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WELCOME TO THE WORLD OF ELECTRICITY AND ELECTRONICS! 

Hi! I’m Makey!

Have you heard about the movement that’s sweeping the globe? The one where people design, build, and share their creations and ideas with one another? It’s called the Maker Movement! I was created to make, and I love to help people become Makers.

In this book, we’re going to make stuff that will amaze and surprise you, make you see electricity in a different light, and, at the very least, put a smile on your face. That’s because the projects are flat out fun! Along the way, you may even learn a few things that will help you in your science classes and maybe lead you to a career someday as an inventor, engineer, or scientist.

You don’t have to read the whole book from cover to cover before you start making, but it’s best to read each project all the way through before you start on it to be sure you know where you’re going. I like to do the projects in order because they get a bit more complicated as the book goes along.

Let’s get making!
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Be Safe! 
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I know. This isn’t the amazing part, but following these safety rules is really important when it comes to electricity. And when you make anything that involves electricity, always think safety first!
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NEVER EXPERIMENT WITH ELECTRICAL DEVICES THAT PLUG INTO THE WALL 


[image: ]

Don’t take anything apart that plugs into a wall outlet or a power strip even if it looks safe. It’s not.
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NEVER EXPERIMENT WITH LARGER BATTERIES 

Our projects use household batteries, which are safe to handle. Larger batteries like the one in your car and rechargeable batteries pack a punch—and some toxic chemicals—so leave them alone!
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THINK TWICE; ACT ONCE
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Before you cut any wire or connect batteries, think about it. Is it a good idea? Can I undo what I’m about to do if it’s wrong? Fortunately in this book almost everything can be remade if needed, so you don’t have to worry too much about making mistakes!
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PROTECT YOUR EYES
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You should always wear eye protection during electrical experiments. Safety glasses are inexpensive, and you barely notice that you have them on, so go ahead and grab a pair and wear ’em. You only have one set of eyes! 
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NEVER EXPERIMENT WITH ELECTRICAL DEVICES THAT PLUG INTO THE WALL 
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OK, that was the first rule, but it’s worth mentioning again. Yes, it’s that serious!
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Make a 

Penny-Powered Flashlight



M
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Yes, you read that right. Y We’re going to power a flashlight with pennies. Y No store-bought batteries here! Y We’ll be making our own power source with pennies and cardboard. Y Did I mention that we’re also building the flashlight? Y We just need an LED and a few things you probably have around the house. Y Prepare to illuminate!


 


TOOLBOX

M


[image: ]
safety glasses


[image: ]
medium- or fine-grit sandpaper
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scissors
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paper towels
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paper or plastic cup


[image: ]
pencil




 


PARTS BIN

M


[image: ]
7 pennies, made in 1983 or later


[image: ]
scrap cardboard, about 6 inches square


[image: ]
vinegar, pour into the cup


[image: ]
duct tape, 5-inch-long piece


[image: ]
1 LED, red
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STEP 1

Gather seven pennies that were made in 1983 or later. You can tell when a penny was made by looking at the date on the front of it. Pennies made in 1983 and later have zinc in them, which is what we need for this project.
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Did You Know? 
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The LED, or light emitting diode, was first invented in the 1960s, but the idea of a form of light that could be produced from silicon was conceived of way back in the early 1900s.
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STEP 2

Put on your safety glasses and sand one side of each penny until it has a silver-looking finish. That’s the zinc! It could take a while to sand away the copper (brown finish), but the zinc is under there.


