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3.2Potential and Kinetic Energy
 

Potential energy is stored energy. The formula for the potential energy of an object is:

where m equals mass in kilograms, g is the acceleration of gravity, and h equals the height of the object. The mass 
(m) of the object times the acceleration of gravity (g) is the same as the weight of the object in newtons. The 
acceleration of gravity is equal to 9.8 m/sec2.

Kinetic energy is energy of motion. The formula for the kinetic energy of an object is:

where m equals mass in kilograms and v equals the velocity or speed of the object in meters per second. To do 
this calculation, square the velocity value. Next, multiply by the mass, and then, divide by 2.

Energy is measured in joules or newton-meters.

Example 1: A 50-kilogram boy and his 100-kilogram father went jogging. Both ran at a rate of 5 m/sec. Who 
had more kinetic energy?

Although the boy and his father were running at the same speed, the father has more kinetic energy because he 
has more mass.
The kinetic energy of the boy:

The kinetic energy of the father:  

Example 2: What is the potential energy of a 10-newton book that is placed on a shelf that is 2.5 meters high?

The book’s weight (10 newtons) is equal to its mass times the acceleration of gravity. Therefore, you can easily 
use this value in the potential energy formula: 

Show all calculations. Write all energy values in units of joules. One joule = one newton·meter

1. What is the potential energy of a 2-kilogram potted plant that is on a 1 meter-high plant stand?

Ep mgh=

mass of the object (kilograms) 9.8 m

sec2
------------× weight of the object (newtons)=

Ek
1
2--mv2=

1 N 1 kg m

sec2
----------⋅=

1 joule 1 kg m2

sec2
----------⋅ 1 N m⋅= =

Ek
1
2
--mv2 1

2
-- 50 kg( ) 5 m

sec
--------⎝ ⎠
⎛ ⎞

2
625 kg m2

sec2
----------Þ= = =

Ek
1
2
--mv2 1

2
-- 100 kg( ) 5 m

sec
--------⎝ ⎠
⎛ ⎞

2
1 250 kg, m2

sec2
----------Þ= = =

Ep mgh 10 N( ) 2.5 m( ) 25 N m⋅= = =
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3.22. What is the kinetic energy of a 3-kilogram ball that is rolling at 2 meters per second?

3. The potential energy of an apple is 6.00 joules. The apple is 3.00-meters high. What is the mass of the apple? 

4. Determine the amount of potential energy of a 5-newton book that is moved to three different shelves on a 
bookcase. The height of each shelf is 1.0 meter, 1.5 meters, and 2.0 meters. 

5. Two objects were lifted by a machine. One object had a mass of 2 kilograms, and was lifted at a speed of 
2 m/sec. The other had a mass of 4 kilograms and was lifted at a rate of 3 m/sec.

a. Which object had more kinetic energy while it was being lifted? 

b. Which object had more potential energy when it was lifted to a distance of 10 meters? Show your 
calculation. (Remember that gravity = 9.8 m/sec2) 

6. You are on roller blades on top of a small hill. Your potential energy is equal to 1,000.0 joules. The last time 
you checked your mass was 60.0 kilograms. 

a. What is your weight in newtons? 

b. What is the height of the hill? 

c. If you start skating down this hill, your potential energy will be converted to kinetic energy. At the 
bottom of the hill, your kinetic energy will be equal to your potential energy at the top. What will be 
your speed at the bottom of the hill? 

7. Answer the following:

a. What is the kinetic energy of a 1-kilogram ball is thrown into the air with an initial velocity of 30 m/sec? 

b. How much potential energy does the ball have when it reaches the top of its ascent? 

c. How high into the air did the ball travel? 

8. What is the potential energy of a 3 kilogram-ball that is on the ground? 

9. What is the kinetic energy of a 2,000-kilogram boat moving at 5 m/sec? 

10. What is the velocity of an 500-kilogram elevator that has 4,000 joules of energy? 

11. What is the mass of an object that creates 33,750 joules of energy by traveling at 30 m/sec?    

12. In a lab investigation, one group of students (group A) measures the speed of a 0.1-kilogram car at 2.5 m/sec 
at the bottom of a hill. Another group of students (group B) measures the speed of the car at 3 m/sec at the 
bottom of the hill. The car’s starting position at the top of the hill is one-meter high.

a. What is the potential energy of the car at the beginning of the experiment before its speed is measured?

b. Calculate the kinetic energy of the car for group A using the speed (2.5 m/sec) and mass values above.

c. Calculate the kinetic energy of the car for group B using the speed (3.0 m/sec) and mass values above.

d.  At the bottom of a hill, the kinetic energy of the cars should be equal to the potential energy of the car at 
the top of the hill. Are the kinetic energy values for groups A and B equal to, less than, or greater than 
the potential energy value?

e. The energy of an object can be converted to heat due to the friction of the car on the hill. The difference 
between the potential energy of the car and its kinetic energy at the bottom of the hill equals the energy 
lost due to friction. How much energy is lost due to heat for group A’s car? How much for group B’s 
car?
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3.2 Potential and Kinetic Energy

1. 19.6 joules
2. 6 joules
3. 0.204 kilograms or 204 grams
4. Answers are: 

5. Answers are:
a. The 4-kilogram object had more kinetic energy while

being lifted. The kinetic energy of the 2-kilogram object
was 4 joules. The kinetic energy of the 4-kilogram object
was 18 joules.

b. The object with more mass—the 4-kilogram object—had
greater potential energy (392 joules). The potential energy
for the 2-kilogram object was 196 joules.

