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Breadboard Electronics
Learning Kit

Learn the fundamentals of electronics through hands-on projects, step-by-
step video lessons, and real engineering challenges. Build practical circuits,
develop problem-solving skills, and discover how modern electronics work.

Beginner Friendly Hands-On Learning Step-by-Step Videos
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GETTING STARTED

Overview

BREADBOARD ELECTRONICS LEARNING KIT

This kit is designed to provide a wide variety of electronic components for creative circuit
building. This learning guide is paired with the kit for easy guided learning and step by
step circuit building. Be sure to watch each video for a deeper learning experience.

Join the official North Star Scientific Discord

Explore a community of learners and builders. Get help with circuits,

share projects, and meet other electronics enthusiasts.

Join the Discord |

KIT COMPONENTS - WHAT'S INCLUDED
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PARTS & COMPONENTS ® Not Polarized

Breadboards

Watch Video 72
> R TR

Video walkthrough for this component and how it works.

A breadboard is where you'll build almost every circuit in this kit. It allows you to connect
electronic components without soldering, making it easy to experiment, fix mistakes, and test
new ideas. Hidden metal clips underneath connect groups of holes together, allowing
electricity to flow between components. Once you understand how these internal connections
work, you'll be ready to build much more advanced electronic circuits with confidence.

NOTE Breadboards are designed for temporary circuits, so loose jumper wires and incorrect row
placement are common causes of problems. If your circuit isn't working, always double-check
every connection before assuming a component has failed.
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PARTS & COMPONENTS ® Not Polarized

# Resistors Ohms (Q)

> Watch Video 7

Video walkthrough for this component and how it works.

Overview

Resistors are one of the most common components you'll use in electronics. Their job is to oppose the
flow of electrical current, helping protect sensitive components like LEDs and integrated circuits while
allowing a circuit to operate safely. They're also used to control voltages, create timing circuits, and
influence how electronic circuits behave. A resistor's value is measured in ohms (Q) and is usually
identified by colored bands printed around its body.

NOTE Resistors are non-polarized components, which means they can be installed in either direction
without changing how they function in a circuit.

Bermix Studio / Unsplash
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PARTS & COMPONENTS ® Polarized (may vary by type)

4+ Capacitors F (Farads)

> Watch Video 7

Video walkthrough for this component and how it works.

Overview

Capacitors temporarily store electrical energy and release it when it's needed. You can think of them
as tiny energy reservoirs that charge and discharge much faster than batteries. They're commonly
used for filtering electrical noise, smoothing power supplies, and creating timing circuits. In this kit
you'll see how changing a capacitor can affect how a circuit behaves.

NOTE Electrolytic capacitors must be installed in the correct direction. Reversing the polarity can damage
the capacitor and may cause it to fail.

Source
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PARTS & COMPONENTS ® Not Applicable

Multimeter V, A, O

> Watch Video 7

Video walkthrough for this component and how it works.

Overview

A multimeter is one of the most useful tools you'll own while learning electronics. It can measure
voltage, current, resistance, and continuity, making it much easier to troubleshoot circuits and verify
your work. Whether you're checking a battery, testing a resistor, or finding a wiring mistake, learning
to use a multimeter properly will save time and help you become much more confident when building
electronics.

NOTE Never measure resistance or continuity on a powered circuit. Always disconnect power before
using these modes. To avoid damaging your multimeter, make sure the test leads are plugged into
the correct ports and start with the highest voltage or current range before adjusting to a lower

range if needed.

Source

nstarscientific.com
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PARTS & COMPONENTS ® Polarized

>+ Diodes

> Watch Video 7

Video walkthrough for this component and how it works.

Overview

Diodes act like one-way valves for electricity, allowing current to flow in one direction while blocking it
in the other. This makes them useful for protecting circuits, converting AC power into DC, and
controlling the direction of current flow. They're a simple component, but you'll find them in many

everyday electronic devices.

NOTE Install the diode in the correct orientation. The striped end identifies the cathode, and reversing it
changes how the circuit operates.

Source
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PARTS & COMPONENTS ® Polarized

& Transistors

> Watch Video 7

Video walkthrough for this component and how it works.

Overview

Transistors are one of the most important components in modern electronics. They have three
terminals called the emitter, base, and collector, and can act as electronic switches or amplifiers. A
small signal applied to the base can control a much larger current flowing between the collector and
emitter. Everything from calculators to smartphones contains billions of transistors, making them one
of the building blocks of modern electronics.

