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demos are scheduled on an individual basis with your group TA.
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Lab Outline

The purpose of this lab is to help students become familiar with the lab equipment and measurements
(specifically, the breadboard, multimeter and power supply) as well as give a practical understanding of
Ohm’s Law and LEDs in circuits (both skills that will be heavily used/tested in future labs).

1. Introduction

2. Ohm’s Law and Resistor Fundamentals

3. Resistor Networks and Sensors

4. LED Circuits

Equipment Required

• Breadboard

• Breadboard Power Supply

• 9 Volt battery

• Digital Multimeter w/ Probes

• Wire Strippers

• Diagonal Cutters

• Needle-nose Pliers

Bill of Materials

1x 47Ω Resistor 5x Red LEDs

3x 100Ω Resistors 1x Light-dependent resistor (CdS cell, Box 2)

2x 470Ω Resistors Jumper Wire

4x 1kΩ Resistor

2x 4.7kΩ Resistor
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Introduction

Welcome to 18-100 labs! These assignments are meant to be the hands-on component to material covered
in lecture. The labs are also a great opportunity to get familiar with some of the equipment you will use
in future lab course and through your entire career as an electrical and/or computer engineer!

Each lab will come with a handout (a.k.a. what you’re reading right now!) that contains the exercises
that you are to complete each week. You will be asked to generate data from each experiment and draw
conclusions from it. Make sure to thoroughly read the handout before attempting the lab!

Following the completion of the lab, you will submit a writeup to Gradescope (instructions are on the cover
of every lab) and then complete a demonstration to a TA. These demonstrations consist of explaining your
completed circuit and then answering a few high-level conceptual questions on the lab material. These
questions are not meant to trick you and, if you completed the lab, you should not have to “study” for
them. The circuits you will be asked to demo will be clearly marked in the lab packet with a message
that looks similar to this:

� Do NOT take your circuit apart yet! You will need it for lab checkoff!

These labs, writeups, and demonstrations are meant to be completed on your own. We want you to
collaborate and discuss the labs with other students however, come time to submit/demo, all work must
be your own! Students found building other students’ circuits, copying data, or plagiarizing
answers to writeup questions will be found in violation of the course’s policy on academic
integrity (see the Syllabus for more information).

With that said, we wish you the best on your future laboratory endeavors in 18-100! If you get stuck on
any of the parts of the lab or don’t feel you can finish the lab before the due date, reach out to your group
TA; they’re here to help!
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1. Setup

Take a moment to ensure you have all the necessary equipment in your lab kit. A list of each component
and where to find it in the lab kit can be found on Canvas.

Breadboard Setup

The breadboard is a prototyping device that consists of rows of 5 holes are connected by a metal strip
underneath. In addition to these, the power rails (the leftmost and rightmost 2 columns) are connected
across their entire length. In order to set up the breadboard, remove it from its packaging and install
the terminal plugs. Then connect the +/- supply rails to eachother and then to the terminal plugs.
In the end you’re breadboard should look like this:

Figure 1: Breadboard setup complete

1.13 pts Setup your breadboard as described above. Make sure to install the breadboard terminals,

connect them to the breadboard rails using jumper wire, and tie all the breadboard rails together.1

If you need assistance setting up your breadboard, feel free to reach out to your group TA!

1That’s right! A whole three points just for setting it up correctly!
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Power Sources

There are two main branches of ways to supply power to your circuit: fixed and adjustable. In this
course we provide one of each: an adjustable power supply that plugs into the terminals on your
breadboard and a fixed 5V supply that is inserted directly into the breadboard power rails.

(a) Power Supply Installed (b) Switch Jumpers to 5V!

Insert the prongs into the rails (the 2 columns on both sides of the breadboard marked with red and
blue lines). It’s a tight fit so don’t be afraid to use a little force.

The breadboard power supply is useful when you simply need 5V, like you will in Labs 1-3.
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2. Resistance

In this section we’ll take a look at resistors and their behavior in circuits.

2.12 pts Based on the gold tolerance band on the resistor, what are the minimum and maximum values
each resistor can have to be within tolerance? Measure the actual resistance using your Digital
Multimeter (DMM).

Resistor Minimum Value (Ω) Measured Value (Ω) Maximum Value (Ω)

47Ω

100Ω

470Ω

1kΩ

4.7kΩ

2.21 pts Do any of the measurements you took in 2.1 change if you flip the probes?

Connect a 100Ω resistor to the breadboard by placing one of the leads in a row of five holes and the
other lead in a separate row. Use the breadboard power supply to set the rails to 5V. Connect each
end of the resistor to a power rail, as shown in the diagram.

−
+Vs R1 = 100Ω

Simple Resistor Circuit (Schematic) Simple Resistor Circuit (Breadboard)

Figure 3: Measuring Voltage across Resistor
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2.31 pts What voltage do you measure across the resistor?

Measured Value = V

2.41 pts Using Ohm’s law, what should the current be flowing through the circuit? Show all work.

