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• relation between conservative forces and potential energy

• potential energy diagrams



Overview

• conservative forces and potential energy

• power

• how to solve problems



Equilibrium Example: The Lennard-Jones Potential

The Lennard-Jones potential energy function describes the force
between two neutral atoms in a molecule. x is the atomic
separation distance.

 

  Summary 201

Example 7.9   Force and Energy on an Atomic Scale

The potential energy associated with the force between two neutral atoms in a molecule can be modeled by the 
 Lennard–Jones potential energy function:

U 1x 2 5 4P c as

x b12

2 as

x b6 d
where x is the separation of the atoms. The function U(x) contains two parameters s and P that are determined from 
experiments. Sample values for the interaction between two atoms in a molecule are s 5 0.263 nm and P 5 1.51 3 
10222 J. Using a spreadsheet or similar tool, graph this function and find the most likely distance between the two atoms.

Conceptualize  We identify the two atoms in the molecule as a system. Based on our understanding that stable mol-
ecules exist, we expect to find stable equilibrium when the two atoms are separated by some equilibrium distance.

Categorize  Because a potential energy function exists, we categorize the force between the atoms as conservative. For 
a conservative force, Equation 7.29 describes the relationship between the force and the potential energy function.

Analyze  Stable equilibrium exists for a separation distance at which the potential energy of the system of two atoms 
(the molecule) is a minimum.

S O L U T I O N

Take the derivative of the function U(x):
dU 1x 2

dx
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Minimize the function U(x) by setting its derivative 
equal to zero:

4P c212s12

x eq
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x eq
7 d 5 0  S   xeq 5 12 21/6s

Evaluate xeq, the equilibrium separation of the two 
atoms in the molecule:

x eq 5 12 21/6 10.263 nm 2 5 2.95 3 10210 m

We graph the Lennard–Jones function on both sides of 
this critical value to create our energy diagram as shown 
in Figure 7.22.

Finalize  Notice that U(x) is extremely large when the 
atoms are very close together, is a minimum when the 
atoms are at their critical separation, and then increases 
again as the atoms move apart. When U(x) is a minimum, 
the atoms are in stable equilibrium, indicating that the 
most likely separation between them occurs at this point.

continued

Summary

Definitions

 A system is most often a single parti-
cle, a collection of particles, or a region 
of space, and may vary in size and shape.  
A system boundary separates the system 
from the environment.

 The work W done on a system by an agent exerting a constant  
force F

S
 on the system is the product of the magnitude Dr of the dis-

placement of the point of application of the force and the component 
F cos u of the force along the direction of the displacement D rS:

 W ; F Dr cos u (7.1)
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Figure 7.22  (Example 7.9) Potential energy curve associated 
with a molecule. The distance x is the separation between the two 
atoms making up the molecule.

continued

U(x) = 4ε

[(σ
x

)12
−
(σ
x

)6
]

σ and ε are constants: typical values are σ = 0.263 nm and
ε = 1.51 × 10−22 J.

What value does dU
dx give when at equilibrium?



Equilibrium Example: The Lennard-Jones Potential

Find a value for the equilibrium distance of the two atoms, xeq, in
terms of σ.

U(x) = 4ε

[(σ
x

)12
−
(σ
x

)6
]

At equilibrium dU
dx = 0.

xeq = 21/6σ

(xeq = 2.59 × 10−10 m = 2.59 Å, and 1 Ångström = 10−10 m.)
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Section 7.9 Energy Diagrams and Equilibrium of a System
 52. For the potential 

energy curve shown 
in Figure P7.52, 
(a)  determine whe-
ther the force Fx is 
positive, negative, or  
zero at the five 
points indicated. 
(b) Indicate points 
of stable, unstable, 
and neutral equilib-
rium. (c) Sketch the 
curve for Fx versus x from x 5 0 to x 5 9.5 m.

 53. A right circular cone can theoretically be balanced on a 
horizontal surface in three different ways. Sketch these 
three equilibrium configurations and identify them as 
positions of stable, unstable, or neutral equilibrium.

