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7.1 Potential and Kinetic Energy

—
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This skill sheet reviews various forms of energy and introduces formulas for two kinds of mechanical energy—
potential and kinetic. You will learn how to calculate the amount of kinetic or potential energy for an object.

Forms of energy

Forms of energy include radiant energy from the sun, chemical energy from the food you eat, and electrical
energy from the outlets in your home. Mechanical energy refers to the energy an object has because of its motion.
All these forms of energy may be used or stored. Energy that is stored is called potential energy. Energy that is
being used for motion is called kinetic energy. All types of energy are measured in joules or newton-meters.

1N = lkg-m2
s

2

1 joule = lkg-ﬁ2 =IN-m
s

Potential energy

The word potential means that something is capable of becoming active. Potential energy sometimes is referred
to as stored energy. This type of energy often comes from the position of an object relative to Earth. A diver on
the high diving board has more energy than someone who dives into the pool from the low dive.

The formula to calculate the potential energy of an object is the mass of the object times the acceleration due to
gravity (9.8 m/s%) times the height of the object.

E, = mgh

Did you notice that the mass of the object in kilograms times the acceleration of gravity (g) is the same as the
weight of the object in newtons? Therefore you can think of an object’s potential energy as equal to the object’s
weight multiplied by its height.

mass of the object (kilograms) x 2.8m weight of the object (newtons)
s

2

So...
£ = weight of object x height of object

Kinetic energy

Kinetic energy is the energy of motion. Kinetic energy depends on the mass of the object as well as the speed of
that object. Just think of a large object moving at a very high speed. You would say that the object has a lot of
energy. Since the object is moving, it has kinetic energy. The formula for kinetic energy is:

Ek = %mVZ



CONTENT

Page 2 of 3

To do this calculation you need to square the velocity value. Next, multiply by the mass, and then divide
by 2.

EXAMPLE [

How are these mechanical energy formulas used in everyday situations? Take a look at two example problems.

* A 50kgboy and his 100 kg father went jogging. Both ran at a rate of 5 m/s. Who had more kinetic energy?
Show your work and explain.

Solution: Although the boy and his father were running at the same speed, the father has more kinetic
energy because he has more mass.

The kinetic energy of the boy:
2

1 5m\2 _ m” _ :
5(50 kg)(?) = 625 kg-? = 625 joules

The kinetic energy of the father:
2 2
(100 kg)(5ij - 1,250 kg = 1,250 joules

*  What is the potential energy of a 10 N book that is placed on a shelf that is 2.5 m high?

Solution: The book’s weight (10 N) is equal to its mass times the acceleration of gravity. Therefore, you can
easily use this value in the potential energy formula:

potential energy = mgh = (10N)(25m) = 25N-m = 25 joules

PRACTICE [ »>—=2—

Now it is your turn to try calculating potential and kinetic energy. Don’t forget to keep track of the units!
1. Determine the amount of potential energy of a 5.0-N book that is moved to three different shelves on a
bookcase. The height of each shelfis 1.0 m, 1.5 m, and 2.0 m.

2. You are on in-line skates at the top of a small hill. Your potential energy is equal to 1,000. J. The last time
you checked, your mass was 60.0 kg.

a. What is your weight in newtons?
b. What is the height of the hill?

c. Ifyou start rolling down this hill, your potential energy will be converted to kinetic energy. At the bottom
of the hill, your kinetic energy will be equal to your potential energy at the top. Calculate your speed at
the bottom of the hill.

3. A 1.0-kg ball is thrown into the air with an initial velocity of 30. m/s.
a. How much kinetic energy does the ball have?
b. How much potential energy does the ball have when it reaches the top of its ascent?
c. How high into the air did the ball travel?

4. What is the kinetic energy of a 2,000.-kg boat moving at 5.0 m/s?
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5. What is the velocity of an 500-kg elevator that has 4000 J of energy?
6. What is the mass of an object traveling at 30. m/s if it has 33,750 J of energy?
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7.1 James Prescott Joule

James Joule was known for the accuracy and precision of his work in a time when exactness of

measurements was not held in high regard. He demonstrated that heat is a form of energy. He studied the
nature of heat and the relationship of heat to mechanical work. Joule has also been credited with finding the
relationship between the flow of electricity through a resistance, such as a wire, and the heat given off from it.
This is now known as Joule’s Law. He is remembered for his work that led to the First Law of Thermodynamics

(Law of Conservation of Energy).

The young student

James Joule was born near Manchester, England on
December 24, 1818. His father was a wealthy brewery
owner. James injured his spine when he was young
and as a result he spent a great deal of time indoors,
reading and studying. When he became interested in
science, his father built him a lab in the basement.

When James was fifteen years old, his father hired
John Dalton, a leading scientist at the time, to tutor
James and his brother, Benjamin. Dalton believed that
a scientist needed a strong math background. He spent
four years teaching the boys Euclidian mathematics.
He also taught them the importance of taking exact
measurements, a skill that strongly influenced James
in his scientific endeavors.

Brewer first, scientist second

After their father became ill, James and Benjamin ran
the family brewery. James loved the brewery, but he
also loved science. He continued to perform
experiments as a serious hobby. In his lab, he tried to
make a better electric motor using electromagnets.
James wanted to replace the old steam engines in the
brewery with these new motors.

Though he learned a lot about magnets, heat, motion,
and work, he was not able to change the steam engines
in the brewery. The cost of the zinc needed to make
the batteries for the electric motors was much too
high. Steam engines fired by coal were more cost
efficient.

The young scientist

In 1840, when he was only twenty-two years old,
Joule wrote what would later be known as Joule’s
Law. This law explained that electricity produces heat
when it travels through a wire due to the resistance of
the wire. Joule’s Law is still used today to calculate
the amount of heat produced from electricity.

