
Chapter 4
Motion in Two Dimension
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Lecture Content
•Position, velocity, and acceleration vectors 
Acceleration

•Two dimension with constant acceleration

•Projectile motion

•Uniform circular motion

•Radial and tangential acceleration
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Position, average velocity 
and instantaneous velocity

•Position vector is defined by vector r.

•The displacement vector is Δr.

•The average velocity is defined as:

•The average acceleration is
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Acceleration

•The average acceleration is

•Instantaneous acceleration

•Caution: In vector change calculations, magnitude may 
change, or direction, or both.

4
Dr. Feras Fraige Physics I



Two dimensional motion with 
constant acceleration

•Position

•Velocity
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Example
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Θ = 360 – 21 = 

339o



Example
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Projectile Motion

•Important to separate the two components in the calculations.

•Assumptions:

•g is constant

•Air resistance is neglected
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Horizontal Range and Maximum Height of a 
Projectile
• Let us assume that a projectile is launched from the origin at ti = 0 

with a positive vyi component, as shown in Figure 4.10
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Two points are especially interesting to 

analyze:

the peak point A, which has Cartesian 

coordinates (R/2, h), and the point B which

has coordinates (R, 0). The distance R is 

called the horizontal range of the 

projectile, and the distance h is its 

maximum height. Let us find h and R in 

terms of vi, θi, and g.

We can determine h by noting that at the 

peak, vyA, = 0 Therefore, we can use

Equation 4.8a to determine the time tA at 
which the projectile reaches the peak:
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Solution, A

Solution, B



Uniform Circular Motion
• Figure 4.17a shows a car moving in a circular path with constant 

speed v. Such motion is called uniform circular motion, and occurs in 
many situations. It is often surprising to students to find that even 
though an object moves at a constant speed in a circular path, it still 
has an acceleration.

• The velocity vector is always tangent to the path of the object and 
perpendicular to the radius of the circular path. We now show that 
the acceleration vector in uniform circular motion is always 
perpendicular to the path and always points toward the center of the 
circle. An acceleration of this nature is called a centripetal 
acceleration (centripetal means center-seeking), and its magnitude is
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ac :  centripetal acceleration
v : is the velocity
r : is the radius of circular 

path

T: is the period , the
time required for one complete revolution.



Example: a car moves at a constant speed of 10 
m/s around a circular path with radius 25 m. Find 
the following: 
A- The centripetal acceleration 
B- The period

Solution:

A- ac = v2 / r = 102 / 25 = 4 m/s2

B- T = 2*π*25/10 = 15.71 s
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Tangential and Radial Acceleration

• Total acceleration

• Tangential acceleration

• Radial acceleration
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Example: A car exhibits a constant acceleration of 0.300 m/s2 parallel to the 
roadway. The car passes over a rise in the roadway such that the top of the 
rise is shaped like a circle of radius 500 m. At the moment the car is at the 
top of the rise, its velocity vector is horizontal and has a magnitude of 6.00 
m/s.
What is the direction of the total acceleration vector for the car at this 
instant?
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