Additional Problems
 54. The potential energy function for a system of particles 

is given by U(x) 5 2x3 1 2x2 1 3x, where x is the posi-
tion of one particle in the system. (a) Determine the 
force Fx on the particle as a function of x. (b) For what 
values of x is the force equal to zero? (c) Plot U(x) ver-
sus x and Fx versus x and indicate points of stable and 
unstable equilibrium.

 55. Review. A baseball outfielder throws a 0.150-kg base-
ball at a speed of 40.0 m/s and an initial angle of 30.08 
to the horizontal. What is the kinetic energy of the 
baseball at the highest point of its trajectory?

 56. A particle moves along the x axis from x 5 12.8 m to  
x 5 23.7 m under the influence of a force

F 5
375

x 3 1 3.75x
  where F is in newtons and x is in meters. Using numeri-

cal integration, determine the work done by this force 
on the particle during this displacement. Your result 
should be accurate to within 2%.

 57. Two identical steel balls, each of diameter 25.4 mm 
and moving in opposite directions at 5 m/s, run into 
each other head-on and bounce apart. Prior to the col-
lision, one of the balls is squeezed in a vise while pre-
cise measurements are made of the resulting amount 
of compression. The results show that Hooke’s law is a 
fair model of the ball’s elastic behavior. For one datum, 
a force of 16 kN exerted by each jaw of the vise results 
in a 0.2-mm reduction in the diameter. The diameter 
returns to its original value when the force is removed. 
(a) Modeling the ball as a spring, find its spring con-
stant. (b) Does the interaction of the balls during the 
collision last only for an instant or for a nonzero time 
interval? State your evidence. (c) Compute an estimate 
for the kinetic energy of each of the balls before they 
collide. (d) Compute an estimate for the maximum 
amount of compression each ball undergoes when the 
balls collide. (e) Compute an order-of-magnitude esti-
mate for the time interval for which the balls are in 
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and show that the work done along the three paths is 
identical.

 45. A force acting on a particle moving in the xy plane is  
given by F

S
5 12y î 1 x2

 ĵ 2 , where F
S

 is in newtons 
and x and y are in meters. The particle moves from 
the origin to a final position having coordinates x 5  
5.00 m and y 5 5.00  m as shown in Figure P7.43.  
Calculate the work done by F

S
 on the particle as it moves  

along (a) the purple path, (b) the red path, and  
(c) the blue path. (d) Is F

S
 conservative or nonconser-

vative? (e) Explain your answer to part (d).

 46. An object moves in the xy plane in Figure P7.43 and 
experiences a friction force with constant magnitude 
3.00  N, always acting in the direction opposite the 
object’s velocity. Calculate the work that you must do 
to slide the object at constant speed against the fric-
tion force as the object moves along (a) the purple 
path O to ! followed by a return purple path to O, 
(b) the purple path O to % followed by a return blue 
path to O, and (c) the blue path O to % followed by a 
return blue path to O. (d) Each of your three answers 
should be nonzero. What is the significance of this 
observation?

Section 7.8 Relationship Between Conservative  
Forces and Potential Energy
 47. The potential energy of a system of two particles sepa-

rated by a distance r is given by U(r) 5 A/r, where A  
is a constant. Find the radial force F

S
r that each particle 

exerts on the other.

 48. Why is the following situation impossible? A librarian lifts a 
book from the ground to a high shelf, doing 20.0 J of 
work in the lifting process. As he turns his back, the 
book falls off the shelf back to the ground. The gravita-
tional force from the Earth on the book does 20.0 J of 
work on the book while it falls. Because the work done 
was 20.0 J 1 20.0 J 5 40.0 J, the book hits the ground 
with 40.0 J of kinetic energy.

 49. A potential energy function for a system in which a 
two-dimensional force acts is of the form U 5 3x3y 2 
7x. Find the force that acts at the point (x, y).

