Physics Chapter 10
Energy, Work, and Simple Machines

10.1 Energy and Work


-energy is defined as the ability to produce a change in itself or the environment


-general equation for work is W = F d  (has units of N m)


-work is equal to a constant force exerted on an object (in the direction of motion) times



the object's displacement

- a moving object is said to possess kinetic energy


-the formula for kinetic energy is KE = 
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-work causes a change in the energy of a system


-when work is done on a system, there is a change in the kinetic energy, so a second formula for



work is W =  KE

-the unit for work in the metric system is the Joule (J) with units of N-m or 
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Calculating Work

-if the environment does work on the system then W is positive and the energy of the system



increases


-if the system does work on the environment, then W is negative and the energy of the system



decreases

Calculating Work


W = F D cos 


-work is equal to the product of force and displacement times the cosine of the angle 



between the force and the direction of the displacement

-if force and displacement are at right angles no work is done

By using the physics definition of work, need to be aware that:


1.  If you carry an object at a constant height over some distance no work is done since force



on object is not in the direction the object is moving.


2.  If you exert a force on an object, but the object does not move, no work is done on that object.


3.  If you simply hold an object at a constant height, no work is done.

Sample Problems:

1.  A student lifts a box of books that weighs 185 N.  The box is lifted 0.800 m.  How much work does the student do on the box?

2.  A force of 825 N is needed to push a car across a lot.  Two students push the car 35.0 m.  (a) How much work do the student do?

(b)  If the force were doubled, how much work would they do pushing the car the same distance.

(c) After a rainstorm the force needed to push the car triples because the ground became soft.  The students push on the car but the car does not move.  How much work is done?  Explain

3.  A 0.180 kg ball falls 2.50 meters.  How much work does the force of gravity do on the ball?

4.  A forklift raises a box 1.20 meters doing 7.00 kJ of work on it.  What is the mass of the box?

5.  A delivery clerk carries a 34.0 N package from the ground to the fifth floor of an office building, a total height of 15.0 meters.  How much work is done by the clerk?

6.  A satellite orbits Earth in a circular orbit.  Does Earth's gravity do any work on the satellite?  Explain.

___________________________________________________________________________________

___________________________________________________________________________________

Finding work done when forces change


-remember, a force exerted perpendicular to motion does no work


-also remember that work is done only if the object moves in the direction of the force exerted 



on it


-when you exert a force at an angle to the motion, the work is equal to the component of the 



force in the direction of the displacement times the distance moved


-if you are pushing a lawn mower, only the horizontal portion of the force on the handle of the



lawn mower is in the direction that the mower is moving, so only that portion of the force



should be used when determining the work done


-if you are pulling a box across the floor by means of a rope tied at an angle to the bottom of the



box, only the horizontal component of the force should be used in calculating the work done


-as the angle between the force and the direction of motion changes from zero to 90, the amount



of work goes from a maximum to zero


-work can be obtained graphically by finding the area under a force-displacement graph


-if work done by several forces, calculate the work done by each, then add the values

Sample Problems:

7.  How much work does the force of gravity do when a 25.0 N object falls a distance of 3.50 meters?

8.  An airplane passenger carries a 215 N suitcase up stairs, a displacement of 4.20 meters, and 4.60 meters horizontally.  (a) How much work does the passenger perform?

(b)  The same passenger carries the same suitcase back down the stairs.  How much work does the passenger do now?

9.  A rope is used to pull a metal box 15.0 meters across the floor.  The rope is held at an angle of 46.0o with the floor a and force of 628 N is used.  How much work is done in pulling the box across the floor?

Power

-by definition, the rate of doing work


-has a formula P =
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-has units of 
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 which is a watt ( a very small unit of power)

-in most problems, use the kW - kilowatt

Sample Problems:

10.  A box that weighs 575 N is lifted a distance of 20.0 meters straight up by a rope.  The job is done in 

10.0 seconds.  What power is developed in kW.

11.  A rock climber wears a 7.50 kg knapsack while scaling a cliff.  After 30.0 minutes, the climber is 
8.20 meters above the starting point.  (a)  How much work does the climber do on the knapsack?

(b)  If the climber weighs 645 N, how much work does she do lifting herself and the knapsack?

(c)  What is the average power developed by the climber?

12.  An electric motor develops 65.0 kW of power as it lifts a loaded elevator 17.5 meters in 35.0 s.  How much force does the motor exert?
13.  What is a watt equivalent to, using the units kg, meter, and second?

14.  Two people of the same mass climb the same flight of stairs.  The first person climbs the stairs in 25.0 seconds, the second person in 35.0 seconds.  (a) Which person does more work?

_____________________________________________________________________________________

(b)  Which person produces more power?  Why ?