By 1841, Joule focused
most of his attention on the
concept of heat. He
disagreed with most of his
peers who believed that
heat was a fluid called
caloric. Joule argued that
heat was a state of vibration
caused by the collision of
molecules. He showed that
no matter what kind of
mechanical work was done,
a given amount of mechanical work always produced
the same amount of heat. Thus, he concluded, heat
was a form of energy. He established this kinetic
theory nearly 100 years before others truly accepted
that molecules and atoms existed.

On his honeymoon

In 1847, Joule married Amelia Grimes, and the couple
spent their honeymoon in the Alps. Joule had always
been fascinated by waterfalls. He had observed that
water was warmer at the bottom of a waterfall than at
the top. He believed that the energy of the falling
water was transformed into heat energy. While he and
his new bride were in the Alps, he tried to prove his
theory. His experiment failed because there was too
much spray from the waterfall, and the water did not
fall the correct distance for his calculations to work.

From 1847-1854, Joule worked with a scientist named
William Thomson. Together they studied
thermodynamics and the expansion of gases. They
learned how gases react under different conditions.
Their law, named the Joule-Thomson effect, explains
that compressed gases cool when they are allowed to
expand under the right conditions. Their work later led
to the invention of refrigeration.

James Joule died on October 11, 1889. The international
unit of energy is called the Joule in his honor.
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Why do you think that Joule’s father built him a science lab when he was young? 7.1
What evidence is there that Joule had an exceptional education?
Why was Joule so interested in electromagnets?

Why would you consider Joule’s early experiments with electric motors important even though he did not
achieve his goal?

Explain Joule’s Law in your own words.

Describe something Joule believed that contradicted the beliefs of his peers.
Describe the experiment that Joule tried to conduct on his honeymoon.

Name one thing that we use today that was invented as a result of his research.
What unit of measurement is named after him?

Research: Find out more information about one of Joule’s more well-known experiments, and share your
findings with the class. Try to find a picture of some of the apparatus that he used in his experiments.
Suggested topics: galvanometer, heat energy, kinetic energy, mechanical work, conservation of energy,
Kelvin scale of temperature, thermodynamics, Joule-Thomson Effect, electric welding, electromagnets,
resistance in wires.
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7.2 Identifying Energy Transformations
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Systems change when energy flows and changes from one part of a system to another. Parts of a system may
speed up or slow down, get warmer or colder, or change in other measurable ways. Each change transfers energy
or transforms energy from one form to another. In this skill sheet, you will practice identifying energy
transformations in various systems.

EXAMPLE [

e At 5:30 a.m., Miranda’s electric alarm clock starts beeping (1). It’s still dark outside so she switches on the
light (2). She stumbles sleepily down the hall to the kitchen (3), where she lights a gas burner on the stove
(4) to warm some oatmeal for breakfast.

Miranda has been awake for less than ten minutes, and she’s already participated in at least four energy
transformations. Describe an energy transformation that took place in each of the numbered events above.

Solution:

1. Electrical energy to sound energy; 2. Electrical energy to radiant energy (light and heat); 3. Chemical
energy from food to kinetic energy; 4. Chemical energy from natural gas to radiant energy (heat and light).

PRACTICE [ »>—=2—

1. There is a spring attached to the screen door on Elijah’s front porch. Elijah opens the door, stretching the
spring (1). After walking through the doorway (2), Elijah lets go of the door, and the spring contracts,
pulling the door shut (3). Describe an energy transformation that took place in each of the numbered events
above.

2. Name two energy transformations that occur as Gabriella heats a bowl of soup in the microwave.

3. Dmitri uses a hand-operated air pump to inflate a small swimming pool for his younger siblings. Name two
energy transformations that occurred.

4. Simon puts new batteries in his radio-controlled car and its controller. He activates the controller, which
sends a radio signal to the car. The car moves forward. Name at least three energy transformations that
occurred.

5. Name two energy transformations that occur as Adeline pedals her bicycle up a steep hill and then coasts
down the other side.
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7.2 Energy Transformations—Extra Practice
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You have learned that the amount of energy in the universe is constant and that in any situation requiring energy,
all of it must be accounted for. This is the basis for the law of conservation of energy. In this skill sheet you will
analyze different scenarios in terms of what happens to energy. Based on your experience with the CPO energy
car, you already know that potential energy can be changed into kinetic energy and vice versa.

As you study the scenarios below, specify whether kinetic energy is being changed to potential energy, potential
is being converted to kinetic, or neither. Explain your answers.

For each scenario, see if you can also answer the following questions: Are other energy transformations
occurring? In each scenario, where did all the energy go?

EXAMPLE [

* Aroller coaster car travels from point A to point B.
A 2 B

Solution:

First, potential energy is changed into kinetic energy
when the roller coaster car rolls down to the bottom of
the first hill. But when the car goes up the second hill to
point B, kinetic energy is changed to potential energy.

Some energy is lost to friction. That is why point B is a little lower than point A.
PRACTICE [ »>—=2—

1. A bungee cord begins to exert an upward force on a falling

bungee jumper.
)
7
i dk®
B
&

2. A football is spiraling downward toward a football player.

3. A solar cell is charging a battery.
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Energy Scenarios

Read each scenario below. Then complete the following for each scenario:

+ Identify which of the following forms of energy are involved in the scenario:
mechanical, radiant, electrical, chemical, and nuclear.

* Make an energy flow chart that shows how the energy changes from one form to another, in the correct order.
Use a separate paper and colored markers to make your flow charts more interesting.

