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Unit 9: 
Work & Power
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WORK READING GUIDE

Directions: Read pages 406 - 409 in your book, and answer the following questions.

1. What is work?  

2. What two conditions need to exist in order to do work?

3. What is the equation for Work?

4. What does work depend on? (What are the variables in the equation?)

5. What is the unit for work?

6. How are force and direction of motion related when talking about work?

Information: The Meaning of Work


“I’m going to work.”



“This job is hard work.”



“I worked hard to study for this test.”
In general, the word “work” refers to the effort it takes to get things done.  Manual labor is seen as work and so is mental labor.
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Activities that may seem like work to you might NOT seem like work to a scientist.  For example, if you sit quietly and study for a long time, a scientist would say that you’re not doing any work at all!  And you could push against a car until you were exhausted, but if the car doesn’t move, the scientist would say you had done no work on the car.  As you can see, there is a big difference between the everyday use and the scientific use of the word “work.”

Two things must happen for a force to do work on an object.  First, the force must push or pull on the object.  Second, the object must move a distance.  Both must happen; otherwise, no work is done.  For example, if you pick up a book bag and put it on your desk, a scientist would say that you have done work on the book bag.  
Critical Thinking Questions

1. What two things does work depend on?



2. If an object is pushed on, but does not move, is there any work being done to the object? Why?
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Information: Calculating Work

In the scientific community, work is only done if a force is applied to an object and that object moves a distance.  To calculate the work done on an object, the force that pushes or pulls on the object is multiplied by the distance the object moves.  Work involves both force and distance.  

So, how much work did you do on that book bag you lifted onto the desk?  It’s not hard to figure out.  Multiply the force needed to lift the bag by the distance the object as lifted.  That’s it!  In other words: Work = Force x Distance 
Force is measured in Newtons (N) and distance in measured in meters (m).  When multiplying the two to find Work, we end up with a Newton-meter (N*m).  A Newton-meter is also called a Joule (J).  Work is measured in Joules (J), for James Joule, who made important discoveries about work and energy. 
Here’s an example of how to calculate work:

Michael lifts his book bag, which weighs 25 N, from the floor to a desktop that is 0.80 m above the floor.  How much work does Michael do on the bag?




Work = Force x Distance



Work = 25 N x 0.80 m 



Work = 20.0 J




Michael does 20.0 J of work on the book bag.
Critical Thinking Questions

1. What units is work measured in?



2. If a pencil drops from a desk, is work being done? Why?





3. What is doing the work on the pencil from question 2?



4. What is the equation for work?



5. What would the triangle for work look like?

Work Problems

Directions:  Use your knowledge of power and work to answer the following problems.  Make sure to show all work and include all units.

1. A person pushes a block 4 m with a force of 24 N.  How much work was done?
	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




2. A person does 15 J of work moving a couch 1.3 m.  How much force was used?
	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




3. Paul Konerko hit a 125 m grand slam in Game 2 of the World Series.  He did 3000 J of work.  With what force did he hit the ball?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




4. You lift a box that weighs 50 N to a height of 1.7 m.  How much work did you do on the box?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




5. A 750 N skydiver jumps out of an airplane that is flying at an altitude of 2800 m.  By the time the skydiver reaches the ground, how much work was done on her by gravity?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




6. A bulldozer performs 75,000 J of work pushing dirt 18 m.  What is the force exerted?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




7. Mr. Litchfield holds 200 kg above his head for 5 seconds.  What is the work done on the weights?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




8. If Ms. Vandersee holds a mass of 55 kilograms and climbs up stairs that are 30 meters tall then how much work was done?

	Givens
	Solving For


	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




9. If 100 J of work are done by lifting a box 1.5 m, then how much mass was the box?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




**Challenge Problem**

You hurry to your physical science class after a yummy meal in the cafeteria.  In your arms you carry books that include your highly valued Physical Science folder.  All together the food and the folder weigh 22 N. How much work is done on the books when you walk 80 m along the hall, go up stairs 12 m high, and then turn right for an additional 15 m to class?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




Put it to Use: Work Mini Lab

Problem:  To investigate the scientific definition of work.
Background Information:  WORK is done when a force causes an object to move in the direction of 
force.  For work to be done, two things must occur.  First, you must apply a force to an 
object.  Second, the object must move in the same direction as the force you apply.  If there 
is no motion, there is no work.  This is very different from the way we use the word work in 
everyday life.  




