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Introduction to Circuit Measurement

In a previous module, the use of the digital multimeter and the analog volt-ohm-meter was
covered. Rather than be concerned with how to use meters, this module will acquaint you with
the basics of circuit measurement including the design of devices used to measure current,
voltage, and resistance. As you progress through your training, you will work with other
guantities, such as capacitance, inductance, impedance, true power, and effective power. It is
possible to measure any circuit quantity once you are able to select and use the proper circuit
measuring device. For this module, however, the focus is on circuit measurement as related to

current, voltage, and resistance in dc circuits.

In the discussion and explanation of electrical and electronic circuits, the quantities in the circuit
(voltage, current, and resistance) are important. If you can measure the electrical quantities in a
circuit, it is easier to understand what is happening in that circuit. This is especially true when
you are troubleshooting defective circuits. By measuring the voltage, current, capacitance,
inductance, impedance, or resistance in a circuit, you can determine why the circuit is not doing
what it is supposed to do. For instance, you can determine why a radio is not receiving or
transmitting, why your automobile will not start, or why an electric oven is not working.
Measurement will also assist you in determining why an electrical component is not doing its
job. The measurement of the electrical parameters quantities in a circuit is an essential part of

working on electrical and electronic equipment.

Circuit measurement is used to monitor the operation of an electrical or electronic device, or to
determine the reason a device is not operating properly. Since electricity is invisible, you must
use some sort of device to determine what is happening in an electrical circuit. Various devices
called test equipment are used to measure electrical quantities. The most common types of test

equipment use some kind of metering device.

What is a meter?

A meter is any device built to accurately detect and display an electrical quantity in a form
readable by a human being. Usually this readable form is visual, such as the motion of a pointer
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on a scale, a series of lights, or a numerical display. In the analysis and testing of circuits, there
are meters designed to accurately measure the basic quantities of voltage, current, and
resistance. There are many other types of meters as well, but this module primarily covers the

design and operation of the basic three.

In-Circuit Meters

Some electrical and electronic devices have meters built into them. These meters are known as
in-circuit meters. An in-circuit meter is used to monitor the operation of the device in which it is
installed. Some examples of in-circuit meters are the generator or alternator meter on some
automobiles; the voltage, current, and frequency meters on control panels at electrical power

plants; and the electrical power meter that records the amount of electricity used in a building.

It is not practical to install an in-circuit meter in every circuit. However, it is possible to install an
in-circuit meter in each critical or representative circuit to monitor the operation of a piece of
electrical equipment. A mere glance at or scan of the in-circuit meters on a control board is

often sufficient to tell if the equipment is working properly.

While an in-circuit meter will indicate that an electrical device is not functioning properly, the
cause of the malfunction is determined by troubleshooting. Troubleshooting is the process of
locating and repairing faults in equipment after they have occurred. Since troubleshooting is
covered elsewhere in this course, it will be mentioned here only as it applies to circuit

measurement.

Out-of-Circuit Meters

In troubleshooting, it is usually necessary to use a meter that can be connected to the electrical
or electronic equipment at various testing points and may be moved from one piece of
equipment to another. These meters are generally portable and self-contained, and are known

as out-of-circuit meters.
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Out-of-circuit meters are more versatile than in-circuit meters in that the out-of-circuit meter
can be used wherever you wish to connect it. Therefore, the out-of-circuit meter is more

valuable in locating the cause of a malfunction in a device.
Knowledge Check

1. What are two ways that circuit measurement is used?
2. Why are in-circuit meters used?

3. What is one advantage of an out-of-circuit meter when it is compared with an in-circuit
meter?

Basic Meter Movements

The display mechanism of a meter is often referred to as a movement, borrowing from its
mechanical nature to move a pointer along a scale so that a measured value may be read.
Though modern digital meters have no moving parts, the term "movement" may be applied to
the same basic device performing the display function. A meter movement converts electrical

energy into mechanical energy.

The first meter movements built were known as galvanometers, and were usually designed
with maximum sensitivity in mind. A very simple galvanometer may be made from a
magnetized needle (such as the needle from a magnetic compass) suspended from a string, and
positioned within a coil of wire. Current through the wire coil will produce a magnetic field
which will deflect the needle from pointing in the direction of earth's magnetic field. Such
instruments were useful in their time, but have little place in the modern world except as
proof-of-concept and elementary experimental devices. They are highly susceptible to motion
of any kind, and to any disturbances in the natural magnetic field of the earth. Now, the term
"galvanometer" usually refers to any design of electromagnetic meter movement built for

exceptional sensitivity.

Most modern meters are digital in design, meaning that their readable display is in the form of

numerical digits. Older designs of meters are mechanical in nature, using some kind of pointer
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device to show quantity of measurement. These types of meters are often referred to as
analog meters. In either case, the principles applied in adapting a display unit to the
measurement of voltage, current, or resistance is the same. It is important to realize that
digital doesn’t necessarily mean better. There are cases where an analog meter is the better

choice.

The design of digital movements is beyond the scope of this module, but mechanical, or analog,
meter movement designs are very understandable. Most mechanical movements are based on
the principle of electromagnetism, which states that electric current through a conductor
produces a magnetic field perpendicular to the axis of electron flow. The greater the electric
current, the stronger the magnetic field produced. If the magnetic field formed by the
conductor is allowed to interact with another magnetic field, a physical force will be generated
between the two sources of fields. If one of these sources is free to move with respect to the
other, it will do so as current is conducted through the wire, the motion (usually against the
resistance of a spring) being proportional to strength of current. The first meter movement we

will be looking at operates in this manner.
Permanent-Magnet Moving-Coil Movement

A permanent-magnet moving-coil movement is based upon a fixed permanent magnet and a
coil of wire which is able to move, as in Figure 1. When the switch is closed, causing current
through the coil, the coil will have a magnetic field which will react to the magnetic field of the
permanent magnet. The bottom portion of the coil in Figure 1 will be the north pole of this

electromagnet. Since opposite poles attract, the coil will move to the position shown in Figure 2.
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Figure 1: A movable coil in a magnetic field Figure 2: A movable coil in a magnetic field
(no current) (current).

The coil of wire is wound on an aluminum frame, or bobbin, and the bobbin is supported by

jeweled bearings which allow it to move freely. This is shown in Figure 3.

2Lt rs
ANNNAN

|

\x i JEWEL BEARING

Figure 3: A basic coil arrangement.

To use this permanent-magnet moving-coil device as a meter, two problems must be solved.
First, a way must be found to return the coil to its original position when there is no current

through the coil. Second, a method is needed to indicate the amount of coil movement.
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The first problem is solved by the use of hairsprings attached to each end of the coil as shown
in Figure 4. These hairsprings can also be used to make the electrical connections to the coil.
With the use of hairsprings, the coil will return to its initial position when there is no current.
The springs will also tend to resist the movement of the coil when there is current through the
coil. When the attraction between the magnetic fields (from the permanent magnet and the
coil) is exactly equal to the force of the hairsprings, the coil will stop moving toward the

magnet.

@
S = \
\-':\\\\ HAIRSPRING

@ il HAIRSPRING
P

Figure 4: Coil and hairsprings.

As the current through the coil increases, the magnetic field generated around the coil
increases. The stronger the magnetic field around the coil, the farther the coil will move. This is

a good basis for a meter.

But, how will you know how far the coil moves? If a pointer is attached to the coil and extended
out to a scale, the pointer will move as the coil moves, and the scale can be marked to indicate

the amount of current through the coil. This is shown in Figure 5.
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HAIRSPRING

\ hl-'d
colL \
HAIRSPRING

Figure 5: A complete coil.

Two other features are used to increase the accuracy and efficiency of this meter movement.
First, an iron core is placed inside the coil to concentrate the magnetic fields. Second, curved

pole pieces are attached to the magnet to ensure that the turning force on the coil increases

steadily as the current increases.

The meter movement as it appears when fully assembled is shown in Figure 6.

HORSESHOE
MAGNET

UPPER
HAIRSPRING

SUPPORT

LOWER FOR CORE

HAIRSPRING
ASSEMBLED ARRANGEMENT

Figure 6: Assembled meter movement.
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This permanent-magnet moving-coil meter movement is the basic movement in most
measuring instruments. It is commonly called the d’Arsonval movement because it was first
employed by Jacques-Arséne d'Arsonval (1851 — 1940) in making electrical measurements.

Figure 7 is a view of the d’Arsonval Meter movement used in a meter.

Permanent magnet, moving coil (PMMC) meter movement

a0

wire coil

current through wire coil
causes needle to deflect

meter terminal
connections

Figure 7: A meter using a d’Arsonval movement.

In Figure 7, the meter movement needle is shown pointing somewhere around 35 percent of
full-scale, zero being full to the left of the arc and full-scale being completely to the right of the
arc. An increase in measured current will drive the needle to point further to the right and a
decrease will cause the needle to drop back down toward its resting point on the left. The arc
on the meter display is labeled with numbers to indicate the value of the quantity being
measured, whatever that quantity is. In other words, if it takes 50 uA (microamps) of current to
drive the needle fully to the right, the scale would have 0 pA written at the very left end and 50

WA at the very right, 25 pA being marked in the middle of the scale. The scale would then be
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divided into much smaller graduating marks, probably every 5 or 1 YA, to allow for more

precise readings from the needle's position.

The meter movement will have a pair of metal connection terminals on the back for current to
enter and exit. Most meter movements are polarity-sensitive, one direction of current driving
the needle to the right and the other driving it to the left. Some meter movements have a
needle that is spring-centered in the middle of the scale sweep instead of to the left, thus

enabling measurements of either polarity as shown in Figure 8.

A "zero-center” meter movement

0
-100 100

Figure 8: Zero-centered meter movement.