 50. A single conservative force acting on a particle within a 
system varies as F

S
5 12Ax 1 Bx 2 2 î, where A and B are 

 constants, F
S

 is in newtons, and x is in meters. (a) Calcu-
late the potential energy function U(x) associated with 
this force for the system, taking U 5 0 at x 5 0. Find  
(b) the change in potential energy and (c) the change 
in kinetic energy of the system as the particle moves 
from x 5 2.00 m to x 5 3.00 m.

 51. A single conservative force acts on a 5.00-kg particle 
within a system due to its interaction with the rest of 
the system. The equation Fx 5 2x 1 4 describes the 
force, where Fx is in newtons and x is in meters. As the 
particle moves along the x axis from x 5 1.00 m to x 5 
5.00 m, calculate (a) the work done by this force on the 
particle, (b) the change in the potential energy of the 
system, and (c) the kinetic energy the particle has at  
x 5 5.00 m if its speed is 3.00 m/s at x 5 1.00 m.

Q/C
M

Q/C

S

M

For a conservative force: U(x) = −
∫
Fx dx

(a) U(x) = 1
2Ax

2 − 1
3Bx

3

(b) U(3) − U(2) = 2.5A− 6.33B

(c) ∆K = −∆U = −2.5A+ 6.33B
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5 12y î 1 x2
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is a constant. Find the radial force F

S
r that each particle 

exerts on the other.

 48. Why is the following situation impossible? A librarian lifts a 
book from the ground to a high shelf, doing 20.0 J of 
work in the lifting process. As he turns his back, the 
book falls off the shelf back to the ground. The gravita-
tional force from the Earth on the book does 20.0 J of 
work on the book while it falls. Because the work done 
was 20.0 J 1 20.0 J 5 40.0 J, the book hits the ground 
with 40.0 J of kinetic energy.

 49. A potential energy function for a system in which a 
two-dimensional force acts is of the form U 5 3x3y 2 
7x. Find the force that acts at the point (x, y).

 50. A single conservative force acting on a particle within a 
system varies as F

S
5 12Ax 1 Bx 2 2 î, where A and B are 

 constants, F
S

 is in newtons, and x is in meters. (a) Calcu-
late the potential energy function U(x) associated with 
this force for the system, taking U 5 0 at x 5 0. Find  
(b) the change in potential energy and (c) the change 
in kinetic energy of the system as the particle moves 
from x 5 2.00 m to x 5 3.00 m.

 51. A single conservative force acts on a 5.00-kg particle 
within a system due to its interaction with the rest of 
the system. The equation Fx 5 2x 1 4 describes the 
force, where Fx is in newtons and x is in meters. As the 
particle moves along the x axis from x 5 1.00 m to x 5 
5.00 m, calculate (a) the work done by this force on the 
particle, (b) the change in the potential energy of the 
system, and (c) the kinetic energy the particle has at  
x 5 5.00 m if its speed is 3.00 m/s at x 5 1.00 m.
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MFor a conservative force: U(x) = −
∫
Fx dx

(a) U(x) = 1
2Ax

2 − 1
3Bx

3

(b) U(3) − U(2) = 2.5A− 6.33B

(c) ∆K = −∆U = −2.5A+ 6.33B



Potential Energy and Force, 2D

F = −∇U

1Figure from http://farside.ph.utexas.edu/teaching (left); Wikipedia by
IkamusumeFan (right)



Vector Field of a Conservative Force Example
A force field

#»

F that can be expressed as
#»

F = −∇U:

U(x , y) = −(x2 + y2).

The potential function U is constant along each red line.



Non-Conservative Forces
Non-conservative vector fields
cannot be represented with a
topological map.

No way to define potential
energy.

1Lithograph in the mathematically-inspired impossible reality style, by M.C.
Escher.



Power

Power

the rate of energy transfer to or from a system.
If the transfer is by means of work, then it is the rate of work done.

