
Engines are all around us. Cars, planes, and school buses 
are powered by engines. Homes, schools, towns, and cities 
run with electricity generated at power plants. It is engines 

that create the electricity. Engines power our lives!

The words engine and motor are often used as though they 
are the same. People might say the “car’s engine” or the “car’s 
motor” to talk about the thing that powers the car. But in a car, 
there are several motors moving different things, such as the 
windows or the seats. There is only one engine that creates a 
force to make the car move.

An engine is a motor that 
changes heat energy into 
mechanical force and motion. 

 

INTRODUCTION

WHAT IS AN ENGINE?

How are engines today 
different from engines 
in ancient times?

INVESTIGATE??

1



Engines are powered by fuel—they 
burn fuel to make mechanical energy. 

A motor is a machine that changes 
other kinds of energy into mechanical 
energy, which produces motion. 
Motors are powered by electricity 
or batteries. Engines use heat or 
combustion. Usually, motors are 
quieter than engines.

IN THE BEGINNING

Long before people thought of engines 
as ways to power cars or rockets 
or factories, the word engine had a 
different meaning. The ancient Greeks, 
Romans, and Chinese all thought of 
engines as devices that used a force 
to launch a missile at an enemy. There 
was no heat or combustion involved, 
just a lot of motion and energy.

Have you ever seen a catapult in 
action? This is a siege engine. Siege 
warfare is how ancient people fought 
their battles. Their armies surrounded 
a town or castle to stop all food and 
supplies from getting to the people 
who lived there. 

engine:engine: a machine that changes heat 
energy into mechanical force and 
motion.

electricity:electricity: a form of energy caused 
by the movement of tiny particles 
called electrons. It provides power 
for lights, appliances, video games, 
and many other electric devices.

motor:motor: a machine that turns electrical 
energy into motion. 

force:force: a push or pull applied to 
an object that changes an object’s 
motion.

heat energy:heat energy: energy that comes from 
heat.

mechanical force:mechanical force: a force that 
requires energy and contact with 
another object.

motion:motion: the action or process of 
moving or changing place or position.

fuel:fuel: a material used to produce heat 
or power.

mechanical energy:mechanical energy: energy that uses 
physical parts you can see, such as 
the parts of a machine. It is related to 
motion and height. 

machine:machine: a device that transmits a 
force or motion.

energy:energy: the ability to do work. 

combustion:combustion: burning fuel to produce 
energy.

catapult:catapult: a large war machine used 
to hurl objects at an enemy.

siege:siege: surrounding a place, such as a 
city, to cut off supplies. It forces those 
inside to eventually give up.

WORDS TOTO KNOW
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With food and supplies cut off, soon 
it was easy to capture the town. This 
was the siege. Siege weapons helped 
the attackers threaten the town.

Early catapults were built to fire objects over castle and city 
walls. Ancient warriors 
used their catapults to 
launch different objects 
at the enemy. They shot 
stones, arrows, pots of 
fire, burning tar, dung, 
and even dead animals! 
As time passed and 
ancient people learned 
more about engineering 
and math, they built 
siege engines that were 
more powerful and had 
better aim. 

There is a huge 
difference between 
those early weapons and 
the devices that power 
trains, planes, and cars 
today. Yet the same 
word—engine—is used 
for all of them.

dung:dung: solid animal waste. 

engineering:engineering: the use of science, 
math, and creativity in the design 
and construction of things.

WORDS TOTO KNOW

A TREBUCHET, A TYPE OF SIEGE ENGINE

Watch this video about a modern-
day group building a different 
ancient siege engine—a trebuchet!

 GIANT TREBUCHET DAILY PLANET
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STEAMY!

In the first century CE, a Greek inventor 
named Hero of Alexandria (circa 10–70) 
dreamed up a rocket-like gadget called 
the aeolipile. This was a simple steam 
engine. Historians believe Hero’s device 
was the first working steam engine. 

Hero used two pipes to fasten an empty 
sphere on top of a water kettle. The 
sphere had two L-shaped tubes coming 
out of it. Hero built a fire under the water 
kettle and boiled water, turning it to 
steam. The steam traveled through pipes 
into the sphere and escaped through the 
L-shaped tubes. Those escaping gases 
made the aeolipile turn. 

Hero did not see any good uses for his aeolipile. 
He saw it as a toy! Yet in some ways, Hero’s 

aeolipile worked similarly to the forces that 
power aircraft and rockets today. 

