
PHYS 1P92 Experiment 05
Electronics: Resistor Circuits

Notes

• Words in blue are links to additional reading or videos.

• Text in gray boxes are hints and things to take note of.

• Text in red boxes are important instructions or prompts that guide you to DISCUSS
some of the key RESULTS and CONCEPTS learned in the lab. These prompts may
not be the only items that need to be included in your report.

IMPORTANT: Due to the length of this lab we have decided to remove all error
propagation done by hand.

This means that you DO NOT need to submit the error propagation sheet for
this lab.

There will still be uncertainties in this lab, but they will be taken directly from
iOLab online.

1 Objectives

• Create simple resistor circuits.

• Understand the relationship between voltage, current and resistance.

2 Introduction

When a source of electrical potential energy, such as a battery, is connected to an electri-
cally conducting material, it applies a potential difference (V ) that creates an electric field.
The electric field in turn exerts force on charges, pushing electrons through as electric cur-
rent. This electric potential difference is often called voltage in our everyday lives and has
SI units of Volts (V).
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Resistors are just one type of basic electrical components used in circuits. Resistors are
often used to reduce (i.e. resist) current flow, adjust voltage throughout the circuit, and
in some cases to generate heat! To create the simplest of circuits, a resistor must connect
together the two terminals of the voltage source, providing a path for the current to flow,
such as in Figure 1 or in the Openstax Figure 20.8.

Figure 1: A single resistor circuit. One of the most basic circuits. Note the current travels
in the clockwise direction from the positive side of the battery to the negative.

The Resistance (R) of a resistor determines HOW MUCH it reduces the current in the path
of the resistor. Think back to the last time you played with a garden hose in your backyard.
You turn the water on and pinch a part of the hose which changes the pressure and flow out
of the open end. The tighter you crimp the hose, the less water comes out. This analogy
roughly explains what happens for resistors; the HIGHER the resistance, the less current
flows through the wire.

To determine HOW MUCH current passes through a circuit with a resistor we can use
Ohm’s Law:

∆V = IR (1)

This equation tells us that with a given resistor, if a voltage is applied on one side, it will
drop across the resistor to a lower voltage on the other. This change in potential (∆V )
causes an electrical current (I). The current is dependent on the Voltage difference (∆V ) as
well as the resistance (R) within the circuit.

Example: In Figure: 1, if the battery was applying 5V to the circuit
and the resistor had a resistance of 1 Ω (ohms), then the resulting
current would be: I = 5V

1Ω
= 5A, where A represents amps, the SI

unit for current.

Often times, when prototyping circuits, it is advantageous to plot your current through
your circuit against the voltage you input into your system. The resulting graph allows
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you to investigate at what voltages your circuit functions correctly and safely. In this lab
you will be creating these types of plots, often called IV curves in order to investigate the
relationship between Resistance, Voltage, and Current.

In a circuit comprised of only resistors and a single battery, the I-V curve is linear.
Why is this the case? Hint: Refer to Ohm’s Law.

3 Procedure

In this lab, you will need both types of wire leads, and several resistors. To help you
identify the correct components, visit the Sakai page: “iOLab Device : Unboxing”, which
has detailed pictures of the resistors.

You will need:

• Two 100 kΩ resistors; we will refer to these as R1 and R2.

• One 1 Ω resistor; this we will be referred to as Rs.

• Five alligator-to-pin wire leads

• Three double-ended alligator wires
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1 Ω (bands: brown | black | black | silver | brown )

1 kΩ (bands: brown | black | black | brown | brown )

100 kΩ (bands: brown | black | black | orange | brown )

22 kΩ (bands: red | red | black | red | brown )

330 Ω (bands: orange | orange | black | black | brown )

0.47 Ω (bands: yellow | purple | silver | gold )

47 kΩ (bands: yellow | purple | black | red | brown )
Source: https://www.electronics-tutorials.ws/resistor/res_2.html

Resistor Colour Code

Figure 2: Resistor colour codes to find resistors: from lab resources unboxing tab

NOTE: While following the circuit set-up directions, you will not be able to match
the diagrams we have colour for colour. See Figure 3 for an organizational strategy.

