
Shunt of 
heavy wire (0.001 ohm) 
is connected to clamps and 
test probes plug into tip jacks 
in clamp handles to measure large cu"ents. 

T HE current-measuring function of 
digital multimeters (DMMs) is 

usually limited to I or 2 amperes at 
most. How then can one use a DMM to 
measure the tens or hundreds of am­
peres that may be associated with auto­
motive starter and battery-charging sys­
tems, or heavy-duty appliances? The an­
swer is: use a high-current shunt. 

A DMM set to its current function 
really measures the voltage developed 
by a current in a known shunt resis­
tance. Since all DMMs measure de volt­
ages, an internal rectifier is used to con­
vert ac voltages to de. Even though the 
DMM is operating as a voltmeter, the 
current function display is calibrated in 
milliamperes or amperes. 

If the resistance of the shunt is low, a 
large current through it will develop 
only a small voltage drop. For example, 
as shown in Fig. I, a shunt resistor of 
0.001 n (one milliohm) will produce a 
drop of 0.001 volt for each ampere that 
flows through it. If a DMM is capable of 
displaying 0 .001 volt at the least-signifi­
cant digit (the one on the extreme 
right), this range can be interpreted di­
rectly in amperes. Thus, a display of 
0.028 represents 28 amperes flowing 
through the 0.001-Q shunt resistor. 

Then there is the matter of wattage. 
Since the shunt is a resistor, a current 
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flowing through it will develop heat that 
the resistor must dissipate. The power 
dissipated as heat can be calculated as 
W = 12 R, where I is the current and R 
the resistance of the shunt: thus a cur­
rent of 50 amperes would develop 2500 
milliwatts of heat. 

Note that the shunt is, for all practi­
cal purposes, a short circuit and should 
not be connected directly across a power 
source. Always place the shunt in series 
with the load! 

In all metallic elements including 
copper wire, resistance increases with 
temperature. Therefore, the thicker the 
wire the less the resistance change and 
the better the tolerance to J2 R heat 
build-up. Ambient temperature also af­
fects conductor resistance. Commercial 
shunts often use manganin, an alloy that 
was specially developed to have very lit­
tle resistance change with temperature. 
The typical experimenter may not have 
access to a manganin shunt, but he can 
use a heavy-duty cable specifically de­
signed for very high current work­
automotive jumper cables using multi­
strand # 10 wire. 

Shunt Construction. Remove the 
clamps from one of the jumper cables 
and cut the cable to exactly 13.5 inches. 
Then, as shown in Fig. 2, remove 1.5 

inches of the heavy plastic insulation 
from each end, being careful not to nick 
the wire strands. This leaves 10.5 inches 
of insulated wire. The electrical connec­
tions should be 11.0 inches apart, yield­
ing a resistance of 0.001 ohm, taking 
into account the resistance of the clamps 
and soldered connections. Carefully sep­
arate one or two strands of wire from 
each end and cut them so that the ends 
are as close as possible to 11.0 inches 
apart. (Bear in mind that different sam­
ples of this wire may have slightly dif­
ferent resistances due to variations in 
manufacture.) 

Carefully tape a tip-jack connector 
(see Figs. 2 and 3) to the end of the plas­
tic insulation, then solder the loose wire 
strands to the electrical connector. Do 
the same at the other end. 

Carefully solder together and mount 
the remaining bundle of wires to the 
hand clamp. Use a high-wattage solder­
ing iron to make a secure electrical con­
nection. Replace the heavy plastic sleeve 
over the connection. Do the same at the 
other end. 

If desired, smaller clamps, or even qa­
nana plugs can be used at the ends of the 
shunt cable as shown in Fig. 4. Regard­
less of the termination used, make sure 
that the high current flows in the shunt 
and its end connectors and not through 
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Fig. I. Current can be read by 
measuring voltage drop 
across a known resistance. 

PARTS NEEDED 

Automotive jumper cables, tip jacks (La­
fayette 32A65105, Allied 920-0292, Calec· 
tro F2-879 or 30-1080, or similar), or com­
bination tip jack-and-banana connector 
(Lafayette 32A64850, Calectro F2-883, or 
similar), 50-ampere clamps (Mueller 
PK46A or similar), electrical tape, solder. 

Note: A 0.001-il shunt is available for 
$5.95 plus $1 shipping and handling 
from R. H. Johns Scientific Instruments, 
3379 Papermi/1 Rd., Huntingdon Valley, 
PA 19006. Pennsylvania residents, 
please add 6% sales tax. 

the jacks that feed the DMM . 
If your DMM does not indicate to 

tenths of a millivolt, a 0.0 !-ohm shunt 
having a current sensitivity of 0.1 am­
pere per millivolt can be built. With this 
shunt, a DMM indication of 0 .016 volt 
represents a current flow of 1.6 amperes. 
Use the same approach as previously de­
scribed, but use 66 inches Of # 12 
stranded copper wire with the tip jacks 
65 inches apart. 

To measure ac current, a convention-

al ac outlet box having one or two 
appliance sockets mounted on it with the 
0 .00 !-ohm shunt in series with one of 
the leads can be used . There is enough 
room within the enclosure to allow the 
shunt to be placed inside and the two tip 
jacks to be mounted on the upper plate. 
This approach is shown in Fig. 5. In this 
mode, use the ac voltage function of the 
DMM. Keep in mind that the tip con­
nectors may be "hot" to ground so take 
all safety precautions when using this 
method of current measurement. 

Accuracy. The shunt described in this 
article will be accurate to within approx­
imately ± 3%. This value is dependent 
on the actual ohmic value of the shunt 
and resistance changes due to heating 
(J2R losses) . 