CE:CE: put after a date, CE stands 
for Common Era and counts 
up from zero. BCE stands 
for Before Common Era and 
counts down to zero. This 
book was printed in 2021 CE.

circa:circa: when an exact date 
isn’t known, we use the 
word circa, which has the 
abbreviation “c.”

aeolipile:aeolipile: a spinning 
ball invented by Greek 
mathematician Hero that uses 
steam to move.

steam engine:steam engine: an engine that 
burns wood or coal to heat 
water and create steam. The 
steam generates power to run 
the engine.

sphere:sphere: a round shape that 
looks like a ball.

WORDS TOTO KNOW
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Fast-forward to the 1600s. Many inventors 
were building machines powered by steam. 
An inventor named Jerónimo de Ayanz y 
Beaumont (1553–1613) invented a way to 
use these steam-powered machines to solve 
the problem of how to move water out of 

flooded mines, which was a real 
danger to miners. Inventor Thomas Savery 

(1650–1715) improved on the designs. 

For more than 100 years, inventors 
continued to make the steam engine 
work better. People still used these 
machines to pump out flooded mines, 
but in 1776, James Watt (1736–1819) and 

Matthew Boulton (1728–1809) decided 
the steam engine could be used for more 

than pumping mine water. They built a steam 
engine where they could control the engine’s speed. This was a 
big step forward.

The new kind of steam 
engine was a huge success. 
By the 1800s, steam engines 
were used for all kinds of jobs. 
Across the United Kingdom 
and the United States, the 
steam engine powered 
factories and mills. 

mine:mine: to dig something out 
of the ground. Also, the site 
where materials are mined.

horsepower:horsepower: the amount 
of power a horse uses 
when moving, used to 
measure the rate work is 
being done.

WORDS TOTO KNOW
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Horsepower is a unit of 
measurement. It describes the 
power of an engine. James Watt 
used “horsepower” to talk about 
an engine’s power because people 
easily understood how much 
weight a horse could pull.

DID YOU KNOW?DID YOU KNOW?
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The first full-sized 
steam locomotive 
was built in 1802. An 
airship powered by 
steam made its first 
flight in 1852. The steam engine was changing the ways people 
worked and traveled.

THE COTTON GIN . . . A COTTON “ENGINE”

Another engine that changed the world appeared around 
1800—the cotton gin. Cotton gin is short for “cotton engine.” 

American inventor Eli Whitney (1765–1825) created the 
cotton gin. This was a machine that removed seeds from 
cotton. Before he invented the cotton gin, cotton seeds were 
picked out of the cotton fiber by hand. 

A person hand-picking the seeds could clean seeds from about 
one pound of cotton a day. The cotton gin, cranked by hand, 
could remove seeds from about 50 pounds of cotton a day. 

cotton gin:cotton gin: a machine that 
quickly and easily separates 
cotton fibers from their 
seeds.

fiber:fiber: a long, thin thread 
that makes up cloth 
materials, such as cotton, 
wool, or linen. 

WORDS TOTO KNOW
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Cotton gins were first powered by a hand 
crank. Later, cotton gins were cranked by 
horse or steam engine. The cotton engine 
changed how fast cotton was harvested and 
how fast cotton was sold. 

Scientists and engineers want to protect 
the ideas for their inventions. One way to 
do this is with a patent. People who invent 
something can apply to the government for 
a patent. In the United States, the Patent and Trademark Office 
issues patents. 

Once the government gives a patent to an inventor, other 
people cannot steal the idea and try to make money from it. 
George Washington signed the law that issued the first U.S. 
patents in 1790. And Eli Whitney received a patent for his 
cotton gin invention in 1794. 

patent:patent: a document 
given to the inventor of 
something that protects 
them from someone 
copying their invention.

slavery:slavery: when slaves are 
used as workers. A slave 
is a person owned by 
another person and forced 
to work, without pay, 
against their will.

WORDS TOTO KNOW

HISTORICAL CONNECTION
The cotton gin was a major reason the United States continued to have 
slavery into the 1800s. Because of this engine, cotton plantations in the 
South grew very busy. Cotton plantation owners needed people to work in 
the fields, growing and harvesting the cotton and working the cotton gins. 
Who were those people who sweated under the blazing sun for long hours? 
Slaves—people who had been taken from their homes in Africa and forced 
to live in the United States, where they weren’t paid for their work and were 
usually treated very badly. While engines often improved peoples’ lives, this 
is one example of an engine making things worse for some people.
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MODERN DAY

Today, when people use the word engine, 
they are usually talking about a heat 
engine. This engine changes heat into 

mechanical motion, which is used to do work. We have heat 
engines in cars, lawnmowers, planes, boats, chain saws, cranes, 
drills, and rockets. 

