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6. Potential Energy and Energy Conservation 
 

6.1 Potential energy 

 

the gravitational potential energy Ug = mgh 

 

The change in the gravitational potential energy of the mass: 

 
the work done by the gravitational force on an object that is lift ed through a height h is:  

Wg = –mgh 
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6.2 Conservative and Nonconservative Forces 

 

conservative forces Non-conservative forces 

any force for which the work done over any 
closed path is zero. 

any force for which the work done over any 
closed path is not zero. 

Work done is independent of the path Work done depends upon the path 

Total energy remains constant (conserved) Energy is dissipated as heat energy 

Force is the negative gradient of potential 
energy 

No such relation exists. 

Example:  

(i) Elastic spring force (ii) Electrostatic force 

Examples:  

(i) The force due to air resistance (ii) friction 
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Friction Forces 

 
 

The box starts with zero kinetic energy and at a certain position, and it ends up with zero kinetic 
energy and at the same position.  

According to the work–kinetic energy theorem, the total work done should be zero.  

This leads us to conclude that the friction force does not do work in the way that a conservative 
force does.  

 

• Instead, the friction force converts kinetic and/or potential energy into internal excitation 
energy of the two objects that exert friction on each other 

 

• internal excitation energy is not reversible; that is, the internal excitation energy cannot be 
fully converted back into kinetic and/or potential energy. 
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Notes 

1. Friction force is an example of a nonconservative force. 
2. The friction force always acts in a direction opposite to the displacement. 
3. The dissipation of energy due to the friction force always reduces the total mechanical 

energy. 
4. The dissipation from the friction force, Wf, is always negative. 

 

6.3 Work and Potential Energy 

 
 

In the same way, we find for the spring force that 
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6.4 Potential Energy and Force   Enrichment  

 

 
 

 
 

 

 

 
3, 1, 2 

 

 
(a) CD, AB, BC (0) 

(b) positive direction of x 
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WORK DONE ON A SYSTEM BY AN EXTERNAL FORCE 

 

 
 

 

 

6.5 Conservation of Mechanical Energy 

 

mechanical energy, E, as the sum of kinetic energy and potential energy: 

E = K+U 

This means that the total mechanical energy of an isolated system remains constant in time: 

∆E =∆K+∆U =0 

 

 
 

 

 

 

 

Positive work W done on an arbitrary 
system means a transfer of energy 
to the system. 

Negative work W means a transfer of 
energy from the system. 
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6.6 Work and Energy for the Spring Force 

 

 
The point of maximum elongation of a spring from the equilibrium position is called the 
amplitude, A.  

When the displacement reaches the amplitude, the velocity is briefly zero. At this point, the total 
mechanical energy of an object oscillating on a spring is: 
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An external force is added to compress the spring even further, to a length of only 0.70 m. 

At a height of 7.50 m above the top of the barrel is a spot on the tent that the human cannonball, 

of height 1.75 m and mass 68.4 kg, is supposed to touch at the top of his trajectory. Removing 
the external force releases the spring and fires the human cannonball vertically upward. 

 

Problem 1 

What is the value of the spring constant needed to accomplish this stunt? 

 
 

Problem 2 
What is the speed that the human cannonball reaches as he passes the equilibrium position of 
the spring? 
 

 
 

 



 

 

 Physics G11-Adv G11-ADV 

12 0505084733 Mr. Adham Zewin 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

 Physics G11-Adv G11-ADV 

13 0505084733 Mr. Adham Zewin 

 

 
 

 

 
 

 

 

 

 



 

 

 Physics G11-Adv G11-ADV 

14 0505084733 Mr. Adham Zewin 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

 

 Physics G11-Adv G11-ADV 

15 0505084733 Mr. Adham Zewin 

 

6.7 Nonconservative Forces and the Work-Energy Theorem 

 

Even for nonconservative forces. 

The total energy—the sum of all forms of energy, mechanical or other—is always 

conserved in an isolated system 

 

∆Etotal = 0 
 

Conservative forces Nonconservative forces 

Wf = 0          ∆K  = -  ∆U Wf  = ∆K  +  ∆U 

 

 

 

Wf is the total energy dissipated by nonconservative forces into internal energy and then into 
other energy forms besides mechanical energy. 

 

 
 

Here Eother stands for all other forms of energy that are not kinetic or potential energies. 

The change in the other energy forms is exactly the negative of the energy dissipated by the 

friction force in going from the initial to the final state of the system: 

 

∆Eother = - Wf 
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Solved Problem 6.5 Block Pushed Off a Table 

 

Consider a block on a table. This block is pushed by a spring attached to the wall, slides across 

the table, and then falls to the ground. The block has a mass m = 1.35 kg. The spring constant 

is k = 560. N/m, and the spring is initially compressed by 0.110 m. The block slides a distance 

d = 0.65 m across the table of height h = 0.750 m. The coefficient of kinetic friction between 

the block and the table is 𝝁𝝁k = 0.160. 