1-------------- 13.5"------------l 

TIP 
JACK 

STRANDED WIRE 

Fig. 2. As described in the text, a 
0. 00 1-ohm, high-power shunt can be 
constructed as shown here from a 
conventional battery jumper cable 
and a pair of standard tip jacks. 
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The shunts' accuracy can be im­
proved by connecting the shunt in series 
with a lab-grade ammeter, a suitable 
load and a power source capable of de­
livering several amperes. With a known 
value of current flowing (lab ammeter 
indication), note the DMM readout. It 
should be the same as the ammeter dis­
play. If not, the shunt can be trimmed 
until the two meters coincide. The 
amount of current flowing is not impor­
tant, but the two meters should display 
the same readout. It is a relatively easy 
job to re-adjust the contact position of 
the tip jack connectors on the shunt to 
adjust the DMM indication. 

If you wish to build your own "stan­
dard" resistor, consult the wire tables in 
any engineering book, or the ARRL Ra­
dio Amateurs Handbook. These list the 

Fig. 3. Assembly of the tip jack and shunt cable 
to the clamp. After soldering, the large plastic 

sleeve is placed over the joint and clamp handle. 

Fig. 4. Shunts can be terminated in banana 
plugs or small clips as shown here. 
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Fig. 5. To measure sc cu"ent, the shunt csn be coiled 'insides conventions/ 
sc outlet box snd the two tip jscks mounted on the top plste. 

resistance of solid copper wire to four 
significant digits. For example, a 0.001-
ohm resistor can be fabricated from 10 
parallel strands of #16 Formvar or 
enamel-insulated copper wire, each 
strand 30.6 inches long. Scrape about l/4 

inch of the insulation from each end 
and, after affixing a flexible bare wire to 
make the connections to the tip jacks, 
solder the bundle together. To calibrate 
other shunts, connect them in series with 
your "standard" and adjust the lengths 
of the meter connections until both resis­
tors generate the same voltage. Al­
though a DMM is accurate on de, on the 
ac functions, signals that are not sine 
waves can produce measurement errors. 
One common source of error is the unfil­
tered de output from an automotive bat­
tery charger. The current measured 
across a shunt from the 60-Hz rectified 
charger can be as much as 18% low. 
However, the -high-frequency, 3-phase 
rectified output from an automotive al­
ternator is only a few percent low, not 
enough to worry about. 

Although readers are encouraged to 
build for their own use the shunt tech­
nique described, many features de­
scribed here are covered in patent appli­
cations now pending. 0 

Triggered Sweep (continued trompage 101; -----------------------------

switch to AUTO . Then set the number of 
cycles of the waveform you wish to view 
with SPEED selector S5. The period of any 
waveform can be obtained directly from 
the screen as the time it takes the beam 
to "write" one cycle, while the frequen­
cy is the reciprocal of this time. 

Obtaining a stable display of a frac­
tion of a repetitive waveform cycle is 
also easy. First, adjust the scope's ver­
tical-gain, brightness, and centering con­
trols for a stable display of several 
cycles. Set S4 to NORM and adjust Rl 
until the beginning of the portion of inter­
est is at the left side of the screen. 

Large-amplitude signals may drive 
IC 1 into saturation, causing clipping and 
an apparent reduction in the range of the 
TRIG LEVEL control. If you cannot position 
the waveform properly, close S 1 to 
reduce the gain of the input op amp 
stage to unity. 

Once the waveform is positroned, 
increase sweep speed until desired 
magnification is reached. Advance the 
brightness as necessary. When using 
very high-speed sweeps with relatively 
low-repetition-rate triggers, the scope 
beam and TRIGGERED LED will be very dim 
or appear to be off even when a sweep 
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is present. This is due to the very low 
duty cycles in these situations. 

As mentioned previously, bandwidth 
and I or noise limitations of the vertical 
amplifiers of some low-cost scopes may 
make triggering on high-frequency sig­
nals jittery at best or even impossible. In 
some of these cases (CMOS or TTL 
logic running in the low megahertz­
range, for example), where signal ampli­
tudes are in the 1-to-20-volt range and 
circuit loading tolerance is not too criti­
cal, the trigger signal can be routed 
directly to the input of the scope sweep 
circuit. 

Another situation in which the best 
choice of trigger source is not immedi­
ately obvious occurs when you are look­
ing for 60-Hz line noise. For example, if 
you are checking the output of a de 
power supply with 1 or 2 mV of ripple, 
there will often be insufficient gain in the 
scope's vertical amplifier to yield a 
clean trigger pulse and the sweep will 
run free. However, since the ripple will 
occur exactly at the power-line frequen­
cy or a whole-number multiple thereof, 
syncing the sweep to the 60-Hz line will 
provide a rock-steady trace. 

Providing a trigger-source selector 

switch that can disconnect the input of 
the sweep circuit from the vertical ampli­
fier and connect it to an internal line­
voltage source simplifies sweep sync­
ing. The pickoff point can be the secon­
dary of any low-voltage transformer in 
your scope. 

If you wish to gate an external device, 
such as an oscillator, in sync with the 
sweep generator, a CMOS-compatible 
signal is available at the Q output of /C3, 
which is at 0 volt during retrace and 
+ 15 volts during sweep. The inverse of 
this is present at not-0. In some applica­
tions, you may wish to sweep an exter­
nal oscillator directly, using the sweep 
output of the circuit. Use a buffer ampli­
fier if necessary to prevent excessive 
loading by low-impedance inputs. 

Summing Up. By substituting the high­
performance triggered sweep described 
here for the recurrent sweep in an older 
scope, you can upgrade the instrument 
to permit better waveform analysis as 
needed for examining modern circuits. 
Cost is modest and installation is fairly 
simple. It will also enable you to hold off 
on purchase of a costly modern scope 
for a while longer. 0 
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