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The Purpose of This Book
This book is meant to serve as a companion to Ed Gets His Power Back, an illustrated introduction 
to the world of electronics for kids and families. In that book, kids learn how to create their first circuit 
and light up an LED powered by a 9-volt battery. Each character in the story represents a real com-
ponent that plays a role in the countless electronic devices we interact with each day. By introducing 
these components as characters in a story, we hope to create an engaging tale that draws kids in and 
teaches them basic electronics concepts.

Through this companion guidebook, families can take those concepts even further. This book provides 
a series of activities that build upon our illustrated book and invite kids to further their electronics 
exploration. In addition, we've provided expanded information about electronics concepts and com-
ponents that parents, teachers, and older students can use to further their own understanding of this 
exciting world.

What’s inside the book?

• An exploration of electronics concepts and components, as told by the citizens of Bread-
boardeaux

• Step-by-step instructions for building the circuit depicted in the book with actual electronic com-
ponents, including:

• Single-page instructions for quick reference
• Multi-page instructions with additional detail and information, for in-depth exploration

• A “Draw-a-circuit” puzzle
• Coloring Pages
• Step-by-step instructions for drawing Ed & his friends

Materials Needed

If you received this guidebook with a STEAM Component kit from us, you have everything you need 
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to complete the circuit-building portion of this book. If you have not purchased the STEAM Kit, we've 
provided a component list at the start of 'Build a Circuit' section of this guide (p24). All of these com-
ponents can easily be acquired online from Amazon, SparkFun.com or Adafruit.com, or at a local 
electronics store (e.g. Fry’s Electronics or Radio Shack). 

For the other sections, all you need are pencils, crayons, or markers. Paintbrushes also work if your 
kids want to get really artsy with this book. 

What is STEAM, anyway?

STEAM Stands for Science, Technology, Engineering, Art and Math. You may have heard the term 
STEM before. It’s far more common and means just about the same thing, just without the A for Art.

We like the term STEAM at Carrot Pants because we believe that art & creativity are essential to ex-
ploration, especially with classically “left-brained” pursuits like science, technology, engineering and 
math. Everything we do at Carrot Pants is about putting the “‘A’ in STEAM,” and this guidebook is no 
different.

Acceptable Use of this book

Much of this book is meant to be written and marked on, so we encourage you to print out the whole 
thing, or just the pages you want to draw, write, or color on.

We also don’t mind if you share your digital or a printed copy of this book with friends. While we’d 
love it if you’d encourage friends to support our mission by grabbing a copy of this book and STEAM 
Kit Bundle via our online store, and/or a copy of Ed Gets His Power Back, it matters far more that we 
expose as many kids as possible to the world of electronics. So share, and share alike!

We hope you enjoy the journey!

Thank you for purchasing this guidebook, and for supporting Carrot Pants. We hope your family 
loves Ed Gets His Power Back, and the activities in this guidebook. If you do, or if you have feedback 
for us on how to make future books and kits even better, we’d love to hear from you. You can reach 
us anytime at ed@carrotpantsstudios.com.

Stay Bright!

http://Amazon.com
http://SparkFun.com
http://Adafruit.com
https://store.carrotpantsstudios.com/
mailto:ed@carrotpantsstudios.com
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Before you go any further...
We want you and your family to get the most out of this guidebook and the 
included component kit. Here are a few key steps to ensure your kids walk 
away excited about the world of electronics:

1. Once you finish reading this page, put this guide away.
2. Put the component kit on the shelf. Really, you can trust us.
3. Grab your copy of Ed Gets His Power Back, gather some kids and read the 
book out loud.
4. Repeat Step #3 two or three times over the next week.
5. Grab your kit, open this book back up and continue the journey.

A few readings of the book, and space for your kids to ponder will deepen 
their hands-on experience and create a fun experience for everyone!
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Characters and Concepts

Parents and teachers, this section is just for you. We believe that you don't 
need an engineering degree to get kids into electronics, and this is an oppor-

tunity for you to become familiar with basic concepts before diving into the 
projects alongside your curious pupils. 

This is not meant for you to read aloud or as assigned reading for kids. It's a 
chance for you to show them the value of life-long learning. 