The instantaneous power is defined as

P =
dE

dt

The average power is

Pavg =
E

∆t

Units? The Watt. 1 J/s = 1 W
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Power
Most often we are interested in the rate of work done on a system

P =
dW

dt

From the definition of work:

W =

∫
#»

F · d #»r

Noticing #»v = d #»r
dt

W =

∫
#»

F · ( #»v dt)

P =
dW

dt
=

#»

F · #»v

This gives another expression for instantaneous power

P =
#»

F · #»v



Power

Page 239, #38

 Problems 239

lifetime of the energy-efficient bulb is 10 000 h and its 
purchase price is $4.50, whereas the conventional bulb 
has a lifetime of 750 h and costs $0.42. Determine the 
total savings obtained by using one energy-efficient 
bulb over its lifetime as opposed to using conventional 
bulbs over the same time interval. Assume an energy 
cost of $0.200 per kilowatt-hour.

 34. An electric scooter has a battery capable of supplying 
120  Wh of energy. If friction forces and other losses 
account for 60.0% of the energy usage, what altitude 
change can a rider achieve when driving in hilly ter-
rain if the rider and scooter have a combined weight of 
890 N?

 35. Make an order-of-magnitude estimate of the power a 
car engine contributes to speeding the car up to high-
way speed. In your solution, state the physical quanti-
ties you take as data and the values you measure or esti-
mate for them. The mass of a vehicle is often given in 
the owner’s manual.

 36. An older-model car accelerates from 0 to speed v in 
a time interval of Dt. A newer, more powerful sports 
car accelerates from 0 to 2v in the same time period. 
Assuming the energy coming from the engine appears 
only as kinetic energy of the cars, compare the power 
of the two cars.

 37. For saving energy, bicycling and walking are far more 
efficient means of transportation than is travel by 
automobile. For example, when riding at 10.0 mi/h, a 
cyclist uses food energy at a rate of about 400 kcal/h 
above what he would use if merely sitting still. (In exer-
cise physiology, power is often measured in kcal/h 
rather than in watts. Here 1 kcal 5 1 nutritionist’s Cal-
orie = 4 186 J.) Walking at 3.00 mi/h requires about 
220 kcal/h. It is interesting to compare these values 
with the energy consumption required for travel by car. 
Gasoline yields about 1.30 3 108 J/gal. Find the fuel 
economy in equivalent miles per gallon for a person  
(a) walking and (b) bicycling.

 38. A 650-kg elevator starts from rest. It moves upward 
for 3.00 s with constant acceleration until it reaches 
its cruising speed of 1.75 m/s. (a) What is the average 
power of the elevator motor during this time inter-
val? (b) How does this power compare with the motor 
power when the elevator moves at its cruising speed?

 39. A 3.50-kN piano is lifted by three workers at constant 
speed to an apartment 25.0 m above the street using a 
pulley system fastened to the roof of the building. Each 
worker is able to deliver 165 W of power, and the pulley 
system is 75.0% efficient (so that 25.0% of the mechan-
ical energy is transformed to other forms due to fric-
tion in the pulley). Neglecting the mass of the pulley, 
find the time required to lift the piano from the street 
to the apartment.

 40. Energy is conventionally measured in Calories as well 
as in joules. One Calorie in nutrition is one kilocalo-
rie, defined as 1 kcal 5 4 186 J. Metabolizing 1 g of fat 
can release 9.00 kcal. A student decides to try to lose 
weight by exercising. He plans to run up and down 
the stairs in a football stadium as fast as he can and 

S

BIO

BIO

nonisolated? Why? (b)  Is there a nonconservative 
force acting within the system? (c) Define the con-
figuration of the system when the child is at the water 
level as having zero gravitational potential energy. 
Express the total energy of the system when the child 
is at the top of the waterslide. (d) Express the total 
energy of the system when the child is at the launch-
ing point. (e)  Express the total energy of the system 
when the child is at the highest point in her projectile 
motion. (f) From parts (c) and (d), determine her ini-
tial speed vi at the launch point in terms of g and h.  
(g) From parts (d), (e), and (f), determine her maxi-
mum airborne height ymax in terms of h and the launch 
angle u. (h) Would your answers be the same if the 
waterslide were not frictionless? Explain.