Work can be calculated with this formula:




Work = Force x Distance




W = F●d


The units of force are Newtons and the units of distance are meters.  Therefore, work is 
measured in Newton-Meters.  These units are referred to as Joules.
Materials:


4 Books

Spring Scale


Meter Stick

5 different objects
Part A:

1. Stand with your arms out in front of you at waist level, palms up.

2. Have your partner put a book on each of your hands.

3. Lift the books to about shoulder level, then lower them.

4. From waist height, lift the books over your head, and then lower the books.

Critical Thinking Questions:
1. When did you do more work: when lifting the books from waist to shoulder height or when lifting the books from waist height to over your head?  Explain using what you’ve learned about work.






Part B:

1. Stand with your arms out in front of you at waist level, palms up.

2. Have your partner put 2 books on each of your hands.

3. Lift the books to about shoulder level, then lower them.

4. From waist height, lift the books over your head, and then lower the books.

Critical Thinking Questions:

1. Are you using more force when lifting 2 books than when you were holding only one book?  Explain using what you know about force and weight.







Part C:

1. Stand with your arms stretched out to the sides (like you’re showing your wing span).

2. Have your partner put 2 books on each hand.

3. Hold the books at shoulder level until your arms get tired.  

Critical Thinking Questions:

1. Are you exerting a force on the books?  



2. Are you doing work in this situation?  Explain.  







Part D:

1. Attach one of the objects to the spring scale.

2. Record the object’s name in the data table below.

3. Hold the meter stick straight up in the air next to the object.

4. Slowly pull the object straight up along the meter stick.  

5. Looking at the spring scale, determine how much force you used to pull the object (Newtons).

6. Record the force in the data table below.

7. Using the meter stick, measure the distance you moved the object. 

8. Record the distance in meters in the data table below.
9. Calculate the work you did.  

10. Record the work you did in the data table below.

11. Repeat steps 1-10 with the other objects.

Data:
	Calculation of Work

	Object
	Force (N)
	Distance (m)
	Work (J)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Analysis Questions:

1. Using a force of 50 N, you push a cart 10m across a classroom floor.  How much work did you do?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




2. What is a Joule?

______________________________________________________________________________

3. Were you doing work when you were holding the books?  Explain your answer.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Were you doing work when you were lifting the objects with the spring scale?  Explain your answer.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. In Greek mythology, Atlas held the world on his shoulders.  Did he do any work?  Explain your answer.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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POWER READING GUIDE

Directions: Read pages 409-411 in your book, and answer the following questions.

1. What is power?  

2. Give an example from the reading where one device/object has more power than another.

3. What is the equation for power?

4. What does power depend on? (What are the variables in the equation?)

5. What is the main unit for power?

6. What is another unit that is also used for power? What is it usually used to describe? 

Information: The Meaning of Power



“I have the power!”



“She is in a powerful position.”



“How much power do you have to make a change?”
In general, the word “power” refers to strength, authority, control or influence.  But in science, the word “power” like the word “work” has a very specific meaning.

Power is the rate at which work is done or how quickly work is done.  Power takes into consideration how much work is done on an object AND how quickly the work was done.
Two things must happen for a force to do work on an object.  First, the force must push or pull on the object.  Second, the object must move a distance.  Both must happen; otherwise, no work is done.  Power also takes into consideration how much time it took for the force to move the object.  For example, if you pick up a book bag and put it on your desk, a scientist would say that you have done work on the book bag.  If you time how long it takes you to lift the book to the desk, then you can figure out how much power you used! 

Critical Thinking Questions

1. What two things does power depend on?



2. If an object is pushed on, but does not move, is there any power being used? Explain.




3. If an object is pushed on, moves 10 m and does so in 1 minute, is there any power used? Explain.







Information: Calculating Power
In the scientific community, power is only used if work is done on an object in a certain amount of time.  To calculate the power used on an object, the work done on the object is divided by the time it took to do the work.  Power involves both work and time.  

So, how much power did you do on that book bag you lifted onto the desk?  It’s not hard to figure out.  First find the work you did on the book bag.  Multiply the force needed to lift the bag by the distance the object as lifted.  


