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Chapter Goal: To establish a connection between 
force and motion. 

Chapter 5 Force and Motion 
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Ch 5: Forces 
In the first four chapters, we have concentrated on answering the question: 

How do things move? Answer: Kinematics 

Now, we want to begin to address the question: 

Why do things move? 
(What causes an acceleration?) 

Answer: Dynamics 

First, in this chapter, we’ll develop some basic concepts, then 
in Chapter 6, we’ll take up the details in 1D, and then finally in  
2D (Chapter 8). 

Kinematics + Dynamics = Mechanics 

OBJECTIVE FOR TODAY: MAKE FREE-BODY DIAGRAMS! 
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What is a Force? Force is what causes acceleration! 
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•  Contact forces are forces  
that act on an object by  
touching it at a point  
of contact. For example, the 
bat must touch the ball to hit it. 

 

 

•  Long-range forces are forces that act 
on an object without physical contact. 
For example, a coffee cup released 
from your hand is pulled to the earth 
by the long-range force of gravity. 

Contact Force vs. Long-Range Force (Sec 5.1) 
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Represent forces on a body by a free-body diagram (Sec 5.7) 

Slide 5-7 

Forces are vectors, hence add  
just like ordinary vectors!  

CHAPTER5_LECTURE5.1 6 



© 2013 Pearson Education, Inc. 

Forces you’ll encounter…Gravity (Sec 5.2) 

Weight – acts on us keeping us on the 
earth.  Caused by the “mass” of an object. 
 
 

http://www.manvsbrain.com/2014/03/work-cartoons-kids-coyotes-how-both-your-minds-see-data/ 
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Forces you’ll encounter…Spring Force and Tension (Sec 5.2) 

Spring Force - This is interesting as many objects in our 
universe can be approximated as a mass on a spring (e.g. 
a diatomic molecule).  

 
 
 

Tension – When a 
rope pulls on an object. 
 

FT 
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Normal Force – The contact force 
between two objects pushing against each other 
which is perpendicular to the interface between 
the two objects.  

Forces you’ll encounter…Normal Force (Sec 5.2) 

The book pushes down on the table with its weight, 
but the table ‘pushes’ back, thus keeping the book  
stationary while sitting on the table.   
This “pushing back” is the normal force by the table  
on the book. 

You push against 
the wall. The wall  
exerts a horizontal  
normal force back  
on your hand. 

Note! Normal force is not always  
equal and opposite to the weight!  

CHAPTER5_LECTURE5.1 9 

The frog pushes against 
the inclined surface,  
which pushes back on  
the frog. Note that the  
normal force is  
perpendicular to the 
surface.  
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Forces you’ll encounter…Friction (Sec 5.2) 
Kinetic Friction (a.k.a Sliding 
Friction) - The contact force between two 
objects sliding against each other which is 
parallel to the interface between the two 
objects, and opposes the relative motion.  

Static Friction - The contact force 
between two objects pushed against 
each other which is parallel to the 
interface between the two objects, and 
prevents relative motion thereby 
keeping the two objects “stuck” to each 
other. Static friction points opposite the 
direction in which the object would move 
if there were no static friction. 
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Forces you’ll encounter… Drag and Thrust (Sec 5.2) 
Drag – A subset of friction, but  
caused by friction of a fluid. 

Thrust – Occurs when an engine expels gas at 
high speed in a certain direction, causing thrust back 
on the engine in the opposite direction.  
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Forces you’ll encounter in PHY192: Electric, Magnetic Forces (Sec 5.2) 

Electric and magnetic – Similar to gravity (‘force at 
a distance’).  Caused by electric charge or magnetic 
particle.  These will be important in PHY192. 
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Symbols for Forces (Sec 5.3) 
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Approximate Magnitude of Some Typical Forces 
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Forces tend to cause an acceleration! (Sec 5.4 & 5.5)  

Object of mass m The force causes the mass to 
move, but how? 

In section 5.4, your author describes a simple set of experiments that would 
lead you to the conclusion that “force produces an acceleration in the same direction 
as the force and with magnitude inversely proportional to the mass”. We call this: 

Newton’s Second Law: The acceleration of the body is: 

Once we know the acceleration, kinematics 
tells us how the object moves. 

NOTE! You must only consider forces  
acting ON the object, not forces exerted 
BY the object on other things!!  

CHAPTER5_LECTURE5.1 15 



© 2013 Pearson Education, Inc. 

The net force on an object points 
to the left. Two of three forces 
are shown. Which is the missing 
third force? 

QuickCheck 

Slide 5-28 

A. B. C. D. 
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Newton’s 1st Law: Concept of Inertia 

!

!

Sec.	
  5.6 

Quantitative measure of “Inertia” ? 
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What is Force? 

!