______________________________________________________________________________________
15.  A 225 W motor is used to run a small electric cart along a level plane.  If the cart takes 75.0 N of force to overcome friction, at what speed does the motor keep the cart moving?
16.  What power does a pump develop to lift 35.0 L of water per minute from a depth of 110. m.  Assume 

1 Liter of water has a mass of 1 kg.

10.2  Machines


-definition - eases the load either by changing either the magnitude or the direction of the force to 



match the force to the capability of the machine or the person

Machine Terminology



-the work in - in the input work - Wi


-the work out - the output work - Wo

-the work out cannot be greater than the work in


-machine simply aids in the transfer of energy from you to the object

Examples of Simple Machines


1.  lever


2.  pulley


3.  wheel and axle


4.  inclined plane

5.  wedge


6.  screw

Mechanical Advantage Terminology


Real Mechanical Advantage - the ratio 
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Force of Resistance - wt of the object being moved



Force of Effort - the force being exerted by a person or a machine


Ideal Mechanical Advantage -the ratio 
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de - the distance over which the effort is exerted



dr - the distance the machine moves the resistance


-the term "ideal" is added to imply does not account for any loss of energy due to either



friction or heat

For an ideal machine have the equation:  Work In = Work Out







Fe de   =  Fr dr

-for any real machine there is the loss of energy due to friction, heat, or some combination



of the two


-the efficiency is used to give an indication of the amount of lost energy


Efficiency = 
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-all machines are some combination of simple machines


-the efficiency of any real machine is always less than 100%


-the real mechanical advantage is always less than the ideal mechanical advantage
Compound Machine


-consists of two or more simple machines linked so that the resistance force of one machine



becomes the effort force for the second machine

Sample Problems:

16.  You measure the rear wheel of your bicycle.  The wheel has a radius of 35.6 cm and has a gear with a radius of 4.00 cm.  When the chain is pulled with a force of 155 N, the wheel rim moves 14.0 cm.  The efficiency of this part of the bicycle is 95.0%.  Complete the chart below:

de = ____________
dr = _____________
Fe = __________________
Fr = _________________

(a)  What is the ideal mechanical advantage?



(b) What is the real mechanical advantage?

(c)  What is the resistance force?

(d)  How far was the chain pulled to move the rim 14.0 cm?
17.  A sledge hammer is used to drive a wedge into a log to split it.  When the wedge is driven 20.0 cm into the log, the log is separated a distance of 5.00 cm.  A force of 19 000. N is needed to split the log, and the sledge exerts a force of 9800 N.  Complete the chart below:

de = ____________
dr = _____________
Fe = __________________
Fr = _________________

(a)  What is the ideal mechanical advantage?

(b)  What is the real mechanical advantage?

(c)  What is the efficiency?

18.  A worker uses a pulley system to raise a 225 N carton 16.5 meters.  A force of 129 N is exerted and the rope is pulled 33.0 meters.  Complete the chart below:

de = ____________
dr = _____________
Fe = __________________
Fr = _________________

(a)  What is the ideal mechanical advantage?

(b)  What is the real mechanical advantage?

(c)  What is the efficiency?

19.  A boy exerts a force of 225 N on a lever to raise a 1250 N rock a distance of 0.130 meters.  If the efficiency of the lever is 88.7%, how far did the boy move the end of the lever?

20.  Stan raises a 1000 N piano a distance of 5.00 meters using a set of pulleys.  Stan pulls a 20.0 meter rope.

(a) What is the effort force for the ideal machine?

(b) What force is used to overcome friction if the actual effort force is 300 N?

(c)  What is the work out?

(d) What is the work in?

(e)  What is the real mechanical advantage?

(f)  What is the ideal mechanical advantage?

21.  An inclined plane has a ramp 3.25 meters long.  The inclined plane has a height of 0.650 meters.  A force of 135 N is required to move a 45.0 kg box up the plane.  What is the efficiency of the inclined plane?

22.  A jackscrew has a lever arm 0.400 meters long.  The screw has 2.50 threads per centimeter.  If a force of 12.5 N must be exerted to raise a 535 kg load, determine:

(a)  work in

(b)  work out

(c)  efficiency

23.  A wheel and axle system is 45.0% efficient.  The radius of the axle is 0.0525 meters and the radius of the arm is 0.225 meters.  If the maximum force which can be exerted on the handle is 1200. N, what is the maximum mass which can be lifted?

24.  A motor having an efficiency of 88.0% operates a crane having an efficiency of 42.0%.  With what constant speed does the crane lift a 410. kg crate of machine parts if the power supplied to the motor is 

5.5 kW?

The Human Walking Machine

-simple machines, in the form of levers, give humans the ability to walk


-consists of four basic parts



1.  a rigid bar  (the arm bone)



2.  a source of force  ( arm muscle contraction)



3.  a fulcrum or pivot (the moveable joints between bones)



4.  a resistance (the weight of the body or the object being moved)


-tall people can walk faster, but exert more energy because they have a smaller RMA


-short people generally win walking races because tall people to not have the stamina
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