EXAMPLE [

* In Western states, many homes generate electricity from
windmills. In a particular home, a young boy is using the
electricity to run a toy electric train.

Solution:

Mechanical energy of the windmill is changed to electrical energy which is changed to the mechanical
energy of the toy train.

PRACTICE [ »>—=2—

1. A camper is using a wood fire to heat up a pot of water for
tea. The pot has a whistle that lets the camper know when the
water boils.

2. The state of Illinois generates some of its electricity from
nuclear power. A young woman in Chicago is watching a
broadcast of a sports game on television.

3. A bicyclist is riding at night. He switches on his bike’s
generator so that his headlight comes on. The harder he
pedals, the brighter his headlight glows.
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7.3 Conservation of Energy
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The law of conservation of energy tells us that energy can never be created or destroyed—it is just transformed
from one form to another. The total energy after a transformation (from potential to kinetic energy, for example)
is equal to the total energy before the transformation. We can use this law to solve real-world problems, as shown
in the example below.

EXAMPLE [
* A 0.50-kilogram ball is tossed upward with a kinetic energy of 100. joules. How high does the ball travel?
1. Looking for: The maximum height of the ball.
2. Given: The mass of the ball, 0.50 kg, and the kinetic energy at the start: 100. joules
3. Relationships: Ex='m?; E,=mgh
4. Solution: The potential energy at the top of the ball’s flight is equal to its kinetic energy at the

start. Therefore, £, = mgh = 100. joules.

Substitute into the equation m = 0.50 kg and g = 9.8 m/s?.
100. = mgh = (0.50)(9.8)h = 4.9h

Solve for 4.

100. =4.9h; 100.-4.9=h

h=20.m

PRACTICE [ »>—=2—

1. A 3.0-kilogram toy dump truck moving with a speed of 2.0 m/s starts up a ramp. How high does the truck
roll before it stops?

2. A 2.0-kilogram ball rolling along a flat surface starts up a hill. If the ball reaches a height of 0.63 meters,
what was its initial speed?

3. A 500.-kilogram roller coaster starts from rest at the top of an 80.0-meter hill. What is its speed at the bottom
of this hill?

4. Find the potential energy of this roller coaster when it is halfway down the hill.
5. A 2.0-kilogram ball is tossed straight up with a kinetic energy of 196 joules. How high does it go?

6. A 50.-kilogram rock rolls off the edge of a cliff. If it is traveling at a speed of 24.2 m/s when it hits the
ground, what is the height of the cliff?

7. Challenge! Make up your own energy conservation problem. Write the problem and the answer on separate
index cards. Exchange problem cards with a partner. Solve the problems and then check each other’s work
using the answer cards. If your answers don’t agree, work together to find the source of error.
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8.1 Work
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In science, “work” is defined with an equation. Work is the amount of force applied to an object (in the same
direction as the motion) over a distance. By measuring how much force you have used to move something over a
certain distance, you can calculate how much work you have accomplished.

The formula for work is:

Work (joules) = Force (newtons) x distance (meters)
W=Fxd
A joule of work is actually a newton-meter; both units represent the same thing: work! In fact, one joule of work
is defined as the amount of work done by pushing with a force of one newton for a distance of one meter.

1.0 joule = 1.0 newton x 1.0 meter = 1.0 newton - meter

EXAMPLE [
*  How much work is done on a 10-N block that is lifted 5 m off the ground by a pulley?

Solution: The force applied by the pulley to lift the block is equal to the block’s weight.We can use the
formula W = F x d to solve the problem:

Work = 10 newtons x 5 meters = 50 newton - meters

PRACTICE [ »>—=2—

1. Inyour own words, define work as a scientific term.
2. How are work, force, and distance related?
3. What are two different units that represent work?

4. For the following situations, determine whether work was done. Write “work done” or “no work done” for
each situation.

An ice skater glides for two meters across ice.

a
b. The ice skater’s partner lifts her up a distance of 1 m.

e

The ice skater’s partner carries her across the ice a distance of 3 m.
d. After setting her down, the ice skater’s partner pulls her across the ice a distance of 10 m.

e. After skating practice, the ice skater lifts her 20-N gym bag up 0.5 m.

5. A woman lifts her 100-N child up one meter and carries her for a distance of 50 m to the child’s bedroom.
How much work does the woman do?

6. How much work does a mother do if she lifts each of her twin babies upward 1.0 m? Each baby weighs
90. N.
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7. You pull your sled through the snow a distance of 500 m with a horizontal force of 200 N. How
much work did you do?

8. Because the snow suddenly gets too slushy, you decide to carry your 100-N sled the rest of the way
home. How much work do you do when you pick up the sled, lifting it 0.5 m upward? How much work do
you do to carry the sled if your house is 800 m away?

9. An ant sits on the back of a mouse. The mouse carries the ant across the floor for a distance of 10 m. Was
there work done by the mouse? Explain.

10. You decide to add up all the work you did yesterday. If you accomplished 10,000 N - m of work yesterday,
how much work did you do in units of joules?

11. You did 150. J of work lifting a 120.-N backpack.
a. How high did you lift the backpack?
b. How much did the backpack weigh in pounds? (Hint: There are 4.448 N in one pound.)

12. A crane does 62,500 J of work to lift a boulder a distance of 25.0 m. How much did the boulder weigh?
(Hint: The weight of an object is considered to be a force in units of newtons.)

13. A bulldozer does 30,000. J of work to push another boulder a distance of 20. m. How much force is applied
to push the boulder?

14. You lift a 45-N bag of mulch 1.2 m and carry it a distance of 10. m to the garden. How much work was
done?

15. A 450.-N gymnast jumps upward a distance of 0.50 m to reach the uneven parallel bars. How much work did
she do before she even began her routine?