Here’s an example of how to calculate power:

Michael lifts his book bag, which weighs 25 N, from the floor to a desktop that is 0.80 m above the floor.  It takes him 5 s to lift the book bag.  How much power does Michael use?




Work = Force x Distance




Work = 25 N x 0.80 m 




Work = 20.0 J




Michael does 20.0 J of work on the book bag.
Then divide the work by the time it took to lift the book bag.
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Power = 4 J/s or W
Work is measured in Joules (J) and time is in measured in seconds (s).  When dividing the two to find Power, we end up with Joules per second (J/s).  A Joule per second (J/s) is also called a Watt (W).  Power is measured in Watts (W).
Critical Thinking Questions

1. What units is power measured in?



2. What is the equation for power?



3. What would the triangle for power look like?

Power Problems
Directions:  Use your knowledge of power and work to answer the following problems.  Make sure to show all work and include all units.

1. Dante uses 14 J of work to lift a weight for 30 seconds.  How much power did he use?
	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




2. A machine produces 4000 Joules of work in 5 seconds. How much power does the machine produce? 

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




3. Mrs. VerHeecke can bench press 150 kg from 0.7 m from the ground to 1.5 m above the ground.

a. How much weight (not mass) did Mrs. VerHeecke lift?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




b. How much power did she use if she lifts the weights in 10s?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




4. If it took Mr. Youngbauer 37 seconds to lift a 400 N student up 15 m, how much power did he use?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




5. Darth Vader unleashed the power of the dark side (1225 W) on the unsuspecting Jedi.  If he did 727 J of work, how much time did it take?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




6. While playing 17 straight hours of the Wii, Mario successfully raised his arm to scratch his head 187 times.  If he raised his hand 1 m and his arm had a mass of 2.3 kg, how much power was used?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




7. Superman moves a car 2700 N on a track of 500 m.  If the car takes 32 seconds to move the entire distance, how much (super)power is exerted by Superman?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




8. Superman is unhappy with his time in the above problem, so he attempts to lift the same car.  This time, it takes 18.1 seconds. How much does his power increase?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




9. If a man slowly lifts a 20 kg bucket from a well and does 6.00 kilojoules of work (1000 Joules = 1 kilojoule), how deep is the well?  

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




10. Hulky and Bulky are two workers being considered for a job at the UPS loading dock.  Hulky boasts that he can lift 100 kg box 2.0 m vertically in 3.0 seconds.  Bulky counters with his claim of lifting a 200 kg box 5.0 m vertically in 20 seconds.  

Which worker has a greater power rating?  __________________________________________

Hulky (3 steps)
	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




Bulky (3 steps)

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




11. You and a friend run up stairs that are 30 m high.  Both of you reach the top in 12 seconds.  You weigh 570 N and your friend weighs 620 N.  

Which of you has more power?  _____________

Why?  _______________________________________________

You

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




Your Friend

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




How Many Horses?


It was the late 1800’s, and engineer James Watt was stumped.  He’d just figured out a way to make steam engines operate much more efficiently.  He wanted to start manufacturing and selling his new invention.  But how could he describe how powerful these amazing engines were?


Watt’s answer? Compare the power of the steam engine with something that people were very familiar with:  the power of a horse.


In Watt’s day, ponies (small horses) were used to pull ropes attached to platforms that lifted coal to the surface of the earth from the mine below.  Watt measured how much these loads weighed (force).  Then he determined how far the ponies could raise them (distance) in one minute (time).  Using these measurements, he calculated how much work a pony could do in a minute – he calculated the power of a pony – ponypower!

At that time, the unit of work used by British scientists was the foot-pound (ft-lb).  On the basis of his observations and calculations, Watt found that a pony could do 22,000 ft-lb of work a minute.  Because he figured that the average horse was as powerful as 1.5 ponies, he multiplied the power of one pony (22,000 ft-lb of work per minute) by 1.5 and called it 1 horsepower (hp).


In other words, 1 hp is equal to 33,000 ft-lb of work per minute, or 550 ft-lb of work per second.  This means that an average horse can lift a 550-lb load a distance of 1 foot in 1 second. 


