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Introduction
Carbon resistors are the kind typically used in wiring circuits. They are made from a small cylinder
of graphite, surrounded by a protective plastic coating. Short wires, or leads, are attached to the
ends of the graphite cylinder and held in place by the coating. Other materials and devices can also
act like resistors. An example is the filament of a light light bulb shown schematically in Figure 1.
The filament usually consists of a thin tungsten wire with its two ends connected to separate parts
of the metal base of the light bulb. Like most (but not all) solid materials, graphite and tungsten
are ohmic, which means that resistors made from them obey Ohm’s Law,

∆V = IR,

where ∆V is the potential difference across the resistor, I is the current flowing through the resistor,
and R is the resistance of the resistor. The unit for resistance is the Ohm, abbreviated with the
Greek omega, Ω (1 Ω = 1 V /A). Carbon resistors typically range from about 10 Ω to about 10 MΩ.

Figure 1: Schematic diagram of a light bulb.

Since Ohm’s Law says that ∆V and I are proportional, one might expect that a graph of ∆V

(vertical axis) vs. I (horizontal axis will be a straight line through the origin with slope equal to
the constant R. In some cases, however, such a graph will not result in a straight line. One of the
possible reasons is that larger currents tend to heat up a resistor, and for most materials a change
in temperature causes a change in resistance, R. This temperature dependence of the resistance
appears as a changing slope in a ∆V vs. I graph.

In this lab exercise, you will use the changing resistance of a light bulb filament to estimate its
operating temperature.
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Activity 1: Resistor Color Codes

Carbon resistors are often marked with colored bands to indicate the value of resistance. The first
two colored bands give the first two digits of the resistance value. The third color represents the
power of ten for the multiplier of the resistance value. The last colored band gives the tolerance of
the resistance value. The color codes are given in Table 1. As an example, consider a resistor with
the colored bands red (= 2), black (= 0), orange (= 3), and gold (= 5%). The value of the resistance
for this resistor is 20 × 103 Ω = 20 kΩwith a tolerance of 5% = 1 kΩ. So the resistance would be
recorded as R = 20 ± 1 kΩ.

Table 1: The color codes for resistors. Taken from Principles of Physics, Third Edition, by Serway
and Jewett.

Examine one of the two "loose" resistors at your workstation (they both have the same color code),
record the colors of the bands and the corresponding resistance value with tolerance in the space
below. Also record the range of resistance values that lie within the tolerance of the resistor.
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Activity 2: Heat Dissipation in Resistors

Although both of your resistors have the same color code, they are very different in size. The
physical size of a resistor has little to do with its resistance value. Small resistors are made small
so that they can be wired into small spaces. Large resistors are made that way because large
resistors handle heat better and are less likely to "burn out" when carrying large currents.

Your instructor has set up two resistors with the same resistance and carrying the same current. At
a convenient time during the lab period (not necessarily now), touch each resistor to see which one
is warmer and record your observations in the space below. Also sketch the circuit. How do you
know the two resistors are carrying the same current?

Activity 3: Digital Multimeters and Resistance Measurements

Digital multimeters (DMMs) are electronic devices that can be used to make a variety of electrical
measurements. You have three DMMs at your station–perhaps of different kinds. Examine the
meters to see what features they have and to determine how they work. The different receptacles
or terminals with labels like VΩ, COM, etc. are used for different kinds of electrical measurements,
as explained below. Connections to the meters are usually made through short leads or patch cords
with banana plug connections on their ends. The rotating dial may have regions marked V, A, Ω,
(and perhaps others) for measuring voltage, current, and resistance.

A DMM can be used as an ohmmeter–a device for measuring resistance. In this part of the exercise,
you will use it measure the resistance of the resistor and the light bulb that are on the circuit board
at your station. Note that if the resistor you wish to measure with an ohmmeter is wired into a
circuit, it must be removed from the circuit before making the measurement.

1. Plug one patch cord into the COM terminal of one of your DMMs, connect another into the
VΩ terminal, and turn the rotating dial into the Ω region. Connect the leads to opposite ends
of one of your loose resistors. The number appearing on the meter is the resistance. In order
to get maximum accuracy, you should turn the meter dial to the lowest Ω range possible with-
out causing overflow. Record the resistance and meter range in the space below. Be careful
about the units of the meter reading. Assume the accuracy of these meters is approximately
1%, and use this in recording the uncertainty. Does the value of resistance measured with
the DMM agree with the color code value to within experimental uncertainties? Explain.
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2. Use the DMM to measure the resistance of the gray ceramic resistor mounted on the plastic
strip. Record the value with the appropriate uncertainty and the meter range you used to
measure it in the space below. Does the measured value agree with the value printed on the
resistor to within experimental uncertainties? Explain.

3. Use the ohmmeter to measure the resistance of the light bulb. Record the value and the meter
range you used to measure it in the space below. Don’t forget to include the uncertainty.