16. It took a 500.-N ballerina a force of 250 J to lift herself upward through the air. How high did she jump?

17. A people-moving conveyor-belt moves a 600-N person a distance of 100 m through the airport.
a. How much work was done?

b. The same 600-N person lifts his 100-N carry-on bag upward a distance of 1 m. They travel another 10 m
by riding on the “people mover.” How much work was done in this situation?

18. Which person did the most work?

a. John walks 1,000. m to the store. He buys 4.448 N of candy and then carries it to his friend’s house
which is 500. m away.

b. Sally lifts her 22-N cat a distance of 0.50 m.

c. Henry carries groceries from a car to his house. Each bag of groceries weighs 40 N. He has 10 bags. He
lifts each bag up 1 m to carry it and then walks 10 m from his car to his house.
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In a perfect machine, the work input would equal the work output. However, there aren’t any perfect machines in
our everyday world. Bicycles, washing machines, and even pencil sharpeners lose some input work to friction.
Efficiency is the ratio of work output to work input. It is expressed as a percent. A perfect machine would have an
efficiency of 100 percent.

EXAMPLE [

An engineer designs a new can opener. For every twenty joules of work input, the can opener produces ten joules
of work output. The engineer tries different designs and finds that her improved version produces thirteen joules
of work output for the same amount of work input. How much more efficient is the new version?

Efficiency of the first design Efficiency of the second design
Efficiency = work output O,UTPUT Efficiency = work output O_UTPUT
work input work input
_10 joules _13 joules
20 joules 20 joules
= 50% = 65%

The second design is 15% more efficient than the first.

PRACTICE [ »>—=2—

1. A cell phone charger uses 4.83 joules per second when plugged into an outlet, but only 1.31 joules per
second actually goes into the cell phone battery. The remaining joules are lost as heat. That’s why the battery
feels warm after it has been charging for a while. How efficient is the charger?

2. A professional cyclist rides a bicycle that is 92 percent efficient. For every 100 joules of energy he exerts as
input work on the pedals, how many joules of output work are used to move the bicycle?

3. An automobile engine is 15 percent efficient. How many joules of input work are required to produce
15,000 joules of output work to move the car?

4. It takes 56.5 kilojoules of energy to raise the temperature of 150 milliliters of water from 5 °C to 95 °C. If
you use an electric water heater that is 60% efficient, how many kilojoules of electrical energy will the
heater actually use by the time the water reaches its final temperature?

5. A power station burns 75 kilograms of coal per second. Each kg of coal contains 27 million joules of energy.
a. What is the total power of this power station in watts? (watts = joules/second)

b. The power station’s output is 800 million watts. How efficient is this power station?

6. A machine requires 2,000 joules to raise a 20. kilogram block a distance of 6.0 meters. How efficient is the
machine? (Hint: Work done against gravity = mass x acceleration due to gravity x height.)
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In science, work is defined as the force needed to move an object a certain distance. The amount of work done
per unit of time is called power.

EXAMPLE [

Suppose you and a friend are helping a neighbor to reshingle the roof of his home. You each carry 10 bundles of
shingles weighing 300 newtons apiece up to the roof which is 7 meters from the ground. You are able to carry the
shingles to the roof in 10 minutes, but your friend needs 20 minutes.

Both of you did the same amount of work (force x distance) but you did the work in a shorter time.
W= Fxd
W = 10 bundles of shingles(300 N/bundle) x 7 m = 21,000 joules

However, you had more power than your friend.

Work (joules)
Time (seconds)

Power (watts) =

Let’s do the math to see how this is possible.

Step one: Convert minutes to seconds.

10 minutes x 60;e_conds = 600 seconds (You)
minute

20 minutes x M = 1,200 seconds (Friend)
minute

Step two: Find power.

21,000 joules
600 seconds

21,000 joules
1,200 seconds

= 35 watts (You)

= 17.5 watts (Friend)

As you can see, more power is produced when the same amount of work is done in a shorter time period. You
have probably heard the word watt used to describe a light bulb. Is it now clear to you why a 100-watt bulb is
more powerful than a 40-watt bulb?
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1. A motor does 5,000. joules of work in 20. seconds. What is the power of the motor?
2. A machine does 1,500 joules of work in 30. seconds. What is the power of this machine?
3. A hair dryer uses 72,000 joules of energy in 60. seconds. What is the power of this hair dryer?

4. A toaster oven uses 67,500 joules of energy in 45 seconds to toast a piece of bread. What is the power of the
oven?

5. A horse moves a sleigh 1.00 kilometer by applying a horizontal 2,000.-newton force on its harness for
45.0 minutes. What is the power of the horse? (Hint: Convert time to seconds.)

6. A wagon is pulled at a speed of 0.40 m/s by a horse exerting an 1,800-newton horizontal force. What is the
power of this horse?

7.  Suppose a force of 100. newtons is used to push an object a distance of 5.0 meters in 15 seconds. Find the
work done and the power for this situation.

8. Emily’s vacuum cleaner has a power rating of 200. watts. If the vacuum cleaner does 360,000 joules of
work, how long did Emily spend vacuuming?

9. Nicholas spends 20.0 minutes ironing shirts with his 1,800-watt iron. How many joules of energy were used
by the iron? (Hint: convert time to seconds).

10. It take a clothes dryer 45 minutes to dry a load of towels. If the dryer uses 6,750,000 joules of energy to dry
the towels, what is the power rating of the machine?

11. A 1000-watt microwave oven takes 90 seconds to heat a bowl of soup. How many joules of energy does it
use?

12. A force of 100. newtons is used to move an object a distance of 15 meters with a power of 25 watts. Find the
work done and the time it takes to do the work.