So read on! We hope this helps you share the magic of electronics with your 
kids.
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Hi, Ed the LED here! I’d like to 
introduce you to the world of 
Breadboardeaux! 

Over the next several pages, my 
friends and I are going to tell 
you more about who we are and 
where we live.

To understand Breadboardeaux, 
you first need to know what a 
breadboard is. 

What's a breadboard?

The city of Breadboardeaux is a giant Breadboard. A 
Breadboard is a tool that makes it easy to quickly assem-
ble electronic components together to make circuits. The 
most popular kind of breadboard is called a “solderless 
breadboard”  because you don’t have to solder compo-
nents to the breadboard in order to make a circuit. 

A solderless breadboard is filled with metal rails that can 
connect components on the same row together and carry 
electricity from one side to the other. Go ahead and pull 
out your breadboard to make it easier to follow along 
with the descriptions below.
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A row on a breadboard is designated by 
a number to the left and right of each row. 
When a component is plugged into a row, it 
can connect to any other components on that 
same row. 

Do you see that big space down the center of 
the board? That space keeps the two sides of 
the board separate, meaning that electricity 
does NOT flow across that gap. This allows 
us to use larger components with lots of legs 
that we don’t want to connect on the same 
row.

A breadboard also has a letter at the top of 
every column, A through E on the left side, 
and F through J on the right. 

Because of this, we can refer to each hole 
on a breadboard by its column letter and 
row number. So “A7” is the first hole on the 
seventh row, “B8” is the second hole on the 

eighth row, and so on.

On the sides of many solder-less breadboards, 
you’ll notice some red and blue lines running from 
the top to bottom, and (+) and (-) symbols on each 
side. 

These are referred to as “power rails” and we use 
them to connect a power source, such as a battery, 
to our circuit. Unlike rows in the center of the bread-
board, power rails are connected by a metal strip 
that runs from top to bottom. Anything connected to 
one of these holes can connect to anything else in 
that same column. 

The red column with the plus sign (+) is typically 
used for connecting the positive side of a power 
source, and the blue column with the minus sign (-) 
is used for connecting the negative or ground side 
of a power source.



10

What's an LED?

Then there's me. I am an LED. The term "LED" stands for 
light-emitting diode. That may sound confusing, but it's actually 
pretty simple.

Light-emitting means that I shine a light. Simple enough, right? When a current of 
electricity passes through me, I shine nice and bright.

A diode is an electronic gizmo that only allows electricity to flow in one direc-
tion, in through one of my legs and out the other. I’m kind of like a valve with a 
little wall that lets electricity flow forward, but not in reverse.

There are lots of kinds of diodes out there, but I am the only type that shines a 
light you can see.

LEDs come in lots of shapes and sizes. Some have small heads, and some have 
large heads. Some are tiny and look like boxes, and some are round like me. 
But we all shine bright lights.

LEDs also come in lots of different colors.

Single Color LEDs

Some LEDs, like me, shine only one color. You can tell which color from the plastic case around 
our heads. My head is green, so I shine a green light. An LED with a red head shines a red light. 
What color do you think comes from an LED with a blue head? That’s right, blue!

Single-color LEDs like me have two thin metal legs, 
called leads, and one leg is longer than the other. The 
longer leg is my “anode” and is the leg I always point 
towards my power source. That’s why its called the pos-
itive leg. My shorter leg, or negative lead, is the “cath-
ode” and always points toward the end of the circuit. 
That’s where I send power after I’ve used it to light up.
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Multi-Color LEDs

There are some LEDs that are very special be-
cause they can shine any color you can imag-
ine. These are RGB, or red-green-blue, LEDs. 
They have that name because they have three 
little LEDs inside of them that can shine the col-
ors red, green and blue. Their cap is clear so the 
colored lights inside can shine through.

Making colors with this type of LED is a lot like mixing paint colors together to make new colors. 
Imagine that you have a plate with blobs of red, green and blue on it. You can even try this out your-
self! Now, imagine that you take a small bit of red, a bigger amount of green and a large amount of 
blue and mixed them together. What color do you think you would get? Depending on how much 
you use, you’d end up with a dark blue color.
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RGB LEDs work exactly the same way. If you shine the red light a little, the green light a bit more and 
the blue light a lot, you’d get a blue light. But it would be a darker blue than if you were to shine the 
blue light by itself. This is because of the green and red light that mix with it.