h

/5
ymax

h

u

Figure P8.27

Section 8.5 Power
 28. Sewage at a certain pumping station is raised vertically 

by 5.49 m at the rate of 1 890 000 liters each day. The 
sewage, of density 1 050 kg/m3, enters and leaves the 
pump at atmospheric pressure and through pipes of 
equal diameter. (a) Find the output mechanical power 
of the lift station. (b) Assume an electric motor con-
tinuously operating with average power 5.90 kW runs 
the pump. Find its efficiency.

 29. An 820-N Marine in basic training climbs a 12.0-m 
vertical rope at a constant speed in 8.00 s. What is his 
power output?

 30. The electric motor of a model train accelerates the 
train from rest to 0.620 m/s in 21.0 ms. The total mass 
of the train is 875 g. (a) Find the minimum power 
delivered to the train by electrical transmission from 
the metal rails during the acceleration. (b) Why is it 
the minimum power?

 31. When an automobile moves with constant speed down 
a highway, most of the power developed by the engine 
is used to compensate for the energy transformations 
due to friction forces exerted on the car by the air 
and the road. If the power developed by an engine is  
175 hp, estimate the total friction force acting on the 
car when it is moving at a speed of 29 m/s. One horse-
power equals 746 W.

 32. A certain rain cloud at an altitude of 1.75 km contains 
3.20 3 107 kg of water vapor. How long would it take a 
2.70-kW pump to raise the same amount of water from 
the Earth’s surface to the cloud’s position?

 33. An energy-efficient lightbulb, taking in 28.0 W of 
power, can produce the same level of brightness as a 
conventional lightbulb operating at power 100 W. The 

W
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Power

Average power, Pavg =
W
∆t .

What is the work done by the motor lifting the elevator?

W =

∫
#»

FT · d #»r

=

∫
(mg +ma)dy

= m(g + a)∆y

From kinematics: vi = 0, vf = 1.75 m/s, so
∆y = vavgt =

vf t
2 and a = vf

t

W = m
(
g +

vf
t

)(vf t
2

)
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Power

W =
mvf

2
(gt + vf )

Pavg =
W

t

=
mvf

2

(
g +

vf
t

)
= 5.91 × 103 W = 5.91 kW

OR since
#»

FT is constant:

Pavg =
#»

FT · #»v avg

= m(g + a)
vf
2

= 5.91 × 103 W = 5.91 kW



Power
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#»
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#»
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Power

What about moving upward at constant speed?

#»

F = mg ĵ, #»v = 1.75 ĵ m/s

P =
#»

F · #»v

= (mg)v

= 1.11 × 104 W

= 11.1 kW



Power

What about moving upward at constant speed?

#»

F = mg ĵ, #»v = 1.75 ĵ m/s

P =
#»

F · #»v

= (mg)v

= 1.11 × 104 W

= 11.1 kW



Energy

That pretty much concludes everything covered in chapters 7 & 8.

The rest of this material is just a few more examples with worked
solutions for you to look at.



Drag and Power (page 241)

 Problems 241

Jonathan do on the bicycle pedals within the Jona-
than–bicycle–Earth system during this process?

 52. Jonathan is riding a bicycle and encounters a hill 
of height h. At the base of the hill, he is traveling at 
a speed vi. When he reaches the top of the hill, he 
is traveling at a speed vf . Jonathan and his bicycle 
together have a mass m. Ignore friction in the bicycle 
mechanism and between the bicycle tires and the road.  
(a) What is the total external work done on the system 
of Jonathan and the bicycle between the time he starts 
up the hill and the time he reaches the top? (b) What 
is the change in potential energy stored in Jonathan’s 
body during this process? (c) How much work does  
Jonathan do on the bicycle pedals within the Jonathan– 
bicycle–Earth system during this process?