13. If a small machine does 2,500 joules of work on an object to move it a distance of 100. meters in
10. seconds, what is the force needed to do the work? What is the power of the machine doing the work?

14. A machine uses a force of 200 newtons to do 20,000 joules of work in 20 seconds. Find the distance the
object moved and the power of the machine. (Hint: A joule is the same as a Newton-meter.)

15. A machine that uses 200. watts of power moves an object a distance of 15 meters in 25 seconds. Find the
force needed and the work done by this machine.
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8.2 Power in Flowing Energy
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Power is the rate of doing work. You do work if you lift a heavy box up a flight of stairs. You do the same
amount of work whether you lift the box slowly or quickly. But your power is greater if you do the work in a
shorter amount of time.

Power can also be used to describe the rate at which energy is converted from one form into another. A light bulb
converts electrical energy into heat (thermal energy) and light (radiant energy). The power of a light bulb is the
rate at which the electrical energy is converted into these other forms.

To calculate the power of a person, machine, or other device, you must know the work done or energy converted
and the time. Work can be calculated using the following formula:

Work (joules) = Force (newtons) x distance (meters)

W= Fxd

Both work and energy are measured in joules. A joule is actually another name for a newton-meter. If you push
an object along the floor with a force of 1 newton for a distance of 1 meter, you have done 1 joule of work. A
motor could be used to do this same task by converting 1 joule of electrical energy into mechanical energy.

Power is calculated by dividing the work or energy by the time. Power is measured in watts. One watt is equal to
one joule of work or energy per second. In one second, a 60-watt light bulb converts 60 joules of electrical energy
into heat and light. Power can also be measured in horsepower. One horsepower is equal to 746 watts.

Power (watts) = Work or l?nergy (joules)
Time (s)
P=W/t

EXAMPLE [

A cat who cat weighs 40 newtons climbs 15 meters up a tree in 10 seconds. Calculate the work done by the cat
and the cat’s power.

Looking for Solution

The work and power of the cat.

Given Work =40 N x 15m=600J
The force is 40 N.
The distance is 15 m.
The time is 10 s. Power = 6007 —60 W
Relationships 0s
Work = Force x distance The work done by the cat is 600 joules.
Power = Work/time The power of the cat is 60 watts.

In units of horsepower, the cat’s power is
(60 watts)(1 hp / 746 watts) = 0.12 horsepower.
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1. Complete the table below:

Force (N) Distance (m) Time (sec) Work (J) Power (W)
100 2 5
100 2 10
100 4 10
100 25 500
20 20 1000
30 10 60
20 60
3 75 5

2. Oliver weighs 600. newtons. He climbs a flight of stairs that is 3.0 meters tall in 4.0 seconds.
a. How much work did he do?

b. What was Oliver’s power in watts?

3. An elevator weighing 6,000. newtons moves up a distance of 10.0 meters in 30.0 seconds.
a. How much work did the elevator’s motor do?

b. What was the power of the elevator’s motor in watt and in horsepower?

4. After a large snowstorm, you shovel 2,500. kilograms of snow off of your sidewalk in half an hour. You lift
the shovel to an average height of 1.5 meters while you are piling the snow in your yard.

a. How much work did you do? Hint: The force is the weight of the snow.

b. What was your power in watts? Hint: You must always convert time to seconds when calculating power.

5. A television converts 12,000 joules of electrical energy into light and sound every minute. What is the power
of the television?

6. The power of a typical adult’s body over the course of a day is 100. watts. This means that 100. joules of
energy from food are needed each second.

a. An average apple contains 500,000 joules of energy. For how many seconds would an apple power a
person?

b. How many joules are needed each day?

c. How many apples would a person need to eat to get enough energy for one day?

7. A mass of 1,000. kilograms of water drops 10.0 meters down a waterfall every second.
a. How much potential energy is converted into kinetic energy every second?
b. What is the power of the waterfall in watts and in horsepower
8. An alkaline AA battery stores approximately 12,000 joules of energy. A small flashlight uses two AA

batteries and will produce light for 2.0 hours. What is the power of the flashlight bulb? Assume all of the
energy in the batteries is used.
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Efficiency describes how well energy is converted from one form into another. A process is 100% efficient if no
energy is “lost” due to friction, to create sound, or for other reasons. In reality, no process is 100% efficient.

Efficiency is calculated by dividing the output energy by the input energy. If

you multiply the result by 100, you will get efficiency as a percentage. For Efficiency =
example, if the answer you get is 0.50, you can multiply by 100 and write

your answer as 50%.

Output energy (J)
Input energy (J)

EXAMPLE [

You drop a 2-kilogram box from a height of 3 meters. Its speed is 7 m/s when it hits the ground. How efficiently
did the potential energy turn into kinetic energy?

Looking for Solution
You are asked to find the efficiency.

E, =(2kg)(9.8 m/s*)(3m)=58.87

Given
- 2 _
The mass is 2 kilograms, the height is 3 meters, E=(1/2)(2kg)(7 m/s)" =49 ]
and the landing speed is 7 m/s. The input energy is the potential energy, and the
Relationships output energy is the kinetic energy.
. . _ 2 )
Kinetic energy = 1/2mv Efficiency = (49 J)/(58.8 J) = 0.83 or 83%

Potential energy = mgh . .
) ) The efficiency is 0.83 or 83% (0.83 x 100).
Efficiency = (output energy)/(input energy)

PRACTICE [ »>—=2—

1. Engineers who design battery-operated devices such as cell phones and MP3 players try to make them as
efficient as possible. An engineer tests a cell phone and finds that the batteries supply 10,000 J of energy to
make 5500 J of output energy in the form of sound and light for the screen. How efficient is the phone?

