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Chapter 12: Work and Energy

- ____ – transfer of energy to a body by the application of a 

       force that causes the body to ____ in the direction
       of the force

   - a force causes a change in position or the motion of   

      an object in the ____________ of the applied force

Work = force x distance


W = f x d     f = W/d     d = W/f

- no ________________ = no work

- work measured in ________ (J)


1J = 1N·m = 1Kg·m²





  s²

Practice Problems

1)  A crane uses an average force of 5200 N to lift a girder 
     25 m. How much work does the crane do on the girder?

2)  An apple weighing 1 N falls through a distance of 1 m. 
      How much work is done on the apple by the force of 
      gravity?

3)  The brakes on a bicycle apply 125 N of frictional force 
      to the wheels as the bicycle travels 14.0 m.  How much 
      work have the brakes done on the bicycle?

4)  While rowing in a race, John uses his arms to exert a 
      force of 165 N per stroke while pulling the oar 0.800 m.
      How much work does he do in 30 strokes?

5)   A mechanic uses a hydraulic lift to raise a 1200 kg car 
       0.5 m off the ground.  How much work does the lift do 
       on the car?

Answers

1) 
2)                            
3) 
4)
5) 
- _____– a quantity that measures the ___ at which work is 
        done or energy is transformed


     - work done in a given amount of ______


power = work/time



p = w/t    w = pt    t = w/p  


     - measured in _________ (W)


     - amount of power required to do 1 J of work 
                in 1 second


  - Ex: lift an _______ over your head = 1 W

Practice Problems

1)  While rowing across the lake during a race, John does 

 3960 J of work on the oars in 60.0 s.  What is his power
 output in watts?

2)  Every second, a certain coal-fired power plant produces 

enough electricity to do 9x108 J (900 MJ) of work.  What is the power output of this power plant in units of watts (or in units of megawatts)?

3)  Using a jack, a mechanic does 5350 J of work to lift a   

      car .5 m in 50 s.  What is the mechanic’s power output?

4)  Suppose you are moving a 300 N box of books.    

     Calculate your power output in the following situations:


a)  You exert a force of 60.0 N to push the box across 

     the floor 12.0 m in 20.0 s.


b)  You lift the box 1 m onto a truck in 3 s.

5)  Anna walks up the stairs on her way to class.  She  

     weighs 565 N and the stairs go up 3.25 m vertically.


a)  Calculate her power output if she climbs the stairs 

       in 12.6 s. 


b)  What is her power output if she climbs the stairs in 

       10.5 s?

Answers

1) 

2) 

3) 
4) a) 
    b) 
5) a) 
    b) 
Machines

- helps us do work by


1. redistributing the ________ we put into them


2. changing the _____________of a force


3. increase or decrease _____ by changing the distance
             over which the force is applied



- _________________ force
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lift box vs. slide on ramp



- same amount of work (neglecting friction)

Lifting
              (w=f x d)

Sliding
- more ______




- less __________
- less _______




- greater _________
- ________________________ (MA) – 


- a quantity that measures how much a machine 

   ______________ force or distance


- ratio between output force and input force



- input distance and output distance


mechanical advantage = ______ force = input distance




 input force     output distance


- M.A. greater than 1 multiplies force


- M.A. less than 1 increases distance and speed
  
 - Ex: - swing bat




    - arm and bat are a _____________



    - increase speed without multiplying force

Practice Problems

1)  Calculate the mechanic advantage of a ramp that is 6.0
      m long and 1.5 m high.

2)  Determine the mechanical advantage of an automobile 
      jack that lifts a 9900 N car with an input force of 150 N.

3)  A sailor uses a rope and pulley to raise a sail weighing 
     140 N.  The sailor pulls down with a force of 140 N on
      the rope.  What is the mechanical advantage of the 
      pulley?

4)  Alex pulls on the handle of a claw hammer with a force
      of 15 N.  If the hammer has a mechanical advantage of 
      5.2, how much force is exerted on a nail in the claw?

5)  While rowing in a race, John pulls the handle of an oar 
      0.80 m on each stroke.  If the oar has a mechanical   

      advantage of 1.5, how far does the blade of the oar 
      move through the water on each stroke?

