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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. Atoaster 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 ata 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).
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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 s the power rating of the machine?

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

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.

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 i the force needed to do the work? What is the power of the machine doing the work?

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.)

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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9.2 Mechanical Advantage

reap [

Mechanical advantage (MA) i the ratio of output force to input force for a machine.

Fﬂ

MA 7

i

or

- output force (N)
MA = S put 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 i less than one. We choose the type of
machine that will give us the appropriate MA for the work that needs to be performed.
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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?

Ma - output force _ 1000N _ o
input force - 200N

Machines make work easier. Work is force times distance (I = 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 = 30N output force= (work + distance)= (18 N-m+2m)= 9N

- output force. 9N _
MA = Sput 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 outputlforce of 80 newtons. What s 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. Amachine 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 s 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. Aninput 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. newtonmeters of work,

2 What s the output force?
b, What i the distance over which the work s applied?
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9.2 Mechanical Advantage of Simple Machines

reap [

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:
- Fe (output force)

. (input force)
Or you can use the ratio of the input arm length to the output arm MAiwr= 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: 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).

exawpLE [§

Example 1: A construction worker uses a board and log as a lever to lifta
heavy rock. If the input arm is 3 meters long and the output arm is 0.75 meters
long, what is the mechanical advantage of the lever?
3 meters
Az Smeters .
MA= 575 meter
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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 s

MA=

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.
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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 _

" Famp height 1 meter 10

Or using the standard formula for mechanical advantage:

output force _ 500 newtons _ ;.

A= S put force - 50 newtons

Mechaical _ ramp length

advantage

height

10

T
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Lever problems

1. Alever used tolift a heavy box has an input arm of 4 meters and an output arm of 0.8 meters. What s 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?
Alever with an input arm of 2 meters has a mechanical advantage of 4. What is the output arm’s length?

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

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. Abroom with an input arm length of 0.4 meters has a mechanical advantage of 0.5. What s 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 0.3, what is
the input arm length?

Ramp problems

8. A S-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 § 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. I 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 i 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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8.2 Efficiency
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Ina 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.

exavpLE [§

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 i the new version?

Efficiency of the first design Efficiency of the second design
) _ work output . work output
Efficiency = ISR Efficiency = RS
_10 joules _13 joules
20 joules 20 joules
=50% = 65%

The second design is 15% more efficient than the first.
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1. A cell phone charger uses 4.83 joules per second when plugged into an outlet, but only 131 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. Anautomobile 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. Ittakes 56.5 kilojoules of energy to raise the temperature of 150 millliters of water from 5 °C to 95 °C. If
‘you use an electric water heater that is 60% cfficient, 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.
2 What s 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.

exavpLE [§

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.

Power (watts) = Work (joules)

ime (seconds)
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Let’s do the math to see how this is possible.

Step one: Convert minutes to seconds.

. 60 seconds _
10 minutes x 835828195 . 600 seconds (You)

20 minutes x “’Lm::"’ = 1,200 seconds (Friend)

21,000 joules
600 seconds

21,000 joules y
LH00 e, = 175 watts (Friend)

= 35 watts (You)

As you can see, more power is produced when the same amount of work s done in a shorter time period. You

have probably heard the word wart used to describe a light bulb. Is it now clear to you why a 100-watt bulb is
more powerful than a 0-watt bulb?