 

Problem 

What speed will the block have when it lands on the floor? 
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Solved Problem 6.6 Sledding down a Hill 

 

A boy on a sled starts from rest and slides down a snow-covered hill. Together the boy and sled 
have a mass of 23.0 kg. The hill’s slope makes an angle 𝜽𝜽 = 35.0° with the horizontal. The 

surface of the hill is 25.0 m long. When the boy and the sled reach the bottom of the hill, they 
continue sliding on a horizontal snow-covered field. The coefficient of kinetic friction between 
the sled and the snow is 0.100. How far do the boy and sled move on the horizontal field 
before stopping? 
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The player is running up a hill having a 5.00° incline upward with a surface similar to that 
in the baseball stadium. The player slides with the same initial speed. Determine how far 
he slides. 

 

 
 

 

In this case, the work done by the nonconservative friction force on the player reduces the 
mechanical energy he has from his kinetic energy at zero height, to the final mechanical energy 
he has by moving through distanced d to reach height ℎ along the hill, with h = d sin 5.00° 

This is expressed by the equation 
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A 60.0-kg skier with an initial speed of 12.0 m/s coasts up a 2.50-m-high rise 

 
 

a. Find her final speed at the top, given that the coefficient of friction between her skis 
and the snow is 0.0800. (Hint: Find the distance traveled up the incline assuming a 
straight-line path as shown in the figure.) 

 

b. How much work does friction do on the skier? 

 

 
 



 

 

 Physics G11-Adv G11-ADV 

20 0505084733 Mr. Adham Zewin 

 

 

A ball with mass m is thrown vertically into 
the air with an initial speed v Which of the 
following equations correctly describes the 
maximum height h of the ball? 

أي من   v ابتدائیةرأسیًا في الھواء بسرعة  m كتلتھا قذفت كرة 
 للكرة؟ h المعادلات التالیة تصف بشكل صحیح أقصى ارتفاع 

 

 

 

 

 

 

 

 

1. The mechanical energy of an object is always equal to 

a. the work done on the object. 

b. the change in the object’s kinetic energy. 

c. the sum of the object’s kinetic and potential energies. 

d. All are correct. 
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A 50 Kg block slides down a frictionless plane having an inclination of = 15.0° .The block 
starts from rest at the top, and the length of the incline is 2.00 m. 
 

(a) Draw a free body diagram of the block. 

(b)Find the acceleration of the block and  

(c) its speed when it reaches the bottom of the incline. 

 

 
 

 

Ki + Ui  =  Kf + Uf 

0 + mgh = ½ mvf
2 + 0 

 

 

 

A stone is thrown up in the air and it reaches a maximum height of 10.0 m. What is the 
initial speed of the stone? 

a. 10.0 m/s 

b. 12.0 m/s 

c. 14.0 m/s 

d. 19.0 m/s 
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A block of mass 1.40 kg is attached to a spring and sits on a frictionless table which is a 
height h = 4.0 m above the floor. The spring is compressed by d = 0.11 m initially. If the 
spring constant is k = 600 N/m, what is the speed of the block when it leaves the spring? 

 

 
 

a. 1.2 m/s 

b. 2.3 m/s 

c. 3.4 m/s 

d. 4.7 m/s 

 

 

A ball of mass 2.00 kg is launched from the ground with a speed 10.0 m/s at an angle 
20.0° above the horizontal. Assume that air drag is negligible. What is the kinetic energy of 
the ball 0.500 seconds after it is launched? 

 
a. 60.5 J 

b. 70.5 J 

c. 80.5 J 

d. 90.5 J 
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A 103-kg car travels 2.50 km up an incline at constant velocity. 

The incline has an angle of 3.00° with respect to the horizontal.  

A- What is the change in the car’s potential energy?  
B- What is the net work done on the car? 
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spring with a spring constant of 500. N/m is used to propel a 0.500-kg mass up an inclined 
plane. The spring is compressed 30.0 cm from its equilibrium position and launches the 
mass from rest across a horizontal surface and onto the plane. The plane has a length of 
4.00 m and is inclined at 30.0°. Both the plane and the horizontal surface have a 
coefficient of kinetic friction with the mass of 0.350. When the spring is compressed, the 
mass is 1.50 m from the bottom of the plane. 

 

 
 

a) What is the speed of the mass as it reaches the bottom of the plane? 

 

 

 

 

b) What is the speed of the mass as it reaches the top of the plane? 

 

 

 

 

 

c) What is the total work done by friction from the beginning to the end of  

    the mass’s motion? 