Common polarity-sensitive movements include the D'Arsonval and Weston designs, both
PMMC-type instruments. Current in one direction through the wire will produce a clockwise
torque on the needle mechanism; while current the other direction will produce a counter-

clockwise torque.
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Knowledge Check

1. What type of meter movement is the d’Arsonval meter movement?
2. What is the effect of current flow through the coil in a d’ Arsonval meter movement?

3. What are three functions of the hairsprings in a d’ Arsonval meter movement?
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Ammeters

An ammeter is a device that measures current. Since all meter movements have resistance, a
resistor will be used to represent a meter in the following explanations. Direct current circuits

will be used for simplicity of explanation.
Why Ammeters are Connected in Series

In Figure 9(A), R, and R, are in series. The total circuit resistance is R, + R, and total circuit
current flows through both resistors. However, in Figure 9(B), R, and R, are in parallel. The total

circuit resistance is: 1

1 1
_

By R;

and total circuit current does not flow through either resistor.

1L
C

T LOAD 3
(A)
:—_- hl:‘I'ERE; Lnfzni.‘

(B)

Figure 9: A series and a parallel circuit.
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If R, represents an ammeter, the only way in which total circuit current will flow through the
meter (and thus be measured) is to have the meter (R,) in series with the circuit load (R,), as
shown in Figure 9(A). In complex electrical circuits, you are not always concerned with total
circuit current. You may be interested in the current through a particular component or group of

components. In any case, an ammeter is always connected in series with the circuit you wish to

test.

Figure 10 shows various circuit arrangements with the ammeter(s) properly connected for
measuring current in various portions of the circuit. Connecting an ammeter in parallel would
give you not only an incorrect measurement; it would also damage the ammeter, because too

much current would pass through the meter.

I I
LOAD
e VA—{a); —{A)
SOURCE SOURCE Ry > LOAD 2R,
ra’ N
+ & +»
(A) SERIES CIRCUIT (B) PARALLEL CIRCUIT
- -1 - &
L = AR
SOURCE Ry + SOURCE +
R, Ry 2
+» te
{C) PARALLEL CIRCUIT (D) PARALLEL CIRCUIT

I= IR, + IR,
-~
<Ay

SOURCE

R Iry Ig
a + +
+ e AN

(E) SERIES PARALLEL CIRCUIT

Figure 10: Proper ammeter connections
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Ammeter Sensitivity

Ammeter sensitivity is the amount of current necessary to cause full scale deflection (maximum
reading) of the ammeter. The smaller the amount of current, the more "sensitive" the ammeter.
For example, an ammeter with a maximum current reading of 1 mA would have a sensitivity of
1 mA, and be more sensitive than an ammeter with a maximum reading of 1 ampere and a
sensitivity of 1 ampere. Sensitivity can be given for a meter movement, but the term "ammeter
sensitivity" usually refers to the entire ammeter and not just the meter movement. An ammeter

consists of more than just the meter movement.
Ammeter Ranges

If you have a meter movement with a sensitivity of 1 mA, you can connect it in series with a

circuit and measure currents up to 1 mA. But what do you do to measure currents over 1 mA?

To answer this question, look at Figure 11. In Figure 11(A), 10 volts are applied to two resistors

in parallel.
—i
Ry R2 R, R,
& 1110 o 2
— 10V j“g ~ = 100¥ 10(2? 1.1 Qg
N Tpg = 14 Lpg = 9A 7 Tq, = 10A Ty = 90A
ITOTAL = 104 -
- I TOTAL = 100A
(A) (B)
L 2
& Ry " Ry
— 50V 1“9? 1-11Q§
T Iyq=5A Ig,= 454
-2
I TOTAL = 50A
(C)

Figure 11: Current in a parallel circuit
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In Figure 11(B), the voltage is increased to 100 volts. Now, IR1 equals 10 A and IR2 equals 90 A.
In Figure 11(C), the voltage is reduced from 100 volts to 50 volts. In this case, Iz; equals 5 A and
IR2 equals 45 A. Notice that the relationship (ratio) of Iz; and Iz, remains the same. Iz, is nine

times greater than Iz, and Iz, has one-tenth of the total current.

If Ry is replaced by a meter
.("EI\ movement that has 10 ohms of
100 L p‘:‘-—"{lm Q) resistance and a sensitivity of 10
1A amperes, the reading of the
L 2 ANy meter will represent one-tenth
R1 01Q2 R2 of the current in the circuit and
€2 100 mA R, will carry nine-tenths of the
R3 current. R, is a SHUNT resistor
1Q 10 mA because it diverts, or shunts, a
.:-
R4 portion of the current from the
109 1 mA meter movement (R,). By this
method, a 10-ampere meter
100 l—L A movement will measure current
L up to 100 amperes. By adding a
second scale to the face of the
meter, the current can be read
- * L] i
directly.

Figure 12: An ammeter with internal shunt resistors.

By adding several shunt resistors in the meter case, with a switch to select the desired resistor,
the ammeter will be capable of measuring several different maximum current readings or
ranges. It should be noted that digital ammeters have options for auto-ranging or for selecting
specific ranges. Analog ammeters, however, require careful attention to sensitivity and

ranging to prevent damage to the meter.
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Most analog meter movements in use today have sensitivities of from 5 microamperes to 1
milliampere. Figure 12 shows the circuit of an ammeter that uses a meter movement with a

sensitivity of 100 microamperes and shunt resistors.

This ammeter has five ranges (100 microamperes; 1, 10, and 100 mA; 1 ampere) selected by a
switch. With the switch in the 100 microampere position, all the current being measured will go
through the meter movement. None of the current will go through any of the shunt resistors. If
the ammeter is switched to the 1 mA position, the current being measured will have parallel
paths of the meter movement and all the shunt resistors (R;, R,, R;, and R;). Now, only a portion
of the current will go through the meter movement and the rest of the current will go through
the shunt resistors. When the meter is switched to the 10-milliampere position (as shown in
Figure 12), only resistors Ry, R,, and R;shunt the meter. Since the resistance of the shunting
resistance is less than with R, in the circuit (as was the case in the 1-milliampere position), more
current will go through the shunt resistors and less current will go through the meter
movement. As the resistance decreases and more current goes through the shunt resistors. As
long as the current to be measured does not exceed the range selected, the meter movement

will never have more than 100 microamperes of current through it.

Shunt resistors are made with close tolerances. That means if a shunt resistor is selected with a
resistance of .01 ohms (as R; in Figure 12), the actual resistance of that shunt resistor will not
vary from that value by more than 1 percent. Since a shunt resistor is used to protect a meter
movement and to allow accurate measurement, it is important that the resistance of the shunt

resistor is known very accurately.

Figure 12 represents an analog ammeter with internal shunts. The shunt resistors are inside the
meter case and selected by a switch. For limited current ranges (below 50 amperes), internal

shunts are most often employed.

For higher current ranges (above 50 amperes) ammeters that use external shunts are used. The
external shunt resistor serves the same purpose as the internal shunt resistor. The external

shunt is connected in series with the circuit to be measured and in parallel with the ammeter.

Page 19 of 80



Air Washington Electronics — Direct Current

This shunts (bypasses) the ammeter so only a portion of the current goes through the meter.

Each external shunt will

be marked with the maximum current value that the ammeter will measure when that shunt is
used. Figure 12 shows an ammeter that is designed to use external shunts and a d’Arsonval
meter movement. Figure 13(A) shows the internal construction of the meter and the way in

which the external shunt is connected to the meter and to the circuit being measured. Figure

13(C) shows some typical external shunts.

SCOLE CALIBRATED IM A MPERES

TO REAR
EALANCE EPRING

CARSONvVAL
MOYWEMENT

R R

FROM RE4R -~
BalL ANCE SPRING

= EXTERNAL

YVOLTAGE SOURCE SHUNT LoAD
FOR_LOAD

(A)
INTERNAL CONSTRUCTION
AND CIRCUIT

(B)
EXTERNAL VIEW

COPFER BLOCHS

TYPICAL EXTERNAL
AMMETER SHUNTS

Figure 13: An ammeter employing the d’Arsonval principle and external shunts.
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A shunt resistor is nothing more than a resistor in parallel with the meter movement. To
measure high currents, very small resistance shunts are used so the majority of the current will
go through the shunt. Since the total resistance of a parallel circuit (the meter movement and
shunt resistor) is always less than the resistance of the smallest resistor, as an ammeter’s range

is increased, its resistance decreases.

This is important because the load resistance of high-current circuits is smaller than the load
resistance of low-current circuits. To obtain accurate measurements, it is necessary that the
ammeter resistance be much less than the load resistance, since the ammeter is connected in

series with the load.
Knowledge Check

1. What electrical property does an ammeter measure?

2. How is an ammeter connected to the circuit under test?

3. How does an ammeter affect the circuit being measured?

4. How is the ammeter’s effect on the circuit being measured kept to a minimum?
5. What is ammeter sensitivity?

6. What is used to allow an ammeter to measure different ranges?

Other Ammeters

When using standard ammeters that connect in series with the circuit being measured, it might
not be practical or possible to redesign the meter for a lower input (lead-to-lead) resistance.
However, if we were selecting a value of shunt resistor to place in the circuit for a current
measurement based on voltage drop, and we had our choice of a wide range of resistances, it
would be best to choose the lowest practical resistance for the application. Any more
resistance than necessary and the shunt may impact the circuit adversely by adding excessive

resistance in the current path.
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One ingenious way to reduce the impact that a current-measuring device has on a circuit is to
use the circuit wire as part of the ammeter movement itself. All current-carrying wires produce
a magnetic field, the strength of which is in direct proportion to the strength of the current. By
building an instrument that measures the strength of that magnetic field, a no-contact
ammeter can be produced. Such a meter is able to measure the current through a conductor
without even having to make physical contact with the circuit, much less break continuity or

insert additional resistance.

magnetic field magnetic field
endircling the encircling the
current-carrying

current-carrying
conductor )

conductor

clamp-on
ammeter

clamp-on
ammeter

%

current to be
measured

current to be
measured

Figure 14: Clamp-on ammeter.