Activity 4: Using a DMM as a Voltmeter

A DMM can be used to measure voltage and current as well as resistance. To measure voltage,
the leads should be attached to the COM and VΩ terminals, and the meter dial should be rotated
into the V region. On some DMMs, the VΩ terminal is colored red (for positive). Regardless of
coloring, the COM terminal is always taken as negative. If the leads are now connected to two
different points in a circuit, the number displayed by the meter will be the potential difference
between those two points. Specifically, the meter will read the potential at the positive terminal
minus the potential at the negative terminal. This number may be positive or negative.

1. Plug the light bulb into your circuit board and connect the circuit shown in Figure 2 using the
ceramic resistor mounted on the plastic strip. Be careful, because an incorrectly wired circuit
is likely to give spurious results and may burn out a fuse in the DMM. Have the instructor
check your circuit before you turn on the power supply.

2. Turn on the power supply and set it to 5.0 V. Now connect the DMM to the circuit so as to
measure VA - VB . To get maximum accuracy the dial should be set to the lowest voltage
range that does not cause overflow. Record the voltage and the meter range that you are
using in the space below. Don’t forget the uncertainty. (I’m not going to say this anymore.)

3. What do you think will happen if you reverse the leads to the meter? Try it, record and
explain the results, then return the leads to their previous configuration.
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4. According to Ohm’s Law, if a resistor were to have zero resistance, the potential difference
across it would be zero, regardless of the current. Use the another DMM to measure the
potential difference between points B and C and record the result below. (Leave the first
DMM in place.)

−+
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Figure 2: A series circuit with a resistor, light bulb, and power supply.

Activity 5: Using a DMM as an Ammeter

An ammeter is a device for measuring electric current. Strictly speaking, an ammeter measures the
current flowing through the meter itself, but it can be used to measure the current flowing through
a resistor in a circuit by inserting the meter properly into the circuit. The basic idea is to insert
the meter into the circuit in such a way that all the current flowing through the resistor of interest
also goes through the meter. For example, if the connection between points B and C in the circuit
in Figure 2 is replaced with two leads and a meter as shown in Figure 3, then any current going
through the resistor must also go through the meter. Similarly, all the current that flows through
the meter must also go through the light bulb. By inserting the ammeter into the circuit in this way,
we can measure the current through the resistor and also through the light bulb.

1. To use the second meter as an ammeter, connect one lead to the COM terminal and another
to the mA terminal and rotate the dial to the mA setting. Now remove the wire connecting
B to C and replace it with the meter as shown in Figure 3. Have the instructor check your
circuit before you turn on the power supply.

2. Turn on the power supply and set it to 5.0 V. The number displayed by the meter is the
current passing through the meter from the mA terminal to the COM terminal. If the number
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Figure 3: A series circuit with a resistor, light bulb, and power supply. The voltmeter measures the
potential difference across the resistor and the ammeter measures the current flowing through the
circuit.

is negative, reverse the leads to the meter. Record the current and us an arrow on the diagram
in Figure 3 to indicate the direction of the current.

Activity 6: I-V Graphs for a Resistor and a Light Bulb

1. Set up the third DMM to measure the potential difference across the light bulb as shown
in Figure 4. Now measure the potential difference across the resistor, ∆VR, the potential
difference across the light bulb, ∆VB, and the current in the circuit, I , for different power
supply settings in approximately 2 V increments between 0 and 30 V. Record your data in
a table in the space below. Make a note beside your table to indicate the point at which the
light bulb begins to glow.
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2. Create a graph of the potential difference across the resistor, ∆VR, (vertical axis) versus the
current, I , (horizontal axis). Does the resistor appear to be ohmic? Explain. Fit the data
to determine the resistance of the resistor and record the result below. Also, do a linear
regression analysis to determine the uncertainty in the resistance. Does this value of the
resistance agree the the value obtained with the DMM to within experimental uncertainties?
Explain.

3. Create a graph of the potential difference across the light bulb, ∆VB , (vertical axis) versus
the current, I , (horizontal axis). Does the light bulb appear to be ohmic? Explain. You
have already measured the temperature of the light bulb when it is cool. Now find the high
temperature resistance of the filament by fitting the data in the region where the bulb is hot.
Also, do a linear regression analysis to determine the uncertainty in the resistance. Calculate
the ratio of the high temperature resistance to the low temperature resistance.

4. The temperature dependence of a resistor is given by

R = R0 [1 + α (T − T0)] ,

where R is the resistance at temperature T , R0 is the resistance at temperature T0, and α

is the temperature coefficient of resistance (see your text). Use your data to estimate the
temperature of the light bulb filament when it is hot.
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Figure 4: A series circuit with a resistor, light bulb, and power supply. The voltmeters measures
the potential difference across the resistor and the light bulb, and the ammeter measures the current
flowing through the circuit.
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