So how do you light up an RGB LED? 
Just like single-color LEDs, like me, it's 
all about the legs!

RGB LEDs are special because they have 4 legs instead of two. Three 
of those legs control how bright to make each light in the LED. Red is the 
shortest, blue is a bit longer and the green leg is the longest of the three. 
The more power you give to each leg, the brighter its red, green or blue 
light will shine.

The fourth leg, longest of all four legs, is the positive, or anode leg. Like my 
longer leg, it points towards the power source that provides the current for 
lighting up the diodes inside.

LEDs are all around you!

I think LEDs are the most exciting part of electron-
ics because you can find them everywhere. You 
can find them in clocks, in your TV, your video 
game console. You may also find them in the 
lightbulbs in your house!

In the world around you, LEDs are easy to spot. 
You can see them in string lights at night, in the big 
screens at soccer, baseball or football games and 
in signs on the highway.

It’s fun to look for LEDs and discover how import-
ant we are to the world. What things can you 
find in your house that use LEDs? What about 
at school, or when you’re out with your family? 
Be on the lookout, and I'm sure you'll find us all 
around!

Now, I am going to hand things over to my friend 
Patty to talk about capacitors!
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What's a Capacitor?

Thanks Ed! 

Hi Everyone, my name is Patty!  I am a 
type of electronic component called a 
Capacitor.

Sometimes I am referred to as a "cap" for short. I 
am a two-terminal component. That means that I 
have positive and negative sides, like my friend Ed 
the LED.

Also like Ed, my positive terminal, lead or leg is 

longer than my negative side.

You can find Capacitors in all kinds of circuits, like 
greeting cards that play sounds or music, your 
TV, your car and more. What makes us capaci-
tors special is our ability to store energy: I am like 
a fully-charged electric battery. Unlike a battery, I am not a source of energy, but I can store up 
energy provided by a battery or another source.

How a Capacitor Works

Capacitors contain two metal plates and a piece of 
material that sits between them. The two metal plates 
are close together, but the material between keeps 
them from touching. The plates contain material that 
conducts electricity, like aluminum or silver. The ma-
terial in the middle is always something that does not 
conduct electricity.

When you send current into a capacitor, the charge 
gets stuck on the metal plates. Because the material 
between them keeps them separate, the charge can-
not pass from one plate to another, so the capacitor 
creates an electric field that stores up energy like a 
battery.
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And like a battery, a capacitor can hold that charge until it has somewhere else to go. For example, 
if we connect a capacitor in a circuit next to an LED, once it fills up, it will pass current along to the 
LED, which will light it up.

If the capacitor is large enough, it can function for a short time like a battery after removing a power 
source from the circuit. A 470-µF (microfarad) capacitor, for instance is large enough that when re-
moving power from a circuit that contains an LED, the light in the LED will fade, as opposed to going 
out immediately. This happens because, once we remove the power source, the capacitor discharg-
es its remaining power, keeping the LED lit for a short time.

Types of Capacitors

There are lots of different types of capacitors out there. Many are much larger than me, and some 
look quite different. On the small side, there are capacitors that look like small yellow, red or orange 
bulbs. They can’t store much charge, but they can still be useful. Can you spot a few examples of 
these in the picture above?

There are also electrolytic, aluminum and tantalum capacitors. The aluminum variety looks like a little 
tin can. That’s what I am. We happen to be the most popular type of capacitor, so if you check out a 
circuit, chances are you’ll see a capacitor that looks like me. Often, capacitors like me are the larg-
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est components on a circuit, so you shouldn’t have a problem finding us.

Like an LED, we also have two legs, or leads. And like an LED, one leg, the positive, is longer than 
the other. I also have a strip on my body which indicates which side is negative.

Applications of Capacitors
Did you know that many power sources don’t 
provide a steady supply of power over time? It’s 
actually quite common for the voltage in a circuit 
to change as power flows through it. Sometimes 
its higher than you need, and sometimes lower. 
For many types of circuits, it can damage compo-

nents on the circuit if the voltage changes too much.