Ammeters of this design are made, and are called "clamp-on" meters because they have "jaws"
which can be opened and then secured around a circuit wire. Clamp-on ammeters make for

quick and safe current measurements, especially on high-power industrial circuits. Because the
circuit under test has had no additional resistance inserted into it by a clamp-on meter, there is

no error induced in taking a current measurement.

The actual movement mechanism of a clamp-on ammeter is much the same as for an iron-vane
instrument, except that there is no internal wire coil to generate the magnetic field. More
modern designs of clamp-on ammeters utilize a small magnetic field detector device called

a Hall-effect sensor to accurately determine field strength. Some clamp-on meters contain

electronic amplifier circuitry to generate a small voltage proportional to the current in the wire
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between the jaws, that small voltage connected to a voltmeter for convenient readout by a
technician. Thus, a clamp-on unit can be an accessory device to a voltmeter, for current

measurement.
Ammeter Safety Precautions

Even though safety precautions for the various meters have been covered previously, it is easy
to become complacent. Reviewing safety precautions will help alert you to any bad habits that
may have been acquired over time. When you use an ammeter, certain precautions must be
observed to prevent injury to yourself or others and to prevent damage to the ammeter or the
equipment on which you are working. The following list contains the minimum precautions to

observe when using an ammeter.
e Ammeters must always be connected in series with the circuit under test.

e Always start with the highest range of an ammeter.

e Deenergize and discharge the circuit completely before you connect or disconnect the
ammeter.

e In dcammeters, observe the proper circuit polarity to prevent the meter from being
damaged.

e Never use a dc ammeter to measure ac.

Observe the general safety precautions of electrical and electronic devices.
Knowledge Check
1. Why should you use the highest range of an ammeter for the initial measurement?
2. What range of an ammeter is selected for the final measurement?
3. List the six safety precautions for the use of ammeters.

4. Why will an ammeter be damaged if connected in parallel with the circuit to be
measured?
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Ammeter design

In ammeter designs, external resistors added to extend the usable range of the movement are
connected in parallel with the movement rather than in series as is the case for voltmeters.
This is because we want to divide the measured current, not the measured voltage, going to the

movement, and because current divider circuits are always formed by parallel resistances.

After extending a meter movement's current-measuring ability, we would have to
correspondingly re-label the movement's scale so that it read differently for an extended
current range. For example, if we wanted to design an ammeter to have a full-scale range of 5
amps using the same meter movement as before (having an intrinsic full-scale range of only 1
mA), we would have to re-label the movement's scale to read 0 A on the far left and 5 A on the
far right, rather than 0 mA to 1 mA as before. Whatever extended range provided by the

parallel-connected resistors, we would have to represent graphically on the meter movement

face.
Example
5000 FS.=1mA
29
[ ] L ]
- +
RI“slmnt
Y Y
black test red test
lead lead

Figure 15: Simple Ammeter Design
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Using 5 amps as an extended range for the design shown in Figure 15, determine the amount of
parallel resistance necessary to "shunt," or bypass, the majority of current so that only 1 mA

will go through the movement with a total current of 5 A.
Solution

Start by noting the given values.

Movement R, Total
E Volts
I lm 5 Amps
R 500 Ohms

From our given values of movement current, movement resistance, and total circuit (measured)

current, we can determine the voltage across the meter movement:

Movement R, . Total
E 0.5 Volts
I lm 5 Amps
R 500 Ohms

Knowing that the circuit formed by the movement and the shunt is of a parallel configuration,

we know that the voltage across the movement, shunt, and test leads (total) must be the same:

Movement R, Total
0.5 0.5 0.5 Volts
lm 5 Amps
500 Ohms
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We also know that the current through the shunt must be the difference between the total

current (5 amps) and the current through the movement (1 mA), because branch currents add

in a parallel configuration:

Movement R, Total
E 0.5 0.5 0.5 Volts
I lm 4.999 5 Amps
R 500 Ohms

Then, using Ohm's Law in the right column, we can determine the necessary shunt resistance:

Movement R, Total
E 0.5 0.5 0.5 Volts
I lm 4.999 5 Amps
R 500 100.02m Ohms

In real life, the shunt resistor of an ammeter will usually be encased within the protective metal
housing of the meter unit, hidden from sight. Note the construction of the ammeter in Figure

16.

Figure 16: Ammeter
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This particular ammeter is an automotive unit manufactured by Stewart-Warner. Although the
d'Arsonval meter movement itself probably has a full scale rating in the range of milliamps, the
meter as a whole has a range of +/- 60 amps. The shunt resistor providing this high current
range is enclosed within the metal housing of the meter. Note also with this particular meter
that the needle centers at zero amps and can indicate either a "positive" current or a "negative"
current. Connected to the battery charging circuit of an automobile, this meter is able to
indicate a charging condition (electrons flowing from generator to battery) or a discharging

condition (electrons flowing from battery to the rest of the car's loads).
Multiple Range Ammeters

As is the case with multiple-range voltmeters, ammeters can be given more than one usable

range by incorporating several shunt resistors switched with a multi-pole switch (Figure 17).

A multirange ammeter
500Q FS.=1mA

/*(‘\
[ ] »
- +
I A
range selector R,
switch * VWA
. - MR3
. MR
1 off
black test red test
lead ¢ lead

Figure 17: Multi-range ammeter.

Notice that the range resistors are connected through the switch so as to be in parallel with the

meter movement, rather than in series as it was in the voltmeter design. The five-position
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switch makes contact with only one resistor at a time, of course. Each resistor is sized
accordingly for a different full-scale range, based on the particular rating of the meter

movement (1 mA, 500 Q).

With such a meter design, each resistor value is determined by the same technique, using a
known total current, movement full-scale deflection rating, and movement resistance. For an
ammeter with ranges of 100 mA, 1 A, 10 A, and 100 A, the shunt resistances would be as

shown in Figure 18:

5002 F5.=1 mA

» »
+
100 A R, R, = 5.00005 mQ
range selector . 10 A R, R, = 30,005 mQ
switeh 1A R, R, = 500.5005 mQ
100 mA R, R,=5.05051 Q
1 off
black test red test
|ead Y lead ¥

Figure 18: Multi-range ammeter with shunt resistance values.

Notice that these shunt resistor values are very low! 5.00005 mQ is 5.00005 milli-ohms, or
0.00500005 ohms! To achieve these low resistances, ammeter shunt resistors often have to be

custom-made from relatively large-diameter wire or solid pieces of metal.

One thing to be aware of when sizing ammeter shunt resistors is the factor of power
dissipation. Unlike the voltmeter, an ammeter's range resistors have to carry large amounts of
current. If those shunt resistors are not sized accordingly, they may overheat and suffer
damage, or at the very least lose accuracy due to overheating. For the example meter above,
the power dissipations at full-scale indication are (the double-squiggly lines represent

"approximately equal to" in mathematics):
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b E’ _ (0.5V) oW
"R, T 5.00005 mQ

b _ E’ _ (0.5V) I~
©OR, 50.005 mQ

b E1: 0.5V) ~ 05 W
©OR, 500.5 mQ

2 ERY 2
Pos = E = O>5V) =495 mW
R, 5.05Q

An 1/8 watt resistor would work just fine for R4, a 1/2 watt resistor would suffice for Rz and a 5
watt for R, (although resistors tend to maintain their long-term accuracy better if not operated
near their rated power dissipation, so you might want to over-rate resistors R, and R3), but
precision 50 watt resistors are rare and expensive components indeed. A custom resistor made
from metal stock or thick wire may have to be constructed for R; to meet both the

requirements of low resistance and high power rating.
Other Methods of Measuring Current

Sometimes, shunt resistors are used in conjunction with voltmeters of high input resistance to
measure current. In these cases, the current through the voltmeter movement is small enough
to be considered negligible, and the shunt resistance can be sized according to how many volts

or millivolts of drop will be produced per amp of current.
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current to be T
measured

T Rshunt @j voltmeter

current to be T
measured

Figure 19: Shunt resistance

If, for example, the shunt resistor Figure 19 were sized at precisely 1 Q, there would be 1 volt
dropped across it for every amp of current through it. The voltmeter indication could then be
taken as a direct indication of current through the shunt. For measuring very small currents,
higher values of shunt resistance could be used to generate more voltage drop per given unit of
current, thus extending the usable range of the (volt)meter down into lower amounts of
current. The use of voltmeters in conjunction with low-value shunt resistances for the

measurement of current is something commonly seen in industrial applications.

The use of a shunt resistor along with a voltmeter to measure current can be a useful trick for
simplifying the task of frequent current measurements in a circuit. Normally, to measure
current through a circuit with an ammeter, the circuit would have to be broken (interrupted)

and the ammeter inserted between the separated wire ends, as shown below.
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— 1

= 2 Load

Figure 20: Normal use of an ammeter to measure current.

If we have a circuit where current needs to be measured often, or we would just like to make
the process of current measurement more convenient, a shunt resistor could be placed
between those points and left there permanently, current readings taken with a voltmeter as

needed without interrupting continuity in the circuit (Figure 21).

ca
I amnw—1
R

shunt

— < Load

Figure 21: Using a shunt resistor and voltmeter to measure current.

Of course, care must be taken in sizing the shunt resistor low enough so that it doesn't

adversely affect the circuit's normal operation, but this is generally not difficult to do.
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Voltmeters

All the meter movements discussed so far react to current, and you have been shown how
ammeters are constructed from those meter movements. It is often necessary to measure
circuit properties other than current. Voltage measurement, for example, is accomplished with a

voltmeter.
Why voltmeters are connected in parallel

While ammeters are always connected in series, voltmeters are always connected in parallel.