Answers

1) 

2)  
3)  
4)  
5)  
Single Machines

- _______ _________– one of six basic types of machines, 
                                which are the basis for all other forms 
                                of machines

- 2 families

           - lever family

                          - inclined plane family
1. __________ family – 3 types


- lever


- pulley


- wheel & axle

    1) levers

- 3 parts



- _________ arm – where input force is applied



- _________ arm – where output force is applied



- __________ – point around which the input and 

                   output arm rotate


- 3 classes



- differences between classes is which of the parts 
                   is in the ______________
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- _____class levers


- _______ located between input and output



- Ex: hammer (claw)




- scissors

- ______class levers


- _________ force is in middle


   - Ex: wheel barrow



   - hinged doors



   - nutcracker

- _____ class levers


- ________ force in the middle


- multiplies ________ rather than force


- M.A. of less than 1 


    - Ex: arm (tennis player)

    2) Pulleys (2 types)

- 2 ways to help do work



- change direction of force



- multiply force


1. ________________ pulleys



- M.A. of 1



- changes direction of force



- attached to a stationary object


2. __________________ pulley



- attached to object that is moving




- M.A. greater than 1



- multiply _____________


- count ____ moving object in intended direction



- force vs. distance



    - Ex: block & tackle
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         3. _________ ______ ___________


             - wheel (lever or pulley) connected to a shaft (axle)

             - when wheel is turned, axle turns

             - less ______ vs. greater ___________
                  - Ex.: bus steering wheel vs. a car

                            - breaker bar

                            - door handle

2. _________ _______ family – 3 types


- inclined plane


- wedge


- screw

    1. inclined plane


- to push something up a ramp


- changes ______________ and direction of force


- apply a force parallel to ramp


- output force is ___________

- small input force into a large output force by 
  spreading it out over a large distance
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    2. ____________

- 2 inclined planes back to back


- separates 2 _______________
- like pushing the ramp vs. pushing an object up a 
   ramp

[image: image5.png]_Wedge

O Awedge tums a
downward force into two
forces directed out 1o the
sides,





- Ex: ax head



- nail



- door stop

    3. ____________

- inclined plane wrapped around a ______________

- gently sloping threads = less force, great distance


- ____________slope = more force, less distance



- Ex: – screw




 - jar lid




 - spiral staircase




 - mountain road
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Compound Machines

- _________ machines – a machine made of more than one 
                                        simple machine

- whenever work is done, energy is transformed to another 
    system

- ___________ – ability to do work

work vs. energy

- work can only be done when an object experiences a 
     change in its position or motion

- energy can be observed only when it is ___________ to 

    another object

- energy is a measure of the ability to do work


- both have __________ for units
Potential Energy

- _______ _____ – the energy that an object has because of 
                                 the position, shape, or condition of the
                                 object


                       - “energy of __________”

2 types

1. ___________ potential energy (EPE)

- energy stored in an object that is stretched or 

  compressed and will return to its original shape when   

  released


- Ex: compressed spring



- stretched rubber band

2. _________________ potential energy (GPE)

- energy comes from position above _____________


- Ex: anything raised above ground




- has potential to fall




- depends on 2 factors





1. __________





- greater mass, more GPE




2. ___________





- greater height, more GPE



- 2 objects at same height, 1 with greater 
                           mass





- greater mass has more GPE
    gravitational potential energy = mass x gravity x height

PE = mgh

mg = weight in _____________(N)

- weight is a _____, potential energy and work are forms of 
    _________, height is a __________
PE = mgh     same as   w = (f)(d)

Practice

1)  Calculate the gravitational potential energy in the 

      following systems:


a) a car with a mass of 1200 kg at the top of a 42 m 
             high hill


b) a 65 kg climber on top of Mount Everest 
            (8800 m high)


c) a .52 kg bird flying at an altitude of 550 m

2)  Lake Mead, the reservoir about Hoover Dam, has a 

     surface area of approximately 640 km².  The top 1 m of 

     water in the lake weighs about 6.3 x 1012 N.  The dam 

     holds that top layer of water 220 m above the river 

     below.  Calculate the gravitational potential energy of 

     the top 1 m of water in Lake Mead.

3)  A science student holds a 55 g egg out a window.  Just 

     before the student releases the egg, the egg has 8 J of  

     gravitational potential energy with respect to the ground.  

     How far is the student’s arm from the ground in meters? 

     (Hint: convert the mass to kilograms before solving)

4)  A driver has 3400 J of gravitational potential energy 

     after stepping up onto a diving platform that is 6 m 

     above the water.  What is the divers mass in kilograms?