Capacitors like me can actually help with this! If you put me in front of another component that might 
be sensitive to changes in voltage, I ensure that the supply of power remains steady. When the pow-
er drops from the source, I step in and provide the power needed to keep the flow steady.

In this way, capacitors can also be very helpful in converting the power that comes out of your wall 
into something that your electronics can depend on. Our houses use a type of power called Alter-
nating Current, or AC. Among other things, this means that the power changes and isn’t a steady 
voltage over time. Many of our electronics need Direct Current, or DC. That means the power needs 
to be more-or-less steady for our electronics to work.

I bet you’ve seen a plug that looks like this, in your house.
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This type of plug is an AC wall adapter and it’s very 
common to see these with certain types of electron-
ics. Have you ever wondered what’s inside one of 
these plugs? Well, there’s actually a circuit in there, 
including several capacitors!

Together with some of the other items in here, capac-
itors keep the flow of power to connected electronics 
steady, which helps them operate and keeps them 
safe.

Capacitors can seem like complicated things, but we are actually quite simple. We keep other elec-
tronics safe and ensure that the power stays steady and predictable. And you’ll find us almost every-
where!

Now I’m going to hand it over to my friend Zara to talk about batteries!
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there’s a circuit inside that we power up!

How a Battery Works

You  may have seen a lot of batteries of different 
types and sizes, but did you know that all batter-
ies actually have a chemical substance inside of 
them? In batteries like me, that chemical is called an 
“electrolyte” and it's literally the secret sauce of the 
battery that makes it work. Also, just like LEDs and 
capacitors, batteries always have two terminals, 
anode, or negative (-) side and a cathode (+) or 
positive side. I don’t have legs like Ed and Patty, but 
I have these two terminals just the same. On 9-volt 
batteries like me, my positive side is the larger 
bump on top of my head. Other batteries, like AA 
and AAA batteries, have that bump on the top of their body, and the negative side is the bottom.

When my positive and negative terminals are connected to a circuit, it causes a reaction between 
the electrolyte chemical inside of me and my negative side. This reaction forces electricity out of my 
negative side and into the circuit, where it flows all the way through to my positive side. This is what 
powers whatever is on the circuit, like an LED, speaker or motor. After a while, that chemical reac-
tion no longer happens, at which point a battery cannot produce any more electricity. This is what’s 
called a “dead battery.”

Types of Batteries

Many batteries, and probably most of the ones around your house can be used once and have to 

What's a Battery?

Thanks Patty, I just learned a lot!

Hi Everyone, my name is Zara and I’m a 
9-volt battery. 

I’m probably the most familiar type of component 
here today and I’ll bet you see my and my other 
battery friends all the time! Batteries are essential to 
operating electronics. Everywhere you see us used 
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be disposed of once they die. These are called 
“primary” or “disposable” batteries. But not all 
types of batteries stay dead. Some types of bat-
teries can be recharged by a wall outlet adapter 
or in other ways. These are called “secondary” 
or “rechargeable” batteries. 
Batteries also come in all shapes and sizes, from 
small “coin-cell” batteries to AA, AAA, C and D 
batteries, which all look like cylinders.

There are even batteries that look like a rectan-
gular package with wires coming out of them. 
These are called Lithium Polymer, or LiPo bat-
teries for short. They are quite common in elec-
tronics projects these days, especially the kind 
you can build at home. And these batteries are 
rechargeable as well, which is cool.

Batteries are essential to circuits, and we’re typically chosen based on how much voltage or charge 
a circuit needs. I am a 9-volt battery. AA Batteries are 1.5-volts each, which is why they are typical-
ly used in twos and threes. 

Coin cell batteries, which can be small, still back a lot of punch and can be 3.6-volts or more, the 
same as the LiPo battery pictured here, though they won’t last as long.

Well, that’s all about me! There’s a lot more I could tell you about batteries, but this is enough to get 
us started!
Now let’s talk about jumper wires. Take it away, Rita!
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What are Jumper Wires?

Hi everyone, my name is Rita Gonza-
les. My brother Bobby and I are jumper 
wires. 