NOTE Always identify the emitter, base, and collector before wiring a transistor. Different transistor
models may use different pin layouts.

Source

nstarscientific.com
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PARTS & COMPONENTS ® Not Polarized

Push Button

> Watch Video 7

Video walkthrough for this component and how it works.

Overview

Push buttons allow you to manually open and close an electrical circuit. When the button is pressed,
electricity can flow through the internal contacts. When it's released, the connection opens again. In
this kit you'll use push buttons as simple inputs to control LEDs, logic gates, and other electronic
projects. Understanding how buttons work is an important first step toward building interactive
circuits.

NOTE Most tactile push buttons have four legs that are internally connected in pairs. Make sure the
button is oriented correctly on the breadboard so pressing it actually connects the two sides of the
circuit.
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PARTS & COMPONENTS ® Polarized (may vary by type)

Y Buzzers Frequency (Hz)

> Watch Video 7

Video walkthrough for this component and how it works.

Overview

Buzzers convert electrical signals into sound, making them a fun way to hear what a circuit is doing.
Passive buzzers require an oscillating signal to produce a tone, while active buzzers generate sound
with a constant DC voltage. In this kit you'll use a passive buzzer to explore frequency and hear how
changing a circuit changes the pitch.

NOTE Passive buzzers require an oscillating signal, such as one generated by a 555 timer, to produce
sound. Connect the positive (+) and negative (-) terminals correctly for proper operation.
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PARTS & COMPONENTS ® Polarized

OIS0

I, Segmented Displays

> Watch Video 72

Video walkthrough for this component and how it works.

Overview

Seven-segment displays make it easy to display numbers by combining several individual LEDs into a
single component. Each segment can be turned on or off independently to create different digits. In
this kit you'll learn how the segments are labeled, how common-cathode displays work, and how
circuits can control what appears on the display.

NOTE This kit uses a common cathode display, where all cathodes are connected together. A single
current-limiting resistor on the common cathode is recommended for the projects in this kit.
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PARTS & COMPONENTS ® Polarized

Ll |

| 555 Timers Frequency (Hz)

> Watch Video 72

Video walkthrough for this component and how it works.

Overview

The 555 timer is one of the most popular integrated circuits ever created because it can perform so
many different jobs. It can generate pulses, create delays, blink LEDs, and produce sound using only a
few external components. Throughout this kit you'll use the 555 timer to build timing circuits and
better understand how electronic oscillators work.

NOTE The resistor and capacitor values determine how fast a 555 timer runs. Changing either
component will change the blinking speed, delay, or sound produced by the circuit.

Source
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PARTS & COMPONENTS ® Not Applicable

Boolean Logic

> Watch Video 72

Video walkthrough for this component and how it works.

Overview

Integrated circuits, often called ICs combine many electronic components into a single chip. The ICs
included in this kit contain digital logic gates that process simple HIGH and LOW signals to make
decisions. This system is called Boolean logic and forms the foundation of modern digital electronics.
By combining gates like AND, OR, NOT, NAND, and NOR, engineers can build everything from
calculators and microcontrollers to modern computers.

NOTE Always connect both VCC and GND, avoid leaving inputs floating by using pull-up or pull-down
resistors, and refer to the truth table to predict the circuit's output.

AND OR NOT
A1— e v .
1 1| A1 0
B 1— B O
NAND NOR COMPARISON

AND NAND

1 1 1
A1 3 A1 3 1:|:>—1 1:D—o
B B O

OR NOR
1 1
1 0
0 0

Source
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PARTS & COMPONENTS ® Polarized

>+ LEDs

> Watch Video 72

Video walkthrough for this component and how it works.

Overview

LEDs (Light Emitting Diodes) produce light when electrical current flows through them. Unlike a
traditional light bulb, an LED only works when installed in the correct direction, making polarity
important. LEDs are efficient, long-lasting, and found in everything from flashlights to televisions.
Throughout this kit you'll use LEDs to visualize how electricity moves through a circuit and to better
understand electronic signals.

NOTE Always use a current-limiting resistor with an LED. LEDs are polarized and must be installed
with the longer lead connected to (+) and the shorter lead connected to (-).