Sec.	
  5.1 

!

Sec.	
  5.5 
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Newton’s First Law of Inertia (Sec 5.6) 
The figure below shows a hollow tube forming three-
quarters of a circle. A ball is shot through the tube at high 
speed.  As the ball emerges from the other end, does it 
follow path A, path B, or path C? 
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Newton’s Laws of Motion (Chapters 5, 6, 7, 8) 
§  Concept of FORCE and INERTIA (Chapter 5) 

Newton's 1st Law of Motion (another nice "simplification") (Sec 5.6) 
Vital corollary: Don't shake the baby! 
What are the units for Inertia? (Sec 5.4) 
 

§  Measuring FORCE (Chapters 5 and 6) 
Newton's 2nd Law of Motion (Sec 5.4, 5.5, 6.2) 
What are the units for WEIGHT…kg? NOT! (Sec 5.2, 5.4, 6.3) 
Measuring Weight…what do bathroom scales actually measure? (Sec 5.2, 6.3) 

 
§  Concept of ACTION and REACTION (Chapter 7, and sections of 5 & 6) 

Newton's 3rd Law of Motion (Sec 7.3) 
The NORMAL FORCE (or CONTACT FORCE) (Sec 5.2, 6.3, 7.1 – 7.3) 
The concepts of TENSION, FRICTION (Sec 5.2, 6.4, 7.1 – 7.3) 
Simple applications of Newton's Laws 
What’s the “system”? What’s the “environment”? (Sec 7.1) 
Why do your knees buckle when the elevator starts up? Why do pulleys make it easier to 
haul stuff up? (Sec 7.1 – 7.3) 
How to draw Free-Body Diagrams! Solve sample exam problems (Sec 5.7) 
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A ball has been tossed straight up. Which is the correct 
free-body diagram just after the ball has left the hand? 
Ignore air resistance. 

QuickCheck (Sec 5.7) 

Slide 5-83 

A. B. C. D. 
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Free-body Diagrams (System? Environment?) 
•  The object of interest is  
 the “SYSTEM”. 

•  Everything else is  
 the “ENVIRONMENT”. 

• Only draw forces acting  
 ON THE SYSTEM! 

*In any dynamics  
problem, if the  

free body diagram 
is incorrect, then  
everything done  

after that is incorrect  
as well! 

Choose and  draw (there is no incorrect choice, but there are inconvenient ones)  

The tail of the force vectors go on the body 
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Whiteboard Problem 5.1: Free-body Diagrams 

Draw the free-body diagram for 
A cat sitting on a window sill 
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Whiteboard Problem 5.1: Free-body Diagrams 

Draw the free-body diagram for 
A cat sitting on a window sill 
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Whiteboard Problem 5.2: Free-body Diagrams 

Draw the free-body diagram for 
An ice hockey puck gliding across frictionless ice 
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Whiteboard Problem 5.2: Free-body Diagrams 

Draw the free-body diagram for 
An ice hockey puck gliding across frictionless ice 
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Whiteboard Problem 5.3: Free-body Diagrams 

Draw the free-body diagram for 
Your physics textbook sliding across the table 
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Whiteboard Problem 5.3: Free-body Diagrams 

Draw the free-body diagram for 
Your physics textbook sliding across the table 
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Whiteboard Problem 5.4: Identify and draw the Forces 

A steel beam hangs from a cable as a crane lowers the beam 
at a steady speed. What forces act on the beam?  
Draw a free-body diagram for the beam, labeling the forces 
acting on the beam. 
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Whiteboard Problem 5.5 
Given the free-body diagram: 
(A)  Identify the direction of the 

acceleration vector and show 
as a vector.   

(B)  If possible, identify the 
direction of the velocity 
vector and show as a vector. 
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An object on a rope is lowered at a steadily  
decreasing speed. Which is true? 
 
 
 
 
 
 
 

A.  The rope tension is greater than the object’s weight. 

B.  The rope tension equals the object’s weight. 

C.  The rope tension is less than the object’s weight. 

D.  The rope tension can’t be compared to the object’s 
weight. 

QuickCheck 
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A ball, hanging from the ceiling by a 
string, is pulled back and released. 
Which is the correct free-body 
diagram just after its release? 

QuickCheck 
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A. B. C. D. E. 
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System and Environment:  
An example 

!

Sections	
  5.5,	
  5.2	
  and	
  6.3 

We’ll answer this later, not now…  
!

To complete the story…. 
Newton’s 3rd Law: Chapter 7 

CHAPTER5_LECTURE5.1 35 



© 2013 Pearson Education, Inc. 

Remember! Action-Reaction Pairs act on different bodies!! 
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Normal Force and Weight…revisited 
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Draw f.b.d. to explain the demo shown in class! 
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