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Position 
Vector : 

To locate an object means to find it’s position vector  𝒓, 
which is a vector that extends from a reference point 
(usually the origin)to the particle. 

For example: 

If the position vector changes from 𝒓1, to 

𝒓2, during a certain time interval, then the 

particle's displacement vector is 

displacement 
Vector : 

where: 



Sample Problem 4-1 



Average  
velocity  

𝒗avg 
 

The ratio of displacement  that occurs during a particular 
time interval to that interval 
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It is the derivative of 𝒓 with respect to t.  
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Sample Problem 4-2 



Sample Problem 4-3 



Average  
acceleration  

𝒂avg 
 

The ratio of change of velocity that occurs during a 
particular time interval to that interval 
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Instantaneous 
acceleration 𝒂 

dt
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It is the derivative of 𝒗 with respect to t.  

But,  
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Then,  

kvjvivv zyx
ˆˆˆ 



or  kajaiaa zyx
ˆˆˆ 





Sample Problem 4-4 

Find the acceleration  𝑎  at t=15 s.  



Sample Problem 4-5 



Projectile 
Motion 

The motion of an object in a vertical plane under the influence 
of gravitational force is known as “projectile motion.” 

The projectile is launched with an initial velocity 𝒗𝟎 
  

From the fig. we can find that the horizontal and vertical 
velocity components are: 

Projectile motion can be divided into a 
horizontal and a vertical motion along the 
x- and y-axes, respectively.   

These two motions are independent of 
each other.  Motion along the x-axis has ay 

= 0. Motion along the y-axis has uniform 
acceleration ay = -g. 



the particle's equations of motion along the horizontal x axis and 
vertical y axis are 

Vertical 
Motion 

Gravity 

Horizontal 
Motion 

No Force 



Maximum 
Height H 

𝑣
 
 =vx 

vy= 0 

The Range R 𝑥 = R 

y = 0 



Sample Problem 4-7 



Problem 4-21 
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Problem 4-21 
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Problem 4-38 
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The equation of the projectile path (TRAJECTORY) 
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Problem 4-38 

Not yet , because vy still positive. 
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uniform 
circular  
Motion 

A particle is in uniform circular motion if it moves on a 
circular path of radius r with constant speed v.  

Even though the speed is constant, the velocity is not.  
The reason is that the direction of the velocity vector 
changes from point to point along the path.   

The fact that the velocity changes means that the 
acceleration is not zero. 

The time T it takes to complete a full revolution is 
known as the “period.” It is given by the 
equation 

The period 

velocity

distance
  Time 



tangential 
Velocity 

The velocity in uniform circular motion has the following 
characteristics:                                          
1. Its vector always tangent to the circle in the direction 
of motion .                                                                                                    
2. Its magnitude v is constant and given by the equation :   

Centripetal 
Acceleration 

The acceleration in uniform circular motion has the 
following characteristics:                                          
1. Its vector points toward the center of the circular 
path, thus the name “centripetal.”                                                                                                     
2. Its magnitude a is constant and given by the equation :   
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Sample Problem 4-10 