A jumper wire is an electrical wire that’s covered in 
colored plastic and has a pin at either end. 

We are usually used to connect components on 
a breadboard together. Breadboards are small, 
but have a lot of holes. Many components like 
LEDs and resistors have legs that may not reach 
far enough to connect where they need to. That’s 

where we come in!

When you plug one of us into a hole in a breadboard, we can carry the power that flows to that 
part of the circuit anywhere else we can reach. Sometimes, you can find lots of us in a circuit.

We’re simple components, but quite powerful! 

Now, let’s hand it over to Mr. Resistor to wrap things up!
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What's a Resistor?

Thanks Rita! 

Hi folks, my name is Mr. Resistor. Like my name says, I 
am a resistor, a type of electronic component that’s de-
signed to control the flow of power through a circuit. 

Like Ed and Patty, I am also a two-terminal component with two leads, 
or legs. Unlike LEDs and Capacitors however, I don’t have a positive 
and negative side, so I can be plugged into a circuit in any direction.

There are lots of ways that a resistor can be used in a circuit, but the most common use is to restrict 
the flow of power through a circuit. You can think of me kind of like a faucet on your kitchen sink. If 
you turn the faucet, it controls how much water flows out of the tap. I work that way as well: when 
I’m used in a circuit, I restrict the amount of power that the rest of the components in a circuit get.

When I am used with components like LEDs, my job is to keep them safe. Some kinds of circuits have 
too much power for LEDs and if they are connected without a resistor, the LED can break. When I am 
used in these circuits, I can convert too much power into just the right amount.

Unlike a faucet, my ability to restrict flow can’t change, it’s set when I am created. This ability is 
called “resistance” and is measured in something called ohms. The symbol used for ohms is the 
Greek omega symbol, or Ω. 

I am a small component and it can be hard to mark my resistance on my body. Some smart folks de-
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cided a long time ago that resistors like me should be identified by colored bands around my body. 
Each band helps a circuit maker determine something about my resistance value and how reliable I 
am (called “tolerance”). It can be quite complicated to remember what each color and band mean, 
so lots of people use a handy chart to remind themselves how to determine the resistance of a resis-

tor like me.

My body color can also vary. I am blue, but 
a lot of resistors like me are tan or grey. And 
some resistors are even smaller than me! 
These are used a lot in computers and pro-
fessional circuits that have a lot of electronic 
components.
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What's a Circuit?
Now that we’ve introduced a lot of major components in a circuit, let’s bring everything together 
and talk about what a circuit actually is. First, we should talk about voltage and current, two key 
concepts that play an important role in how a circuit functions.

Earlier, Zara introduced herself as a 9-volt battery and talked about the voltage of other types of 
batteries as well. “Voltage” is a measurement of the electrical potential of a battery or the elec-

tricity that flows from the wall outlets in your house. “Po-
tential” just means how much electricity it can create. So 
a 9-volt battery can give you 9-volts of electricity when 
fully charged. And an outlet in your house can give you 
120-volts when something is plugged in to it.

Electricity kind of works like water flowing through pipes 
and faucets in your house. When a faucet is off, water 
doesn’t flow out of the tap, it just sits there waiting for the 
next time it can move. The voltage in a battery is like this as 
well. When a battery isn’t connected, the electricity just sits 
in the battery, waiting to be used.

Remember earlier when Zara talked about the positive 
and negative terminals on a battery? 

A circuit is created when we connect those terminals 
together and electricity flows from one side to the other. 
When we create a circuit through wires and other com-
ponents, they use that electricity to do something. 

For instance, when we connect jumper wires to the bat-
tery, and then add a capacitor, resistor and an LED, we 
can light up the LED!

It’s very important that we connect batteries to a circuit 
with components that can use their power. If we try to 
create a circuit just with wires that connect one side of 
the battery to another, we get what’s called a “short circuit.” A short circuit can damage a battery, 
or worse. Many power sources have safety mechanisms built in that protect against short circuits. 
Have you ever had a circuit breaker trip in your house? This is your house’s way of protecting 
against a short circuit in the electricity connecting everything around your house.

