Chapter 7: 
Energy and Energy Transfer
Energy, which is understood as the ability to perform work, is presented in various forms, e.g., kinetic and potential, and it can be transformed from kind to another.

In the previous chapters we used Newton’s laws to describe motion. We will see in this and the following chapters that using the energy of a system to describe motion is easier as all types of energy and energy transfer are scalars (no need for vector calculations).

In addition, using this energy approach is very useful for complicated situations such as when the force acting on a particle is not constant (the acceleration is not constant).   

7.2 Work Done by a Constant Force
In physics, the term (work) has a more specific meaning than it has in everyday life.

 If an object undergoes a displacement ∆r under the action of a constant force F, the work (W) done by the force is 
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) is the component of the force in the direction of the displacement
[image: image3.emf]
For example, if you hold a heavy object without moving it for a period of time you will feel that you have done an amount of work due to our everyday understanding of this term. However, in physics there is no work done on the object as there is no displacement. 

The previous equation shows that the work is positive when the projection of the applied force is in the same direction as the displacement and negative when they are opposite (can you give examples).

The work is a scalar quantity; thus, it has no direction. What does the sign of the work mean? 

To answer this question we should know that the work is an energy transfer. W is positive if energy is transferred to the system (object) and negative if energy is transferred from the system.  

· The SI unit of work is the newton · meter (N· m) which is called the joule ( J).
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Example 7.1:

A man cleaning a floor pulls a vacuum cleaner with a force of magnitude F = 50.0 N at an angle of 30° with the horizontal. Calculate the work done by the force on the vacuum cleaner as the vacuum cleaner is displaced 3 m to the right.
[image: image5.emf]
7.3 The Scalar Product of Two Vectors

The scalar product of two vectors A and B is a scalar quantity defined as,

A ·B = AB cos (
where ( is the angle between the two vectors. It is also called the dot product due to the dot symbol 
Thus, the work is the dot product of the force and displacement (W= F·
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· The dot product is commutative :           A ·B = B ·A 

· And obeys the distributive law of multiplication  A ·( B + C ) = A ·B + A ·C
For the following two vectors A and B 

A = Ax i + Ay j + Az k
B = Bx i + By  + Bz k
A ·B = Ax Bx + Ay By + Az Bz                                       
as  ( i ·i  = j ·j = k ·k = 1 )   and         ( i ·j  = i ·k = j ·k = 0)   why?                              

Example 7.2
The vectors A and B are given by A = 2i + 3j and B = -i + 2j.

A) Determine the scalar product A·B.
B) Find the angle θ between A and B.
Example 7.3

A particle moving in the xy plane undergoes a displacement ∆r = (2.0 i + 3.0 j) m as a constant force F = (5.0 i + 2.0 j) N  acts on the particle.
A) Calculate the magnitudes of the displacement and the force.
B) Calculate the work done by F.

7.4 Work Done by a Varying Force

The previous expression for the work can only be used when the force is constant in magnitude and direction.
What if a particle is displaced under the action of a force that varies with position as shown in the following figure?
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This graph shows that the work done by the varying force as particle moves from xi to xf is equal to the area under the curve.

For the small displacement ∆x the work can be written as 
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And the total work (from xi to xf) is 
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If the size of the displacements is allowed to approach zero, the number of terms in the sum increases without limit but the value of the sum approaches a definite value equal to the area under the curve:
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If more than one force acts on a particle, the total work done on the system is
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Example 7.4

A force acting on a particle varies with x, as shown in the following figure. Calculate the work done by the force as the particle moves from x = 0 to x = 6.0 m.
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Example 7.5

An interplanetary probe is attracted to the Sun by a force given by

[image: image13.emf]
in SI units, where x is the Sun-probe separation distance.

Determine how much work is done by the Sun on the probe as the probe–Sun separation changes from 1.5 x1011 m to 2.3 x1011 m.

Work Done by a Spring
A block connected to a spring is one example of a physical system for which the force varies with position.
if block on a horizontal, frictionless surface is connected to a spring and the spring is either stretched or compressed a small distance (x) from its equilibrium configuration, it exerts on the block a force that can be expressed as (Hooke’s law):
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where k is a positive constant called the force constant or the spring constant. (its unit is N/m)
The negative sign signifies that the force exerted by the spring is always directed opposite the displacement (see the following figure)
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Suppose the block has been pushed to the left a distance xmax from equilibrium and is then released. The work Ws done by the spring force as the block moves from xi = -xmax  to  xf = 0 is:
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The work done by the spring force is positive because the force is in the same direction as the displacement of the block (to the right) (the work equals to the area of the triangle in the previous figure) 
On the other side, the work done by the spring force as the block moves from xi = 0 to   xf = xmax is 
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because the displacement is to the right and the spring force is to the left.
If the block undergoes a displacement from x=xi   to x=xf , the work done by the spring force is : 
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This means that the net work done by the spring force as the block moves from xi = - xmax    to   xf = xmax  is zero.
This equation is for the work done be the spring force.
For the work done by an applied (external) force on a block–spring system the equation becomes:
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As    Fapp = -Fs 

Quick Quiz 7.5 A dart is loaded into a spring-loaded toy dart gun by pushing the spring in by a distance d. For the next loading, the spring is compressed a distance 2d. How much work is required to load the second dart compared to that required to load the first? 