2. What’s the efficiency of a car that uses 400,000 J of energy from gasoline to make 48,000 J of kinetic
energy?

3. A 1000.-kilogram roller coaster goes down a hill that is 90. meters tall. Its speed at the bottom is 40. m/s.
a. What is the efficiency of the roller coaster? Assume it starts from rest at the top of the hill.
b. What do you think happens to the “lost” energy?

c. Use the concepts of energy and efficiency to explain why the first hill on a roller coaster is the tallest.

4. You see an advertisement for a new free fall ride at an amusement park. The ad says the ride is 50. meters tall
and reaches a speed of 28 m/s at the bottom. How efficient is the ride? Hint: You can use any mass you wish
because it cancels out.

5. Imagine that you are working as a roller coaster designer. You want to build a record-breaking coaster that
goes 70.0 m/s at the bottom of the first hill. You estimate that the efficiency of the tracks and cars you are
using is 90.0%. How high must the first hill be?
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Mechanical advantage (MA) is the ratio of output force to input force for a machine.

F
.o
M= 2

/
or

_ output force (N)
input force (N)

Did you notice that the force unit involved in the calculation, the newton (N) is present in both the numerator and
the denominator of the fraction? These units cancel each other, leaving the value for mechanical advantage
unitless.

newtons _ N _

newtons N

Mechanical advantage tells you how many times a machine multiplies the force put into it. Some machines
provide us with more output force than we applied to the machine—this means MA is greater than one. Some
machines produce an output force smaller than our effort force, and MA is less than one. We choose the type of
machine that will give us the appropriate MA for the work that needs to be performed.

EXAMPLE [

Example 1: A force of 200 newtons is applied to a machine in order to lift a 1,000-newton load. What is the
mechanical advantage of the machine?

_ output force _ 1000N _ g
input force 200N

Machines make work easier. Work is force times distance (W = F x d). The unit for work is the newton-meter.
Using the work equation, as shown in example 2 below, can help calculate the mechanical advantage.

Example 2: A force of 30 newtons is applied to a machine through a distance of 10 meters. The machine is
designed to lift an object to a height of 2 meters. If the total work output for the machine is 18 newton-meters
(N-m), what is the mechanical advantage of the machine?

input force = 30 N output force= (work + distance)= (18 N-m+2 m)= 9N

_ output force_. 9N _ 0.3
input force 30N
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1. A machine uses an input force of 200 newtons to produce an output force of 800 newtons. What is
the mechanical advantage of this machine?

2. Another machine uses an input force of 200 newtons to produce an output force of 80 newtons. What is the
mechanical advantage of this machine?

3. A machine is required to produce an output force of 600 newtons. If the machine has a mechanical
advantage of 6, what input force must be applied to the machine?

4. A machine with a mechanical advantage of 10 is used to produce an output force of 250 newtons. What input
force is applied to this machine?

5. A machine with a mechanical advantage of 2.5 requires an input force of 120 newtons. What output force is
produced by this machine?

6. An input force of 35 newtons is applied to a machine with a mechanical advantage of 0.75. What is the size
of the load this machine could lift (how large is the output force)?

7. A machine is designed to lift an object with a weight of 12 newtons. If the input force for the machine is set
at 4 newtons, what is the mechanical advantage of the machine?

8. An input force of 50. newtons is applied through a distance of 10. meters to a machine with a mechanical
advantage of 3. If the work output for the machine is 450 newton - meters and this work is applied through a
distance of 3 meters, what is the output force of the machine?

9. 200. newton'meters of work is put into a machine over a distance of 20. meters. The machine does 150.
newton-meters of work as it lifts a load 10. meters high. What is the mechanical advantage of the machine?

10. A machine has a mechanical advantage of 5. If 300. newtons of input force is used to produce
3,000. newton'meters of work,

a. What is the output force?
b. What is the distance over which the work is applied?
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We use simple machines to make tasks easier. While the output work of a simple machine can never be greater
than the input work, a simple machine can multiply input forces OR multiply input distances (but never both at
the same time). You can use this skill sheet to practice calculating mechanical advantage (MA) for two common
simple machines: levers and ramps.

The general formula for the mechanical advantage (MA) of levers:

MAwwr = Fo (o.quuT force)
Fi (input force)
Or you can use the ratio of the input arm length to the output arm MAiover = Li (length of input arm)
length: L. (length of output arm)
Most of the time, levers are used to multiply force to lift heavy objects.
The general formula for the mechanical advantage (MA) of ramps: M A rarmp = ramp length
ramp height
A ramp makes it possible to move a heavy load to a new height using less force
(but over a longer distance).
EXAMPLE [
Example 1: A construction worker uses a board and log as a lever to lift a
heavy rock. If the input arm is 3 meters long and the output arm is 0.75 meters foree Output

force
long, what is the mechanical advantage of the lever?

3 meters
MA=- ——~ =
0.75 meter \Log

Example 2: Sometimes levers are used to multiply distance. For a broom, your
upper hand is the fulcrum and your lower hand provides the input force: Notice
the input arm is shorter than the output arm. The mechanical advantage of this
broom is: Input force

MA = 0.3 meter _ 025 |_>
1.2 meters

fulcrum

A mechanical advantage less than one doesn’t mean a machine isn’t useful. It just
means that instead of multiplying force, the machine multiplies distance. A broom
doesn’t push the dust with as much force as you use to push the broom, but a small
movement of your arm pushes the dust a large distance.

