal boost to 
obtain useable readings. If you do 
this, note in Fig. 2 that the amplifier 
connects in series with the oscillator 
and bridge, as indicated by the "X" 
through the feed line. If you know 
the amplifier's gain, you can use this 
figure in any calculations. If the gain 

is not known, you can place a resistor 
of known value across the measuring 
terminals of the bridge and calibrate 
from that. 

Note in Fig. 1 that no value is spe- 
cified for RI. This is because the 
value used will depend on the output 
signal amplitude from your signal 
generator. To determine what value 
resistor you need, refer to the Table. 
The first column of the Table lists 
typical oscillator output levels in 
peak -to -peak (p -p) voltage. Column 
two tells you what resistor value is 

needed at each output level. By the 
rules, then, if your generator outputs 
a 1 -volt peak -to -peak signal, the 
value of RI should be 1000 ohms; for 
a 2.4 -volt output, 121 would be 2400 
ohms; and so on. 

Columns three, four and five of 
the Table tell you the maximum im- 
pedance that can be measured for 
each oscillator- output /resistor -value 
combination at 1%, 5% and 10% 
bridge error, respectively. 

Notice that to measure impedances 
of several hundred or more ohms, an 
oscillator with greater signal output 
level and a higher value resistor are 
needed. If you want to measure 
higher impedance, then, your oscilla- 
tor's output will usually have to be 
boosted with an amplifier capable of 
reaching the required level and use a 
higher value of resistance for RI. It is 

not necessary for the amplifier to 
have an especially low level of distor- 
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Fig. 2. A typical test setup. Required items are the bridge, 
oscillator and ac voltmeter. The amplifier and chart 

tion or a very wide range to obtain 
adequate measurements from the im- 
pedance bridge arrangement. 

The impedance bridge is best built 
into a metal or plastic box. For my 
prototype, I chose a common sloping 
top instrument box, with SI located 
in the middle of the sloping panel and 
the input and output connectors 
flanking the switch as shown in the 
lead photo. With this setup, Rl 
mounts directly on the appropriate 
lugs of the switch, and the connec- 
tions to the D.U.T. were brought out 
from the appropriate points in the 
circuit, via a cable, through the front 
wall of the box. The connectors on 
the top of the box are all 5-way bind- 
ing posts, and the D.U.T. cable is ter- 
minated in miniature alligator clips. 
Once the bridge was assembled, I la- 
beled the panel with a tape labeler. 

Setup and Use 

Figure 2 details the various instru- 
ments (including options) that are 
used with the bridge and the proper 
connections to be made. Every time 
you use the bridge, you must set up 
the system as follows: 

(1) Turn on all connected test 
equipment. If you are using a digital 
or analog multimeter, set its function 
selector to ac volts. 

(2) Set Si to the position that 

recorder are optional. If you wish, you can connect a dual - 
trace oscilloscope as explained in the text. 

Oscillator Value of Rl 
Output (ohms, 2% 
(volts) tolerance) 

Maximum measurement range (ohms) 

107o error 5% error 1007o error 
1 1000 10 50 100 

2.4 2400 24 120 240 

5 5000 50 250 500 

10 10,000 100 500 1000 

shorts out R1 and opens the line to 
the D.U.T. This connects the volt- 
meter directly to the bridge's output 
and removes from the measurement 
any device under test. 

(3) Set the oscillator's level or am- 

plitude control for the correct volt- 
age reading on the voltmeter accord- 
ing to the value selected for Rl. 

(4) Set Si to its alternate position 

(Continued on page 84)1 

Fig. 3. Shown here are impedance-versus-frequency plots for typical full- range, 
two -way and three -way speaker systems. Note resonance peaks on each curve. 
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Impedance Bridge (from page 52) 

(RI in the circuit and the line to the 
D.U.T. closed). At this point, you 
should have nothing connected to the 
D.U.T. cable. Set the voltmeter's 
range selector for making measure- 
ments in the low millivolt range. 

(5) Connect the component to be 
tested to the D.U.T. (speaker) cable 
and read the impedance directly from 
the meter's display. 

The system is very simple to set up 
and use. You can make impedance 
measurements at any frequency with- 
in the oscillator's or meter's range 
(whichever is the lowest), without 
having to recalibrate the system. 
(Most oscillators nowadays have a 
constant output voltage that does not 
vary with frequency.) 