(a) four times as much    (b) two times as much   (c) the same   (d) half as much   (e) one-fourth as much.

Example 7.6

For the setup shown in the following figure,
A) If a spring is stretched 2.0 cm by a suspended object having a mass of 0.55 kg, what is the force constant of the spring?
B)  How much work is done by the spring as it stretches through this distance?
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7.5 Kinetic Energy and the Work–Kinetic Energy Theorem

The following figure shows a particle of mass m moving to the right under the action of a constant net force (F.
[image: image21.emf]
The work done on the particle is: 
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           (From Newton’s second law    F=ma)
We can rewrite the acceleration to be:  
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This equation shows that if work is done on a system and the only change in the system is in its speed, the work done by the net force equals the change in kinetic energy of the system.
Thus, 
[image: image26.wmf]K

K

K

W

i

f

D

=

-

=

å


where  
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 (the kinetic energy which has the same unit as work)
Quick Quiz 7.6: A dart is loaded into a spring-loaded toy dart gun by pushing the spring in by a distance d. For the next loading, the spring is compressed a distance 2d. How much faster does the second dart leave the gun compared to the first? 
(a) four times as fast (b) two times as fast (c) the same (d) half as fast (e) one-fourth as fast.  
Example 7.7
A 6.0-kg block initially at rest is pulled to the right along a horizontal, frictionless surface by a constant horizontal force of 12 N. Find the speed of the block after it has moved 3.0 m.

Example 7.8

A man wishes to load a refrigerator onto a truck using a ramp, as shown in the figure below. He claims that less work would be required to load the truck if the length L of the ramp were increased. Is his statement valid?

[image: image28.emf]
7.6 The Nonisolated System—Conservation of Energy
A nonisolated system is a system that is influenced by its environment causing amounts of energy transfer across the system boundary, unlike the isolated system which does not interact with its environment

· Conservation of energy (we can neither create nor destroy energy—energy is always conserved).
∆Esystem =∑T
where (Esystem) is the total energy of the system and T is the amount of energy transferred across the system boundary

Quick Quiz 7.8 Consider a block sliding over a horizontal surface with friction. Ignore any sound the sliding might make. If we consider the system to be the block, this system is   (a) isolated   (b) nonisolated   (c) impossible to determine.

Quick Quiz 7.9 If we consider the system in Quick Quiz 7.8 to be the surface, this system is   (a) isolated    (b) nonisolated   (c) impossible to determine.

Quick Quiz 7.10 If we consider the system in Quick Quiz 7.8 to be the block and the surface, this system is  (a) isolated (b) nonisolated (c) impossible to determine.
7.7 Situations Involving Kinetic Friction

If there are a friction force and other forces acting on an object, the change in kinetic energy is
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where d is the length of the path followed by an object
Example 7.9

A 6.0-kg block initially at rest is pulled to the right along a horizontal surface by a constant horizontal force of 12 N.

A) Find the speed of the block after it has moved 3.0 m if the surfaces in contact have a coefficient of kinetic friction of 0.15.

B) Suppose the force F is applied at an angle θ as shown in the following figure. At what angle should the force be applied to achieve the largest possible speed after the block has moved 3.0 m to the right?

[image: image30.emf][image: image31.emf]
Example 7.10

A car traveling at an initial speed v slides a distance d to a halt after its brakes lock. Assuming that the car’s initial speed is instead 2v at the moment the brakes lock, estimate the distance it slides.

Example 7.11

A block of mass 1.6 kg is attached to a horizontal spring that has a force constant of 1.0 x 103 N/m. The spring is compressed 2.0 cm and is then released from rest.

A) Calculate the speed of the block as it passes through the equilibrium position x= 0 if the surface is frictionless.

B)  Calculate the speed of the block as it passes through the equilibrium position if a constant friction force of 4.0 N retards its motion from the moment it is released.

7.8 Power

The time rate of energy transfer = power
If the work done by a force in a time interval  ∆t is W, then the average power is:
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The instantaneous power  P  is:
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In general, for any type of energy transfer    
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We know   dW=F∙dr  ;thus,
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· The SI unit of power is joules per second ( J/s), also called the watt (W)

· the horsepower (hp)= 746 W

· 1kWh = (103W)(3600 s) = 3.60 x 106 J  (kWh = a unit of energy, not power) (why)
Quick Quiz 7.12: An older model car accelerates from rest to speed v in 10 seconds. A newer, more powerful sports car accelerates from rest to 2v in the same time period. What is the ratio of the power of the newer car to that of the older car?

(a) 0.25 (b) 0.5 (c) 1 (d) 2 (e) 4

Example 7.12

An elevator car has a mass of 1600 kg and is carrying passengers having a combined mass of 200 kg. A constant friction force of 4000 N retards its motion upward.

(A) What power delivered by the motor is required to lift the elevator car at a constant speed of 3 m/s?

(B) What power must the motor deliver at the instant the speed of the elevator is v if the motor is designed to provide the elevator car with an upward acceleration of 1 m/s2?

Try to solve these problems (1,11,19,27,32,39,49) page (209-213)
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