 53. Consider the block–spring–surface system in part (B) 
of Example 8.6. (a) Using an energy approach, find the 
position x of the block at which its speed is a maxi-
mum. (b) In the What If? section of this example, we 
explored the effects of an increased friction force of 
10.0 N. At what position of the block does its maximum 
speed occur in this situation?

 54. As it plows a parking lot, a 
snowplow pushes an ever-
growing pile of snow in 
front of it. Suppose a car 
moving through the air 
is similarly modeled as a 
cylinder of area A push-
ing a growing disk of air 
in front of it. The origi-
nally stationary air is set into motion at the constant 
speed v of the cylinder as shown in Figure P8.54. In a 
time interval Dt, a new disk of air of mass Dm must be 
moved a distance v Dt and hence must be given a kinetic 
energy 1

2 1Dm 2v2. Using this model, show that the car’s 
power loss owing to air resistance is 1

2rAv3 and that the 
resistive force acting on the car is 1

2rAv2, where r is the 
density of air. Compare this result with the empirical 
expression 12DrAv2 for the resistive force.

 55. A wind turbine on a wind farm turns in response to 
a force of high-speed air resistance, R 5 1

2DrAv2. The 
power available is P 5 Rv 5 1

2Drpr 2v3, where v is the 
wind speed and we have assumed a circular face for  
the wind turbine of radius r. Take the drag coefficient 
as D 5 1.00 and the density of air from the front end-
paper. For a wind turbine having r 5 1.50 m, calculate 
the power available with (a) v 5 8.00 m/s and (b) v 5  
24.0 m/s. The power delivered to the generator is lim-
ited by the efficiency of the system, about 25%. For 
comparison, a large American home uses about 2 kW 
of electric power.

 56. Consider the popgun in Example 8.3. Suppose the 
projectile mass, compression distance, and spring con-
stant remain the same as given or calculated in the 
example. Suppose, however, there is a friction force of 
magnitude 2.00 N acting on the projectile as it rubs 
against the interior of the barrel. The vertical length 
from point ! to the end of the barrel is 0.600 m.  

S

A

v t!

vS

Figure P8.54
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at the bottom of the path, it leaves her hand with a 
speed of 25.0 m/s.

 49. A skateboarder with his board can be modeled as a 
particle of mass 76.0 kg, located at his center of mass 
(which we will study in Chapter 9). As shown in Figure 
P8.49, the skateboarder starts from rest in a crouch-
ing position at one lip of a half-pipe (point !). The 
half-pipe is one half of a cylinder of radius 6.80 m with 
its axis horizontal. On his descent, the skateboarder 
moves without friction so that his center of mass moves 
through one quarter of a circle of radius 6.30 m.  
(a) Find his speed at the bottom of the half-pipe (point 
"). (b) Immediately after passing point ", he stands 
up and raises his arms, lifting his center of mass from 
0.500 m to 0.950 m above the concrete (point #). 
Next, the skateboarder glides upward with his center 
of mass moving in a quarter circle of radius 5.85 m. 
His body is horizontal when he passes point $, the 
far lip of the half-pipe. As he passes through point $, 
the speed of the skateboarder is 5.14 m/s. How much 
chemical potential energy in the body of the skate-
boarder was converted to mechanical energy in the 
skateboarder–Earth system when he stood up at point 
"? (c) How high above point $ does he rise? Caution: 
Do not try this stunt yourself without the required skill 
and protective equipment.

!

" #

$

Figure P8.49

 50. Heedless of danger, a child leaps onto a pile of old 
mattresses to use them as a trampoline. His motion 
between two particular points is described by the 
energy conservation equation

1
2 146.0 kg 2 12.40 m/s 22 1 146.0 kg 2 19.80 m/s2 2 12.80 m 1 x 2 5

1
2 11.94 3 104 N/m 2x 2

  (a) Solve the equation for x. (b) Compose the state-
ment of a problem, including data, for which this 
equation gives the solution. (c) Add the two values of 
x obtained in part (a) and divide by 2. (d) What is the 
significance of the resulting value in part (c)?