[image: ]


[image: ]

STEP 3
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Place a penny on a piece of cardboard and trace around it six different times. Cut out the six cardboard circles and put them in the cup of vinegar. 
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Once they are completely saturated with vinegar, take the cardboard circles out and use a paper towel to wipe off the excess vinegar. 
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STEP 4

Now let’s build the battery. Cut a piece of duct tape about ½ inch wide and 5 inches long. Lay it flat on a surface—sticky side up. Place 1 sanded penny—zinc (silvery) side up—in the middle of the tape.
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STEP 5

Place a cardboard circle on top of the penny. Place another penny—zinc side up—on top of the cardboard circle. Continue to do this until you’ve placed all pennies and cardboard circles in one stack. A penny with the zinc side facing up should be at the top of the stack. 
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[image: ]

Make sure none of the pennies are touching each other. If they touch, it will create a short circuit, and the battery won’t work. Don’t squeeze the stack of pennies either. The harder you squeeze the stack, the lower the voltage the battery will produce. Red LEDs are best for this project because they don’t need much voltage to light up, but if you don’t generate enough voltage or if there’s a short circuit, the flashlight won’t work.



STEP 6

Bring one long end of the duct tape up along the side of the stack, wrap it across the top, and then down along the other side of the stack to the other side of the duct tape. The two long ends of the duct tape should meet at the bottom of the stack. Stick them together. Cut off excess tape after the long ends meet. The other two sides of the stack should remain open so we can attach the LED.
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STEP 7

Take the LED and bend the wires, or leads, so the positive (+) lead—the longer one—can touch the zinc of the penny on the top of the stack. Bend the negative (–) lead—the shorter one—so it can touch the bottom penny’s copper (brown) side. It should light up!
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In other electronic parts, longer leads are almost always positive (+) and the shorter ones are almost always negative (–), just like the leads on this LED.



Skill Builder 

The penny battery is actually a voltaic pile that relies on the chemical reactions between the two electrodes—the copper and zinc—to create the energy that powers the LED. The LED should stay illuminated for hours, if not a whole day, depending on how long the electrolyte—in this case, the vinegar—lasts before it evaporates.


[image: ]


 

TAKE IT FURTHER

M
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You can increase the voltage by adding more pennies and cardboard circles to your stack. If you have access to a multimeter, use it to measure how much voltage your stack of pennies is creating and compare that to the label on the batteries in an inexpensive calculator. You can run two wires from your penny-pack to the battery compartment of the calculator. Be sure to note where the positive and negative wires need to attach, and test how much voltage your penny battery puts out before trying to use it! 
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What Is Electricity?

We just made electricity using chemistry... but what is electricity? Electricity is a form of energy caused by charged atomic particles. It can build up in one place or move from one place to another. When it’s not moving it’s called “static electricity,” and when it is moving it’s called “current electricity,” or electrical current.
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Have you ever walked across a carpet, then touched a doorknob and gotten a shock? That’s static electricity! It happens because friction can knock electrons loose. 

Some materials are hungrier for electrons than others, and as you move across the carpet you may build up a charge in one direction or the other. The metal doorknob acts as a conductor, allowing the built-up electrical charge to jump from you to the knob or from the knob to you. Either way, you feel it as a shock. That’s electricity!
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The other type of electricity, called electrical current, is what makes all of our appliances and gadgets work. It comes in two different varieties—AC and DC. They both involve the movement of an electric charge, but in slightly different ways.

Alternating current (AC) refers to an electrical charge that moves back and forth through circuits at a specific rate. It usually has much higher voltage than the batteries we are experimenting with and is much more dangerous. AC is used by anything that plugs into a wall outlet. Remember, don’t experiment with alternating current from a wall outlet or power strip—it can seriously hurt you! 

Direct current (DC) flows in one direction. Typically, anything that is powered by a battery or has a circuit board inside—such as your cell phone or laptop computer—uses DC. Although direct current can also be dangerous, it’s pretty safe at the levels we’re experimenting with using household batteries.
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Electric power used to be distributed to our homes as direct current (DC), but eventually alternating current (AC) was found to be more efficient over long distances. We still use direct current (DC) in small electronic devices.





Make a

Flying LED Copter

M


[image: ]

OK, so we made a battery out of pennies that powered an LED flashlight. Y That was pretty cool. Y How about we move on to something that not only lights up but also flies through the air?! Y This is a two-part project, but I think you’re ready for it. Y Plus, we’ve got copters to launch at 1900 hours tonight!




