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Understand the kinematics particles and its scope 1

2 

3

Define and explain rectilinear motion of particles

Define  motion parameters such us position , velocity and acceleration

Rectilinear motion equations for erratic and continuous motion

By the end of this lecture, you are able to: 



2.1 Understand the kinematics 
particles and its scope

Kinematics is often described as the “geometry of motion. The principles relate the displacement, velo

city, acceleration, and time of a body’s motion, without reference to the cause of the motion [1].

Recall that a particle has a mass but negligible size, shape and rotation.

The use of the word particles does not mean that our study is restricted to small objects; rather, it indi

cates that we are treating an object (like a car or a plane) as a single point with mass, ignoring its

size ,shape and rotation.



scope Cont’d…

Kinematics of particle is defined as the study the motion of bodies, possibly as large

as cars, rockets, or airplanes—without regard to their size, shape, rotation and

causing force [1].

In simple in this chapter we study translation motion of solid rigid bodies ignoring

other type of motions and force.

Translational motion is the movement of a rigid body where every point on the body

moves the same distance and in the same direction over a given time interval. It can

be classified as rectilinear and curvilinear.

Thus, this chapter is covered under two big topics., namely Kinematics of Particles –

Rectilinear Motion and Kinematics of Particles- curvilinear Motion.



Translational motion can be classified as rectilinear and curvilinear

scope Cont’d…



The key difference between rectilinear and curvilinear motion of particles is summarized below.

Translation motion categories 

Rectilinear motion Vs Curvilinear motion 
scope Cont’d…

a. Rectilinear
b. Curvilinear



2.2 Rectilinear motion analysis

Figure 4. car moving on straight path

In rectilinear motion, the particle just moves on a straight path. Since the direction doesn’t

change, we only focus on how fast or slow it moves [2].

This scalar approach simplifies calculations, as there's no need to account for directional changes

This following image is a perfect example of rectilinear motion
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The equations are applied differently depending on whether the motion is continuous or erratic.

Continuous motion vs erratic motion

Figure 6. Continuous vs erratic Motion
a. Continuous b. Erratic

Rectilinear cont’d…. 
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Basics Equations of rectilinear motions 

The parameters are used to characterize and quantify the motion of a particle along a straight-line 

path are position, displacement, velocity, and acceleration [3]. 

Figure 7. Position of particle

Rectilinear cont’d…. 
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Figure 8. Displacement  of particle

Rectilinear cont’d…. 
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Figure 9. velocity of particle

Rectilinear cont’d…. 
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Figure 10. Acceleration of particle

Rectilinear cont’d…. 
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2.2.1 Equation of continuous motion

𝑎 =
𝒅𝒗

𝒅𝒕

𝒗=
𝒅𝒔

𝒅𝒕 → Velocity is the rate of change of position.

→ Acceleration is the rate of change of velocity.

𝑎 𝑑s =𝑣 𝑑𝑣𝑎 =𝑣
𝑑𝑣

𝑑𝑠
𝑜𝑟 → Acceleration relates velocity directly with displacement.

Rectilinear cont’d…. 



2 .Equation for constant acceleration motion

If the acceleration is known to be constant 𝒂 = 𝒂𝒄, then the differential equations relating time,   posi

tion, velocity, and acceleration can be integrated to obtain formulas that relate 𝒂𝒄, v, s, and t [1].

𝑉𝑂׬
𝑉
𝑑𝑣 = 0׬

𝑡
𝑎𝑑𝑡

𝑉= 𝑉𝑂 + 𝒂𝒄𝒕

න
𝑠𝑂

𝑠

𝑑𝑠 =

𝑆= 𝑠𝑂 + 𝑣𝑂𝑡 +
1

2
(𝑎𝑐𝑡

2)

න
𝑠𝑂

𝑠

𝒂𝒄 𝑑𝑠 = න
𝑉𝑂

𝑉

𝑉 𝑑𝑣 𝑉2 = (𝑉𝑂)
2 + 2𝒂𝒄 (𝑆 − 𝑠𝑂)

Rectilinear cont’d…. 
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Continuous

Summery on continuous motion 

𝑉= 𝑉𝑂 + 𝒂𝒄𝑡

𝑆= 𝑠𝑂 + 𝑣𝑂𝑡 +
1

2
(𝒂𝑐𝑡

2)

𝑉2 = (𝑉𝑂)
2 + 2𝒂𝒄 (𝑆 − 𝑠𝑂)

𝒗=
𝒅𝒔

𝒅𝒕 𝑎 =
𝒅𝒗

𝒅𝒕

𝑎 𝑑s =𝑣 𝑑𝑣

𝑎 =𝑣
𝑑𝑣

𝑑𝑠

The first two equations are Useful when you want  know or if you want  to calculate time,
and are truly independent of each other.

