
Chapter 5 

Force and Motion 1  
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5-1  Newton's First and Second Laws 

 A force: 

o Is a “push or pull” or any action has the ability to change an 
object's motion.  

o Causes acceleration 

 

𝑭𝑶𝑹𝑪𝑬 𝒊𝒔 𝒂 𝑽𝑬𝑪𝑻𝑶𝑹 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚.  
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 We will focus on Newton's three laws of motion: 

o Newtonian mechanics is valid for everyday situations 

o It is not valid for speeds which are an appreciable fraction 
of the speed of light 

o It is not valid for objects on the scale of atomic structure 

o Viewed as an approximation of general relativity 
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Vector Nature of Forces (Principle of superposition ):   
 

𝑭𝒏𝒆𝒕  = 𝐹 1 + 𝐹 2 + 𝐹 3 + … 

The net force acting on a body is the vector sum, or resultant, of all individual 
force acting on that body  

  

𝑭𝒏𝒆𝒕 = 𝑭𝒏𝒆𝒕,𝒙 𝑖 + 𝑭𝒏𝒆𝒕,𝒚  𝑗  

𝑭𝒏𝒆𝒕 = 𝑭𝒏𝒆𝒕,𝒙 
𝟐
+ 𝑭𝒏𝒆𝒕,𝒚 

𝟐
 

Only include forces that act on that body!  
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Zero acceleration →→ 𝑣  is constant in magnitude and direction 
  

 Inertial frames (Newtonian Mechanics): 
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Answer: (c), (d), (e) 
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(They are Independent)  
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 What is mass? 

o “the mass of a body is the characteristic that relates a force on the 
body to the resulting acceleration”.  

o Scalar quantity 

o Mass is a measure of a body’s resistance to a change in 
motion (change in velocity) 

 

Example  Apply an 8.0 N force to various bodies: 

o Mass: 1kg → acceleration: 8 m/s2  

o Mass: 2kg → acceleration: 4 m/s2 

o Mass: 0.5kg → acceleration: 16 m/s2 

o Acceleration: 2 m/s2 → mass: 4 kg 
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 If the net force on a body is zero: 

o Its acceleration is zero 

o The forces and the body are in equilibrium 

o But there may still be forces! 

 

 Units of force: 
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Answer:  

𝑭𝒏𝒆𝒕 = 0  

F3 = 2 N to the left in both cases 
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5-2 Some Particular Forces: 
 

 
1. Gravitational force: A pull that acts on a body, 

directed toward a second body, normally the 

Eart. 𝐹 𝑔 = 𝑚 𝑔  𝑑𝑜𝑤𝑛 𝑡𝑜𝑤𝑎𝑟𝑑 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑛𝑑       

This force still acts on a body at rest! 
 

2. Weight: The magnitude of the upward force 
needed   to balance the gravitational force on the 
body                               𝑊 = 𝑚𝑔 

Weight must be measured when the body is not 
accelerating vertically. For example, in your 
bathroom, or on a train, but not in an elevator 
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3.  Normal force 𝐹 𝑁: perpendicular force on a body from a surface against 
which the   body presses.  
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4. Friction force: The force on a body when the body slides or attempts to slide 
along a surface. The force is always parallel to the surface and directed so as to 
oppose the sliding.  
 
 
 
 
 
 
5. Tension: pull on a body directed away from the body along a massless cord.  
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Notes:  

 A system consists of one or more bodies 

 Any force on the bodies inside a system exerted by 
bodies outside the system is an external force 

 Net force on a system = sum of external forces 

 Free-body diagram represents the forces on one object 

 Forces between bodies in a system: internal forces 

o Not included in a FBD of the system since internal forces 
cannot accelerate the system 
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Answer: (a) equal to 75 N    (b) greater than 75 N   (c) less than 75 N  
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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.   

 We call these two forces a Third-law force pair 
( Action and Reaction pair) 

 Any time any two objects interact, there is a 
third-law force pair 
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All penguins accelerate 
with the  same rate and 
direction.  
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Sample Problem  A block of mass M = 3.3 kg, connected by a cord and pulley to a 
hanging block of mass m = 2.1 kg, slides across a frictionless surface 

 Draw the forces involved 

 Treat the string as unstretchable, the pulley as massless and frictionless, and 
each block as a particle 
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 Draw a free-body diagram for 
each mass 

 Apply Newton's 2nd law  

        (𝑭= m𝒂) to each block 

 For the sliding block: 

 
 

 For the hanging block: 
 

 

 Subtract two equations: 

 
 
 

               a = 3.8 m/s2                       T = 13 N 
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