I = mA

Measure and record the current through the resistor using the multimeter. This involves physically
breaking the circuit and connecting the meter in series as discussed in class. Before measuring current,
verify that you’ve connected the multimeter correctly in series.

� Measuring current incorrectly can damage your multimeter!
Always check your probes before powering on a circuit!

2.51 pts What is the actual current flowing through the circuit?

Measured Value = mA

2.61 pts Using the measurements collected in 2.3 and 2.5, calculate the power consumed by the resistor

P = mW
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3. Resistor Networks

Series Resistors / Voltage Divider

Build the circuit shown below in Figure 4 which features a pair of 1kΩ resistors wired in series.

−
+Vs

R2 = 1kΩ

R1 = 1kΩ

Vo

(a) Series Circuit (Schematic) (b) Series Voltage Measurement (c) Series Current Measurement

Figure 4: Measuring Series Resistors

3.11 pts Calculate the equivalent resistance, Req, of the circuit as seen from the voltage source, Vs.

Req = kΩ

3.21 pts Measure the voltage across, and current through, each resistor in Figure 4. Use Figures (b) and

(c) to aid in your measurement process. The voltage source Vs = 5V . R1 and R2 = 1kΩ

V1 = V I1 = mA V2 = V I2 = mA

3.31 pts Using Ohm’s Law and KVL/KCL, what can one expect the voltage across, and current through,
each resistor in Figure 4 to be? The voltage source Vs = 5V . R1 and R2 = 1kΩ

V1 = V I1 = mA V2 = V I2 = mA
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3.41 pts Replace the resistor R2 in Figure 4 with a 4.7kΩ resistor. Measure the voltage across, and current
through, each resistor in Figure 4.

V1 = V I1 = mA V2 = V I2 = mA

3.51 pts Using Ohm’s Law and KVL/KCL, what can one expect the voltage across, and current through,
each resistor in Figure 4 to be? The voltage source Vs = 5V . R1 = 1kΩ and R2 = 4.7kΩ

V1 = V I1 = mA V2 = V I2 = mA

Light Dependent Resistor

Now let’s make something a little more interesting. First, find your kit’s light dependent resistor
(LDR, Figure 5). The resistivity of the red material changes with the intensity of light striking it.

Figure 5: A light dependent resistor

Measure the LDR’s resistance with your Ohmmeter. Cover the face of the LDR with your hand. This
is its dark resistance Rdark. Now shine a light into the LDR. This its light resistance Rlight.

3.61 pts What are the dark and light resistances that you measured?

Rdark = Ω Rlight = Ω
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Now replace the resistor R2 in Figure 4 with your LDR as shown in the schematic in Figure 6. Use
your voltmeter to measure Vo in the dark (Vdark) and in the light (Vlight).

−
+Vs

R2

R1 = 1kΩ

Vo

Figure 6: Light-dependent voltage divider circuit

3.71 pts What are the dark and light voltages that you measured?

Vdark = V Vlight = V

3.81 pts Is the output voltage higher in the dark or in the light? Why?
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4. LED Circuits

Create the following circuit (Figure 7) on your breadboard using a red LED. Note: the longer wire
is the anode (positive end) and the shorter wire is the cathode (negative end).

−
+VS Red

−

+470Ω

Figure 7: Single-LED Circuit
Hint: It should light up

4.11 pts Once the LED lights up, flip the LED’s direction. Does the LED continue to emit light?

Assemble the following circuit (Figure 8) on your breadboard.

−
+5V

A

100ΩRa

100Ω

Rs

470ΩRb

B

1kΩRc

C

4.7kΩRd

D

Figure 8: 4-LED Circuit
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The figure below (Figure 9) shows the circuit connections on the breadboard. Refer to the
diagram if you have difficulties wiring up the circuit.

Figure 9: LED circuit breadboard diagram.

4.21 pts Observe the light intensity of each LED and provide a ranking from the least bright to the

brightest (e.g. B < A < D < C).

4.32 pts Measure the voltages across the 100Ω, 470Ω, 1kΩ, and 4.7kΩ resistors (Ra − Rd) as well as the
voltage across each of the LEDs. Sum them together.

Branch Resistor Voltage (VRx) LED Voltage (VDx) Total Voltage (Vx)

A

B

C

D

4.41 pts What do you observe about the voltages across the LEDs?
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4.51 pts Measure the current through Rs (IS) and the currents through LED A, B, C, and D (IA, IB, IC ,

ID). Remember that current is measured in series!

Quantity Measured Current (mA)

IS

IA

IB

IC

ID

4.61 pts What relationship do you hypothesize about the current through Rs (IS), and the LED currents

(Ia, Ib, Ic, Id)? Write down the hypothesis and prove that it holds (roughly) with empirical data.

4.75 pts Be prepared to demonstrate your working circuit to a TA.

� Do NOT take your circuit apart yet! You will need it for lab checkoff!
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