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5.1 The Concept of Force

• An object accelerates due to an external force.

• If the net force exerted on an object is zero, the acceleration of the 
object is zero and its velocity remains constant.

• When the velocity of an object is constant (including when the 
object is at rest), the object is said to be in equilibrium.

• There are 2 types of forces: 

 Contact forces (e.g. when you pull a spring or press it)

 Field forces (e.g. the force between earth and the moon)

• The only known fundamental forces in nature are all field forces: 
(1) gravitational forces between objects, (2) electromagnetic forces 
between electric charges, (3) nuclear forces between subatomic 
particles, and (4) weak forces that arise in certain radioactive 
decay processes. 
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5.1 The Concept of Force

Examples of Contact and Field forces 
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Newton’s Laws of Motion

1. An object in motion tends to stay in motion and an 
object at rest tends to stay at rest unless acted upon 
by an unbalanced force .

2. Force equals mass times acceleration 

3. For every action there is an equal and opposite reaction



•In the absence of external forces, when viewed from an inertial 

reference frame, an object at rest remains at rest and an object in motion 

continues in motion with a constant velocity.

•In simpler terms, we can say that when no force acts on an object, the 

acceleration of the object is zero. 

•If nothing acts to change the object’s motion, then its velocity does not 

change. 

•From the first law, we conclude that any isolated object (one that does 

not interact with its environment) is either at rest or moving with 

constant velocity. 

» The tendency of an object to resist any attempt to change its 

velocity is called inertia.
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5.3 Mass

•Mass: is that property of an object that specifies how much 
resistance an object exhibits to changes in its velocity, the SI 
unit of mass is the kilogram. 

•The greater the mass of an object, the less that object 
accelerates under the action of a given applied force.

•Mass is an inherent property of an object and is independent of 
the object’s surroundings.
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• Mass should not be confused with weight. Mass 
and weight are two different quantities. The 
weight of an object is equal to the magnitude of 
the gravitational force exerted on the object and 
varies with location.

•On the other hand, the mass of an object is the 
same everywhere: an object having a mass of 2 kg 
on the Earth also has a mass of 2 kg on the Moon.

5.3 Mass
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5.5 The Gravitational Force and Weight

• The attractive force exerted by the Earth on an object is 
called the gravitational force Fg

• This force is directed toward the center of the Earth,3 and 
its magnitude is called the weight of the object.

• Using equation (5.2) with a= g we have:

• Thus: the weight of an object = mg

• Kilogram is Not a Unit of Weight: You may have seen the 
“conversion” 1 kg = 2.2 lb. Despite popular statements of 
weights expressed in kilograms, the kilogram is not a unit of 
weight, it is a unit of mass. The conversion statement is not an 
equality; it is an equivalence that is only valid on the surface of                 

the Earth.
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• If two objects interact, the force F12exerted by object 1 on 
object 2 is equal in magnitude and opposite in direction to 
the force F21exerted by object 2 on object 1:

F12=-F21 

• The action force is equal in magnitude to the reaction force 
and opposite in direction.
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Normal force





5.7 Some Applications of Newton’s Laws
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Forces of Friction



5.8 Forces of Friction

• When an object is in motion either on a surface or in a viscous 

medium such as air or water, there is resistance to the motion because 

the object interacts with its surroundings. We call such resistance a 

force of friction

• There are two types of frictional forces:Static: fs and kinetic: fk

fs =μsn 

fk =μkn 

• We define these two types as:

• μs is called coefficient of static friction, and μkis called coefficient of 

kentic friction. μs> μk, (0≤ μ ≤1)

• The direction of the friction force on an object is parallel to the 

surface with which the object is in contact and opposite to the actual 

motion.
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PROBLEMS

Section 5.7 Some Applications of Newton’s Laws

18. A bag of cement of weight 325 N hangs from three 
wires as suggested in Figure P5.18. Two of the wires make 
angles 1= 60.0° and 2= 25.0° with the horizontal. If the 
system is in equilibrium, find the tensions T1, T2, and T3 in 
the wires.

SOLUTIONS TO PROBLEM:

T3= Fg

T1 sin 1+T2 sin 2=Fg

T1 cos 1=T2 cos2
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PROBLEMS

Section 5.7 Some Applications of Newton’s 
Laws

28. Two objects with masses of 3.00 kg and 5.00 
kg are connected by a light string that passes 
over a light frictionless pulley to form an Atwood 
machine, as in Figure 5.14a. Determine (a) the 
tension in the string, (b) the acceleration of each 
object, and (c) the distance each object will move 
in the first second of motion if they start from 
rest.