 51. Jonathan is riding a bicycle and encounters a hill of 
height 7.30 m. At the base of the hill, he is traveling 
at 6.00 m/s. When he reaches the top of the hill, he is 
traveling at 1.00 m/s. Jonathan and his bicycle together 
have a mass of 85.0 kg. Ignore friction in the bicycle 
mechanism and between the bicycle tires and the road. 
(a) What is the total external work done on the system 
of Jonathan and the bicycle between the time he starts 
up the hill and the time he reaches the top? (b) What 
is the change in potential energy stored in Jonathan’s 
body during this process? (c) How much work does 

Q/C
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Drag and Power

What is the volume of air being accelerated in time ∆t?

∆V = Av∆t

The density of air, ρ = m
V , so

∆m = ρAv∆t

Then,

∆K =
1

2
(∆m)v2 =

1

2
ρAv3∆t

Power is the rate of transfer of energy. The car is losing energy
∆K in time ∆t, so

P =
dK

dt
= −

1

2
ρAv3



Drag and Power

Force?

P =
#»

F · #»v

−
1

2
ρAv3 = −Fv

Giving a force,

F =
1

2
ρAv2

c.f. the Drag Equation: F = 1
2DρAv2.

The only missing piece is the drag coefficient. This model is not
refined enough to deal with different shapes of object, so that’s not
really surprising. (Basically, we have D = 1, about right for a
flat-fronted object.)



Example 8.8: Spring Collisions and Friction

A block having a mass of 0.80 kg is given an initial velocity
v = 1.2 m/s to the right, just as it collides with a spring whose
mass is negligible and whose force constant is k = 50 N/m.

 8.4 Changes in Mechanical Energy for Nonconservative Forces 229

continued

Find the length d of the new ramp: sin 25.08 5
0.500 m

d
   S   d 5

0.500 m
sin 25.08

5 1.18 m 

Find vf from Equation (1) in 
part (A):

vf 5 Å 2
3.00 kg

 3 13.00 kg 2 19.80 m/s2 2 10.500 m 2 2 15.00 N 2 11.18 m 2 4 5 2.42 m/s

The final speed is indeed lower than in the higher-angle case.

ramp makes an angle of 25.08 with the ground. Does this new ramp reduce the speed of the crate as it reaches the 
ground?

Answer  Because the ramp is longer, the friction force acts over a longer distance and transforms more of the mechani-
cal energy into internal energy. The result is a reduction in the kinetic energy of the crate, and we expect a lower speed 
as it reaches the ground.

 

▸ 8.7 c o n t i n u e d

Example 8.8   Block–Spring Collision 

A block having a mass of 0.80 kg is given an initial velocity v! 5 1.2 m/s to the right and collides with a spring whose 
mass is negligible and whose force constant is k 5 50 N/m as shown in Figure 8.11.

(A)  Assuming the surface to be frictionless, calculate the maximum compression of the spring after the collision.

Conceptualize  The various parts 
of Figure 8.11 help us imagine what 
the block will do in this situation. 
All motion takes place in a hori-
zontal plane, so we do not need to 
consider changes in gravitational 
potential energy.

Categorize  We identify the system 
to be the block and the spring and 
model it as an isolated system with no 
nonconservative forces acting.

Analyze  Before the collision, when 
the block is at !, it has kinetic 
energy and the spring is uncom-
pressed, so the elastic potential 
energy stored in the system is zero. Therefore, the total mechanical energy of the system before the collision is just 12mv!