Circuits are in everything that lights up, moves or talks around you. They can be simple, like the cir-
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cuit that powers an LED, or complex, like the circuits that power your TV or computer. Understanding 
them means you can better understand the world around you!

The world of electronics is huge, and the topics and components we’ve covered here barely scratch 
the surface of what’s out there. But hopefully this quick introduction to the world of Breadboardeaux 
was enough to get you excited about learning more! With your new knowledge, why not get out 
your tools and build a circuit with me, Ed, Patty, Zara, Rita and Bobby?
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Build a Circuit
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Build your first LED Circuit
Quick-Reference Instructions

For this circuit you'll need the following:

• One (1) 9-volt battery
• One (1) battery terminal connector with two wires (one black, one red)
• One (1) solder-less breadboard
• One (1) 470 ohm resistor (labeled with yellow, purple, brown and gold bands)
• One (1) 2.2 microfarad capacitor (will be labeled in small-print on the side)
• One (1) green LED
• Two (2) jumper wires, ideally red and black, though any color will do

1.  Plug the red wire of the battery connector into one of the red (+) power 
rails on the breadboard.

2. Plug the black wire of the battery connector into one of the blue (-) power 
rails. 

3. Plug one of the jumper wires into the red (+) power rail. This will be your 
positive jumper wire. Plug the other end into A7 (Column A, Row 7) on the 
main area of the breadboard.

4. Plug the other jumper wire into the blue (-) power rail. This will be your neg-
ative jumper wire. Plug the other end into A9 (Column A, Row 9) on the 
breadboard.

5. Plug the capacitor into the breadboard, with the longer leg (or lead) at B7 
and the shorter at B9.

6. Plug the resistor into the breadboard, with one leg at C7 and the other at 
D8.

7. Plug in the LED, placing the longer leg into E8 (right next to the resistor) and 
the shorter leg into E9, on the same row as the capacitor and the negative 
jumper wire.

8. Plug a 9-volt battery into the battery connector and enjoy the illumination!
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Build your first circuits with LEDs
Detailed Instructions

For this circuit you'll need the following:

• One (1) 9-volt battery
• One (1) battery terminal connector with 

two wires (one black, one red)
• One (1) solder-less breadboard
• Two (2) resistors: one 470 Ohm and 

one 1k Ohm
• Two (2) capacitors: one 2.2 microfarad 

and one 1k microfarad
• Two (2) LEDs: one green and one blue
• Two (2) jumper wires, ideally red and 

black, though any color will do

As you gather the components for this circuit, ask 
your child to match each component to a char-
acter in Ed Gets His Power Back (Ed, Patty, etc.). 

Let's get building!

1. Pick up your breadboard and 
take a close look at it. 

Notice that there are red and blue lines with 
corresponding (+) and (-) signs on either 
side. These are called the "power rails" and 
we'll use them to connect our battery to the 
rest of the circuit.
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2. Find your battery terminal con-
nector, but DO NOT connect the 
9-volt battery to it yet (connecting 
the battery will be our last step). 

Plug the red wire into one of the red 
(+) power rails in the breadboard. 

Then, connect the black wire to one 
of the blue (-) power rails.

3. Now, let's connect our jumper 
wires to the board. 

Start by taking one of the wires and 
connecting it to the same power rail 
as the red battery connector wire. 
This will be your positive (+) jumper 
wire. 

Then, grab the other wire and con-
nect it to the same rail as the black 
battery connector wire. This will be 
your negative (-) jumper wire.

It's okay if your jumper wires aren't 
red and black. The color doesn't 
matter as long as you know which is 
positive and which is negative.
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4. Now, let's plug our jumper wires 
into the board. Take the positive wire 
and plug it into A7 (column A, row 
7).

Then, take the negative wire and 
plug it into A9 (column A, row 9).

To connect the other side of these wires, 
we'll need to know a little bit about how the 
main part of a breadboard is laid out. 

Notice the numbers and letters that sur-
round the center of the board? Those signify 
the columns(letters) and rows (numbers) of 
the board. 