Figure 3: Directions on how to separate the wires for the lab.
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3.1 Setting up the iOlab

Now would be a good time to test the batteries in your iOLab. They will not only be
powering the data collection and communication with the computer, but also power the
circuits you are going to build. If the voltage in your iOLab’s battery is low, you may
be unable to complete the lab properly.

Power on and connect your iOLab to iOLab Online. Take 10 seconds of battery data.
Record in the lab report the average battery voltage and uncertainty over the last two
seconds of data.

If the voltage drops below 2.6 V, you should replace your batteries.

3.2 Ohm’s law

Start by constructing the circuit shown in Figure 4b below.

Tip: Try to keep your wires separate and organized so that it is easy
to troubleshoot your circuit in the event things do not work properly.
A simple and clean circuit is a happy circuit!

Reminder: Any colours labelled in the manual instructions refer to
the colours of the wires in the figures, not necessarily the colour of
the wires you are using.

To assemble the circuit in Figure: 4b, perform the following:

• Taking an alligator-to-pin wire, insert the pin end into the GND slot on the iOLab
(there are three of these on the iOLab, we suggest you use the bottom-most one
to keep the circuit easy to follow). Take the alligator clip end and attach it to a
R1 resistor. (BLACK)

• Take a second alligator-to-pin wire and insert the pin end into the DAC slot on the
iOLab. Attach the alligator clip end to the other end of the same resistor. (RED)

• Taking a third alligator-to-pin wire, attach the pin end to the A7 slot on your
iOLab device and attach the alligator clip end to the DAC side of the resistor.
(GREEN)
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(a) Circuit Diagram (b) Single resistor circuit wiring.

Figure 4: A single resistor circuit. The green wire in this example will be used to measure
the voltage on one end of R1 with the A7 sensor via iOLab online. The circuit diagram on
the left (a) is a graphical representation of the circuit. It shows the electrical connections,
but is sometimes hard to visualize physically, so we’ve provided the physical example for
you to follow.

The circuit in Figure 4 has been setup so that you can use the sensors with iOLab online.
The DAC slot will act as the positive terminal for your battery where voltage is the highest.
The GND slot will act as the ground, or negative terminal of the battery for the circuit, here
voltage is zero. The A7 (or Analog 7) slot will interface with iOLab online in order to
measure the voltage.

With the setup of a single resistor R1 connected across the battery, we can only measure
the voltage in two places, which are at either end of the resistor.

Remember the colour of the clip plugged into the A7 slot. This will be your ‘probe’
and will be moved around the circuit to collect voltages at multiple points in a circuit.
i.e. when changing to measure voltage at a different place this will be the only clip
that will be moved!

Important:

• On iOLab online, power on and connect your iOLab, select the Analog 7 sensor,
and set the DAC output to something less than 3.0 V.

• Remember, the check mark next to DAC is needed to turn on the voltage, even if
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you are not taking data.

• Take a small sample of data with the circuit set up as seen in Figure 4. Does the
average input voltage match the voltage set with the DAC?

Note: All analog inputs A7 through A9 are limited to measure volt-
ages between 0 and 3.0 V. Inputs greater than 3.0 V will seem to
measure 3.0 V and give an incorrect voltage reading!

Disconnect the clip of the A7 wire, and clip it to the other side of R1. This is the side
also connected to GND. Leave the pin end in the A7 sensor, and all other wires in
place.

Repeat the measurement above. How does A7 change now?

Repeat the above steps for four more values of the DAC input voltage, at least one of
which is more than 3.0 V. What does A7 show for these values?

From your single resistor circuit describe how the voltages change across the resistor?