 


TOOLBOX

M
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safety glasses


[image: ]
duct tape


[image: ]
scissors


[image: ]
ruler


[image: ]
needlenose pliers or wire cutters


[image: ]
pencil



 


PARTS BIN

M


[image: ]
3 craft sticks


[image: ]
3 rubber bands, #33, thin and long


[image: ]
CR2032 battery


[image: ]
standard LED, any color


[image: ]
cereal box or similar cardboard



 

Part 1: Build the Launcher

STEP 1

Gather the materials for this part of the project. You’ll need two of the three craft sticks, three #33 rubber bands, and some duct tape. Don’t worry too much about the exact size of the rubber bands. Just make sure they are the thin type, stretchy and fairly long. #33 rubber bands are 1/8 inch wide and 3 1/2 inches long.
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STEP 2

First let’s make a chain of three rubber bands. Pinch the end of a rubber band to form a little hole about the size of dime. Next, partially thread another rubber band through the first rubber band, going around it, and back into itself. This makes a knot 

and a nice connection. Do the same with the third rubber band, creating a chain that is three rubber bands long.
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STEP 3

Now let’s attach the rubber band chain in the same way to a pair of craft sticks. Loop one end of the rubber band chain around a craft stick about 1/2 inch from the end. Then feed the other end of the rubber band chain through the loop. This should create a knot around the wooden craft stick. Do the same to the other end of the rubber band chain to another craft stick.
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STEP 4

Next let’s make a “V” shape with the craft sticks and secure them at the base with narrow strips of duct tape. Start by tearing a 4-inch-long piece of duct tape into three strips, each about 

1/4 inch wide. Wrap one piece of tape around one end of the two sticks to form a “V”. The wide part of the “V” should be about 3 inches apart. Then, wrap a piece of tape vertically between the “V” at the base, followed by wrapping the third piece around the bottom of the “V” again.
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STEP 5

And now for the last step. Carefully cut off one side of the middle rubber band in the chain without cutting the knots. We’ll use this later to attach our copter. This will also make the launcher a bit stretchier.


[image: ]

That’s it! We’re done with the launcher.
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Part 2: Build the LED Copter

STEP 1

Gather the electronic components for the build—the CR2032 battery and the LED. Let’s take a look at the battery. The positive side is marked with a + sign. See it? On button cell batteries like this one, the negative side isn’t usually marked, but the bottom must be negative, right? Remember when we made our own battery from pennies? We discovered that batteries have a positive end and a negative end, which allows the flow of electrons to power a circuit.


[image: ]

Now, let’s check out the LED. It doesn’t have a label for + or –, but it does have two wires, or leads, coming out of it. See how one is longer than the other? It’s just like the LED we used in the mini-flashlight project. The longer wire is the positive (+) lead, and the shorter one is the negative (–) lead. Slide the LED onto the battery with the long lead touching the positive (+) side of the battery and the short lead touching  the negative (–) side. It should light up.
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Did You Know? 

An LED, or light-emitting diode, works when electrical voltage is applied to its leads. Inside the LED are two types of semiconductor materials—one that is negatively charged and one that is positively charged. When voltage is applied from the battery to these semiconductors, the negative and positive charge carriers are pushed together. When they combine, energy is released in the form of a photon (light particle). This process is called “electroluminescence.”
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STEP 2

Take the third, and last, craft stick and make a small triangular notch ½ inch from the end of the stick. You can make this notch with needlenose pliers or wire cutters by making small nibbles until it’s perfect.
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Be sure it looks just like the one in the picture. It needs to be shaped like a triangle, and it should have a slight hook shape to it. The notch should cut more than about 1/3 of the way through the craft stick.



 

STEP 3

Cut out two strips of cardboard—the kind cereal boxes are made of—that are 3/4 inch wide by 7 inches long. Now cut a slight taper into one end of each of these rectangles, about 1 inch from the end. This makes them a little narrower so you can easily tape them later.