2. 
After the collision, when the block is at ", the spring is fully compressed; now the block is at rest and so has zero kinetic 
energy. The elastic potential energy stored in the system, however, has its maximum value 12kx2 5 1

2kx2
max, where the origin 

of coordinates x 5 0 is chosen to be the equilibrium position of the spring and xmax is the maximum compression of the 
spring, which in this case happens to be x". The total mechanical energy of the system is conserved because no noncon-
servative forces act on objects within the isolated system.
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a

Figure 8.11  (Example 
8.8) A block sliding on a 
frictionless, horizontal 
surface collides with a 
light spring. (a) Initially, 
the mechanical energy is 
all kinetic energy. (b) The 
mechanical energy is the 
sum of the kinetic energy 
of the block and the elas-
tic potential energy in the 
spring. (c) The energy is 
entirely potential energy. 
(d) The energy is trans-
formed back to the kinetic 
energy of the block. 
The total energy of the 
system remains constant 
throughout the motion.

Write the conservation of energy equation for this situation: DK 1 DU 5 0 

Substitute for the energies: 10 2 1
2mv!

2 2 1 11
2kx 2

max 2 0 2 5 0

Solve for xmax and evaluate: xmax 5 Åm
k

 v! 5 Å 0.80 kg
50 N/m

11.2 m/s 2 5 0.15 m
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cal energy into internal energy. The result is a reduction in the kinetic energy of the crate, and we expect a lower speed 
as it reaches the ground.

 

▸ 8.7 c o n t i n u e d

Example 8.8   Block–Spring Collision 

A block having a mass of 0.80 kg is given an initial velocity v! 5 1.2 m/s to the right and collides with a spring whose 
mass is negligible and whose force constant is k 5 50 N/m as shown in Figure 8.11.

(A)  Assuming the surface to be frictionless, calculate the maximum compression of the spring after the collision.

Conceptualize  The various parts 
of Figure 8.11 help us imagine what 
the block will do in this situation. 
All motion takes place in a hori-
zontal plane, so we do not need to 
consider changes in gravitational 
potential energy.

Categorize  We identify the system 
to be the block and the spring and 
model it as an isolated system with no 
nonconservative forces acting.

Analyze  Before the collision, when 
the block is at !, it has kinetic 
energy and the spring is uncom-
pressed, so the elastic potential 
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energy. The elastic potential energy stored in the system, however, has its maximum value 12kx2 5 1
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of coordinates x 5 0 is chosen to be the equilibrium position of the spring and xmax is the maximum compression of the 
spring, which in this case happens to be x". The total mechanical energy of the system is conserved because no noncon-
servative forces act on objects within the isolated system.
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Figure 8.11  (Example 
8.8) A block sliding on a 
frictionless, horizontal 
surface collides with a 
light spring. (a) Initially, 
the mechanical energy is 
all kinetic energy. (b) The 
mechanical energy is the 
sum of the kinetic energy 
of the block and the elas-
tic potential energy in the 
spring. (c) The energy is 
entirely potential energy. 
(d) The energy is trans-
formed back to the kinetic 
energy of the block. 
The total energy of the 
system remains constant 
throughout the motion.

Write the conservation of energy equation for this situation: DK 1 DU 5 0 

Substitute for the energies: 10 2 1
2mv!

2 2 1 11
2kx 2

max 2 0 2 5 0

Solve for xmax and evaluate: xmax 5 Åm
k

 v! 5 Å 0.80 kg
50 N/m

11.2 m/s 2 5 0.15 m

A constant force of kinetic friction acts between the block and the
surface, µk = 0.50. What is the maximum compression x in the
spring?



Example 8.8

∆K + ∆U + ∆Eint = 0

(0 −
1

2
mv2i ) + (

1

2
kx2f − 0) + fkxf = 0

1

2
kx2f + µkmgx −

1

2
mv2i = 0

Quadratic expression. Solution:

xf = 0.092 m = 9.2 cm

(The other solution is xf = −0.25 m, what does that correspond
to?)
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Summary

• potential energy and force

• power

Next Test Mon, Mar 2.

(Uncollected) Homework

• Go back and look at assignment 1, question 2. Is the
acceleration given the acceleration you would get from a
Lennard-Jones potential energy function? Could you solve
that problem using energy instead?

Serway & Jewett,

• Ch 7, Probs: 47, 54.

• Ch 8, onward from page 236. Probs: 29, 31, 41, 43, 57, 67