Figure 22 (and the following figures) use resistors to represent the voltmeter movement. Since a
meter movement can be considered as a resistor, the concepts illustrated are true for
voltmeters as well as resistors. For simplicity, dc circuits are shown, but the principles apply to

both ac and dc voltmeters.

. ™y
Ry 1001
Ipq=18
_ R, o (METER) R,
— 1ﬂf!§ 15418 = 25/ 15{1{
i Tpq = 254 Tpp=16/8% | & Ipy =14 J
ER." =20y ERI‘—“ZW ER2=15'J
{(METER) (LOAD) (LOAD)
R :EQ Ry-=25Q
Ipy=4.17A Tpr=1A
ERT =28y ERT= 25\
(A) (B)

Figure 22: Current and voltage in series and parallel circuits.

Figure 22(A) shows two resistors connected in parallel. Notice that the voltage across both
resistors is equal. In Figure 22(B) the same resistors are connected in series. In this case, the
voltage across the resistors is not equal. If R, represents a voltmeter, the only way in which it
can be connected to measure the voltage of R, is in parallel with R,, as in Figure 22(A).
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Loading Effect

Every meter impacts the circuit it is measuring to some extent, just as any tire-pressure gauge
changes the measured tire pressure slightly as some air is let out to operate the gauge. While
some impact is inevitable, it can be minimized through good meter design. Since voltmeters are
always connected in parallel with the component or components under test, any current
through the voltmeter will contribute to the overall current in the tested circuit, potentially
affecting the voltage being measured. A perfect voltmeter has infinite resistance, so that it
draws no current from the circuit under test. However, perfect voltmeters only exist in the
pages of textbooks, not in real life! This effect on the circuit being measured is called loading
the circuit. Figure 23 illustrates the loading effect and the way in which the loading effect is

kept to a minimum.

In Figure 23(A), a series circuit is shown with R; equaling 15 ohms and R, equaling 10 ohms. The
voltage across R, (Eg,) equals 10 volts. If a meter (represented by R;) with a resistance of 10
ohms is connected in parallel with R,, as in Figure 23(B), the combined resistance of R, and R;
(R,) is equal to 5 ohms. The voltage across R, and R is now 6.25 volts, and that is what the
meter will indicate. Notice that the voltage across R; and the circuit current have both

increased. The addition of the meter (R;) has loaded the circuit.

In Figure 23(C), the low-resistance meter (R;) is replaced by a higher resistance meter (R,) with a
resistance of 10 kQ. The combined resistance of R, and R, (R,) is equal to 9.99 ohms. The voltage
across R, and R 4, is now 9.99 volts, the value that will be indicated on the meter. This is much
closer to the voltage across R,, with no meter (R; or R,) in the circuit. Notice that the voltage
across R, and the circuit current in Figure 23(C) are much closer to the values in Figure 23(A).
The current (lz,) through the meter (R,) in Figure 23(C) is also very small compared to the
current (lg,) through R ,. In Figure 23(C) the meter (R;) has much less effect on the circuit and

does not load the circuit as much. Therefore, a voltmeter should have a high resistance

compared to the circuit being measured, to minimize the loading effect.
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AN —AAA, 4 ————
Ry 1502 R4 150) I
Inq=1A Ipq= 1254 I
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AT 2 1 R Ry L Ry
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Figure 23: The loading effect.

Knowledge Check

1. Q30. What electrical quantity is measured by a voltmeter?
2. Q31. How is a voltmeter connected to the circuit to be measured?
3. Q32. Whatis the loading effect of a voltmeter?

4. Q33. How isthe loading effect of a voltmeter kept to a minimum?
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Sensitivity of Voltmeters

Voltmeter sensitivity is expressed in ohms per volt (Q/V). It is the resistance of the voltmeter at
the full-scale reading in volts. Since the voltmeter’s resistance does not change with the
position of the pointer, the total resistance of the meter is the sensitivity multiplied by the full-
scale voltage reading. The higher the sensitivity of a voltmeter, the higher the voltmeter’s
resistance. Since high resistance voltmeters have less loading effect on circuits, a high-sensitivity

meter will provide a more accurate voltage measurement.

Voltmeters with electromechanical movements are typically given ratings in "ohms per volt" of
range to designate the amount of circuit impact created by the current draw of the movement.
Because such meters rely on different values of multiplier resistors to give different
measurement ranges, their lead-to-lead resistances will change depending on what range
they're set to. Digital voltmeters, on the other hand, often exhibit a constant resistance across
their test leads regardless of range setting, and as such are usually rated simply in ohms of

input resistance, rather than "ohms per volt" sensitivity.

Ohms-per-volt refers to the amount of lead-to-lead resistance for every volt of range setting on

the selector switch.

5002 F5.=1 mA
[ I
- +
1000 V MRI R, =999.5 kO
range lselector ‘ 00V MRE R,=995kQ
switch ; R
o0V R R; =05 kO
LV AR R, =500 0
1 off
black test red test
lead v Y lead

Figure 24: Typical multi-range analog volt meter.
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On the 1000 volt scale, the total resistance is 1 MQ (999.5 kQ + 500Q), giving 1,000,000 Q per
1000 volts of range, or 1000 ohms per volt (1 kQ/V). This ohms-per-volt "sensitivity" rating

remains constant for any range of this meter:

100 volt range 100k 1000 /v sensitivity
100 V
10 volt range _10kQ 1000 Qv sensitivity
10V
1 kQ .
1 volt range — - 1000 Q/V sensitivity
\Y

The astute observer will notice that the ohms-per-volt rating of any meter is determined by a
single factor: the full-scale current of the movement, in this case 1 mA. "Ohms per volt" is the
mathematical reciprocal of "volts per ohm," which is defined by Ohm's Law as current (I=E/R).
Consequently, the full-scale current of the movement dictates the Q/volt sensitivity of the
meter, regardless of what ranges the designer equips it with through multiplier resistors. In this
case, the meter movement's full-scale current rating of 1 mA gives it a voltmeter sensitivity of

1000 Q/V regardless of how we range it with multiplier resistors.

To minimize the loading of a voltmeter on any circuit, the designer must seek to minimize the
current draw of its movement. This can be accomplished by re-designing the movement itself
for maximum sensitivity (less current required for full-scale deflection), but the tradeoff here is

typically ruggedness: a more sensitive movement tends to be more fragile.
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Ranges
Current to Resistance Sensitivity Voltage
deflect full-scale
full-scale
1mA 100 Q 1 kQ/VOLT 0.1V
50 uA 960 Q 20 kQ/VOLT 0.048VV
5 uA 5750 Q 200 kQ/VOLT 0.029V

Table 1: Meter Movement Characteristics

Table 1 shows the figures for most meter movements in use today. Notice that the meter

movements shown in Table 1 will indicate 0.029 volts to 0.1 volt at full scale, and the sensitivity

ranges from 1000 ohms per volt to 200,000 ohms per volt. The higher sensitivity meters indicate

smaller amounts of voltage. Since most voltage measurements involve voltage larger than 0.1

volt, a method must be used to extend the voltage reading.

Figure 25 illustrates the method of increasing the voltage range of a voltmeter.

&
R4 Ry

L_ _ 1qu- 1K 2 <

= 10v Ipq :1ﬂa°-:=: Ipy=01A 2
ER! =10V ER2=1[“I.
{LOAD) (METER)

A)

Epq = 100V Ry

1K S

Inz =014 §
Epp = 10V
{ME TER)

9K (2

IR3 =.MA<

¥y

gRAHGE
RESISTOR)

(B)

Figure 25: A voltmeter and a range resistor.

In Figure 25(A), a voltmeter with a range of 10 volts and a resistance of 1 kQ (R,) is connected in

parallel to resistor R,. The meter has 0.01 ampere of current (full-scale deflection) and indicates

10 volts. In Figure 25(B), the voltage has been increased to 100 volts. This is more than the
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meter can measure. A 9 kQ resistor (R;) is connected in series with the meter (R,). The meter (R
,) now has 0.01 ampere of current (full-scale deflection). But since R; has increased the voltage

capability of the meter, the meter indicates 100 volts. R; has changed the range of the meter.

Voltmeters can be constructed with several ranges by the use of a switch and internal resistors.
Figure 26 shows a voltmeter with a meter movement of 100 ohms and 1 mA full-scale deflection
with 5 ranges of voltage through the use of a switch. In this way a voltmeter can be used to

measure several different ranges of voltage.

") AN
“‘;ﬁé 900
1 mA
K0
v
5KC
5V 1

10V
(e 2
5

«e= -+

Figure 26: A voltmeter with internal range resistors.

The current through the meter movement is determined by the voltage being measured. If the
voltage measured is higher than the range of the voltmeter, excess current will flow through the

meter movement and the meter will be damaged. Therefore, you should always start with the
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highest range of a voltmeter and switch the ranges until a reading is obtained near the center of

the scale. Figure 27 illustrates these points.

(C)

Figure 27: Reading a voltmeter at various ranges.

In Figure 27(A) the meter is in the 1000-volt range. The pointer is barely above the 0 position. It
is not possible to accurately read this voltage. In Figure 27(B) the meter is switched to the 250
volt range. From the pointer position it is possible to approximate the voltage as 20 volts. Since
this is well below the next range, the meter is switched, as in Figure 27(C). With the meter in the
50-volt range, it is possible to read the voltage as 22 volts. Since this is more than the next range

of the meter (10 volts), the meter would not be switched to the next (lower) scale.
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Knowledge Check

1. How is it possible to use a current sensitive meter movement to measure voltage?
2. What is voltmeter sensitivity?
3. What method is used to allow a voltmeter to have several ranges?