Figure 3 shows a typical set of im- 
pedance- versus -frequency curves for 
full- range, two -way and three -way 
speaker systems. The left -most peak 
on each curve is the systems' free -air 
resonances. This peak usually has a 
value of 25 to 70 ohms. Lowest im- 
pedance is usually measured just to 
the right of the resonance peak and 
may be as low as 3 to 5 ohms. The ex- 
ception to the curves illustrated in 
Fig. 3 is the case of the bass -reflex 
system, where the single resonance 
peak will be absent, usually replaced 
by two smaller peaks. 

Checking capacitors and inductors 
(the latter including transformers) is 

as easy as observing the impedance 
trend of the readings on the meter's 
display as the frequency of the oscil- 
lator is varied. Any good capacitor 
will show an impedance that con- 
stantly decreases as the frequency is 

increased. With a good inductor, on 
the other hand, impedance will in- 
crease as the frequency is increased. 
You can use your measurements to 
check the value of a component, too, 
simply by plugging the known fre- 
quency and measured impedance in- 
to the appropriate reactance formula 
and solving for the unknown value. 

One more function that the bridge 
can perform should prove of value to 
you. That is the ability to indicate 

phase angle, a parameter associated 
with the reactance of the component 
being tested. As you may recall, volt- 
age leads current in an inductor, 
while voltage lags current in a capaci- 
tor. To read phase angle, simply con- 
nect the output from the bridge to the 
channel 2 input of a two- channel os- 
cilloscope and the output from the 
oscillator to the channel 1 input. You 
will then observe that the two traces 
on the scope's screen are offset (not 
in vertical alignment with each 
other). This offset is the phase angle. 

For a component that is predomi- 

nantly capacitive, the trace for the 
output from the bridge will be lag- 
ging the trace for the output from the 
oscillator. This condition will be just 
the opposite for an inductor. 

With all we have said about the im- 
pedance bridge, we have not begun to 
scratch the surface in telling you how 
useful this "instrument" can be on 
your testbench. However, we hope 
that what has been written here will 
induce you to at least give the im- 
pedance bridge a try. Once you do, 
you are almost certain to find uses for 
it we have not mentioned. ASE 

RCA Goes Ku -Band (from page 30) 

day as well as the usual 261.5 lines - 
per -field of interlaced scanning. 

Consumer Meaning 
What this all means to satellite en- 
thusiasts begins with additional pro- 
gramming, even though it may be 
scrambled. Follow this with excellent 
video and dual- channel stereo sound; 
availability of 16 transponders re- 
ceived on 1- to -1.2 -meter dish anten- 
nas with Ku -band electronics at an 
eventually predicted price of some 
$500 /terminal. New television re- 
ceivers with everything built in and 
controlled from a single multikeyed 
remote that will even "menu" your 
payment fee status and possibly pre- 
sent and future programming is yet 
another benefit. Top this all off with 
terminal installation and service by 
RCA and, of course, the entry of a 
major TV receiver manufacturer into 
the TVRO business, backed by excel- 
lent technology. 

Programming is expected to be 
first rate. At 45 watts per channel, 
there should be little or no outage due 
to heavy rainfall or momentary 
eclipses. We are told that a 1.2 -meter 
(4 -foot) receptor will operate within 

the system at a C/N of 13 dB and a 
S/N of 48 dB -a level approaching 
54 dB studio quality. 

Receiver remote controls, in addi- 
tion to the usual TV and VCR func- 
tions, will also execute descrambling 
commands, the key password, and 
programming, while rendering a se- 
lection menu on the TV screen. You 
can also expect polarity and switch - 
able skew, separate C- and Ku -band 
selections, signal- strength indica- 
tors, up /down audio and channel tun- 
ing, variable audio, and on -board ad- 
justable automatic gain control. This, 
of course, is not a stripped -down sat- 
ellite receiver and is far removed from 
any eventual Ku -band $500 system fu- 
turistically predicted. But it will cer- 
tainly reproduce superb noise -free 
sound and pictures within a reason- 
able satellite footprint as shown in 
Fig. 2 (EIRP is in watts, denoting re- 
ceive signal strength available). 

At this point, we have no idea what 
RCA satellite receiver prices will be at 
the retail level. Nor do we suspect 
does RCA. At whatever price is final- 
ly decided upon, you can be sure that 
this system, when it goes into opera- 
tion, will have a significant impact on 
satellite TV viewing. AE 
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Impedance Bridge (from page 52) 

(RI in the circuit and the line to the 
D.U.T. closed). At this point, you 
should have nothing connected to the 
D.U.T. cable. Set the voltmeter's 
range selector for making measure- 
ments in the low millivolt range. 

(5) Connect the component to be 
tested to the D.U.T. (speaker) cable 
and read the impedance directly from 
the meter's display. 