Most of the time, two independent equations are enough for two unknowns.

Rectilinear cont’d…. 

time dependent time dependent 



2.2.2 Equation of Erratic  motion
Rectilinear cont’d…. 

s-t, V-t, a-t, v-s, a-s.

v=ds/dt, a=dv/dt, and ads=vdv.



Equation of continuous motion

To construct the                 ,v =
𝑑𝑠

𝑑𝑡
is used and This equation states that :

Then                 is constructed from the v-t graph, in the same manner: 

slope of s-t 

= velocity

NB. If s-t is parabolic, then v-t is a straight line, and a-t is a constant line

Figure 12. v-t Graph

Figure 11. S-t Graph

slope of v-t = 

acceleration

Figure 13. a-t Graph

Rectilinear cont’d…. 

𝒅𝒔
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𝒅𝒗

𝒅𝒕
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change in velocity =     

area under a-t diagram 

change in position =     

area under v-t diagram 

NB. If a-t is straight line, then v-t is a parabolic, and s-t is cubic

change in position =     

area under v-t diagram 

Figure 15. v-t Graph

Figure 14. a-t Graph

Figure 16. s-t Graph

Rectilinear cont’d…. 

𝑎=𝑑𝑣/𝑑𝑡

0׬ =
𝑡
𝑎𝑑𝑡∆𝐯

∆𝑠 = න
0

𝑡

𝑣𝑑𝑡



half of change in velocity square 

= area under a-s diagram

𝒂 =𝒗
𝒅𝒗

𝒅𝒔

Figure 17. a-s Graph Figure 18. v-s Graph

Rectilinear cont’d…. 

Vdv=ads 



Summary on erratic

The 5 cases are summarized below

S-t given

V-t Given 
.



Continuous

Summery of Important in 

rectilinear motion 

𝑉= 𝑉𝑂 + 𝒂𝒄𝒕

𝑆= 𝑠𝑂 + 𝑣𝑂𝑡 +
1

2
(𝑎𝑐𝑡

2)

𝑉2 = (𝑉𝑂)
2 + 2𝒂𝒄 (𝑆 − 𝑠𝑂)

𝒗=
𝒅𝒔

𝒅𝒕

𝑎 =
𝒅𝒗

𝒅𝒕

Or 𝑎 𝑑s =𝑣 𝑑𝑣𝑎 =𝑣
𝑑𝑣

𝑑𝑠

Erratic motion 

S-t 

Given Graph Required  Graph

V-t

a-t

a-s

V-s

Rectilinear cont’d…. 



2.3 Understanding & Solving 
Rectilinear Motion

The list of series of steps followed to solve kinematics of particle is listed below.

Identify given       

data

and Decide     

type of motion
.

▪ Constant Acceleration (Uniform a) 

▪ Variable Acceleration (a changes with t, v, or s) 

▪ Erratic / Irregular Motion 



1Understanding & Solving Rectilinear Motion

Simplify 

using tips
.



Given

𝒂) 𝒗(𝒗𝒂𝒈) =?

𝒃) 𝒗𝒔𝒑(𝒂𝒗𝒈 =?

Solution

Figure 19. problem 1

• 𝒔𝑨 = −𝟖𝒎
• 𝒔𝑩 = 𝟑𝒎
• 𝒔𝒄 = −𝟔𝒎
• 𝒕𝒂𝒃 = 𝟒𝒔
• 𝒕𝒃𝒄 = 𝟓𝒔

Required

o-S +S
P

a
8m

t=0s

b
3m

t=4st=5s

6mc

a) Average Velocity (𝑣(𝑣𝑎𝑔))=
∆𝑠𝑐𝐴

∆𝑡

The displacement from A to C is

∆𝑠𝐴𝑐= 𝑠𝑐 − 𝑠𝑎 = (−6 − −8 = 2𝑚

𝑣(𝑣𝑎𝑔) =
2

9
= 0.222𝑚/𝑠 ans

b) Average Speed

The Total distances traveled from A to B and B to C are:

𝑠𝐴𝐵 = 8 + 3 = 11𝑚 and 𝑠𝐵𝐶 = 3 + 6 = 9𝑚

Then The Total distances traveled 
𝑠𝑡𝑜𝑡 = 11 + 9 = 20𝑚

𝑣𝑠𝑝(𝑎𝑣𝑔) =
𝑠𝑡𝑜𝑡
∆𝑡

=
20𝑚

9𝑠
= 2.22𝑚/𝑠

Thus the average  speed will be:

ans



Given

• 𝑣0 = 25𝑚/𝑠
• a= -3 m/ 𝑠2

• t= 4𝑠
• 𝑣𝑓 = 0(𝑠𝑡𝑜𝑝𝑠)

• a) 𝑣(@𝑡=4𝑠)=?

• 𝑏) ∆𝑠(@𝑡=4𝑠) =?
• 𝑐) 𝑡𝑣𝑓=0 =?

Required

a) velocity of the car when t= 4s

v= 𝑣𝑜 − 𝑎𝑡 = (25 + −3(4 = 13𝑚/𝑠

b) Displacement      of the car during the 4-s 

+ 𝑣𝑜𝑡 +
1

2
𝑎𝑡2𝑠 𝑠𝑜=−

(∆𝒔) 

∆𝑠 = (25 4 +
1

2
−3 42 = 76m

C) time stop the car

𝑣𝑓 = 𝑣𝑜 − 𝑎𝑡

0 = 25 + −3(𝑡

𝑡 = 8.33𝑠

ans

ans

ans

Solution



Given

Required

• 𝑣= (12−3𝑡2)   m/s

• 𝑠(@𝑡=1𝑠) = −10𝑚

• t= 4𝑠

• a) 𝑎(@𝑡=4𝑠)=?

• 𝑏) ∆𝑠(𝑡=0 𝑎𝑛𝑑 10𝑠) =?

a) acceleration when t= 4s,  using the relation, a =
𝑑𝑣

𝑑𝑡

𝑎 = = (𝑑𝑣

𝑑𝑡
12 − 3𝑡2𝑑

𝑑𝑡
) = −6𝑡

b) displacement during the t=0s to t = 10 s

using the relation, ds = vdt, and boundary conditions t = 0, s = −10m,we have:

න𝑑𝑠 = න
0

𝑡

𝑑𝑡 12

𝑠

−10

𝑣 න= ( 3 𝑡2+ )𝑑𝑡
0

𝑡

𝑠(𝑡) = 12𝑡 − 𝑡3 − 21

𝑠(@𝑡=0) = −21𝑚 𝑎𝑛𝑑 𝑠 @𝑡=10 = −901𝑚

so
∆𝑠(@𝑡=0−10𝑠) = −901 − −21 = −880𝑚 ans

ans𝑎(@𝑡=4𝑠) = −24 ൗ𝑚 𝑠2

Solution



Given

Required

For the time interval: 5 ≤ 𝑡 ≤ 10𝑠0 ≤ 𝑡 ≤ 5𝑠

V=6t

a=6

𝑣 = 30

𝑎 = 0

𝑣 − 𝑡 𝑔𝑟𝑎𝑝ℎ a−𝑡 𝑔𝑟𝑎𝑝ℎ

The sports car travels along a straight road such that its position is described by the graph. Construct the 

v-t and a-t graphs for the time interval 0 ≤ 𝑡 ≤ 10𝑠.

Figure 19. problem 4

• 0 ≤ 𝑡 ≤ 5𝑠
𝑆= (3𝑡2) m

• 5 ≤ 𝑡 ≤ 10𝑠
𝑆= (30t − 75) m

• a) v − t graph =?

• b) a − t graph =?

Using 𝑎 =
𝑑𝑣

𝑑𝑡
,we have

Using 𝐯 =
𝑑𝑠

𝑑𝑡
we have

Solution



Figure 19. v-t Graph
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Introduction to Kinematics of Particles→ Scope and definition of kinematics
1

2 

3

Rectilinear Motion of Particles→ continuous motion  and erratic motion

Continuous Rectilinear Motion → variable acceleration and constant acceleration

Erratic Rectilinear Motion→ motion graphs (s–t, v–t, a–t, v–s, a–s)

Steps to Solve Rectilinear Motion Problems→ description 

Solve Rectilinear Motion Problems 

5

6

In This Lecture We Covered:
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