When we talk about a given hole in the 
board, we refer to it by a letter for its col-
umn, and number for its row. So A3 is the 
first column, and the third row from the top.
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5. Now grab the smaller, 2.2 mi-
crofarad capacitor and let's plug it 
into the board. Plug the longer leg 
into B7 and the shorter into B9.

On a solderless breadboard, every row is 
connected by a strip of metal underneath 
the plastic top of the board.

That means that electricity can pass from 
one side of the row to the other (though not 
across the "gap" between columns "E" and 
"F." When we want components to pass 
electricity, we plug them into the same row, 
but different columns. When we want to 
keep components separate, we plug them 
into different rows.

Capacitors have two legs (or leads) of dif-
ferent length so you know which side plugs 
in where. The longer leg is positive and the 
shorter is negative, so we want to plug the 
longer leg into the same row as the posi-
tive jumper wire, and the shorter one in the 
same row as the negative jumper wire.
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6. Now, let's add our 470 ohm re-
sistor. 

Take one side and plug it into C7 
and the other into D8.

The resistor will sit between our capacitor 
and LED and restrict how much power the 
LED gets, keeping it safe.

To determine which resistor is the 470 ohm 
one, take a look at the colored bands on 
the body. You want the one with yellow, 
purple, brown and gold bands.

Unlike a capacitor, the resistor doesn't have 
a positive or negative side, so you can plug 
it in any way you like.
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7. Next, let's add our LED. Plug the 
longer leg into E8, right next to the 
resistor. The shorter leg should be 
plugged into E9, on the same row as 
the negative jumper wire.

8. Double-check all your connec-
tions and make sure everything is 
connected like it should be. If so, 
grab the 9-volt battery and snap it 
into the battery connector.

Like a capacitor, the LED also has a longer 
positive leg. Because we want power to 
flow through the resistor and to the LED, we 
plug the longer leg in next to the resistor.
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9. If the LED is shining green, you 
did it! Congrats on building your first 
circuit and lighting up an LED! 

If your LED is still not lit, dou-
ble-check each step above. You'll 
get it!
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Let's explore more!
Now that you've completed your first circuit and lit up an LED, there are 
lots of other things we can do to explore our circuit further. Feel free to try 
out the steps below, and think about how making these changes causes 
your circuit to look or behave differently.

1. First things first, disconnect the battery before you follow any of the 
steps below, and any time you're making changes to a circuit. If you don't 
disconnect the battery, you might damage the circuit or one or more com-
ponents.

To determine which resistor is the 1k 
ohm one, take a look at the colored 
bands on the body. You want the 
one with brown, black, red, and gold 
bands.

2. Remove the 330 ohm resistor and 
put the 1k ohm resistor in the exact 
same spot (C7 and D8). 

Then, reconnect the battery. 

Does the light look any different? Re-
sistors restrict the flow of electricity, 
which means that the light is getting 
less power to light itself up. (The light 
should appear dimmer than before.)
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3. Remove the green LED and swap 
in the blue LED, plugging the longer 
leg in at E8, and the shorter at E9. 

Does it still work? Which color do 
you prefer?

4. Disconnect the battery and take 
note of what happens to the light. 
How quickly does it stop shining? 

Now, remove the smaller 2.2 micro-
farad capacitor and swap it out with 
the larger 1000 microfarad capaci-
tor. 

Next, reconnect the battery and 
leave things plugged in for a few 
seconds. Then, disconnect the bat-
tery. What do you see now? (The 
LED should slowly fade as the ca-
pacitor discharges its stored up 
power.)
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Thanks to our friends Lindsay and 
Stella for their curiosity, which in-
spired us to add this next step!

5. Is it possible to connect both LEDs 
and light them up at the same time?

Try this: move the short leg of the 
LED that's still plugged in from E9 
over to F8.

Then, take another LED and plug its 
long leg into G8.

Finally, plug the new LED's short leg 
into E9.

Now, reconnect the power. You 
should see both LEDs light up nice 
and bright!

6. For the last exercise, remove the 
capacitor from the circuit and plug 
the battery back in.

What happens now? Does the circuit 
still work? Believe it or not, you don't 
actually need a capacitor to light up 
an LED, it's totally optional!
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Draw a Circuit
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Coloring Pages
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Draw Your Favorite 
Character
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