But the word engine can also include other motors. There 
are clockwork motors, electric motors, pneumatic motors, and 
hydraulic motors. All are important in powering the places we 
live and visit and the things we do.

Let’s explore the different types 
of engines and discover what 
they do and how they do it. We’ll 
look at the jobs they are used 
for and compare what the world 
might be like without them.

Ready for a power-packed ride? Let’s go explore engines!

pneumatic:pneumatic: using air or other 
gases to operate or move 
something.

hydraulic:hydraulic: using fluid to 
operate or move something.

WORDS TOTO KNOW

Rocket scientists use the term 
“rocket motor” even though a rocket 
uses fuel, making it an engine!

DID YOU KNOW?DID YOU KNOW?

ENGINE TYPE POWERED BY EXAMPLE

Clockwork motor gears windup toy

Heat engine fuel car engine

Electric motor electricity fan

Pneumatic motor air bank drive-through tube

Hydraulic motor water factory robot
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GOOD ENGINEERING PRACTICES
Every good engineer keeps a design journal! Choose 
a notebook to use as your design journal. Engineers use the engineering design 
process to keep track of their inventions, and scientists use the scientific method 
to record experiments. As you read this book and do the activities, record your 
observations, information, and designs in an engineering design worksheet or a 

scientific method worksheet. 

Remember that there is no right 
answer or right way to approach a 
project. Be creative and have fun!

Each chapter of this book begins with a question to help guide you. Keep the 
question in your mind as you read and record your thoughts and questions in your 
science journal. At the end of each chapter, record your observations and answers. 
Does your answer change as you 
read the chapter?

How are engines today different 
from engines in ancient times?

INVESTIGATE!??

Question: What are we trying to find out? 
What problem are we trying to solve?

Research: What information 
is already known? 

Hypothesis/Prediction: What do 
I think the answer will be?

Equipment: What supplies do I need?

Method: What steps will I follow?

Results: What happened? Why?

Scientific Method Worksheet

Problem: What problem are 
we trying to solve?

Research: Has anything been invented to 
help solve the problem? What can we learn?

Question: Are there any special requirements 
for the device? What is it supposed to do?

Brainstorm: Draw lots of designs for your 
device and list the materials you are using! 

Prototype: Build the design you drew during 
brainstorming. This is your prototype.

Results: Test your prototype and 
record your observations. 

Results: What happened? Why?

Evaluate: Analyze your test results. Do 
you need to make adjustments? Do you 

need to try a different prototype?

Engineering Design Worksheet

prototype:prototype: a working model or 
mock-up that allows engineers 
to test their solution.

WORDS TOTO KNOW
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BUILD A CRAFT-STICK CATAPULT
Ancient armies used catapults in battle. And the 
catapult was used in World War I, when soldiers 
hurled hand grenades at the enemy with them. Today, 
catapults are used to launch planes off the decks of 
huge ships called aircraft carriers. Because the runway 
is short on an aircraft carrier, the catapult helps get the plane into 
the air quickly. Try making your own!

Caution: Never launch any object toward a person or animal.

1  Stack five craft sticks and fasten them with 
rubber bands tightly wrapped on both ends.

2  Place two craft sticks together and fasten 
them together with a rubber band tightly 
wrapped on one end.

SUPPLIES
 * 7 craft sticks 

 * 3 rubber bands 

 * milk carton cap or 
water bottle cap

 * glue

 * cotton balls, 
marshmallows, or 
small candy pieces

 * science notebook 

ENGINES IN NATURE:  
JET-PROPULSION CEPHALOPODS 

Not all jet engines fly through the skies. Some jet engines move 
through ocean waters. The octopus, which is a cephalopod, uses 
jet propulsion to move its body. Cephalopods jet themselves 
through the water by pumping water into their bodies. Then, they 
push the fluid out through their siphon, or a kind of tube in the 
octopus’ body. Some cephalopods can move at speeds greater than 
25 miles per hour, using their built-in, jet-propulsion engine! 
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3  Spread the two craft sticks apart 
(use your fingers to separate the ends 
that are not fastened with the rubber 
band). Slide the stack of five craft sticks 
between the two craft sticks you have 
spread apart. 

4  Glue a plastic milk cap or water 
bottle cap to the catapult. This cap will 
hold the object you launch from the 
catapult. 

5  Place a cotton ball or marshmallow 
in the plastic cap. Press down on the 
top craft stick and then release 
it to launch the object from the 
plastic cap. 