Source
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CIRCUIT BUILDING

BREADBOARD ELECTRONICS LEARNING KIT

Build 1 - LED Button Switch

In this first project, you'll build a simple circuit that uses a push button to control an LED.

Along the way you'll learn how current flows through a circuit, how a switch controls that

flow, and why a resistor is needed to safely operate an LED.

> Watch Video 7

Video walkthrough for this component and how it works.

BUILD TIME

® 1-3 min

YOU'LL NEED

e 1x Breadboard

e 4xAA Battery Power Source
e 1x Push Button

e 1xLED

e 1x 4.7K Resistor

e Jumper Wires

nstarscientific.com

DIFFICULTY PARTS NEEDED

Beginner & 6 components

LEARNING OBJECTIVES

» Understand current flow

» Learn how a push button works

® Use a resistor with an LED

© Practice building on a breadboard
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CIRCUIT BUILDING

Build 2 - AND Gate Circuit

In this project, you'll use an AND logic gate to explore how digital circuits make
decisions. You'll discover how two separate inputs work together to control a single
output and compare your results to a truth table. This is your first introduction to digital
logic using an integrated circuit.

Watch Video 7
N -

Video walkthrough for this component and how it works.

BUILD TIME DIFFICULTY PARTS NEEDED
® 3-5min ®  Beginner & 8 components
YOU'LL NEED LEARNING OBJECTIVES

e 1x Breadboard ®@ Understand digital logic

e 4xAA Battery Power Source

» Read a truth table
e 2X Push Buttons

e 1xLED ©® Usealogic IC

e Tx 7408 Integrated Circut © Observe digital inputs and outputs

2x 68k Resistors, 1x 4.7k Resistor,
Jumper Wires

nstarscientific.com 17
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CIRCUIT BUILDING

Build 3-SR NOR Latch

This project combines two NOR gates to build one of the simplest memory circuits in
digital electronics. You'll see how a circuit can remember its previous state and learn why
latches are an important building block for flip-flops, registers, and modern computer
memory.

Watch Video 7
N -

Video walkthrough for this component and how it works.

BUILD TIME DIFFICULTY PARTS NEEDED
® 5-10 min ee Intermediate & 7 components
YOU'LL NEED LEARNING OBJECTIVES

e 1x Breadboard ®@ Build a memory circuit

e 4xAA Battery Power Source

» Understand stored states
e 2X Push Buttons

e 1xLED » Observe latch behavior

2x 68k Resi
e 2x 68k Resistors © Compare results to a truth table

1% 4.7k Resistor, 1x 7402 IC, Jumper
Wires

nstarscientific.com 18


https://youtu.be/QIb-scVp_Eo
https://youtu.be/QIb-scVp_Eo
https://nstarscientific.com

North Star BREADBOARD ELECTRONICS LEARNING KIT
SCIENTIFIC

CIRCUIT BUILDING

Build 4 - 555 Timer Buzzer

In this final build, you'll use the classic 555 timer to generate an oscillating signal that
drives a passive buzzer. By changing component values, you'll hear how the output
frequency changes and gain a better understanding of timing circuits and electronic
oscillators.

Watch Video 7
N -

Video walkthrough for this component and how it works.

BUILD TIME DIFFICULTY PARTS NEEDED
® 5-15min ee Intermediate & 7 components
YOU'LL NEED LEARNING OBJECTIVES

e 1x Breadboard @ Build a 555 timer circuit

e 4xAA Battery Power Source

» Generate sound
e 1x 555 TimerIC

e 2% 3k Resistors » Relate frequency to pitch
e 1% 0.22 pyF Capacitor

© Explore timing circuits

e 1x Passive Buzzer, Jumper Wires

nstarscientific.com 19
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CHALLENGES ® Basic Level

Beginner Challenges

Put your knowledge into practice with these hands-on circuit challenges. Try to complete them step-
by-step.

Challenge 1: LED Brightness Challenge 1

Build three LEDs using different resistor values and compare their brightness. Try to predict which LED
will be the brightest before testing your circuit.

Recommended Parts: LEDs, Assorted Resistors, Breadboard, Jumper Wires

Challenge 2: Seven-Segment Numbers 2

Use a seven-segment display to manually create the numbers 0 through 9. Challenge yourself to light
only the correct segments for each number without using a reference.