4 Multiple Resistors

According to Ohm’s law, the voltage drop, V , across a single resistor when a current flows
through it is calculated using the equation V = IR. When two resistors are in “series”,
the flow of charge must flow through both devices in sequence. There should be enough
voltage potential energy between the resistors to continue to push the charge through, so
the voltage will drop across each of them in steps.

The effective resistance of two resistors in series is

Re f f = R1 +R2 (2)

While the effective resistance of two resistors in parallel is

1
Re f f

=
1

R1
+

1
R2

(3)
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4.1 Building your own Ammeter

So far we have been able to measure the voltage at multiple points in the circuit. Using this
as well as the resistance of the resistors we could calculate the current using Ohm’s law.
However, that is a lot of calculations. Instead, we will use what we know about Ohm’s law
to create an Ammeter (a device that measures current) of our own - as it is not one of the
iOLab’s built in sensors.

We know that the total charge flowing in the circuit must be conserved; i.e. the amount of
electrons flowing from the battery GND must be the same entering the DAC positive terminal.
Thus the current flowing through R1, which is I1, is the same current flowing through R2,
which is I2.

From what we have reviewed so far, we know that

VDAC =V1 +V2 (4)

and
I = I1 = I2 (5)

Combined with Ohm’s law, we see the total resistance of the two resistors in series is the
sum of the two resistor values;

VDAC =V1 +V2

VDAC = I1R1 + I2R2

VDAC = I(R1 +R2). (6)

Consider what would happen if we replace the 100 kΩ resistor R2 in equation 6 with a
resistor of much smaller value, like Rs = 1 Ω. The current traveling through both resistors
is still I, but because R1 � Rs, the voltage drop across Rs is now very small and almost
negligible.

VDAC = I(R1 +Rs)≈ IR1. (7)

It’s almost negligible. The High Gain Input sensor G+ can measure the very small volt-
age drop across Rs by amplifying it before recording the value; multiplying it by very large
number, also known as the gain. The high gain sensor needs calibrating first.
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If we measure the voltage across the sensor resistor Rs as 1.2 µV, and given its
resistance value of 1 Ohm, what is the current flowing in the circuit?

IMPORTANT: Rs = 1Ω for the entire experiment. Use the relationship you find
here to easily convert all gain voltages to currents - you shouldn’t even need a
calculator. Also remember that for this lab Rs has no uncertainty so it can be
considered a constant.

4.1.1 High gain sensor calibration

We are now going to create the circuit seen in Figure 5.

• From the previous circuit you should already have the connectors connecting the
DAC to one side of R1 (RED) and the A7 alligator (GREEN) connected on the
same side

• Remove the alligator clip on R1 from the GND side - when you are done there
should be an open alligator clip connected to GND

• Add the Rs 1Ω resistor to the open alligator clip connected to GND (BLACK)

• With a double-ended alligator clip connect the open ends of R1 and Rs (BLACK
DOUBLE-ENDED ALLIGATOR)

• Connect BOTH the G+ and G- terminals with alligator clips to the GND side of
Rs (YELLOW and BLUE, respectively)

Select High Gain Input sensor and acquire a couple seconds of data.

Enter the value in the High Gain null box under the Settings section of iOLab
Online.

Verify the G+ value is now closer to zero by taking another few seconds of data. (There
may be some drift, but that’s okay.)
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(a) Circuit Diagram (b) Ammeter sensor calibration wiring.

Figure 5: Ammeter sensor calibration set-up. The blue wire to G+ is connected to GND
through the black wire, so that the high gain sensor can be calibrated. Do not forget to
move this wire to the other side of Rs after.

Move the wire that is connected to G+ terminal from the GND side of the sensor resistor
Rs to the other side, as seen in Figure 6. Now it can measure the voltage drop across
Rs and determine the current using Ohm’s Law. REMEMBER: the easy method for
determining I from the section above - no calculator required

(a) Circuit Diagram (b) Ammeter sensor measurement wiring.