QOutput force
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Example 3: A 500-newton cart is lifted to a height of 1 meter
using a 10-meter long ramp. You can see that the worker only
has to use 50 newtons of force to pull the cart. You can figure
the mechanical advantage in either of these two ways:

ramp length _ 10 meters
ramp height 1 meter

MAmmp = =10

Ramp |
Or using the standard formula for mechanical advantage: 1m

i ramp length 10
4= output force _ 500 newtons _ Dg‘ffvlﬁl“t:gael = hpTghtg:T
input force 50 newtons

PRACTICE [ »>—=2—

Lever problems

1. A lever used to lift a heavy box has an input arm of 4 meters and an output arm of 0.8 meters. What is the
mechanical advantage of the lever?

2. What is the mechanical advantage of a lever that has an input arm of 3 meters and an output arm of 2 meters?
3. A lever with an input arm of 2 meters has a mechanical advantage of 4. What is the output arm’s length?

4. A lever with an output arm of 0.8 meter has a mechanical advantage of 6. What is the length of the input
arm?

5. A rake is held so that its input arm is 0.4 meters and its output arm is 1.0 meters. What is the mechanical
advantage of the rake?

6. A broom with an input arm length of 0.4 meters has a mechanical advantage of 0.5. What is the length of the
output arm?

7. A child’s toy rake is held so that its output arm is 0.75 meters. If the mechanical advantage is 0.33, what is
the input arm length?

Ramp problems

8. A 5-meter ramp lifts objects to a height of 0.75 meters. What is the mechanical advantage of the ramp?
9. A 10-meter long ramp has a mechanical advantage of 5. What is the height of the ramp?

10. A ramp with a mechanical advantage of 8 lifts objects to a height of 1.5 meters. How long is the ramp?

11. A child makes a ramp to push his toy dump truck up to his sandbox. If he uses 5 newtons of force to push the
12-newton truck up the ramp, what is the mechanical advantage of his ramp?

12. A ramp with a mechanical advantage of 6 is used to move a 36-newton load. What input force is needed to
push the load up the ramp?

13. Gina wheels her wheelchair up a ramp using a force of 80 newtons. If the ramp has a mechanical advantage
of 7, what is the output force (in newtons)?

14. Challenge! A mover uses a ramp to pull a 1000-newton cart up to the floor of his truck (0.8 meters high). If
it takes a force of 200 newtons to pull the cart, what is the length of the ramp?
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A gear ratio is used to figure out the number of turns each gear in

a pair will make based on the number of teeth each gear has. Two wheels

Two gears

To calculate the gear ratio for a pair of gears that are working
together, you need to know the number of teeth on each gear. The
formula below demonstrates how to calculate a gear ratio.

Notice that knowing the number of teeth on each gear allows you
to figure out how many turns each gear will take.

Why would this be important in figuring out how to design a
clock that has a minute and hour hand?
Gears act like touching wheels, but gears
have teeth to keep them from slipping as
they turn togeher.

Gear ratio Number of teeth
T N .4~ oninput gear
Turns of output gear—> ¥ 0o [

T - <+« Number of teeth
*‘. Turns of input gear — i o) on output gear

EXAMPLE [

A gear with 48 teeth is connected to a gear with 12 teeth. If the 48-tooth gear makes one complete turn, how
many times will the 12-tooth gear turn?

Turns of output gear?  _ 48 input teeth
One turn for the input gear 12 output teeth

Turns of output gear? = 48 teeth <1 turn . 4 turns

12 teeth

PRACTICE [ »>—=2—

1. A 36-tooth gear turns three times. It is connected to a 12-tooth gear. How many times does the 12-tooth gear
turn?

2. A 12-tooth gear is turned two times. How many times will the 24-tooth gear to which it is connected turn?

3. A 60-tooth gear is connected to a 24-tooth gear. If the smaller gear turns ten times, how many turns does the
larger gear make?

4. A 60-tooth gear is connected to a 72-tooth gear. If the smaller gear turns twelve times, how many turns does
the larger gear make?

5. A 72-tooth gear is connected to a 12-tooth gear. If the large gear makes one complete turn, how many turns
does the small gear make?
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6. Use the gear ratio formula to help you fill in the table below.

Table 1: Using the gear ratio to calculate number of turns

Input Output Gear ratio How many turns does How many turns does
Gear Gear the output gear make the input gear make if

(Input Gear: . .
(# of teeth)  (# of teeth) Output Gear) if the input gear turns  the output gear turns
3 times? 2 times?
24 24
36 12
24 36
48 36
24 48

7. The problems in this section involve three gears stacked on top of each other. Once you have filled in
Table 2, answer the question that follow. Use the gear ratio formula to help. Remember, knowing the gear
ratios allows you to figure out the number of turns for a pair of gears.

Table 2: Set up for three gears

Number Ratio Ratio 2 Total gear ratio
of teeth (top gear: (middle gear: (Ratio | x Ratio 2)
middle gear) bottom gear)
| Top gear 12
Middle gear 24
Bottom gear 36
2 Top gear 24
Middle gear 36
Bottom gear 12
3 Top gear 12
Middle gear 48
Bottom gear 24
4 Top gear 24
Middle gear 48
Bottom gear 36

8. Asyou turn the top gear to the right, what direction does the middle gear turn? What direction will the
bottom gear turn?

9. How many times will you need to turn the top gear (input) in setup 1 to get the bottom gear (output) to turn once?
10. If you turn the top gear (input) in setup 2 two times, how many times will the bottom gear (output) turn?
11. How many times will the middle gear (output) in setup 3 turn if you turn the top gear (input) two times?

12. How many times will you need to turn the top gear (input) in setup 4 to get the bottom gear (output) to turn 4
times?
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How many gears does your bicycle really have?