6. Answers are:
a. 588 newtons
b. 1.7 meters
c. 5.8 m/sec 

7. Answers are:
a. Ek = 450 joules
b. Ep = 450 joules
c. 46 meters

8. The potential energy is zero because the ball has zero height.
9. 25,000 joules
10.  4 m/sec
11.  75 kilograms
12.  Answers are:

a. Ep = 0.98 joules
b. Ek for group A = 0.31 joule
c. Ek for group B = 0.45 joule
d. The kinetic energy values are less than the potential

energy value of 0.98 joule.
e. Group A’s car loses 0.67 joule of energy due to friction.

Group B’s car loses 0.53 joule of energy due to friction.

3.3 Collisions and Momentum Conservation

1. p = mv; p = (100kg)(3.5m/s); p = 350kg·m/s
2. p = mv; p = (75.0kg)(5.00m/s); p = 375kg·m/s
3. Answer:

p(before coupling) = p(after coupling)

m1v1 + m2v2 = (m3+ m4)(v3+4)

(2000 kg)(5m/s) + (6000 kg)(-3m/s) = (8000 kg)(v3+4)
v3+4 = -1m/s or 1m/s west

4. Answer:
p(before collision) = p(after collision)
m1v1 + m2v2 = m3v3 + m4v4
(4 kg)(8m/s) + (1 kg)(0m/s) = (4 kg)(4.8m/s) + (1kg)v4
v4 = (32kgm/s - 19.2kg-m/s)/(1kg); v4 = 12.8m/s

5. Answer:
p(before shooting) = p(after shooting)

m1v1 + m2v2 = (m3+ m4)(v3+4)
(0.0010 kg)(50.0 m/s) +  (0.35 kg)(0 m/s) = (0.351kg)(v3+4)
(v3+4) = (0.050kg-m/s)/ (0.351kg); (v3+4) = 0.41m/s

6. Answer:
p(before tackle) = p(after tackle)
m1v1 + m2v2 = (m3+ m4)(v3+4)
(70 kg)(7.0 m/s) + (100 kg)(-6.0 m/s) = (170 kg)(v3+4)
(v3+4) = (490kg·m/s - 600kg·m/s)/ (170kg)
(v3+4) = -0.64m/s
Terry is moved backwards at a speed of 0.64 m/s while Jared
holds on.

7. Answer:
p(before hand) = p(after hand)
m1v1 + m2v2 = (m3+ m4)(v3+4)
(50.0 kg)(7.00 m/s) + (100. kg)(16.0m/s) = (150 kg)(v3+4)
(v3+4) = (350 kg·m/s + 1,600 kg·m/s)/150 kg
(v3+4) = 13 m/s

8. Answer:
p(before jump) = p(after jump)
m1v1 + m2v2 = (m3+ m4)(v3+4)
(520 kg)(13.0 m/s) + (85.0 kg)(3.00 m/s) = (605 kg)(v3+4);
v3+4 = (7,015 kg·m/s)/(605 kg)
v3+4 = 11.6 m/s

9. Answer:
p(before jumping) = p(after jumping)
m1v1 + m2v2 + m3v3 = m4v4 + m5v5 + m6v6
(45 kg)(1.00 m/s) + (45 kg)(1.00 m/s) + (70 kg)(1.00 m/s) =
(45 kg)(3.00 m/s) - (45 kg)(4.00 m/s) + (70 kg)(v6)
160 kg·m/s = (-45 kg·m/s) + (70 kg)(v6)
(v6) = (205 kg·m/s)(70 kg)
(v6) = 2.93 m/s

10. Answers are:
a. Answer:

p(before toss) = p(after toss)
m1v1 + m2v2 = (m3+ m4)(v3+4)
(0.10 kg)(v1) + (0.10 kg)(0 m/s) = (0.20 kg)(15 m/s);
(v1) = (0.30 kg·m/s)(0.10 kg)
(v1) = 30 m/s

b. Answer:
p(before collision) = p(after collision)
m1v1 + m2v2 = m3v3 + m4v4 
(0.10 kg)(30 m/s) + (0.10 kg)(0 m/s) = (0.10 kg)(v3) +
(0.10 kg)(-40 m/s)
(v3) = (3.0 kg·m/s + 4.0 kg·m/s)/(0.10 kg)
(v3) = 70 m/s

The block slides away at a much higher speed of (v3) = 70
m/s. The “bouncy ball, by rebounding, has experienced a
greater change in momentum. The block will experience
this change in momentum as well.

Shelf height
(meters)

Potential energy
(joules)

1.0 5
1.5 7.5
2.0 10

( )
( )

2

2

9.8 m
2 kg 10 m 196 N m

sec

9.8 m
4 kg 10 m 392 N m

sec

p

p

E

E

= = ⋅

= = ⋅


