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Chapter 5 
Force and Motion-I 

5.01-- Identify that a force is a vector quantity and 
thus has both magnitude and direction and also 
components. 
 
5.02-- Given two or more forces acting on the same 
particle, add the forces as vectors to get the net force. 
 
5.03-- Identify Newton’s first and second laws of  
motion.  
 
5.04-- Identify inertial reference frames. 
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5.05-- Sketch a free-body diagram for an object, 
showing the object as a particle and drawing the 
forces acting on it as vectors with their tails anchored 
on the particle. 
 
5.06-- Apply the relationship (Newton’s second law) 
between the net force on an object, the mass of  the 
object, and the acceleration produced by the net force. 
 
5.07-- Identify that only external forces on an object 
can cause the object to accelerate. 
 



Forces 
�  Usually think of  a force as  

     a push or pull 

�  Vector quantity 

�  May be contact  

   or  

       field force 



Fundamental Forces 
�  Types 

�  Strong nuclear force 

�  Electromagnetic force  

�  Weak nuclear force 

�  Gravity 

�  Characteristics 
�  All field forces 

�  Listed in order of  decreasing strength 



Newton’s First Law (1) 

�  If  no force acts on a body, the body’s 
velocity cannot change; that is, the body 
cannot accelerate. 



Newton’s First Law (2) 

� Newton’s First Law: If  no net force acts on a 
body (            ), the body’s velocity cannot 
change; that is, the body cannot accelerate. 
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Inertial Reference Frames 

�  An inertial reference frame is one in which Newton’s 
laws hold. 

�   Noninertial frame   



 Foucault's pendulum 
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Newton’s First Law, cont. 

�  External force 
�  any force that results from the interaction between the 

object and its environment 
 

�  Alternative statement of  Newton’s 1st Law 
�  When there are no external forces acting on an object, 

the acceleration of  the object is zero. 
�  An inertial reference frame is one in which Newton's 

laws hold. 



Inertia and Mass 
�  Inertia is the tendency of  an object to continue 

in its original motion 

� Mass is a measure of  the inertia, i.e resistance 
of  an object to changes in its motion due to a 
force 

�  Recall: mass is a scalar quantity 
Units of mass 

SI kilograms (kg) 

CGS grams (g) 



Inertia and Mass: 

Runaway train 



Newton’s Second Law 

�  The net force on a body is equal to the 
product of  the body’s mass and its 
acceleration. 

  

 
�  F and a are both vectors 

�  Can also be applied three-dimensionally 

 F

= ma


∑



Newton’s Second Law 

�  Note:     represents the vector sum of  all 
external forces acting on the object. 

�  We can always write it in terms of  components: 
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Units of  Force 

�  SI unit of  force is a Newton (N) 

�  1 N = 105 dyne = 0.225 lb,        1 Slug = 14.5939 Kg  

2s
mkg1N1 ≡

Units of force 

SI Newton (N=kg m/ s2) 

CGS Dyne (dyne=g cm/s2) 

US Customary Pound (lb=slug ft/s2) 
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5-2 Some Particular Forces 
� Gravitational Force 

ü Mutual force of  attraction between any 
two objects 

ü Expressed by Newton’s Law of  
Universal Gravitation: 
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Weight 
�  The magnitude of  the gravitational force acting 

on an object of  mass m near the Earth’s 
surface is called the weight w of  the object 

 
ü w = m g is a special case of  Newton’s Second 

Law 
 

�  g  can also be found from the Law of  Universal 
Gravitation 



Weight 



More about weight 
�  Weight is not an inherent property of  an object  

ü mass is an inherent property 

�  Weight depends upon location 



The Normal Force 
� When a body presses against a 

surface, the surface (even a seemingly 
rigid one) deforms and pushes on the 
body with a normal force            that 
is perpendicular to the surface. 
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Friction (see next chapter) 



Tension 



Newton’s Third Law 

� When two bodies interact, the forces on the 
bodies from each other are always equal in 
magnitude and opposite in direction. 



Example: Newton’s Third Law 
�  Consider collision of  

two spheres 

�  F12 may be called the 
action force and F21 
the reaction force 
�  Actually, either force 

can be the action or the 
reaction force 

�  The action and 
reaction forces act on 
different objects 
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Applying Newton’s Laws 
�  Assumptions 

 

ü Objects behave as particles 
ü can ignore rotational motion (for now) 
 

ü Masses of  strings or ropes are negligible 
 
ü Interested only in the forces acting on the 

object 
 



Free Body Diagram 
ü Must identify all the forces acting on the 

object of  interest 

ü Choose an appropriate coordinate system 

ü If  the free body diagram is incorrect, the 
solution will likely be incorrect 



Example  
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Atwood Machine!
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v =
p
Lg sin(✓) tan(✓)





=



Motion in Accelerated 
Frames 



Fictitious Force: Derivation 
Eq. of  motion in fixed frame x = v0t +

1
2
at2

= v0t +
1
2
F
m
t2

F-maf looks like force in new frame,  
maf acts like fake gravitational force! 

x0 (t) =
1
2
a f t

2

x − x0 (t) = v0t +
1
2
(F − maf )

m
t2



Einstein's Equivalence 
Principle 



Example: Accelerating 
Reference Frames 

�  Equivalent to “Fictitious” gravitational force 

g fictitious = −a frame







Example 



Example 



Example  



Example 



Example 



Example 



Example 

F = (m+M)g tan(✓)
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sin(✓) = m2/m1

a = g tan(✓) =
m2g

(m2
1 �m2

2)
1/2

F =
(m1 +m2 +m3)m2g

(m2
1 �m2

2)
1/2



Example 



radius of  curvature:  





Example 


