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Have you ever turned on a light in a dark room? Or charged a mobile phone? What do you 
need to get texting again? Electricity! When another type of energy (light, motion, 
chemical or heat) is transformed into electrical energy, we call this 
electricity.  It’s easy to see that electricity powers a light 
and charges your phone, but to understand what 
electricity is we need to look more closely. 

What is Electricity?

Atoms and You
Atoms are tiny particles that make up everything we see, and even things we can't see! Atoms make 
up your body, food, the chair you sit on and even the air you breathe. Atoms are so tiny several 
million of them could fit across the head of a pin. If we could see inside a single atom we would 
see that it is made up of even smaller parts: neutrons and protons in a nucleus at the center, and 
electrons spinning around its outer edges. To learn about electricity we will focus on electrons.

How Electrons 
Move

Every material is made   
of atoms which are  
packed closely together in 
a small space, and every 
atom has electrons. 
Electrons vibrate and spin 
around atoms and have the 
ability to travel from one 
atom to another. Electrons 
travel slowly (slower than 
a minute hand on a clock 
moves) and electron travel 
is not the reason a light turns 
on quickly after a switch is 
flipped. Instead, electrical 
energy passes among the 

atoms toward the light bulb 
much more quickly than 

electrons can travel. On 
the next page we will 

learn about energy 
and where it 

comes from.

Feel the Electricity
In this activity you and several friends will demonstrate how energy passing among electrons is faster than 
electrons traveling from atom to atom. 

• Form a line (Line 1) side-by-side facing the same direction, holding hands with people on either side. Each 
person represents an atom. Form a second line (Line 2) next to the first with the same number of people. 

• The person at one end of each line represents the switch. The person at the other end of each line represents 
the light. 

• When ready, the leader yells “on” and the person in Line 1 representing the switch immediately squeezes the 
hand of the person next to him. As soon as that person feels the squeeze, they squeeze the hand of the next 
person and so on. When the person representing the light feels the squeeze, they should immediately raise 
their hand. The squeeze represents electrical energy travelling among atoms that don’t move much. 

• In the second line when the leader yells “on”, the person representing the switch immediately changes places 
with the person next to him/her. He/she immediately changes places with the next person down the line 
and so on until he/she reaches the other end of the line. At that point the person acting as the light in Line 2 
immediately raises his or her hand. This represents electrons moving from atom to atom.

Which method was faster?

Note: It is important to wash your hands with soap and water after this activity!

Conduction
Although all materials are made 
of atoms, the electrons around 
the atoms in some materials 
pass electrical energy more 
quickly than others. These 
materials are called conductors. 
Copper and other metals are 
good conductors. Materials 
that are not good conductors 
are called insulators. Insulators 
do not allow electrons to pass 
energy efficiently. If you could 
see inside the cord for a light 
or mobile phone you would see 
that the inside is metal (likely 
copper) and the outside is 
plastic. Why?
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Center of an atom 
containting protons 
and neutrons.

Negatively charged particles 
spinning around the outside 
of an atom—our focus when 
studying electricity.

Positively charged particles in 
the center of an atom.

Neutrally charged particles in 
the center of an atom.
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Where Does
Electrical Energy Come From? 

Electrical energy passes among atoms along the 
conductor to light a light bulb. But what is energy? 
Where does the electrical energy in an outlet come from?

Humans have identified energy 

sources to generate electrical 

energy to power the tools 

we use. The sun is the source 

of solar energy. Solar energy 

travels to earth as invisible 

waves. You can feel the energy 

from those waves as warmth 

on your skin on a sunny day, 

and some we see as sunlight. 

Humans capture energy from 

the sun, and other sources, to 

use it. You can't light a light 

bulb by plugging the cord into 

the sun, a rushing river or a 

log—so to use these sources 

their energy must be converted 

to another form. Energy is 

often changed, or transformed, 

from one form to another to 

become usable to humans. 

For example, energy from 

the sun is transformed into 

chemical energy in the form 

of a banana, and into motion 

energy for your body when 

you eat it. To capture the sun's 

energy directly, engineers have 

designed solar panels, which 

convert solar energy waves 

into electrical energy. Energy 

from the sun also powers major 

processes on earth—such 

as water and air movement. 

The sun's energy is indirectly 

responsible for other sources 

of energy, like water, wind 

and even fossil fuels. Usable 

energy is generated from water 

(flowing, or as steam) and 

wind by taking advantage of 

the power of movement (water 

and wind’s motion energy). 

Moving water, wind, or pressure 

from steam spins a turbine—a 

large rotor, which generates 

electrical energy (see sidebar 

for more information). Turbines 

don’t create energy, they 

transform one type of energy 

into another.