Bicycle manufacturers describe any bicycle with two gears in the front and five in the back as a ten-speed. But do
you really get ten different speeds? In this project, you will determine and record the gear ratio for each speed of
your bicycle. You will then write up an explanation of the importance (or lack of, in some cases) of each speed.
You will explain what the rider experiences due to the physics of the gear ratio, and in what situation the rider
would take advantage of that particular speed.

To complete this project, you will need:

*  Multi-speed bicycle
» Simple calculator
» Access to a library or the Internet for research

* Access to a computer for work with a spreadsheet (optional)

PRACTICE [ »>—=2—

On a multi-speed bicycle, there are two groups of gears: the front group and the rear group. You may want to
carefully place your bicycle upside down on the floor to better work with the gears. The seat and handlebars will
keep the bicycle balanced.

1. Draw a schematic diagram to show how the gears are set up on your bicycle.

2. Now, count the number of teeth on each gear in each group. Record your data in a table on paper or in a
computer spreadsheet. Use these questions to guide you.

How many gears are in the front group?

a.
b. How many teeth on each gear in the front group?

o

How many gears are in the rear group?

&

How many teeth on each gear in the rear group?
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Now, calculate the gear ratio for each front/rear combination of gears.

Use the formula: front gear + rear gear.

Organize the results of your calculations into a new table either on paper on in a computer
spreadsheet.

How many different gear ratios do you actually have?

Use your library or the Internet to research the development of the multi-speed bicycle. Take careful notes
while you do your research as you will use the information you find to write a report (see step 7). In your
research, find the answers to the following questions.

a. In what circumstances would a low gear ratio be helpful? Why?

b. In what circumstances would a high gear ratio be helpful? Why?

Write up your findings and results according to the guidelines below.

Your final project should include:

A brief (one page) report that discusses the evolution of the bicycle. What was the first bicycle like? How
did we end up with the modern bicycle? Why was the multi-speed bicycle an important invention?

A schematic diagram of your bicycle’s gears. Include labels.
An organized, professional data table showing the gear ratios of your bicycle.

A summary report (one page) in which you interpret your findings and explain the trade-off between force
and distance when pedaling a bicycle in each of the different speeds. Include answers to questions 4(a) and
4(b). In your research, you should make a surprising discovery about the speeds—what is it?

Reflection: Finish the report with one or two paragraphs that express your reflections on this project.
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A lever is a simple machine that can be used to multiply force, multiply distance, or change the direction of a
force. All levers contain a stiff structure that rotates around a point called the fulerum. The force applied to a
lever is called the input force. The force applied to a load is called the output force.

There are three types or classes of levers. The class of a lever depends on the location of the fulcrum and input
and output forces. The picture below shows examples of the three classes of levers. Look at each lever carefully,
noticing the location of the fulcrum, input force, and output force.

The Three Classes of Levers
1st Class * 2nd Class t :2‘::; 3rd Class e 10utput
force

force
Output Input force
Torns fulcrum
fulcrum ful
ulcrum

Input force
Output force Input f Output force
*Output force nputiorce * * Input force P T

PRACTICE 1 D———z_,\

1. In which class of lever is the output force between the fulcrum and input force?
2. In which class of lever is the fulcrum between the input force and output force?
3. In which class of lever is the fulcrum on one end and the output force on the other end?

4. Do the following for each of the levers shown below and at the top of the next page:
Label the fulcrum (F).
b. Label the location of the input force (I) and output force (O).
c. Classify the lever as first, second, or third class.

Door

B Stapler Nutcracker
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The relationship between a lever’s input force and output force depends on the length of the input arm and
output arm. The input arm is the distance between the fulcrum and input force. The output arm is the distance
between the fulcrum and output force.

If the input and output arms are the same length, the forces are equal. If the input arm is longer, the input force is
less than the output force. If the input arm is shorter, the input force is greater than the output force.

? Output force

Input force *

* Output force

Input force *

? Output force

Input force *

Output Input
Qutput arm Input arm arm Input arm Output arm
IA »l LI IA ) kI IA - arnll

»l
al L il Ll
! I 1 | g | 1€ » € q

PRACTICE 2 D———z_,\

1. Label the input arm (IA) and output arm (OA) on each of the levers you labeled above and on the previous
page.

2. In which of the levers is the input force greater than the output force?
3. In which of the levers is the output force greater than the input force?
4. In which of the levers are the input and output forces equal in strength?

5. Find two other examples of levers. Draw each lever and label the fulcrum, input force, output force, input
arm, and output arm. State whether the input or output force is stronger.
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Your skeletal and muscular systems work together to move your body parts. Some of your body parts can be
thought of as simple machines or levers.

There are three parts to all levers:

*  Fulcrum - the point at which the lever rotates.

* Input force (also called the efforf) - the force applied to the lever.

*  Output force (also called the /oad) - the force applied by the lever to move the load.

There are three types of levers: first class, second class and third class. In a first class lever, the fulcrum is located
between the input force and output force. In a second class lever, the output force is between the fulcrum and the
input force. In a third class lever, the input force is between the fulcrum and the output force. An example of each
type of lever is shown below.

The Three Classes of Levers

¥

Output * Input force
force

1st Class

fulcrum 4

| f
* Output force nput orceI!

2nd Class

fulcrum

3rd Class

fulcrum

T Input force Output force T

D -
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The three classes of levers can be found in your body. Use
diagrams A, B, and C to answer the questions below. Also
label the effort (input force), fulcrum and load (output force)
on each diagram.

LEVER A
1. Type of Lever:

2. How is this lever used in the body?

LEVER B
3. Type of Lever:

4. How is this lever used in the body?

LEVER C
5. Type of Lever:

6. How is this lever used in the body?