[image: ]

STEP 4

Hold both pieces of cardboard together and make a 45-degree bend about 3 inches from the tapered end.
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STEP 5

Tape the two strips of cardboard to opposite sides of the craft stick, right above the notch you cut earlier. Make sure the tape overlaps the cardboard and craft stick but doesn’t cover the notch. The strips should bend away from the craft stick. These are the “copter blades.”

 

STEP 6

There’s just one more thing to do—attach the LED and battery to the copter. Slip the LED onto the battery so that the correct leads are touching the + and – sides. The LED should light up. Wrap one more piece of tape around the battery, LED, and craft stick sandwich behind the notch.



[image: ]

The battery is larger than the craft stick. Make sure it overhangs the craft stick on the side without the notch. If it overhangs by the side with the notch, it will be hard to launch.



We now have a launcher and a glowing LED copter that’s ready for action. All we need is a big space, preferably outside, and some darkness! Sure you can try some daytime flights, but where’s the fun in that?!
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Do you want to launch your copter? Of course you do! As all good pilots know, safety comes first, so put on your safety glasses. Now hook the notch at the front of the copter onto the center of the rubber band chain on the launcher. Extend your arms away from your body and face. Aim up and away from yourself and anyone nearby. Pull back on the craft stick of the copter, and let go!
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Stay Safe! 

Be sure to keep the copter away from your face and don’t pull back too much. The copter should be launched from around your shoulder height and pointed away from you and toward the sky at about a 45-degree angle. Pull the copter back toward your waist. Be sure to wear safety glasses when launching your copter, and never point it at anyone or any animal!



 

TAKE IT FURTHER

M
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Experiment with different wing shapes and LED configurations. Can you make your copter stay up longer, go further, or have different colored light patterns? This is also a great project to practice your long-exposure photography. Try taking a picture with a camera mounted on a tripod or stable surface. If you leave the camera shutter open for a long time, you should be able to capture a stream of light like a fireworks show.


 

What Is an Electrical Circuit?

In the copter project, when you connected the two wires of the LED to the button cell battery you created a circuit. But what is a circuit, and why was it necessary to know which side is positive (+) and which side is negative (–)?


[image: ]


[image: ]

A circuit is a path that allows electrons to flow. The path has to be made of a conductive material, which lets electrons easily leap from one atom to the next. But it also has to be a closed path, or loop.
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If the circuit is broken, or not a complete loop, the current won’t flow. An on-off switch is simply a device that lets you temporarily break the circuit, making all the electrons stop. It also allows you to easily close the circuit again, which restarts the flow of electrons!
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The batteries we use work by creating high potential energy at one end and low potential at the other through an electrochemical cell. The electromotive force of this cell is measured in volts (V).
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Make a 

Speaker out of Paper

M
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In the last two projects we used electricity to create light. Y How about we try to make sound with electricity? Y In this project we’ll see what amazing things happen when we bring electricity and magnets together.
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HOW SPEAKERS WORK

Have you ever wondered how a speaker works? It’s surprisingly simple! The two wires leading into the speaker carry a varying electrical signal to a wire coil, known as the “voice coil.” This signal causes the electrons in the coil to move and create a magnetic field that attracts and repels a magnet, moving it up and down depending on which direction and how much electrical current is flowing through the coil. This movement is transferred to the cone-shaped part of the speaker. The vibrating cone moves the air in front of it, and our ears translate that into sound.

 

DID YOU KNOW?

Believe it or not, cells in your ear transform these vibrations back into electrical signals that your brain can understand. Electricity…it’s everywhere. Even in your brain!
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GETTING STARTED

Take a close look at the parts bin. You’ll need a length of copper wire that has a very thin coating of nonconductive material as well as some strong 1/2-inch-diameter neodymium disc magnets. You should be able to find these things at a local hardware or electronics store. Last, look around to see if you can find a cheap pair of unwanted earbuds or headphones that’s OK to take apart.

Note: The thickness of wire is measured by its gauge. For this project, you want wire that’s around 30 AWG (American wire gauge). The electrical wire in your home is likely to be 14 AWG. Larger numbers correspond to smaller diameter wire. Go figure!