4. Why should you always use the highest range when connecting a voltmeter to a circuit?
Voltmeter Safety Precautions
Just as with ammeters, voltmeters require safety precautions to prevent injury to personnel and

damage to the voltmeter or equipment. The following is a list of the minimum safety

precautions for using a voltmeter.

Always connect voltmeters in parallel.
e Always start with the highest range of a voltmeter.

e Deenergize and discharge the circuit completely before connecting or disconnecting the
voltmeter.

e In dc voltmeters, observe the proper circuit polarity to prevent damage to the meter.
e Never use a dc voltmeter to measure ac voltage.
e Observe the general safety precautions of electrical and electronic devices.

Knowledge Check

1. List the six safety precautions for the use of voltmeters.
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Other Voltmeters

Electrostatic Meter Movements

The final meter movement covered in this chapter is the electrostatic meter movement. The
other meter movements you have studied all react to current, the electrostatic meter

movement reacts to voItage.

The mechanism is based on the repulsion of like charges on the plates of a capacitor. The
electrostatic meter movement is actually a large variable capacitor in which one set of plates is
allowed to move. The movement of the plates is opposed by a spring attached to the plates. A
pointer that indicates the value of the voltage is attached to these movable plates. As the
voltage increases, the plates develop more torque. To develop sufficient torque, the plates must
be large and closely spaced. A very high voltage is necessary to provide movement; therefore,

electrostatic voltmeters are used only for high voltage measurement.

Voltmeter design

As was stated earlier, most meter movements are sensitive devices. Some d'Arsonval
movements have full-scale deflection current ratings as little as 50 yA, with an (internal) wire
resistance of less than 1000 Q. This makes for a voltmeter with a full-scale rating of only 50
millivolts (50 pA X 1000 Q)! In order to build voltmeters with practical (higher voltage) scales
from such sensitive movements, we need to find some way to reduce the measured quantity of

voltage down to a level the movement can handle.

Let's start our example problem with a d'Arsonval meter movement having a full-scale

deflection rating of 1 mA and a coil resistance of 500 Q (Figure 28).
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500 Q F.S=1mA

black test red test
lead lead

Figure 28: Basic analog voltmeter.

Using Ohm's Law (E=IR), we can determine how much voltage will drive this meter movement

directly to full scale:

E=IR
E =(1mA)(500 Q)
E=0.5volts

If all we wanted was a meter that could measure 1/2 of a volt, the bare meter movement we
have here would suffice. But to measure greater levels of voltage, something more is needed.
To get an effective voltmeter meter range in excess of 1/2 volt, we'll need to design a circuit
allowing only a precise proportion of measured voltage to drop across the meter movement.
This will extend the meter movement's range to higher voltages. Correspondingly, we will need
to re-label the scale on the meter face to indicate its new measurement range with this

proportioning circuit connected.

But how do we create the necessary proportioning circuit? Well, if our intention is to allow this
meter movement to measure a greater voltage than it does now, what we need is a voltage
divider circuit to proportion the total measured voltage into a lesser fraction across the meter
movement's connection points. Knowing that voltage divider circuits are built from series

resistances, we can connect a resistor in series with the meter movement (using the
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movement's own internal resistance as the second resistance in the divider) as shown in Figure
29

500 € F.S. =1 mA
M{"\
1 R‘ll‘ﬂlltiplifl‘
- +
VWA
black test red test
lead lead

Figure 29: Analog voltmeter with multiplier.

The series resistor is called a "multiplier" resistor because it multiplies the working range of the
meter movement as it proportionately divides the measured voltage across it. Determining the

required multiplier resistance value is an easy task if you're familiar with series circuit analysis.

For example, let's determine the necessary multiplier value to make this 1 mA, 500 Q

movement read exactly full-scale at an applied voltage of 10 volts. To do this, we first need to

set up an E/I/R table for the two series components:

Movement R e Total

E Volts
I Amps
R Ohms

Knowing that the movement will be at full-scale with 1 mA of current going through it, and that

we want this to happen at an applied (total series circuit) voltage of 10 volts, we can fill in the

table as such:
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Movement R e Total
E 10 Volts
| lm lm lm Amps
R 500 Ohms

There are a couple of ways to determine the resistance value of the multiplier. One way is to
determine total circuit resistance using Ohm's Law in the "total" column (R=E/I), then subtract

the 500 Q of the movement to arrive at the value for the multiplier:

Movement R e  Total
E 10 Volts
| lm lm lm Amps
R 500 9.5k 10k Ohms

Another way to figure the same value of resistance would be to determine voltage drop across
the movement at full-scale deflection (E=IR), then subtract that voltage drop from the total to
arrive at the voltage across the multiplier resistor. Finally, Ohm's Law could be used again to

determine resistance (R=E/I) for the multiplier:

Movement R e Total
0.5 9.5 10 Volts
lm lm lm Amps
500 9.3k 10k Ohms

Either way provides the same answer (9.5 kQ), and one method could be used as verification

for the other, to check accuracy of work.
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Meter movement ranged for 10 volts full-scale

500 FS.=1mA

R

- + multiplier

9.5 kQ2

black test red test

lead 1ov lead
Y O LE 1
1 I I

-

10 volts gfves full-scale
deflection of needle

Figure 30: 10 V meter movement range.

With exactly 10 volts applied between the meter test leads (from some battery or precision
power supply), there will be exactly 1 mA of current through the meter movement, as restricted
by the "multiplier" resistor and the movement's own internal resistance. Exactly 1/2 volt will be
dropped across the resistance of the movement's wire coil, and the needle will be pointing
precisely at full-scale. Having re-labeled the scale to read from 0 to 10 V (instead of 0 to 1 mA),
anyone viewing the scale will interpret its indication as ten volts. Please take note that the
meter user does not have to be aware at all that the movement itself is actually measuring just
a fraction of that ten volts from the external source. All that matters to the user is that the

circuit as a whole functions to accurately display the total, applied voltage.

This is how practical electrical meters are designed and used: a sensitive meter movement is
built to operate with as little voltage and current as possible for maximum sensitivity, then it is
"fooled" by some sort of divider circuit built of precision resistors so that it indicates full-scale
when a much larger voltage or current is impressed on the circuit as a whole. We have
examined the design of a simple voltmeter here. Ammeters follow the same general rule,

except that parallel-connected "shunt" resistors are used to create a current divider circuit as
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opposed to the series-connected voltage divider "multiplier" resistors used for voltmeter

designs.

Generally, it is useful to have multiple ranges established for an electromechanical meter such
as this, allowing it to read a broad range of voltages with a single movement mechanism. This is
accomplished through the use of a multi-pole switch and several multiplier resistors, each one

sized for a particular voltage range (Figure 30).

A multi-range voltmeter
500 FS.=1mA
.-r‘i“\
- +
1 Yy
range selector . R,
switch i WV R.
—————— " M =
. M
1
black test red test
lead v v lead

Figure 31: Multi-ranged voltmeter.

The five-position switch makes contact with only one resistor at a time. In the bottom (full
clockwise) position, it makes contact with no resistor at all, providing an "off" setting. Each
resistor is sized to provide a particular full-scale range for the voltmeter, all based on the
particular rating of the meter movement (1 mA, 500 Q). The end result is a voltmeter with four
different full-scale ranges of measurement. Of course, in order to make this work sensibly, the

meter movement's scale must be equipped with labels appropriate for each range.
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With such a meter design, each resistor value is determined by the same technique, using a
known total voltage, movement full-scale deflection rating, and movement resistance. For a
voltmeter with ranges of 1 volt, 10 volts, 100 volts, and 1000 volts, the multiplier resistances

are shown in Figure 32 below.

50022 FS.=1 mA
){":-.
+
1000 V AR R, =9995 kQ
range selector ! 100 V R, R, =995k
switch * ; MR o
SOV AR Ry =95 kO
. |. "l" MRA Rd = 5m ﬂ
1 off
black test red test
lead v lead

Figure 32: Multi-ranged voltmeter with resistors.

Note the multiplier resistor values used for these ranges, and how odd they are. It is highly
unlikely that a 999.5 kQ precision resistor will ever be found in a parts bin, so voltmeter
designers often opt for a variation of the above design which uses more common resistor

values as shown in Figure 33.

5002 FS.=1mA

1000 V
range selector
switch
1 off R, = 900 kQ
R, =90 kQ
black test red test R;=9kQ
lead ¥ r lead R, =500 Q

Figure 33: Multi-ranged voltmeter with standard resistors.
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With each successively higher voltage range, more multiplier resistors are pressed into service
by the selector switch, making their series resistances add for the necessary total. For example,
with the range selector switch set to the 1000 volt position, we need a total multiplier

resistance value of 999.5 kQ. With this meter design, that's exactly what we'll get:

Rrotat =Ra + R3 + Ry + Ry
Ryotal = 900 kQ + 90 kQ + 9 kQ + 500 Q
Ryotal = 999.5 kQ

The advantage, of course, is that the individual multiplier resistor values are more common
(900k, 90k, 9k) than some of the odd values in the first design (999.5k, 99.5k, 9.5k). From the

perspective of the meter user, however, there will be no discernible difference in function.

Ohmmeters

The two instruments most commonly used to check if a circuit is complete (continuity), or to
measure the resistance of a circuit or circuit element, are the ohmmeter and the megger
(megohm meter). The ohmmeter is widely used to measure resistance and check the continuity
of electrical circuits and devices. Its range usually extends to only a few megohms. The megger is
widely used for measuring insulation resistance, such as between a wire and the outer surface
of the insulation, and insulation resistance of cables and insulators. The range of a megger may

extend to more than 1,000 megohms (1k MQ), or 1 gigohms (1 GQ).
The ohmmeter consists of a dc ammeter, with a few added features. The added features are:

e Adc source of potential (usually a 3-volt battery)
e One or more resistors (one of which is variable)

A simple ohmmeter circuit is shown in Figure 34.

