
Chapter 2: Motion along a Straight Line  

Mechanics: concerned with the motions of physical objects, more 

specifically the relationships among force, matter, and motion. 

(Kinematics and Dynamics) 

    If all parts of an object move in the same direction at the same rate, 

we can treat it as a (point-like) particle. 

 Position is measured relative to a reference point ( the origin, or zero 

point, of an axis) [meter] 

 

 

 

 

 

 Distance is a scalar quantity, length of the path that the object took in 

travelling from one place to another [scalar quantity, meter](always 

positive) 

 

 Displacement = final position – initial position 
 

             DISPLACEMENT is a vector quantity [meter] 

              can be Zero or negative or positive  
 

                      

Example:  A particle moves . . . 

o From x = 5 m to x = 12 m: ∆x = 7 m (positive direction) 

o From x = 5 m to x = 1 m: ∆x = -4 m (negative direction) 

o From x = 5 m to x = 200 m to x = 5 m: ∆x = 0 m  
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 Average speed: (always positive)[scalar quantity, m/s] 

 

      
               

   
 

 

 Average velocity: (time interval) [vector quantity, m/s] 

      
   

   
 

 

Note: The average speed is not the magnitude of the average velocity.  

For example, a runner ends at her starting point. Her displacement is 

zero so her average velocity is zero. However, the distance travelled 

is not zero, so the speed is not zero. 

 

Example: Cars on both paths have the same 

average velocity (same displacement and 

time interval). The car on blue path will 

have a greater average speed since the 

distance it travelled is larger while the time 

is kept constant for both. 

 

 Instantaneous velocity: (at single moment in time) [vector quantity, m/s] 

 

      
  

  
 

 

Example: A particle moves from x = 3 m to x = -3 m in 2 seconds. 

o Average velocity = -3 m/s; average speed = 3 m/s 
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Answers:  

(a) Situations 1 and 4 (zero),   (b) Situations 2 and 3 

 

 Speed is the magnitude of instantaneous velocity. 

 

 

 Average acceleration: The rate at which the velocity change over time 

[vector quantity, m/s
2
] 

      
   

   
 

 An object accelerates if its speed, direction, or both change.  

 

 Instantaneous acceleration: [vector quantity, m/s
2
] 
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Example: If a car with velocity v = -25 m/s is braked to a stop in    

5.0 s, then a = + 5.0 m/s
2
. Acceleration is positive, but speed has 

decreased. 

 

 

 
 

 

 

 

 

 

Initial velocity  

     
Acceleration (a) Motion 

    Speeding up 

    Speeding up 

    Slowing down 

    Slowing down 

  or   0 Constant velocity 

0   or   Speeding up from rest 

0 0 Remaining at rest 
(stationary) 

Answers:    (a) +   (b) -   (c) -    (d) + 
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 Graphical Interpretation of velocity: 

            are physical quantities that describe the motion and they 

are changing with time. 

o Average velocity = slope of the line joining the initial and final 

position.  

      
   

   
 

o Instantaneous velocity = slope of the tangent line to the position 

versus time graph at a certain point (time).  

 
 

Position versus time graph:  

 On a graph of x vs. t, the average velocity is the slope of the straight 

line that connects two points 

 Average velocity is therefore a vector quantity 

o Positive slope means positive average velocity 

o Negative slope means negative average velocity 

 
 

The sign of any vector quantity represents the direction  
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Example: The graph shows the position and velocity of an elevator cab 

over time. 

 

 
 The slope of x(t), and so also the velocity v, is zero from 0 to 1 s, and 

from 9s on. 

 During the interval bc, the slope is constant and nonzero, so the cab 

moves with constant velocity (4 m/s). 
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Example: The graph shows the velocity and acceleration of an elevator 

cab over time. 

 
 

 When acceleration is 0 (e.g. interval bc) velocity is constant. 

 When acceleration is positive (ab) upward velocity increases. 

 When acceleration is negative (cd) upward velocity decreases. 