 


TOOLBOX

M
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safety glasses


[image: ]
small piece of sandpaper


[image: ]
scissors


[image: ]
hot glue gun or craft glue (optional)



 


PARTS BIN

M
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2 3x5-inch index cards


[image: ]
6 feet of magnet wire or enameled copper wire, 30 AWG


[image: ]
pair of old earbuds or headphones


[image: ]
clear tape


[image: ]
3 neodymium disc magnets
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Stay Safe! 

 All magnets can be potentially dangerous. In this project we are using neodymium (pronounced nee-oh-DIM-ee-um) magnets, which are the strongest permanent magnets you can buy. Keep them away from small children, who might swallow them, and never allow them to crash together as they can easily shatter. It’s easy to get pinched, and that’s never fun!
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Part 1: Build the Voice Coil

STEP 1

Stack the three neodymium magnets into a tower. Measure the height of the stack. Cut a 5-inch-long strip from one of the index cards that is the same width as the height of the stack of magnets.
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STEP 2

Wrap the strip of paper three times around the stack of magnets and secure it at the end with a small piece of tape. Wrap a piece of tape—sticky side out—one to two times around the outside of the paper and magnet tower.
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STEP 3

It’s time to make the coil! Cut off a 6-foot length of magnet wire. Leave about 6 inches of the end of the wire free, and then wrap the rest around the magnet stack 50–60 times on top of the sticky tape. Leave another 6-inch tail of wire at the end.
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STEP 4

Take an additional piece of tape and wrap it all the way around the coil—this time sticky side in—so it secures the wire in place.
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STEP 5

Slide the stack of magnets and the paper surrounding them out from inside the wire coil. It should slip out pretty easily. You now have a cylinder of enameled copper wire sandwiched between strips of tape. You no longer need the strip of paper that you used to wrap the magnets. The voice coil should have a slightly bigger diameter than the stack of magnets.
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STEP 6

To complete the voice coil, you need a way to connect those two free wires to an audio source. This is where that old pair of cheap headphones or earbuds come into the picture. Be sure you have permission before continuing! Cut off the jack (the plug end), leaving about 6 inches of the cable attached to it.
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STEP 7

Strip about 1 inch of the plastic coating on the cut end of the headphone wire (the part with the jack). Inside you should see two or three smaller wires. It would be great if they were all color-coded the same way, but they aren’t. In most cases you will want to use the yellow and green wires, or red and green, but you might have to play around with it to see what works.
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STEP 8

Use a small piece of sandpaper to remove about 1 inch of the enamel coating on the two ends of your voice coil. The coating makes it nonconductive. We want to make an electrical connection, so we need to clean it off to get to the bare copper wire.


[image: ]

STEP 9

Entwine the bare wires at the end of your voice coil around the bare wires at the end of the headphone jack. Don’t make them too tight yet; you may need to experiment to find the right connection.
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Don’t worry about wiring up the wrong two wires. There isn’t much electricity coming from a headphone jack. Just make sure one end of the voice coil goes to one wire of the headphone wire, and the other end of the voice coil wires connects to a different wire of the headphone jack.



Okay, take a breath! We finished the voice coil. That was the hard part. Now we’re going to make the speaker diaphragm. This is the part that will vibrate, like the cone in a regular speaker, and make sound. We’re going to make it out of that other index card you’ve been wondering about.
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Part 2: Make the Diaphragm

STEP 1

Mark the center of the index card. Don’t worry about getting it perfectly in the center. Just make a small X marking the general location.