The ohmmeter’s pointer deflection is controlled by the amount of battery current passing
through the meter’s moving coil. Before measuring the resistance of an unknown resistor or

electrical circuit, the test leads of the ohmmeter are first shorted together, as shown in Figure
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34. With the leads shorted, the meter is calibrated for proper operation on the selected range.
While the leads are shorted, meter current is maximum and the pointer deflects a maximum
amount, somewhere near the zero position on the ohms scale. Because of this current through
the meter with the leads shorted, it is necessary to remove the test leads when you are finished
using the ohmmeter. If the leads were left connected, they could come in contact with each
other and discharge the ohmmeter battery. When the variable resistor (rheostat) is adjusted
properly, with the leads shorted, the pointer of the meter will come to rest exactly on the zero
position. This is often referred to as “zeroing the meter.” This indicates zero resistance between
the test leads, which, in fact, are shorted together. The zero reading of a series-type ohmmeter
is on the right-hand side of the scale, whereas the zero reading for an ammeter or a voltmeter is
generally to the left-hand side of the scale. The differences will be discussed later in this module.
When the test leads of an ohmmeter are separated, the pointer of the meter will return to the

left side of the scale. The interruption of current and the spring tension act on the movable coil

assembly, moving the pointer to the left side (infinity or ) of the scale.

ER‘“

MAXIMUM POINTER
DEFLECTION

v ZERO-ADJUST
RHEOSTAT

TEST LEADS
SHORTED

e S

Figure 34: A simple ohmmeter circuit.
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Using the Ohmmeter

After the ohmmeter is zeroed, it is ready to be connected in a circuit to measure resistance. A

typical circuit and ohmmeter arrangement is shown in Figure 35.

CIRCUIT POWER
SWITCH OPEN P

CIRCUIT
SOURCE
VOLTAGE

Figure 35: Measuring circuit resistance with an ohmmeter.

The power switch of the circuit to be measured should always be in the OFF position. This
prevents the source voltage of the circuit from being applied across the meter, which could

cause damage to the meter movement.

The test leads of the ohmmeter are connected in series with the circuit to be measured (Figure
35). This causes the current produced by the 3-volt battery of the meter to flow through the
circuit being tested. Assume that the meter test leads are connected at points a and b of Figure
35. The amount of current that flows through the meter coil will depend on the total resistance
of resistors R, and R,, and the resistance of the meter. Since the meter has been preadjusted
(zeroed), the amount of coil movement now depends solely on the resistance of R;and R,. The

inclusion of R; and R, raises the total series resistance, decreasing the current, and thus
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decreasing the pointer deflection. The pointer will now come to rest at a scale figure indicating
the combined resistance of R; and R,. If R, or R,, or both, were replaced with a resistor(s) having
a larger value, the current flow in the moving coil of the meter would be decreased further. The
deflection would also be further decreased, and the scale indication would read a still higher

circuit resistance. Movement of the moving coil is proportional to the amount of current flow.
Ohmmeter Ranges

The amount of circuit resistance to be measured may vary over a wide range. In some cases it
may be only a few ohms, and in others it may be as great as 1,000,000 ohms (1 MQ). To enable
the meter to indicate any value being measured, with the least error, scale multiplication
features are used in most analog ohmmeters. As with digital ammeters, digital ohmmeters may
have auto-ranging. However, be aware that most hand-held digital multimeters (voltmeter,
ammeter, and ohmmeter) may have both auto-ranging and range selection. For example, a

typical meter will have four test lead jacks:

e COMMON
e Rx1

e Rx10

e Rx100

The jack marked COMMON is connected internally through the battery to one side of the
moving coil of the ohmmeter. The jacks marked R x 1, R x 10, and R x 100 are connected to

three different size resistors located within the ohmmeter. This is shown in Figure 36.
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POINTER
DEFLECTION

Figure 36: An ohmmeter with multiplication jacks.

Some ohmmeters are equipped with a selector switch for selecting the multiplication scale
desired, so only two test lead jacks are necessary. Other meters have a separate jack for each
range, as shown in Figure 36. The range to be used in measuring any particular unknown
resistance (R, in Figure 36) depends on the approximate value of the unknown resistance. For
instance, assume the ohmmeter in Figure 36 is calibrated in divisions from 0 to 1,000. If R is
greater than 1,000 ohms, and the R x 1 range is being used, the ohmmeter cannot measure it.
This occurs because the combined series resistance of resistor R x 1 and R, is too great to allow
sufficient battery current to flow to deflect the pointer away from infinity (). (The concept of
infinity as it relates to ohmmeters is discussed in more detail under the section of ohmmeter
design.) The test lead would have to be plugged into the next range, R x 10. With this done,
assume the pointer deflects to indicate 375 ohms. This would indicate that R, has 375 ohms x
10, or 3,750 ohms resistance. The change of range caused the deflection because resistor R x 10
has about 1/10 the resistance of resistor R x 1. Thus, selecting the smaller series resistance
permitted a battery current of sufficient amount to cause a useful pointer deflection. If the R x

100 range were used to measure the same 3,750-ohm resistor, the pointer would deflect still
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further, to the 37.5-ohm position. This increased deflection would occur because resistor R x

100 has about 1/10 the resistance of resistor R x 10.

The foregoing circuit arrangement allows the same amount of current to flow through the
meter’s moving coil whether the meter measures 10,000 ohms on the R x 10 scale, or 100,000

ohms on the R x 100 scale.

It always takes the same amount of current to deflect the pointer to a certain position on the
scale (midscale position for example), regardless of the multiplication factor being used. Since
the multiplier resistors are of different values, it is necessary to always "zero" adjust the meter

for each multiplication fact or selected.

You should select the multiplication factor (range) that will result in the pointer coming to rest

as near as possible to the midpoint of the scale. This enables you to read the resistance more

accurately, because the scale readings are more easily interpreted at or near midpoint.

Knowledge Check

1. What electrical quantity is measured by an ohmmeter?

2. What other measurement can an ohmmeter make?

3. How is a series-type ohmmeter connected to the circuit being measured?
4. What is used to provide the ohmmeter with several ranges?

5. What area of an ohmmeter scale should be used when measuring circuits?

Shunt Ohmmeter

The ohmmeter described to this point is known as a series ohmmeter, because the resistance to
be measured is in series with the internal resistors and the meter movement of the ohmmeter.
Another type of ohmmeter is the SHUNT OHMMETER. In the shunt ohmmeter, the resistance to

be measured shunts, or is in parallel with, the meter movement of the ohmmeter. The most
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obvious way to tell the difference between the series and shunt ohmmeters is by the scale of

the meter. Figure 37 shows the scale of a series ohmmeter and the scale of a shunt ohmmeter.

{A) SERIES CHMMETER {B) SHUNT CHMMETER

Figure 37: Series and shunt ohmmeter scales.

Figure 37(A) is the scale of a series ohmmeter. Notice "0" is on the right and "o=" is on the left.

Figure 37(B) is the scale of a shunt ohmmeter. In the shunt ohmmeter "o=" is on the right and

"0" is on the left. A shunt ohmmeter circuit is shown in Figure 37.

In Figure 38, R, is a rheostat used to adjust the o reading of the meter (full-scale deflection). R,,
R;, and R,are used to provide the R x 1, R x 10, and R x 100 ranges. Points A and B represent the

meter leads. With no resistance connected between points A and B the meter has full-scale
current and indicates 2. If a resistance is connected between points A and B, it shunts some of

the current from the meter movement and the meter movement reacts to this lower current.
Since the scale of the meter is marked in ohms, the resistance of the shunting resistor (between

points A and B) is indicated. Notice that the switch has an OFF position, as well as positions for R
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x 1, Rx 10, and R x 100. This is provided to stop current flow and prevent the battery from being

discharged while the meter is not being used.

M
&)

OFF R
R, * —M—.

+ __A{R\,M—DRJ(1
._ll: 1 ‘\é&'R 10
X
Y

B
R x 100

oA Be

Figure 38: A shunt ohmmeter with internal range resistors.

The shunt ohmmeter is connected to the circuit to be measured in the same way the series
ohmmeter is connected. The only difference is that on the shunt ohmmeter the = reading is

adjusted, while on the series ohmmeter the 0 reading is adjusted. Shunt ohmmeters are not
commonly used because they are limited generally to measuring resistances from 5 ohms to 400
ohms. If you use a shunt ohmmeter, be certain to switch it to the OFF position when you are

finished using it.

1. Q46. What are the two types of ohmmeters?

2. Q47. What is the most obvious difference between the two types of ohmmeters?

3. Q48. Listthe four safety precautions observed when using ohmmeters.
Ohmmeter Safety Precautions

The following safety precautions and operating procedures for ohmmeters are the minimum

necessary to prevent injury and damage.
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e Be certain the circuit is deenergized and discharged before connecting an ohmmeter.
e Do not apply power to a circuit while measuring resistance.

e When you are finished using an ohmmeter, switch it to the OFF position if one is
provided and remove the leads from the meter.

e Always adjust the ohmmeter for 0 (or = in shunt ohmmeter) after you change ranges
before making the resistance measurement.

Knowledge Check

1. List four safety precautions for the use of ohmmeters.

Megohmmeter

An ordinary ohmmeter cannot be used for measuring resistance of multimillions of ohms, such
as in conductor insulation. To adequately test for insulation break-down, it is necessary to use a
much higher potential than is furnished by the battery of an ohmmeter. This potential is placed

between the conductor and the outside surface of the insulation.

An instrument called a megohmmeter (megger) is used for these tests. The analog megger is a
portable instrument consisting of two primary elements: (1) a hand-driven dc generator which
supplies the high voltage for making the measurement, and (2) the instrument portion, which
indicates the value of the resistance being measured. A digital megger operates on the same

principle, but has an internal power source rather than a hand-driven dc generator.