SOLUTIONS TO PROBLEM:
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PROBLEMS
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PROBLEMS

Section 5.7 Some Applications of Newton’s Laws

30. In the Atwood machine shown in Figure 5.14a, m1 = 2.00 
kg and m2 = 7.00 kg. The masses of the pulley and string are
negligible by comparison. The pulley turns without friction
and the string does not stretch. The lighter object is 
released with a sharp push that sets it into motion at vi =

2.40 m/s downward. (a) How far will m1 descend below its 
initial level? (b) Find the velocity of m1 after 1.80 seconds.

SOLUTIONS TO PROBLEM:
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PROBLEMS

Section 5.7 Some Applications of Newton’s Laws

31. In the system shown in Figure P5.31, a horizontal force 
Fx acts on the 8.00-kg object. The horizontal surface is 
frictionless.

(a) For what values of Fx does the 2.00-kg object accelerate 
upward? (b) For what values of Fx is the tension in the cord 
zero? (c) Plot the acceleration of the 8.00-kg object versus 
Fx. Include values of Fx from

-100 N to +100 N.

SOLUTIONS TO PROBLEM:
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PROBLEMS

Section 5.8 Forces of Friction

37. A car is traveling at 50.0 mi/h on a horizontal highway. 
(a) If the coefficient of static friction between road and 
tires on a rainy day is 0.100, what is the minimum distance in 
which the car will stop? (b) What is the stopping distance 
when the surface is dry and µs = 0.600?

SOLUTIONS TO PROBLEM:
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PROBLEMS

Section 5.8 Forces of Friction

41. A 3.00-kg block starts from rest at the top of a 30.0°

incline and slides a distance of 2.00 m down the incline in 1.50 
s. Find (a) the magnitude of the acceleration of the block, (b) 
the coefficient of kinetic friction between block and plane, 
(c) the friction force acting on the block, and (d) the speed 
of the block after it has slid 2.00 m.

SOLUTIONS TO PROBLEM:
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PROBLEMS

Section 5.8 Forces of Friction

44. Three objects are connected on 
the table as shown in Figure P5.44. The 
table is rough and has a coefficient of 
kinetic friction of 0.350. The objects 
have masses of 4.00 kg, 1.00 kg, and 
2.00 kg, as shown, and the pulleys are 
frictionless. Draw free-body diagrams 
of each of the objects. (a) Determine 
the acceleration of each object and 
their directions. (b) Determine the 
tensions in the two cords.

SOLUTIONS TO PROBLEM: 54



PROBLEMS

Section 5.8 Forces of Friction

44. 

SOLUTIONS TO PROBLEM:
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PROBLEMS

Section 5.8 Forces of Friction

45. Two blocks connected by a rope of negligible mass are 
being dragged by a horizontal force F (Fig. P5.45). Suppose 
that F = 68.0 N, m1 = 12.0 kg, m2 = 18.0 kg, and the 
coefficient of kinetic friction between each block and the 
surface is 0.100. (a) Draw a free-body diagram for each 
block. (b) Determine the tension T and the magnitude of the 
acceleration of the system.

SOLUTIONS TO PROBLEM:
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PROBLEMS

Section 5.8 Forces of Friction

46. A block of mass 3.00 kg is pushed up against a wall by a 
force P that makes a 50.0° angle with the horizontal as 
shown in Figure P5.46. The coefficient of static friction 
between the block and the wall is 0.250. Determine the 
possible values for the magnitude of P that allow the block to 
remain stationary.

SOLUTIONS TO PROBLEM:
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PROBLEMS

Additional Problems
58. Review problem. A block of mass m = 2.00 kg is released from rest at 
h = 0.500 m above the surface of a table, at the top of a = 30.0° incline 
as shown in Figure P5.58. The frictionless incline is fixed on a table of 
height H = 2.00 m. (a) Determine the acceleration of the block as it slides 
down the incline. (b) What is the velocity of the block as it leaves the 
incline? (c) How far from the table will the block hit the floor? (d) How 
much time has elapsed between when the block is released and when it 
hits the floor? (e) Does the mass of the block affect any of the above 
calculations?

SOLUTIONS TO PROBLEM:
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