Answers

1)  a) 
     b)
     c) 
2)  
3)  
4)  
Kinetic Energy

- _______ ________ – the energy of a moving object


                   - depends on mass and speed

    - kinetic energy = ½ x mass x speed²

KE = ½ mv²


- measured in ___________

- squared velocity means small change 
           in speed = large change in amount of _____

- Ex: car crashes



- double car’s speed




- _____ the energy



- much more ___________
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Practice

1)  Calculate the kinetic energy in joules of a 1500 kg car 

     moving at the following speeds:


a) 29 m/s


b) 18 m/s


c) 42 km/h

2)  A 35 kg child has 190 J of kinetic energy after sledding 

     down a hill. What is the child’s speed in meters per 

     second at the bottom of the hill?

3)  A bowling ball traveling 2 m/s has 16 J of kinetic 

     energy. What is the mass of the bowling ball in  

     kilograms?

Answers

1) a) 
     b) 
     c) 
2) 
3) 
Other forms of energy

- __________energy – the amount of work an object can do 

                                     because of the object’s kinetic and

                                     potential energies


                          - ___ of potential and kinetic energies

 - _________________energy- energy at atomic level and

                                            doesn’t affect motion on a large 
                                            scale

- atoms and molecules are in _____________ motion 

            - kinetic energy


    - energy transferred through collision of particles

- particles that are warm will vibrate faster; more KE

- atomic kinetic energy may be considered _____________ 

   depending on the experiment

- ________ energy – result of forming and breaking atomic 

                                 bonds


                       - depends upon _________ positions of 
                                  atoms


                       - type of potential energy

- food contains chemical energy


- originates from sunlight


- plants carry out photosynthesis and store energy


- everything eats plants or plant-eaters for energy


- release energy via respiration

- sun gets energy by process of fusion


- ______ is converted into energy


- type of potential energy

- _____________ – result of flow of electrons

- ______ energy – travels in form of electromagnetic wave


               - broken into visible spectrum



            - blue end has more energy

Conservation of Energy

- energy cannot be created or destroyed, it changes from 
    1 form to _________________

- Ex: roller coaster



- car gets pulled up to top of first hill



- _____________ must be enough for rest of ride



- starts as all ___________ energy



- gradually changes to kinetic energy as it 
                           goes down initial hill

- at bottom of hill, all kinetic, no potential



- energy at bottom = energy at top = energy at 
                                                                            middle




- ignoring friction




- ________ will change some energy to heat, 

   light (sparks), sound



- if car climbs a hill




- kinetic changes to potential




- at top of hill all potential, no kinetic
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- Ex: throwing a ball




- toss in air




    - Where is max PE?



    - Where is max KE?




    - Where does velocity = 0?




    - How should velocity compare when 




       released vs. when caught (same height)?



- Ex: dropping a ball




- release ball




- ____ builds as ________ drops




- hits ground




- no more PE




- KE causes ball to _____________





- adds elastic PE




- ball goes back to ___________ shape




- rebounds off of ground





- all KE




- gradually changes to PE as the ball





    ____________



- rebounds to just slightly under where it 




    started





- friction





- sound

3 tenants of Law of Conservation of Energy

1) ____________ doesn’t appear out of nowhere


- when energy enters a system it has to come from an 



outside source

2) energy doesn’t _____________

- energy doesn’t disappear, it changes form

3) energy _________________-

- scientists set boundaries for a system


- must be defined in order to determine if energy is 



___________ or ______________
Close System vs. Open System

- _________system- when flow of energy into and out of a 

                            system is small enough to be ignored
- _________system- exchange energy with the space that 

                         surrounds them

Efficiency of Machines

- because of friction, only some of the energy you add to a 
   machine is used to do work


- total work done is not the same as useful work done

-__________- a quantity, usually expressed as a percentage
                    that measures the ratio of useful work output to
                    work input

efficiency = useful work output






 work input


- usually in form of a % (must multiply by 100)


- no machine is 100% efficient

- _____________ motion machines- do not exist






      - run without input of energy

Practice

1) Alice and Jim calculate that they must do 1800 J of work 
     to push a piano up a ramp.  However, because they must
     also overcome friction, they actually must do 2400 J of 
     work.  What is the efficiency of the ramp?

2) It takes 1200 J of work to lift the car high enough to 
     change a tire.  How much work must be done by the 
     person operating the jack if the jack is 25% efficient?

3) A windmill has an efficiency of 37.5%.  If a gust of wind 
    does 125 J of work on the blades of the windmill, how 
    much output work can the windmill do as a result of the
    gust?

Answers

1) 
2) 
3) 
    W





f        d





    W





f        d





    W





P         t  t       





output force





M. A. input


          force





input distance





M.A.   output 


         distance





         


        PE





m     g      h





     KE





½   m   v2