When a megger is used, the generator voltage is present on the test leads. This voltage could be
hazardous to you or to the equipment you are checking. Therefore, NEVER TOUCH THE TEST
LEADS WHILE THE MEGGER IS BEING USED and isolate the item you are checking from the
equipment before using the megger. It is important to follow proper safety procedures when
using a megger as improper use can lead to serious injury to yourself or others as well as

damage to the equipment.
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Ohmmeter design

Though mechanical (or analog) ohmmeter designs are rarely used today their operation is

nonetheless intriguing and worthy of study.

The purpose of an ohmmeter is to measure the resistance placed between its leads. This
resistance reading is indicated through a mechanical meter movement which operates on
electric current. Therefore, the ohmmeter must have an internal source of voltage to create the
necessary current to operate the movement. In addition, it must also have appropriate ranging
resistors to allow just the right amount of current through the movement at any given

resistance.

Figure 39 shows a simple ohmmeter consisting of a meter movement and a battery.

A simple ohmmeter

5000 FS.=1mA

black test red test
lead lead

Figure 39: Simple ohmmeter circuit.

When there is infinite resistance (no continuity between test leads), there is zero current
through the meter movement, and the needle points toward the far left of the scale. In this
regard, the ohmmeter indication is "backwards" because maximum indication (infinity) is on

the left of the scale, while voltage and current meters have zero at the left of their scales.
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If the test leads of this ohmmeter are directly shorted together, as shown in Figure 40, the
meter movement will have a maximum amount of current through it, limited only by the

battery voltage and the movement's internal resistance:

500€2 FS.=1mA
9V AN
I | | - +
I |
Y - 13 mA
black test red fest
lead lead

Figure 40: Test leads shorted together.

With 9 volts of battery potential and only 500 Q of internal movement resistance, our circuit
current will be 18 mA, which is far beyond the full-scale rating of the movement. Such an excess

of current will likely damage the meter.

Not only that, but having such a condition limits the usefulness of the device. If full left-of-scale
on the meter face represents an infinite amount of resistance, then full right-of-scale should
represent zero. Currently, our design "pegs" the meter movement hard to the right when zero
resistance is attached between the leads. We need a way to make it so that the movement just
registers full-scale when the test leads are shorted together. This is accomplished by adding a

series resistance to the meter's circuit, as shown in Figure 41.
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500Q F.S.=1mA

Qv . R
|| VWAA

Y

black test red t-est
lead lead

Figure 41: A series resistance added to ohmmeter.

To determine the proper value for R, we calculate the total circuit resistance needed to limit
current to 1 mA (full-scale deflection on the movement) with 9 volts of potential from the

battery, then subtract the movement's internal resistance from that figure:

E oV
Rictal = 1 IlmA
R‘[mal = 9 kQ

R=R,,-500Q=8.5kQ

Now that the right value for R has been calculated, we're still left with a problem of meter
range. On the left side of the scale we have "infinity" and on the right side we have zero.
Besides being "backwards" from the scales of voltmeters and ammeters, this scale is strange
because it goes from nothing to everything, rather than from nothing to a finite value (such as
10 volts, 1 amp, etc.). One might pause to wonder what middle-of-scale does represent and
what figure lies exactly between zero and infinity? Infinity is more than just a very big amount:
it is an incalculable quantity, larger than any definite number ever could be. If half-scale
indication on any other type of meter represents 1/2 of the full-scale range value, then what is
half of infinity on an ohmmeter scale?
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The answer to this paradox is a nonlinear scale. Simply put, the scale of an ohmmeter does not
smoothly progress from zero to infinity as the needle sweeps from right to left as it would if it
were linear. Rather, the scale starts out expanded at the right-hand side, with the successive

resistance values growing closer and closer to each other toward the left side of the scale.

An ohmmeter’s logarithmic scale

3Q0
750 150
1.5k
15k 190 75

Figure 42: Logarithmic scale of an ohmmeter.

Infinity cannot be approached in a linear fashion, because the scale would never get there.
With a nonlinear scale, the amount of resistance spanned for any given distance on the scale

increases as the scale progresses toward infinity, making infinity an attainable goal.

We still have a question of range for our ohmmeter, though. What value of resistance between
the test leads will cause exactly 1/2 scale deflection of the needle? If we know that the
movement has a full-scale rating of 1 mA, then 0.5 mA (500 pA) must be the value needed for

half-scale deflection. Following our design with the 9 volt battery as a source we get:

E oV
Rewi = = = 300k
R = 18 kQ
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With an internal movement resistance of 500 Q and a series range resistor of 8.5 kQ, this leaves
9 kQ for an external (lead-to-lead) test resistance at 1/2 scale. In other words, the test
resistance giving 1/2 scale deflection in an ohmmeter is equal in value to the (internal) series

total resistance of the meter circuit.

Using Ohm's Law a few more times, we can determine the test resistance value for 1/4 and 3/4

scale deflection as well:

1/4 scale deflection (0.25 mA of meter current):

E 9V
Rionl = 7= = 250 LA
Ry = 36 kQ

R1est = thtal N l:"’I“i ntern al

R, =36kQ-9kQ

RTE'ST = 2? kQ

3/4 scale deflection (0.75 mA of meter current):

E 9V
Renl = 7= 750 LA
Ricrr = 12 kQ

R1est = Rtotal - Rinterna]
Ry, = 12kQ-9kQ

R =3 kQ
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So, the scale for this ohmmeter looks similar to Figure 43.

27k 3k

Figure 43: Scale for an ohmmeter.

One major problem with this design is its reliance upon a stable battery voltage for accurate
resistance reading. As the battery voltage decreases over time, the ohmmeter scale will lose
accuracy. With the series range resistor at a constant value of 8.5 kQ and the battery voltage
decreasing, the meter will no longer deflect full-scale to the right when the test leads are
shorted together (0 Q). Likewise, a test resistance of 9 kQ will fail to deflect the needle to

exactly 1/2 scale with a lesser battery voltage.

There are design techniques used to compensate for varying battery voltage, but they do not
completely take care of the problem and are to be considered approximations at best. For this
reason, and for the fact of the nonlinear scale, this type of ohmmeter is never considered to be

a precision instrument.
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Bridge circuits

No text on electrical metering could be called complete without a section on bridge circuits.
These ingenious circuits make use of a null-balance meter to compare two voltages, just like the
laboratory balance scale compares two weights and indicates when they're equal. Unlike the
"potentiometer" circuit used to simply measure an unknown voltage, bridge circuits can be

used to measure all kinds of electrical values, not the least of which being resistance.

The standard bridge circuit, often called a Wheatstone bridge, looks something like this:

Figure 44: Wheatstone bridge circuit.

When the voltage between point 1 and the negative side of the battery is equal to the voltage
between point 2 and the negative side of the battery, the null detector will indicate zero and
the bridge is said to be "balanced.” The bridge's state of balance is solely dependent on the
ratios of R./Rp and R1/R,, and is quite independent of the supply voltage (battery). To measure
resistance with a Wheatstone bridge, an unknown resistance is connected in the place of R, or
R, while the other three resistors are precision devices of known value. Either of the other
three resistors can be replaced or adjusted until the bridge is balanced, and when balance has
been reached the unknown resistor value can be determined from the ratios of the known

resistances.
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A requirement for this to be a measurement system is to have a set of variable resistors
available whose resistances are precisely known, to serve as reference standards. For example,
if we connect a bridge circuit to measure an unknown resistance R, we will have to know

the exact values of the other three resistors at balance to determine the value of Ry:

Bridge circuit is

balanced when:
j— Ha I:11
— R, - R,

Figure 45: A balanced Wheatstone bridge.

Each of the four resistances in a bridge circuit are referred to as arms. The resistor in series with
the unknown resistance R, (this would be R, in the above schematic) is commonly called

the rheostat of the bridge, while the other two resistors are called the ratio arms of the bridge.

Wheatstone bridges are considered a superior means of resistance measurement to the series
battery-movement-resistor meter circuit discussed in the last section. Unlike that circuit, with
all its nonlinearities (nonlinear scale) and associated inaccuracies, the bridge circuit is linear
(the mathematics describing its operation are based on simple ratios and proportions) and

quite accurate.

Given standard resistances of sufficient precision and a null detector device of sufficient

sensitivity, resistance measurement accuracies of at least +/- 0.05% are attainable with a
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Wheatstone bridge. It is the preferred method of resistance measurement in calibration

laboratories due to its high accuracy.

There are many variations of the basic Wheatstone bridge circuit. Most DC bridges are used to
measure resistance, while bridges powered by alternating current (AC) may be used to measure

different electrical quantities like inductance, capacitance, and frequency.

A Wheatstone bridge can be used to measure resistance by comparing the unknown resistor
against precision resistors of known value; much like a laboratory scale measures an unknown

weight by comparing it against known standard weights.
Example

Problem: The circuit diagram for a Wheatstone bridge is shown in Figure 46, resistors Ra,
R1, and R2 are precision, variable resistors. The value of R, is an unknown value
of resistance that must be determined. After the bridge has been properly
balanced the unknown resistance may be determined by means of a simple

formula.

Bridge circuit is
balanced when:

Given

R1=600Q
R2 =100 Q
Ra =2000Q

Figure 46: Example problem with Wheatstone bridge.
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Solution: First, create a formula based on the principles of Ohm’s law.