[image: ]


[image: ]

STEP 2

Now let’s attach the voice coil to the center of the index card, using the X as a guide. The best way is to make a circle of hot glue on the card and place the circular edge of the voice coil on it. If you don’t have a hot glue gun, you can use craft glue. (Craft glue takes a little longer to dry.) Be sure the coil is secured to the index card; it will be bouncing around when music plays. The better the connection between the coil and the index card, the better the sound will be.
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STEP 3

Fold down the four corners of the index card, making legs so it can sit about an inch above the table or slightly higher than the stack of magnets.
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STEP 4

Place the neodymium magnets in a stack on a hard surface, such as a table.
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STEP 5

Plug in the headphone jack into a sound source, such as an MP3 player, smartphone, or laptop computer. Select some music and press play.
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STEP 6

Gently lower the voice coil down over the stack of magnets. Press down on the index card until you hear the music playing. Adjust the legs so the card and coil sit at the ideal height to produce the loudest sound. Did you just make that index card sing?!
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Not hearing anything? Test to be sure the wires are connected the right way and that the connections are tight. Make sure the music is playing. Adjust the volume of the speaker by adjusting the legs on the paper diaphragm. If the coil is too high or too low, you won’t get any sound. Find the sweet spot and have some fun.




 

TAKE IT FURTHER

M
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The paper diaphragm doesn’t have to be an index card. In fact, it doesn’t even have to be paper. What else could you use, or how could you make it look more interesting?


 

More About Electricity
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When electrons move between the atoms in a circuit, a current of electricity is created. It’s this “flow of electrons” that we typically think of as electricity.

Electrical energy stored in a battery is like water stored in a water tower. When you give the energy in the battery a way to get out, it will flow in a direction that has less electrical energy. The “way out” is a conductive material such as copper wire.

But what’s flowing in an electrical current?

The answer is electrons. You might have learned about electrons in your science classes. They are the part of the atom that surround the nucleus. Electrons can change their level in relation to the core of the atom, and they can even escape entirely. The electrons at the most outer levels of the atom have the least good grip and are easiest to knock loose.
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Free electrons are what create the flow of electric charge. Electrons all carry a negative charge, and particles that have the same charge repel, or push each other away. Copper wire is a good conductor of electrical charge because the outer electrons in copper atoms can be knocked loose easily. The loose electron jumps to the next atom, and—because they repel—pushes another electron free. This sets up a chain reaction that moves the electrical charge through the wire.
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Make 

Two Simple Motors

M
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Light. Y Sound. Y How about action? Y Let’s see if we can use electricity to make things move. Y An electric motor is a machine that converts electrical energy into mechanical energy. Y Products that use electric motors every day include toys, kitchen appliances, and even electric cars.




 


TOOLBOX

M
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safety glasses
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needlenose pliers (optional)

So far we’ve made our own electricity with a battery, learned about the flow of electric current in circuits, and seen how electric fields interact with magnets. Now we’re going to use all of those concepts to make a really simple motor called a “homopolar” (or 1-pole) motor.




 


PARTS BIN
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1 10-inch length of solid copper wire

1 6-inch length of solid copper wire
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1 AA battery
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1 screw, about 1 inch in length
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1 neodymium disc magnet



 

Skill Builder 

The wire that you find at your local hobby shop comes in many different variations—from multistrand to solid core and from thick to thin. Thickness is measured as its gauge, or ga for short. For this project you’ll need bare copper wire that is between 14ga and 22ga (or 14 AWG and 22 AWG). If your wire has a plastic coating, you can usually remove it fairly easily with pliers.
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Part 1: Build Simple Motor 1

All three of these motors are simple, but the first is far and away the simplest of all.

STEP 1

Cut a piece of wire about 6 inches long. If your wire has a plastic coating, remove about 1/4 inch from each end.
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STEP 2

Attach a neodymium magnet to the top (head) of your screw. The length of the screw isn’t important, neither is the exact size of the magnet. Just be careful when working with magnets, especially neodymium magnets because they are really strong!
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STEP 3

Holding the battery with the positive (+) end facing down, suspend the screw from it by gently placing the sharp tip of the screw against the positive part of the battery. It should hang there because of the magnetic field from the magnet on the other end of the screw.
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Did You Know? 

The first homopolar motor was invented back in the early 1800s by a physicist and chemist named Michael Faraday.