Figure 6: Ammeter sensor measurement set-up, for a single resistor. The Rs resistor is
an important part of the new ammeter sensor. A7 will measure the voltage drop across R1,
while the high gain input will help measure the current I through it.
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4.1.2 I-V curve for a single resistor

Turn on the sensors High Gain Input and A7.

Measure the I-V curve slope for R1 alone, as shown in Figure 6.

For 6 values of VDAC, record the

• Voltage on the +, DAC side of the resistor (A7)

• Voltage across Rs (High Gain Input)

From the GAIN values calculate the currents through the resistor I.

Plot the six points with measured voltage (DAC) V on the y-axis, and current I on
the x axis. Fit a straight line A*x+B, and record the slope, uncertainty and units. What
should the value of B be?

What does the slope of this line represent? (Hint: think Ohm’s law)

Does the value of the slope match the expected value for the experiment?

4.1.3 I-V curve for a two resistors in parallel

Measure the I-V curve slope for R1 and R2 in parallel, as shown in Figure 7.

• You will need the second 100 kΩ resistor R2 and two more double-ended alliga-
tor wires

• Open up the circuit at the R1-double alligator connection. Attach that open clip
to the second resistor R2, and use a second double-ended alligator to connect
the other side of R2 to the +,DAC side of R1 (two BLACK DOUBLE-ENDED
ALLIGATORS connected via resistor)

• Take a third double-ended alligator clip and connect it between the open end of
R1 and the G+ side of Rs (BLUE DOUBLE ENDED ALLIGATOR)

For 6 data values of VDAC, record the

• Voltage on the +, DAC side of the resistor

• Voltage across Rs
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• The calculated currents I

Plot the six points with measured voltage (DAC) V on the y-axis, and current I on
the x axis. Fit a straight line A*x+B, and record the slope, uncertainty and units. What
should the value of B be?

What is the total resistance, according to the fit and Ohm’s law?

(a) Circuit Diagram
(b) Resistors in parallel wiring.

Figure 7: Adding resistor R2 in parallel with R1, we can test Ohm’s law and the resistors in
combination.
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4.1.4 I-V curve for a two resistors in series

Measure the I-V curve slope for R1 and R2 in series, as shown in Figure 8.

• Remove the double-ended alligator clip connecting R1 and Rs

• Remove the clip connecting R2 to the DAC side of R1 and place it on the other
side of R1

For 6 data values of VDAC, record the

• Voltage on the +, DAC side of the resistor

• Voltage across Rs

• The calculated currents I

Plot the six points with measured voltage (DAC) V on the y-axis, and current I on
the x axis. Fit a straight line A*x+B, and record the slope, uncertainty and units. What
should the value of B be?

What is the total resistance, according to the fit and Ohm’s law?

(a) Circuit Diagram
(b) Resistors in series wiring.

Figure 8: Adding resistor R2 in series with R1, we can test Ohm’s law and the resistors in
combination.
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4.2 Theory

If you set R2 to be equal to R1 in equations 2 and 3 you can create an equation for the
effective resistance (series AND parallel) with only a constant and the variable R1.

Remember we neglect Rs because it is so small compared to R1 and R2

Write these equations (in terms of R1 and constants only) in your discussion.

Using these equations we can predict the theoretical effective resistance for the cir-
cuits in sections 4.1.3 and 4.1.4. Using the fact that for this lab R1 = R2 = 100 kΩ

compute the theoretical expected resistance for these circuits.

NOTE: for this lab we will assume that the resistance of R1 and R2 does not have
an error which means this equation does not have error propagation.

Do your experiments match the theoretical predictions?

Finishing Up

Now that you have completed the lab, be sure you filled out all portions of the data tables
(templates found in the Resources Tool on Sakai), include figures, and develop a robust
discussion using prompts found throughout the manual.
Ensure to give yourself enough time to complete the report and to hand it in by the due date
as late lab reports will not be accepted! If you have any questions please attend a live lab
session to get help from one of the course lab demonstrators, or email Phys1P92@brocku.ca.
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