 

For example, during the interval 3 s to 8 s in which the cab has a 

velocity of 4.0 m/s, the change in x is 20 m. 

 

     (   
 

 
)                     
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 Constant Acceleration:  

 In many cases acceleration is constant, or 

nearly so. 

 For these cases, 5 special equations can be 

used. 

 Note that constant acceleration means a 

velocity with a constant slope, and a 

position with varying slope (unless a = 0). 

 

 

 

Note: starting from rest        

 

 First basic equation 

o When the acceleration is constant, the average and instantaneous 

accelerations are equal 
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 Second basic equation 

 

 

 

Average = ((initial) + (final)) / 2 

 

 
 

These two equations can be obtained by integrating a constant acceleration. 

 

 

 
 

 

 

 

 

 

 

 

 

Answer: Situations 1 (a = 0) and 4. 
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 Free- Fall Acceleration: Straight-Line motion with constant acceleration 

An object rising or falling freely near Earth’s surface. (Air resistance can be 

neglected) 

 

+ y    vertically upward 

a = -g = -9.8 m/s
2 

Note: Free- fall acceleration is the same for all objects 

regardless of its mass, density, shape ….  [Galileo] 

 

 

 

 

 

 

 

Example: Consider a ball thrown up into the air. 

Direction of velocity and acceleration for a ball thrown up in the air. 

Acceleration from gravity is always constant and downward, but the 

direction and magnitude of velocity change. 

 Moving upward (During Ascent): speed decreases (velocity 

becomes less positive) 

 Top of the path (highest point):     

 Moving downward (During descent): speed increases (velocity 

becomes more negative) 
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a) Trip: A   B, then B   C 

 

        
        

        
 

     

        
          

 

        
        

        
 

      

        
        

 

               
   

   
  

          

                      
  

           

          
            

 

b) Trip: A   B, then B   C 

 

 

                  ⁄         (
    

     
)          

                  ⁄         (
    

     
)         
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c)  

 

 

The slope of the dashed line drawn from the origin to the final point         

represents the average velocity. 

 

                          
   

   
 

 

The slope of the first line segment is 1.22 m/s and the slope of the second one is 

3.05 m/s in both graphs. 
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Momentarily stops        

     
  

  
                                 

                      

        ;     cannot be zero 
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a)         

           

   √
  

  
         

The particle momentarily stopped at t= 1.2 s. 

b)  

        

                

C)                

d)                

e)  
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The displacement = the area under the velocity vs. time curve  

              (
 

 
)                       

              (
 

 
)                       

The separation between the two trains when they stopped is 40 m (200 m – 160 m). 
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From the figure: 

 At t = 2 sec, the package breaks free of the balloon.(its velocity starts 

decreasing)  

 at t =4.0 s the package reaches its maximum height (v = 0)  before it free – 

fall and it falls for 4.0 s until it reaches the ground.  

 

 At the maximum height:                                      

                                   ⁄  

           , the package velocity when it breaks from the balloon 

 

                                                   

            
 

 
      

                      
 

 
                              ⁄  

 

 The package is at its highest point and then falls for 4.0 s until it reaches the 

ground.  

           
 

 
                             

     
 

 
        

 

 
                             ⁄   

 

78.4 m is the total distance between the maximum point and the ground.  

 

The high of the break-free point above the ground is 78.4 m – 19.6 m = 58.8 m  

 

 

 

 

 

 

 

 

Uploaded By: Ahmad K HamdanSTUDENTS-HUB.com



 

 

Free falling:  

In the first half of motion: 

     
          

                  

      …………….. (1) 

 

 

In the second half of motion: 

           
 

 
      

                   
 

 
            

              ………………… (2) 

 

                      ……………. (3)  

Plug (3) in (1)                                
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        √                 

 
 

 

        
 

 
   

       
 

 
  Ignore it (no physical meaning) 

                           

 

To find the time of the flight: 

In the first half of motion: 

           
 

 
      

           
 

 
      

              

   √
 

 
 √

    

        
        

The total time of the flight is                     
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