 

STEP 4

To get the motor spinning, hold one end of the wire on the negative (–) side of the battery and the other end on the edge of the magnet. Your motor will start to spin almost like magic. Is it magic? No way! It’s physics!
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To make the screw stay centered on the positive end of the battery, try using the blunt tip of a pair of needlenose pliers to make a slight indentation in the battery tip. The metal is really thin, so you don’t need to push too hard.




 

Did You Know? 

The magnet spins because of something called the “Lorentz (pronounced low-RENTS) force.” When charged particles—in this case, electrons—enter the magnetic field at the point where the wire touches the magnet, a force that is perpendicular to both of them is created, which causes the spin.
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TRY THIS!

What happens when you switch the battery the other way around?


 

Part 2: Build Simple Motor 2

The first motor we made worked really well, and was very simple. Now let’s make something a bit more fun that still relies on the same basic principles.

STEP 1

Bend a piece of bare copper wire about 10 inches long into the shape of a heart. You can use the pattern on the next page as a template. Be sure the wire doesn’t have a plastic coating or it won’t work. Also, be sure it’s perfectly balanced. You can test its balance by placing the dip at the top of the wire heart onto your fingertip. If it doesn’t balance on your finger, it won’t balance on the battery.
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STEP 2

Place a neodymium magnet at the bottom of the battery. 

This is the negative (–) terminal.
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TEMPLATE FOR BENDING WIRE
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STEP 3

Place the heart-shaped wire on the battery so that the positive end of the battery touches the center point of the heart, and the bottom ends of the wire touches the sides of the magnet. If your magnet is smaller than the battery, it’s not a problem. Just bend the bottom of the heart so at least one of the wires touches the side of the magnet.
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What? It’s not spinning? Be sure at least one end of the wire at the bottom tip of the heart is making contact with the edge of the magnets and nothing else. It should spin freely. Also, be sure your battery isn’t dead!



 

TAKE IT FURTHER

M
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You can make almost any shape with a little time and help from your imagination. The tricky part is making sure that the majority of the weight is toward the bottom of your wire structure, otherwise it will be top heavy and fall over. The Makers back at the maker shed made one of yours truly!


 

How Do We Measure Electricity?

Electricity can be measured in these three ways:
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1 Current

Measured in amps (A), current measures the amount of charge in a circuit over a period of time. The symbol for current is I, which comes from the French intensité de courant (meaning “current intensity”).
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1 Voltage

Measured in volts (V), voltage measures the force causing the electrons to travel. Stated differently, it measures how much potential energy exists between two points in a circuit.
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1 Resistance

Measured in ohms (OH-mms) (Ω), resistance measures how hard the electrons have to be forced to move through a circuit.
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A discussion about ways to measure energy can’t be complete without mentioning Ohm’s Law—one of the most fundamental principles of electricity and electronics. Its name comes from Georg Ohm, a physicist and mathematician who sought to understand the relationship between voltage, current, and resistance.

The value of Ohm’s Law is that when you have two known quantities, you can plug those into a formula to find the third, unknown, quantity. It is often expressed as

V = I * R

which means, voltage (V) measured in volts is equal to the current (I) measured in amps times the resistance (R) measured in ohms (Ω).

For example, 1V = 1A * 1Ω means 1 volt is required to produce a current of 1 amp through a resistance of 1 ohm.
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Make a 

More Advanced Motor

M
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Now, let’s make a more advanced motor that looks and works more like the kind we see everyday. Y Most small electric motors use permanent magnets and some type of coil, or multiple coils, to convert electric current into an alternating electromagnetic field that can attract or repel the permanent magnets. Y By carefully timing this alternating attraction and repelling, we can move the coil and create motion.