How do turbines generate electricity?
Turbines generate electrical energy because the motion energy from water, wind, or steam rotates 
a conductor (such as copper wire)—which is full of electrons—near magnets. Magnets produce 
an invisible magnetic field—the area around a magnet to which the magnet’s forces extend. The 
electrons in the conductor produce an electric field in the area where their forces extend. When 
electrons move through a magnetic field, electric and magnetic forces transform motion energy 
into waves of electromagnetic energy. We call this generating electricity.

some sources of energy
These major sources of energy can be transformed to generate electrical energy.

SUN captured with solar panel

WATER moving water, hot water, stored water and steam 
all spin turbines to generate electricity 

FOSSIL FUELS oil, coal, natural gas—mined from the ground, burned to provide energy for 
cars, and burned to heat water creating steam to spin turbines

WIND the power of wind spins turbines to generate electricity

NUCLEAR heat energy is released through the process of splitting atoms which heats 
water, making steam to spin turbines

BIOMASS OR 
CHEMICAL

(e.g., food, wood, agricultural waste, garbage, etc.) is burned to release heat 
energy and create steam to spin turbines

OTHER scientists and engineers are working to identify new energy sources

Turbine

Flowing water spins turbine 
and continues downstream

Shaft connects 
turbine to rotor

Rotor spins inside stator 
to generate electrical 
energy

Rotor 
(conductive 
material)

Stator (magnets)

Electtrical energy leaves the 
dam through powerlines

Maze One: Follow the path 
of water through
 the water cycle and 
through the dam. 

Maze Two: Learn 
how flowing water 
actually generates 
electrical energy 
inside the dam.
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Transport of Electrical energy

We’ve learned that energy from a variety of 

sources can be transformed into electrical 

energy for our use. However, once electrical 

energy is generated from another energy 

source, it still needs to travel from where it 

was generated to where it will be used. We 

build conductive powerlines so electrical 

energy can travel from where it was 

generated to our school and home to pump 

water, grind flour, turn on a light or charge 

your mobile phone.

Lights On!
We now have an idea how energy (directly or indirectly) from the sun can be captured, 
transformed, and transported to an outlet in our home or school. We also understand how 
electrical energy is passed among electrons of a conductive material, from one location to 
another. So how does that lightbulb go from dark to lit, or your mobile phone charge? The 
answer is circuits. Circuits create a closed loop of conductive material through which electrical 
energy is passed among electrons. When a light bulb is added into a circuit the electrical energy 
passes through a coil inside the bulb called a filament, where it is transformed into heat and light 
energy. When you plug the cord from your light into an outlet you add electrical energy to the 
circuit. You may have to flip a switch to complete the circuit and turn the light on!

Energy Waves: The Electromagnetic Spectrum
Different kinds of electromagnetic energy from the sun travel to Earth in the form of 
electromagnetic waves. Some electromagnetic waves do not need a substance to travel 
through (like water or sound waves do)—they can even travel through the vacuum of space. 
We call these different kinds of electromagnetic waves the electromagnetic spectrum 
(see diagram below). They range in wavelength, frequency and the energy they carry (for 
example, the waves of electrical energy that travel through powerlines have a much longer 
wavelength and a much lower frequency than the ultraviolet light waves that warm your skin 
from the sun). 

Observing Wavelength and Frequency
For this activity you need a length of string or rope and either another person or 
something, such as a doorknob, onto which to tie the rope. 

• Tie one end of the rope to a doorknob or have another person hold on to it about waist level. 

• With some slack in the rope, hold the other end and move it up and down rapidly to create 
waves. 

• You should observe wave motion along the rope as the energy from your arm moving up 
and down is transformed into wave motion energy that moves along the length of the rope. 
Energy travels in waves along the rope, the rope conducts the energy (moving up and down) 
but does not move from one end to the other with it—similar to how atoms pass energy 
through an electrical cord. 

• Experiment with the relationship between wavelength (the distance between wave crests) 
and frequency (how fast you move your arm). 

Visible light from the sun is part of the electromagnetic spectrum, but it is the only part 
of the spectrum we can see without the aid of technology. In addition to electrical energy, 
other energy waves from the electromagnetic spectrum can also be generated on Earth. 
For example, we generate waves to send information to radios, televisions, and mobile 
phones. We use other waves to cook food in a microwave oven and doctors use x-rays to 
see if we might have a broken bone.

Elecrical 
energy waves

Radio
waves

TV waves

Mobile phone

UV
waves

X-ray 
waves

Wavelength
Visible light waves

Wavelength increases

Frequency increases

Infrared
waves
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AC/DC
Not all electrical energy is the same. When a turbine generates electrical energy 
using conductors and magnets as described on page 4, the electrical current (flow of 
electricity) that is produced is called alternating current (AC). For AC current, waves of 
electromagnetic energy alternate from stronger to weaker as electrons in the conductor 
move closer and further away from the magnets in the turbine. When electromagnetic 
energy is released from solar panels or batteries (sources of stored—often chemical—
energy) the electrical current does not alternate so it is called direct current (DC). Both 
AC and DC provide current to charge mobile phones or power lights.