The system is very simple to set up 
and use. You can make impedance 
measurements at any frequency with- 
in the oscillator's or meter's range 
(whichever is the lowest), without 
having to recalibrate the system. 
(Most oscillators nowadays have a 
constant output voltage that does not 
vary with frequency.) 

Figure 3 shows a typical set of im- 
pedance- versus -frequency curves for 
full- range, two -way and three -way 
speaker systems. The left -most peak 
on each curve is the systems' free -air 
resonances. This peak usually has a 
value of 25 to 70 ohms. Lowest im- 
pedance is usually measured just to 
the right of the resonance peak and 
may be as low as 3 to 5 ohms. The ex- 
ception to the curves illustrated in 
Fig. 3 is the case of the bass -reflex 
system, where the single resonance 
peak will be absent, usually replaced 
by two smaller peaks. 

Checking capacitors and inductors 
(the latter including transformers) is 

as easy as observing the impedance 
trend of the readings on the meter's 
display as the frequency of the oscil- 
lator is varied. Any good capacitor 
will show an impedance that con- 
stantly decreases as the frequency is 

increased. With a good inductor, on 
the other hand, impedance will in- 
crease as the frequency is increased. 
You can use your measurements to 
check the value of a component, too, 
simply by plugging the known fre- 
quency and measured impedance in- 
to the appropriate reactance formula 
and solving for the unknown value. 

One more function that the bridge 
can perform should prove of value to 
you. That is the ability to indicate 

phase angle, a parameter associated 
with the reactance of the component 
being tested. As you may recall, volt- 
age leads current in an inductor, 
while voltage lags current in a capaci- 
tor. To read phase angle, simply con- 
nect the output from the bridge to the 
channel 2 input of a two- channel os- 
cilloscope and the output from the 
oscillator to the channel 1 input. You 
will then observe that the two traces 
on the scope's screen are offset (not 
in vertical alignment with each 
other). This offset is the phase angle. 

For a component that is predomi- 

nantly capacitive, the trace for the 
output from the bridge will be lag- 
ging the trace for the output from the 
oscillator. This condition will be just 
the opposite for an inductor. 

With all we have said about the im- 
pedance bridge, we have not begun to 
scratch the surface in telling you how 
useful this "instrument" can be on 
your testbench. However, we hope 
that what has been written here will 
induce you to at least give the im- 
pedance bridge a try. Once you do, 
you are almost certain to find uses for 
it we have not mentioned. ASE 

RCA Goes Ku -Band (from page 30) 

day as well as the usual 261.5 lines - 
per -field of interlaced scanning. 

Consumer Meaning 
What this all means to satellite en- 
thusiasts begins with additional pro- 
gramming, even though it may be 
scrambled. Follow this with excellent 
video and dual- channel stereo sound; 
availability of 16 transponders re- 
ceived on 1- to -1.2 -meter dish anten- 
nas with Ku -band electronics at an 
eventually predicted price of some 
$500 /terminal. New television re- 
ceivers with everything built in and 
controlled from a single multikeyed 
remote that will even "menu" your 
payment fee status and possibly pre- 
sent and future programming is yet 
another benefit. Top this all off with 
terminal installation and service by 
RCA and, of course, the entry of a 
major TV receiver manufacturer into 
the TVRO business, backed by excel- 
lent technology. 

Programming is expected to be 
first rate. At 45 watts per channel, 
there should be little or no outage due 
to heavy rainfall or momentary 
eclipses. We are told that a 1.2 -meter 
(4 -foot) receptor will operate within 

the system at a C/N of 13 dB and a 
S/N of 48 dB -a level approaching 
54 dB studio quality. 

Receiver remote controls, in addi- 
tion to the usual TV and VCR func- 
tions, will also execute descrambling 
commands, the key password, and 
programming, while rendering a se- 
lection menu on the TV screen. You 
can also expect polarity and switch - 
able skew, separate C- and Ku -band 
selections, signal- strength indica- 
tors, up /down audio and channel tun- 
ing, variable audio, and on -board ad- 
justable automatic gain control. This, 
of course, is not a stripped -down sat- 
ellite receiver and is far removed from 
any eventual Ku -band $500 system fu- 
turistically predicted. But it will cer- 
tainly reproduce superb noise -free 
sound and pictures within a reason- 
able satellite footprint as shown in 
Fig. 2 (EIRP is in watts, denoting re- 
ceive signal strength available). 

At this point, we have no idea what 
RCA satellite receiver prices will be at 
the retail level. Nor do we suspect 
does RCA. At whatever price is final- 
ly decided upon, you can be sure that 
this system, when it goes into opera- 
tion, will have a significant impact on 
satellite TV viewing. AE 
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