Horsepower can be translated into watts (W):  1 hp equals 750 W.  A 350-hp engine, therefore, has the same power as a 262,500-W engine.  But when numbers get as big as this, you can see that watts aren’t a convenient way of expressing the power of engines.  So, the term “horsepower” stuck around.  Using the word “horsepower” also probably makes drivers feel closer to the old days – when people were pioneers and mustangs were horses!!

1. Why do you think James Watt used a horse as a measure of a unit of power?

____________________________________________________________________________________________________________________________________________________________

2. How did Watt decide the value of 1 horsepower?

____________________________________________________________________________________________________________________________________________________________

3. Why is “horsepower” still a useful unit of power?

____________________________________________________________________________________________________________________________________________________________ 

4. How many Watts make up 1 hp? ______________________________________________
5. How long did it take a horse to lift 550 lb a distance of 1 ft, according to Watt? ___________
Put it to Use: Power Up
Background Information:  
· You are doing WORK when you use force to cause motion in the direction of force.  

· Work can be calculated mathematically.
· The formula for work is:  

Work = force x distance
· Time is not considered when calculating work
· Force (or weight) is measured in Newtons.  Distance is measured in meters.  The unit for work is a Newton-meter.
· A Newton-meter is called a Joule.
· POWER is the rate at which work is done.  It is the amount to work per unit of time.

· The formula for Power is: 

Power = work / time

· Another way to calculate it is:
Power = (force x distance) / time

Pre-lab Questions:

1. Do you do more work climbing stairs quickly or climbing stairs slowly? ________________

2. Does it take more power to climb stairs quickly or climb stairs slowly? ________________

Materials:

Calculator

Meter stick

Staircase

Bathroom Scale

Stopwatch

Procedure:

1. Calculate the DISTANCE you will move:

· Count the number of steps. 




    
______________
· Use the meter stick to measure the height of one step

______________ cm
· Convert the height of one step from cm to m

    
______________m
· Calculate the total height of the staircase and record in Data Table 1.


(Hint: Height of the staircase = height of one step x number of steps.)
2. Calculate the FORCE you will use to climb the stairs

· Use the scale to find your mass



   
______________kg

· Convert your mass into weight in Newtons and record in Data Table 1.












______________N



(This weight is your FORCE needed to climb the stairs.)
3. One partner will now climb the stairs SLOWLY.  
4. The other partner will use the stopwatch to time how long it takes to climb the stairs.

5. Record your data in Data Table 2.

6. Repeat two more times.

7. Calculate the average time to climb the stairs slowly.  
8. The same partner will now climb the stairs QUICKLY. 
9. The other partner will use the stopwatch to time how long it takes to climb the stairs. 

10. Record your data in Data Table 3. 

11. Repeat two more times.  
12. Calculate the average time to climb the stairs quickly.

13. Calculate the amount of work and power that you did as you walked SLOWLY up the stairs.
14. Calculate the amount of work and power that you did as you walked QUICKLY up the stairs.

15. Record these values in Data Table 4.

Data:
Data Table 1: Background Data
	Height of Staircase (m)
	Force to climb stairs (N)

	
	


Data Table 2: Time to Climb the Stairs Slowly

	Time to Climb Slowly (s)

	Trial 1


	

	Trial 2


	

	Trial 3


	

	Average


	


Data Table 3: Time to Climb the Stairs Quickly

	Time to Climb Stairs Quickly (s)

	Trial 1


	

	Trial 2


	

	Trial 3


	

	Average


	


Data Table 4: Work & Power to Climb Stairs

	
	Work done climbing stairs (J)
	Power to climb stairs (J/sec)

	Slowly


	
	

	Quickly


	
	


Analyze the Data:

1. Make a bar graph comparing the amount of WORK done when climbing the stairs slowly and quickly.



Title:  _______________________________________________________________

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


2. Make a bar graph comparing the amount of POWER done when climbing the stairs slowly and quickly.



Title:  _______________________________________________________________

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


3. What do the graphs tell you about work and power?
____________________________________________________________________________________________________________________________________________________________

Post-lab Questions:

1. When did you do the most work, when you climbed the stairs slowly or quickly?

______________________________________________________________________________

2. What two things could be changed to change the amount of work done?

______________________________________________________________________________

3. When did you use the most power, when you climbed the stairs slowly or quickly?

______________________________________________________________________________

4. If the amount of Work done stays the same, what must change in order to change the amount of power used?

______________________________________________________________________________
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