 


TOOLBOX
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safety glasses
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fine-grit sandpaper, 200 grit or more
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needlenose pliers (optional)




 


parts bin
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12 inches of magnet wire or enamel-coated wire (22 AWG)


[image: ]
2 2-inch pieces of copper wire, or 2 large safety pins
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1 AA battery
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duct tape
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1 disc magnet, standard or neodymium



 

STEP 1

Wrap the magnet wire around the AA battery 10 times, leaving about a 2-inch tail on either end.
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STEP 2

Remove the coil from the battery and carefully wrap the tails around the coil 2–3 times to hold it all together. Make sure the ends of the wire stick straight out on opposite sides of the coil.
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STEP 3

Hold the coil vertically in one hand, and gently sand off the enamel coating from the top sides of the two tails of the coil. Hold the coil vertically in one hand, and gently sand off the enamel coating. Be sure not to sand both top and bottom of the wire, we only want half of the wire sanded. Both tails should still have enamel on the bottom sides. Take your time sanding, moving the sandpaper in one direction only, and only use gentle pressure. The enamel coating is really thin; it won’t take long to remove.
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If you can use the edge of a piece of scrap wood to sand against, it allows your coil to be held upright a lot easier while sanding. Just make sure not to use the edge of a good piece of furniture. The sanding would ruin it!



 

STEP 4

Now we need to create the armature that will hold the coil above the magnet. Take two 2-inch-long pieces of copper wire and make a small loop at both ends of each wire. If the wire has a plastic coating, strip the coating off on both ends.

Tape the wires to each end of the battery. You can take a strip of tape and wrap it the long way around the battery to hold the armature in place.
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If you don’t have copper wire, you can use two medium-sized, all-metal safety pins. Tape them to the battery just as you would have the copper wires. Tape them with the closure part of the pin against the battery.



 

STEP 5

Put the battery on a flat surface and add the magnet to the center of the battery. Place the coil above the magnet, using the two loops to hold it.

Give the coil a spin, and you should see it start to spin... fast!
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If the coil isn’t spinning, check to make sure you have a fresh battery. Also make sure the coil is as close to the magnet as possible and stays centered between the safety pins. Balance the coil as well as 	you can, keeping the tails perfectly straight.
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Did You Know? 

This type of motor works by allowing the electricity to flow to the coil only when an electrical connection can be made, which happens where you sanded off the enamel coating. This connection makes the coil attract or repel the permanent magnet, making it turn. Once it turns about half way, the electrical connection is lost because of the remaining enamel coating on the wire. With the circuit broken, the coil continues to spin because of its momentum but slows down due to friction. It becomes energized again after half a turn and resumes spinning. You may see the coil swing back and forth at first, which really illustrates this concept; but eventually it has enough momentum to fully spin around and around.


 

What’s Next?

M
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Congratulations! If you finished the projects in this book, you’re now officially a Maker like me! You also have a foundational understanding of basic electricity and electronics. Experiment on your own. Try out modifications of the projects in this book or come up with new projects of your own. If you’d like to share your projects with other Makers, visit our website and tell us about it at makezine.com/contribute.

If you want to find more projects, you can watch videos online, and you can visit your local library or bookstore to find more books on the subject. The book Make: Electronics by Charles Platt is a good place to learn about building circuits with electronic components.

Look for a Maker Faire in your area to find out what other enthusiastic Makers are doing, and consider joining a makerspace in your community to learn from experienced Makers who are happy to share their knowledge with you!
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Maker Faire is the Greatest Show (and Tell) on Earth. It’s a family-friendly festival of invention, creativity, and resourcefulness and a celebration of the Maker movement.

Maker Faires are held all over the world and are gatherings of people who love to share what they are doing. Visit a Maker Faire in your area. You’ll meet other Makers like you and experience some of the amazing things they have created. You may even want to show off your own projects at a Maker Faire someday.

Find us online at MakerFaire.com to learn more about making and to find a Faire near you!
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Also Available

M
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Learn how to use workshop tools while making fun and useful woodworking projects. Build valuable skills and learn the secrets of good craftsmanship. 

1 Make a personalized wizard’s wand for 	cosplay fun

1 Build a handy charging station for your cellphone

1 Construct a sturdy box with a secret compartment

1 Learn how the pros do it – stay safe and work smart



BE A MAKER!  1  $12.99
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