We know that the E1 and Ea are equal because R1 and Ra are in parallel. The same holds true

for E2 and Ex. Using Ohm’s law we can rewrite the formulas as shown below:

E, =E,
IRy = 13R,
E, = Ex
I1R; = 13Rx

With this information, we can figure the value of the unknown resistor Ry. Divide the voltage

drops across R1 and R3 by their respective voltage drops across R2 and R, as follows:

LR, LR,
LR, IRy

We can simplify this equation by reducing like amounts from nominator and denominator:

[% = zﬁ)‘j becomes [% = i—;]

Then we algebraically separate Rx through the following steps by multiplying both sides by R,:

B @I -G E] - ==

Now, isolate Rx by dividing both sides by %. Recall that when dividing fractions, you multiply
2

using the inverse (or reverse).

() (52) = Ra 5 becomes e = ko (52).then o
R, g, )~ Relg, ecomes R, = R, R,)’ en solve

R —200(60)—33339
x 100/ '
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Labs for Circuit Measurement

Overview

Students will build an analog voltmeter and an analog current meter using specifications given.

Test circuits will allow students to analyze their designs.

Requirements

To meet all requirements for this lab, you must complete all activities, questions, critical

thinking activities and questions, and observations and conclusions.
Course Objectives

¢ Understand the loading effect of various types of test equipment.

e Understand the limitations of the various test equipment.

o Demonstrate acceptable techniques to construct circuits from schematic drawings on
solderless and/or solder type breadboards.

o Demonstrate proper decoupling methods for work on breadboard proto-type circuits.

o Demonstrate ability to document a breadboard circuit, schematic, or pictorial layout.

e Demonstrate ability to predict circuit operation

o Demonstrate ability to test circuit operation

Module Objectives

e Calculate the required shunt resistances for an analog voltmeter.

e Construct and analyze an analog voltmeter

e Calculate the required shunt resistances for an analog current meter.
e Construct and analyze an analog current meter.

e Explain the purpose of the fuse in the analog current meter.

Activities & Assessments

1. Analog Voltmeter
2. Analog Current Meter
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1: Analog Voltmeter

Components

e 50uA meter movement
e 3-position rotary switch

e Y Watt Standard +5% Resistors (TBD)

Circuit Diagram
Im =50 HA
XMM1
A
- 4+
@ @
R3 R2 R1
— VW NN
5v
10v .3V
- Terminal O + Terminal
Procedure
Step 1: Design the Meter: Using the specifications shown in the schematic, design an

analog voltmeter. Support your design with calculations

Step 2: Build the Meter: Using only Standard 15 % Resistors, build the design on a

breadboard. Select resistors that are as close to your calculated values as

possible. Remember, you may use only ONE resistor for each range.
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Rotary Switch: There are 4 pins on a 3-position rotary switch. You will need to

use a continuity checker to determine which pin is common. That pin will be

connected to the negative terminal of your analog meter.

Step 3: Test the Meter: You will need to perform three (3) sets of tests on your

voltmeter. Follow the directions for each test. The results to be included in your
report are the actual voltage in number form and a simple drawing (or

photograph) of the meter face indicating the voltage.

Performing the tests: Use a dc power supply set at the required voltage for each

test. Set the meter before attaching the meter.

Test 1 — Test Voltage: 2.5 V (test at each of the three ranges)

Test 2 — Test Voltage: 4.0 V (test at ONLY the 5 V and the 10 V ranges)

Test 3 — Test Voltage: 8.0 V (test at ONLY the 10V range)

FAILURE TO FOLLOW DIRECTIONS may result in the meter being irreparably damaged.

Observations & Conclusions

In your lab report, include your results from each voltage test as well as any observations or

conclusions you may have made during the design and testing process.
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2: Analog Current Meter

Components

¢ 1mA meter movement

3-position rotary switch

% Watt Standard +5% Resistors (TBD)

e Fuse assembly ( 1/10" amp fuse)

Circuit diagram
Im=1mA

_ —

+ Terminal + =

(P Q@

O é ' é |
4mA
6mMA 2mA Fuse

O

- Terminal
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Procedure

Step 1: Design the Meter: Using the specifications shown in the schematic, design an

analog current meter. Support your design with calculations

Step 2: Build the Meter: Using only Standard +5 % Resistors, build the design on a

breadboard. Select resistors that are as close to your calculated values as
possible. Remember, you may use only ONE resistor for each range. The fuse

assembly has been provided. Be sure it is installed before you test your meter.

Step 3: Test the Meter: You will need to perform three (3) sets of tests on your current

meter. Follow the directions for each test. The results to be included in your
report are the actual voltage in number form and a simple drawing (or

photograph) of the meter face indicating the current.

Test Circuit: Build a simple circuit using a variable dc power source and a 2 kQ
resistor to obtain the test voltages below. Ohm’s law will help you determine

the amount of voltage that needs to be applied to obtain the test currents.

Test 1 -1 = 1.5 mA test at each of the three ranges.

Test 2 -1 = 3.5 mA test at ONLY the 5 V and the 10 V ranges.

Test 3 —1 = 5.5 mA test at ONLY the 10V range.

Observations & Conclusions

In your lab report, include your results from each voltage test as well as any observations or

conclusions you may have made during the design and testing process.
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Answers to Knowledge Checks

Introduction to Circuit Measurement

1. What are two ways that circuit measurement is used?

A. Circuit measurement is used to (1) monitor the operation of a piece of electrical
or electronic equipment and (2) determine the reason a piece of electrical or
electronic equipment is not functioning properly.

2. Why are in-circuit meters used?

A. In-circuit meters are used to monitor the operation of electrical or electronic
devices.

3. What is one advantage of an out-of-circuit meter when it is compared with an in-circuit
meter?

A. Out-of-circuit meters can be used on more than one electrical or electronic
device.

Basic Meter Movements

1. What type of meter movement is the d’Arsonval meter movement?

A. A permanent-magnet moving-coil meter movement used in most electrical and
electronic meters.

2. What is the effect of current flow through the coil in a d’ Arsonval meter movement?

A. A magnetic field is generated around the coil and the attraction of this field with
the permanent magnet causes the coil to move.

3. What are three functions of the hairsprings in a d’ Arsonval meter movement?
A. To return the pointer to its rest position when there is no current flow; to oppose

the coil movement when there is current flow; to provide electrical connections
for the coil.
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Ammeters

1. What electrical property does an ammeter measure?
A. Current.

2. How is an ammeter connected to the circuit under test?
A. In series.

3. How does an ammeter affect the circuit being measured?

A. Since the ammeter is a resistor in series with the load, it increases the resistance
of the circuit and lowers circuit current.

4. How is the ammeter’s effect on the circuit being measured kept to a minimum?
A. The resistance of the ammeter must be much smaller than the circuit load.
5. What is ammeter sensitivity?
A. The amount of current that will cause full-scale deflection.
6. What is used to allow an ammeter to measure different ranges?

A. Shunt resistors (internal or external).

Ammeter Safety Precautions

1. Why should you use the highest range of an ammeter for the initial measurement?
A. To prevent damage to the meter movement from excessive current.
2. What range of an ammeter is selected for the final measurement?
A. A range that allows a meter reading near the center of the scale.
3. List the six safety precautions for the use of ammeters.
A. Always connect an ammeter in series.
B. Always start with the highest range.
C. Indcammeters, observe the proper polarity.

D. Deenergize and discharge the circuit before connecting or disconnecting the
ammeter.
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E. Never use a dc ammeter to measure ac current.
F. Observe the general safety precautions of electric and electronic devices.

4. Why will an ammeter be damaged if connected in parallel with the circuit to be
measured?

A. Since the ammeter has a small resistance compared to the load, it will have very
high current if it is connected in parallel. This high current will damage the meter.

Voltmeters

1. How is it possible to use a current sensitive meter movement to measure voltage?
A. Since the resistance of a meter movement remains the same as the pointer is

deflected, the amount of current through the movement is proportional to the
voltage applied. Therefore, only the scale of the movement must be changed.

2. What is voltmeter sensitivity?

A. ltis an indication of the resistance of the meter expressed in ohms per volt. The
total resistance of the meter is the sensitivity multiplied by the full-scale voltage.

3. What method is used to allow a voltmeter to have several ranges?
A. The use of resistors in series with the meter movement.

4.  Why should you always use the highest range when connecting a voltmeter to a circuit?
A. To prevent excess current through the meter movement.

Voltmeter Safety Precautions

1. List the six safety precautions for the use of voltmeters.
A. Always connect a voltmeter in parallel.
B. Always start with the highest range.

C. Deenergize and discharge the circuit before connecting or disconnecting the
voltmeter.

D. Inadcvoltmeter, observe the proper polarity.
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E. Never use a dc voltmeter to measure ac voltage.

F. Observe the general safety precautions of electric and electronic devices.

Ohmmeters

1. What electrical quantity is measured by an ohmmeter?
A. Resistance
2. What other measurement can an ohmmeter make?
A. Circuit continuity.
3. How is a series-type ohmmeter connected to the circuit being measured?
A. The ohmmeter is connected in series with the resistance to be measured.
4. What is used to provide the ohmmeter with several ranges?

A. An ohmmeter has several internal range resistors and a switch or a series of jacks
to select the proper range.

5. What area of an ohmmeter scale should be used when measuring circuits?

A. The middle of the scale.

Ohmmeter Safety Precautions

2. List four safety precautions for the use of ohmmeters.
A. Deenergize and discharge the circuit before connecting an
ohmmeter.
B. Do not apply power to a circuit while measuring
resistance.

C. Switch ohmmeters to the OFF position, if provided, or to highest range and
remove meter leads from the meter when finished measuring resistance.

D. Adjust the ohmmeter after changing resistance range and before measuring
reading indicates the resistance.
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Additional Resources

Physics Resources
Georgia State University — HyperPhysics

http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html

Video Resources

Khan Academy — Electricity and magnetisim

https://www.khanacademy.org/science/physics/electricity-and-magnetism

FedFlix — Review of Series and Parallel Resistive Circuits (Starting at 22:25)

https://archive.org/details/gov.dod.dimoc.41464
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