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The Kinematics of a Particle Moving in 

Two Dimensions 

 مستقيم خط في الجسم يتحرك عندما أي واحد بعد في الحركة السابق الفصل في درسنا

 جسم حركة اآلن سندرس ،y محور في حرا   سقوطا   الجسم يسقط أن أو x محور على

 والسرعة لإلزاحة يكون حيث المقذوفات حركة مثل x,y من كل في أي بعدين في

 .y والمحور x المحور اتجاه في مركبتان
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Motion in Two Dimensions 

Motion in two dimensions like 

the motion of projectiles and 

satellites and the motion of 

charged particles in electric 

fields.  Here we shall treat the 

motion in plane with constant 

acceleration and uniform circular 

motion. 
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In previous lectures, we found that the 

motion of a particle along a straight 

line such as the x axis is completely 

known if its position is known as a 

function of time. Let us now extend this 

idea to two-dimensional motion of a 

particle in the xy plane. 

In order to study motion in two 

dimensions, we need to use the concepts 

of vectors. 

Position, velocity, and acceleration in 

two dimensions are determined by not 

only specifying their magnitude, but 

also their direction. 
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Motion in Two Dimension 
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The Displacement Vector in 2D 

Assume that the magnitude and 

direction of the acceleration remain 

unchanged during the motion.   

The position vector for a particle 

moving in two dimensions (xy plane) 

can be written as 

 

 

where x, y, and r change with time as 

the particle moves 

The displacement vector ∆𝒓 for a 

particle 

 

ji yxr 


if rrr 


 المنحني المسار على جسم يتحرك

 r1 المتجه يحدد .x,y البعدين في

 ويحدد t1 الزمن عند الجسم موضع

 t2 الزمن عند موضعه r2 المتجه

 𝒓∆ بالمتجه ممثلة االزاحة وتكون
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The direction of the instantaneous velocity 𝒗 of 

a particle is tangent to the path at the particle’s 

position.  

The velocity of the particle as a function of time 

is given by 
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The Velocity Vector in 2D 
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Because displacement is a vector quantity and the time interval is a 

positive scalar quantity, we conclude that the average velocity is a vector 

quantity directed along ∆𝒓 

We define the average velocity 𝒗𝒂𝒗𝒆 of a particle during the time interval 

t as the displacement of the particle divided by the time interval: 

t

r
vave






As a particle moves from one point to 

another along some path, its instantaneous 

velocity vector changes from 𝒗𝒊 at time ti 

to 𝒗𝒇 at time tf . Knowing the velocity at 

these points allows us to determine the 

average acceleration of the particle.  
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The Acceleration Vector in 2D 

The average acceleration 𝒂𝒂𝒗𝒆 of a particle is defined as the change 

in its instantaneous velocity vector ∆𝒗 divided by the time interval 

t during which that change occurs: 

The acceleration of the particle as a function of time is given by 
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𝒂𝒂𝒗𝒆 =
∆𝑣 

∆𝑡
=

𝒗𝒇 − 𝒗𝒊

𝑡𝑓 − 𝑡𝑖
 