TRY THIS! Launch the cotton ball or marshmallow several 
times. Measure the distance it travels each time. Then, launch 
slightly larger or heavier objects—such as a ping-pong ball or a 
coin. Does the size and weight of the object launched make a 
difference in how far it 
travels? Make a sketch 
of your catapult in your 
notebook and record 
what happened as you 
launched objects.

WORDS TOTO KNOW

cephalopod:cephalopod: a group of highly 
intelligent, ocean-dwelling creatures, 
which includes the octopus. 

jet propulsion:jet propulsion: the movement of an 
object in one direction, produced 
by ejecting a stream of fluid in the 
opposite direction.

fluid:fluid: a substance such as a liquid 
or gas that has no fixed shape and 
flows easily. 11
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BUILD A COTTON GIN MODEL
The cotton gin was a simple machine. It worked by 
“combing” the seeds out of the cotton. A person 
placed the cotton in the top of cotton gin machine. 
Then, the person turned the handle on the cotton gin. 
This turning pulled the cotton through wire teeth that 
cleaned the seeds from the cotton. 

This machine allowed 
people to work much faster. 
A job that used to be done 
with people picking out 
the seeds by hand could 
be done quickly using the 
cotton gin. Once the seeds 
were cleaned from the 
cotton, it could be made into 
clothing and other products. 
You can build a simple 
model that shows how the 
cotton engine worked.

1  Remove the lid from the 
shoebox. Ask an adult to 
help you cut a hole in each 
side of the shoebox, large 
enough that you can slide 
the paper towel roll through 
the holes.

SUPPLIES
 * cardboard shoebox

 * paper towel roll

 * scissors

 * toothpicks

 * masking tape

 * cotton balls

 * unpopped popcorn 
kernels

 * science notebook 

Cotton gin inventor Eli Whitney 
worked as a private tutor on a 
plantation in Georgia. Living there, 
he saw a problem—it took a lot 
of people working a long time to 
separate the sticky cotton seeds 
from the cotton grown on the 
planation. So, Whitney dreamed up 
a solution—a machine that could 
quickly “pick” those seeds out of the 
cotton. The cotton gin was born!

DID YOU KNOW?DID YOU KNOW?
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2  Poke the toothpicks into 
the paper towel roll, on 
all sides, with most of the 
toothpick remaining visible 
sticking out from the roll. 
You may need to use tiny 
pieces of masking tape to 
fasten the toothpicks in 
place. Tip: If the toothpicks 
break as you try to push them through the paper towel roll, use a small 
nail to start the hole, and then push the toothpick through.

3  Push some of the popcorn 
kernels into the cotton balls 
to represent the actual cotton 
seeds.

4  Drop the cotton balls into the 
“cotton gin” on top of the paper 
towel roller. 

5  Turn the roller by hand so that 
the toothpicks lift and drop, lift and 
drop the cotton balls. The seeds 
should begin to fall out in this turning 
process. This is a simple version 
of how the cotton gin worked to 
clean the seeds from cotton. Sketch 
a picture of your cotton gin in your 
notebook. Write a few sentences 
describing how your model worked.

TRY THIS! The cotton 
engine made the job of 
cleaning the cotton easier 
to do. Look around your 
home for machines that 
make jobs easier to do. 
List these machines in 
your notebook and how 
they make jobs easier.
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BUILD A PAPER-ROLL CATAPULT
In ancient times, armies used siege engines such as the 
catapult to fight battles. These simple weapons gave 
armies a powerful advantage. In this activity, you will 
build a simple catapult. 

1  Tape the spoon to the paper roll and place a cotton ball (or 
marshmallow or candy piece) in the spoon.

2  Using your finger, press down on the handle end of the spoon 
so that you hurl the cotton ball out of the spoon. This small, simple 
catapult demonstrates the way ancient armies hurled heavy objects 
over castle walls at their enemy using siege engines. 

3  Place a “target,” such as a small 
basket or even a sheet of paper, 
a short distance away from the 
catapult. Try to aim the catapult 
so that the cotton ball hits the 
target. How much pressure do you 
think you need to apply to hit the 
target? What happens if you apply 
too much pressure? Not enough 
pressure? Record your results in 
your notebook.

THINK ABOUT IT:THINK ABOUT IT: Think about the playground seesaw where one 
person drops to the ground and the other person rises in the air. With 
the catapult, energy is being transferred from one object to another. 
The weight (your finger) drops on the end of the spoon and lifts the 
cotton ball into the air.

SUPPLIES
 * paper towel roll or 
toilet paper roll

 * tape

 * spoon 

 * cotton balls, 
marshmallows, or 
small candy pieces

 * science notebook 
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