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20.4: Measuring current and voltage

In this section, we describe how one can build devices to measure current and voltage. A device that measures current is called an
“ammeter” and a device that measured voltage is called a “voltmeter”. Nowadays, these are usually found within the same physical
device (a “multimeter”), which can also measure resistance (by measuring voltage and current, resistance can easily determined).
We will limit our description to the design of simple analogue ammeters and voltmeters.

As we will see in Chapter 21, it is straightforward to build a device that can measure very small amounts of current, by running the
current through a coil in a magnetic field so that the coil can deflect a needle that indicates the amount of current. Such a device is
called a “galvanometer” and is usually limited to measuring very small current (of order ). In this section, we describe how one can
use a galvanometer in order to build ammeters to measure large currents, and voltmeters.

The ammeter

An ammeter is built by placing a galvanometer in parallel with a “shunt” resistor, R;. The shunt resistor is a small resistor that
“shunts” (deflects) the current away from the galvanometer, so that most of the current goes through the shunt resistor. This is
illustrated in Figure 20.4.1, which shows the galvanometer (circle with the G inside), the internal resistance of the galvanometer,
R¢, and the shunt resistor, Rg. The actual ammeter would be contained in a box and have two connectors (shown as A and B in

the figure).
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Figure 20.4.1: Constructing an ammeter from a galvanometer by plating a "shunt" resistor in parallel with the galvanometer.

By modeling the ammeter, we can determine the total current, I, that we would like to measure using the known values of the
resistors and the current, I, measured by the galvanometer. Considering any of the two junctions, and a clockwise loop, we have:

I =Ig+1Ig (junction)
IgR; —IsRg =0 (clockwise loop)
R¢g
Ig = —1I
S RS G

which allows us to determine the current, I, from the current, I, measured by the galvanometer. We also see that most of the
current goes through the shunt (since Rg is chosen to be smaller than Rs). The ammeter, will have a total resistance, R4, given

by:
RgRs

Ry=—""—
A Ro+ Rg

In order to measure the current through a specific segment of a circuit, an ammeter must be placed in series with that segment (so
that the current that we want to measure will pass through the ammeter). Figure 20.4.2 shows how to connect an ammeter (circle
with the letter A) in order to measure the current through a resistor, R.
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Figure 20.4.2: An ammeter is placed in series with a resistor to measure the current through the resistor.

The voltmeter

A voltmeter is constructed by placing a large resistor, Ry, in series with a galvanomenter (that has internal resistance Rg), as
illustrated in Figure 20.4.3 The voltmeter is designed to measure the potential difference between the terminals of the voltmeter

https://phys.libretexts.org/@go/page/19517



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://phys.libretexts.org/@go/page/19517?pdf
https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_Introductory_Physics_-_Building_Models_to_Describe_Our_World_(Martin_Neary_Rinaldo_and_Woodman)/20%3A_Electric_Circuits/20.04%3A_Measuring_current_and_voltage

LibreTextsw

(labeled A and B in the Figure).
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Figure 20.4.3: Constructing an voltmeter from a galvanometer by placing a resistor in series with the galvanometer.
Given the values of the resistors, and the current measured by the galvanometer, one can easily determine the potential difference
between points A and B, since the current measured by the galvanometer goes directly through each resistor:

AV =Vg—-V, = —I(;(RV -I-Rg)

In order to measure a potential difference across a component, the voltmeter must be placed in parallel with the component. Figure
20.4.4shows how to connect a voltmeter (circle with the letter V') in order to measure the voltage across a resistor, R.

Figure 20.4.4: A voltmeter is placed in parallel with a resistor to measure the voltage across the resistor.

When using an ammeter or a voltmeter, you will notice that these usually have buttons or dials to choose the range of currents or
voltages to be measured. All the dial does is change the value of the shunt or series resistor in order to maintain a given maximum
current through the galvanometer. An ohmmeter, to measure resistance, is simply an ammeter with a built-in fixed potential
difference (so that by measuring current across a known potential difference, the resistance of the component can be determined).

v/ Example 20.4.1

Two resistors with a resistance of 1k{2 are placed in series with a 12V battery. A voltmeter with a total resistance of
Ry =10k is used to measure the voltage across one of the resistors. What reading does the voltmeter show?

Solution

Since the two resistors have the same resistance, and are in series with the battery, when no voltmeter is connected, the voltage
across either resistor is easily shown to be 6V. However, by connecting the voltmeter across one of the resistors, we modify the
circuit, and we should expect the voltage that is read to be different than 6V (can you tell if it will be larger or smaller?). The
circuit, with the voltmeter connected is shown in Figure 20.4.5
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Figure 20.4.5: When using a voltmeter, the circuit is modified.

We can model this circuit quite easily by combining the voltmeter (modeled as a resistor) in parallel with one of the resistors:

RyR (10k02)(1kN) 10
Ropf = = = —kQ =0.91kQ
T Ry+R ~ (10kQ)+ (1kQ) 11

The sum of the voltage drops across the effective resistor and the other resistor must equal the potential difference across the
battery (Kirchhoff’s loop rule):

Ry I+RI = AV

AV (12V)

= =6.29 x 102 A
Resp+R - (0.91kQ2) 4 (1kQ)
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The voltage drop across the effective resistor is the same as the reading on the voltmeter:
AVyoltmeter = IRofy = (6.29 x 1072 A)(0.91kQ) = 5.7V

and the voltmeter reads a smaller voltage than there would be without the voltmeter.

Discussion

In this example, we saw that by using a voltmeter to measure a voltage in a circuit, we actually disturb the circuit. By placing
the voltmeter in parallel with one resistor, we created an effective resistor with a resistance that is lower than the resistance of
either the voltmeter or the resistor. This lowered the total resistance of the circuit, which increased the current. A larger current
through the second resistor (without the voltmeter) leads to a larger voltage drop than 6V across that resistor. Thus, the voltage
drop across the resistor with the voltmeter will be less than 6V, as we found, since the two voltage drops need to add to 12V.

In general, when using a voltmeter, one needs a voltmeter with a very high resistance in order to minimize the disturbance to
the circuit (if the voltmeter has a high resistance, only a small amount of current will be shunted from the resistor). In practice,
voltmeters have resistance that are typically of the order of 1M(Q2.

This page titled 20.4: Measuring current and voltage is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Ryan
D. Martin, Emma Neary, Joshua Rinaldo, and Olivia Woodman via source content that was edited to the style and standards of the LibreTexts
platform.
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