
Chapter 5: Forces: Basic Concepts

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? Answer: Dynamics

First, in Chapter 5, we’ll develop some basic concepts, then
in Chapters 6 & 7, we’ll take up the details in 1D (mostly), and 
then finally in full 2D in Chapter 8.
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What is a Force?

Very Loosely:  a force is a push or a pull that can produce motion.

What kind of mathematical animal is force? It has magnitude and direction.
So Force is a Vector.

We will work with two basic types of forces:

1. Contact forces: between objects that touch; e.g. pushing on a chair

2. Long Range Forces: there is no contact between the bodies, e.g. gravity.

Do long range forces bother you? By what mechanism does
the Earth communicate the gravitational force? They bothered
Newton, Maxwell, and Einstein a lot! We’ll keep coming back
to this question.

Your author points out that all of the familiar contact forces that we’ll 
encounter in PHY181, e.g. normal, spring, tension, friction, drag, are 
actually caused by the long range electromagnetic force at the atomic 
and molecular level.

What about the four fundamental forces? 2



Force Identification Diagram
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As we become experienced at this, we won’t have to do a detailed identification diagram 

for every problem.

You don’t have use the 
symbol F for all forces!



Whiteboard Problem 5-1
(we’ll do this one together)

A baseball player is sliding into second base. Draw a Force
Identification Diagram, and identify the forces on the 
baseball player.

4Shohei Ohtani of the Angels (now a Dodger) sliding into 2nd Base



What does a Force do?

Object of mass m The force can cause 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 a 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.
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Whiteboard Problem 5-2

The figure below shows an acceleration vs. force graph for three
objects pulled by rubber bands. The mass of object 2 is 0.20 kg.
What are the masses of objects 1 and 3 (LC)?
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Newton’s First Law
Your author’s version:

In Newton’s own words (quoted from the Principia):

“Every body perseveres in its state of rest, or of uniform motion

in a right line, unless it is compelled to change that state by

forces impressed thereon.”

Note: the second law in vector form ,with kinematics and, 
specifying the initial conditions says the same thing.

Is this intuitive? Does it make common sense?

Not really, Aristotle took the common sense view that “the natural state of
an Earthly object is a state of rest.” But what didn’t Aristotle understand ?
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After the exam, we’ll see an 
excellent video on the life 
and science of Isaac Newton.



The figure below shows a hollow tube forming three quarters of
a circle. It is lying flat on a table. 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? Everyone make a prediction. (LC)

A little experiment with Newton’s First Law

The ball follows path C since
the tube is no longer providing
a centripetal force, and thus the
ball continues on a straight line
according the Newton’s 1st Law.
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Here’s another example of this:
Turning off the force of gravity from
the Sun on the Earth from PheT.

https://phet.colorado.edu/sims/html/gravity-and-orbits/latest/gravity-and-orbits_all.html
https://phet.colorado.edu/sims/html/gravity-and-orbits/latest/gravity-and-orbits_all.html


Free Body Diagrams
(as important as vectors*)

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

The tail of the force vectors go on the body, i.e. the dot.

*In any dynamics problem, if the free body diagram is incorrect,
then everything done after that will be incorrect as well!
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Whiteboard Problem 5-3

weight
normal force

frictionless

Assuming no air drag.

An ice hockey puck glides across frictionless ice at Goggin.
Mentally, draw a Force Identification Diagram and actually draw 
a Free Body Diagram of the puck (LC).
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We’ll be using Free Body Diagrams (FBD’s) for a long time
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Whiteboard Problem 5-4
You’ve slammed on the brakes and your car is skidding to a
stop while going down a 20o hill.
Draw a Free Body Diagram of the car (LC) .
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Chapter 6 Dynamics I
In Chapter 6, we begin to look at actual dynamics problems –

mostly in 1D, but some in 2D.

Everything that we’ll do is based on Newton’s Second Law (from previous slide):

In 1D, we’ll work with the component equation: 

And the 1D kinematics equations:

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

Once we know the acceleration, 
kinematics tells us how the object moves.
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For 2D problems, we’ll have a set of equations for the y-component too. 



Use in component form:

(will always be the case until we get to chapter 12)

(Tails of forces go on the object. The FBD must be correct!)

(Draw, draw, draw . . . )

(We’ll see both types of problems.)
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Equilibrium Problems

There are two types of equilibrium problems that we’ll see:

For particles, both types of equilibrium mean:

And, in 2D, we’ll always apply this in component form:
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Whiteboard Problem 6-1
The three ropes in the figure below are tied to a small, very light 
ring.  Two of the ropes are anchored to the walls at right angles,
and the third rope pulls as shown. 

a) Draw a complete Free Body Diagram of the ring
(assume the ring is massless).

b) What are T1 (LC) and T2, the magnitudes of the tension
forces in Ropes 1 and 2?
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Real Static Equilibrium
(For real objects)

Static Equilibrium for objects that can’t be represented as a particle 
is somewhat different: consider a pencil subject to the two forces:

FBD:

x

y

No, it will rotate with an angular acceleration. For real objects in equilibrium,
you need the force components to be zero and the sum of the torques about
any point to also be zero  - don’t worry now, we’ll do this in Chapter 12.
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Whiteboard Prob. 6-2

The forces shown in the FBD below act on a 2.0 kg object. 
Find the object’s acceleration vector in component form (LC).

x

y
F1 = 5.0 N

F2 = 2.0 N

F3 = 3.0 N

60o
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Instructions for entering a vector in component form on LC: 
For the vector:

Use only three significant figures, put the components in 
parentheses, and use just i and j for unit vectors – no hats! 
For the vector above, enter:

(-1.52)i +  (3.74)j



Types of forces that we’ll encounter in problems
1. Weight, the long range force of gravity on an object.

2. Normal Force, Contact force between objects that touch; direction is
perpendicular (i.e. normal) to the surface at the point
of contact.

Note: read section 6.3 carefully and make sure that you understand the 
difference between mass and weight. Also, what force does a bathroom
scale measure?  (Note: I disagree with your author here, weight is
always just the gravitational force on an object)

FBD of the person:
y

The scale measures the force of contact between
the person and the scale, i.e. the normal force. If
there is an acceleration or the surface is tilted, the 
normal force won’t equal the weight.

Is this really 
the weight?

19



Whiteboard Problem: 6-3

Zach, whose mass is 80 kg, is standing on a scale in an elevator 
descending at 10 m/s. The elevator takes 3.0 s to brake to a 
stop at the first floor.

a.  Sketch the problem and draw a free body diagram of Zach;
what is the reading on the scale before the elevator 
starts braking? (LC)

b.  Using the same free body diagram;
what is the reading on the scale while the elevator is 
braking? (LC)
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