Recommended Parts: Seven-Segment Display, Resistors, Breadboard, Jumper Wires

Challenge 3: One-Way Current 3

Build a circuit that uses a diode to control the direction of current flow. Design it so an LED only lights
when the diode is installed in the correct orientation.

Recommended Parts: Diodes, LEDs, Resistors, Breadboard, Jumper Wires

Challenge 4: Transistor Switch 4

Build a transistor-controlled LED switch where a small current applied to the base turns a much brighter
LED on or off.

Recommended Parts: Transistor, LED, Resistors, Breadboard, Jumper Wires

Challenge 5: Continuity Tester 5

Build a simple continuity tester that lights an LED when two conductive objects are connected. Test
different materials to see which ones conduct electricity.

Recommended Parts: LED, Resistor, Breadboard, Jumper Wires, Battery Power Source

nstarscientific.com 20
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CHALLENGES ® Intermediate

Intermediate Challenges

Put your skills to the test with these practical, multi-stage circuit challenges designed to build deep
hardware intuition.

Challenge 1: Adjustable Brightnhess LED 1

Build a circuit with three push buttons labeled Off, Low, and High to control an LED. Each button should
only need to be pressed once, with the selected brightness remaining active until another button is
pressed. Use multiple SR NOR latches to store the current brightness state.

Recommended Parts: LEDs, Push Buttons, Resistors, 7402 NOR Gate ICs, Breadboard, Jumper Wires

Challenge 2: Power Striker 2

Build a circuit with a row of LEDs that illuminate one at a time, increasing from left to right before
repeating. Press a button when the highest number of LEDs are illuminated.

Recommended Parts: LEDs, Push Button, 555 Timer, SR NOR Latches, Logic ICs, Resistors, Capacitors, Breadboard, Jumpe...

Challenge 3: Guessing Game 3

Create a two-player guessing game using multiple LEDs and push buttons. One player secretly selects
an LED by storing their choice with an SR latch.

Recommended Parts: SR NOR Latches, NOR Gate ICs, AND Gate ICs, LEDs, Push Buttons, Resistors, Breadboard, Jumper...

Challenge 4: Reaction Challenge 4

Build a two-player reaction game using two buttons, two LEDs, a capacitor, and an SR latch. When one
player presses their button, a capacitor creates a short reaction window.

Recommended Parts: LEDs, Push Buttons, Capacitors, Resistors, SR NOR Latches, NOR Gate ICs, Breadboard, Jumper Wires

Challenge 5: Transistor AND Gate 5

Build an AND gate using individual transistors instead of a logic gate IC. Compare your circuit to the
7408 AND gate.

Recommended Parts: Transistors, LEDs, Push Buttons, Resistors, Breadboard, Jumper Wires
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CHALLENGES ® Advanced Level

Advanced Challenges

Push your limits with these high-level system projects. Combine timing, display logic, and manual
controls to build complex circuits.

Challenge 1: Roulette Wheel 1

Build a roulette wheel using a seven-segment display or multiple LEDs arranged in a circle. Use a timing
circuit to rapidly cycle a single illuminated LED around the wheel. Press a button when the light is closest
to your position. A successful press should light a separate score LED and stop the wheel until reset.

Recommended Parts: 555 Timer, Seven-Segment Display or LEDs, Push Button, Logic ICs, Resistors, Capacitors, Breadboar...

Challenge 2: Electronic Piano 2

Build a simple electronic piano that uses a passive buzzer to play different musical notes. Create multiple
push-button keys, where each button changes the 555 timer's frequency to produce a different tone.
Challenge yourself to play a simple song.

Recommended Parts: Passive Buzzer, 555 Timer, Push Buttons, Resistors, Capacitors, Breadboard, Jumper Wires

Challenge 3: Mini CPU 3

Build a simple digital processor capable of making decisions using the logic gates you've learned.
Combine AND, OR, NOT, and NOR gates to create a circuit that performs multiple logical operations
based on different button inputs. Challenge yourself to add new features.

Recommended Parts: 7408 AND Gate, 7432 OR Gate, 7404 NOT Gate, 7402 NOR Gate, LEDs, Push Buttons, Resistors, Brea...
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Want More Hands-On
Learning Kits?

Explore more electronics kits, robotics projects, and STEM learning resources.

nstarscientific.com

@ Join our community on Discord -
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