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Mechanics
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Kinematics

● The formulae that relates the above variables are as follows:

Position, displacement, velocity, 
acceleration are vectors.

Time, speed are scalars.
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Kinematics

● The formulae that relates the above variables are as follows:

● Above equations can be written in vector form as,
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Velocity & Acceleration - I

● The position of a particle is 3D is defined as 

● The displacement of a moving object is a vector connecting the initial to final 
position, 

● The velocity of a moving particle at a time t is defined as, 

● The acceleration of a moving particle at a time t is defined as,   

s⃗ = r⃗−r⃗ 0
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d r⃗

dt

v⃗ (t ) =
d r⃗

dt
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Example I
● Case I: A car is moving along a trajectory on map which can be expressed 

mathematically by  
Calculate the speed and acceleration of the car. 

● Case II: A car is accelerating at 2 m/s2  in the x- direction, 
How is the position is changing in time and in which direction?

● Two initial conditions are required to determine integration constants, r(t0) and v(t0).

Given that, initial position is  r(t0)=(0,2,0) and initial velocity is v(t0)=(0,2,0) at t0 = 0.

 

r⃗ (t )=t 2 î + 2( t+1) ĵ

v⃗ (t ) =
d r⃗

dt
= 2 t î+2 ĵ

a⃗( t) =
d v⃗

dt
= 2 î .

a⃗ (t )= 2 î

a⃗ (t ) =
d v⃗

dt
⇒ d v⃗ = a⃗ dt ⇒ ∫

t 0

t

d v⃗ = ∫
t 0

t

a⃗ dt '⇒ v⃗ (t)− v⃗ ( t0) = ∫
t0

t

a⃗ dt ' or, v⃗ (t) = v⃗ (t 0)+∫
t 0

t

a⃗ dt '

Again, v⃗ (t) =
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⇒ ∫

t
0

t
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0
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t

(2 î ) dt '= v⃗ (t 0)+2 (t−t 0) î = 2 ĵ+2 t î
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v⃗ dt '= 2 ĵ+∫
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(2 t î+2 ĵ) dt '= 2 ĵ+(t
2
−t 0

2
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Condition on kinematic equations

● Kinematics equations:

are valid for constant acceleration and t0=0.

a⃗ (t ) =
d v⃗

dt
By integrating, v⃗ ( t) = v⃗ (t 0)+∫

t0

t

a⃗ dt ' = v⃗0+ a⃗ t if t 0=0and a⃗ is constant (indep. of time) .

v⃗ (t) =
d r⃗

dt
By integrating, r⃗ ( t) = r⃗ ( t 0)+∫

t
0

t

v⃗ dt ' = r⃗0+∫
0

t

v⃗ dt '= r⃗0+∫
0

t

(v 0+a⃗ t ') dt '= r⃗ 0+v0 t+
1

2
a⃗ t

2
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Example II
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Kinematics in plane polar coordinate - I
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Kinematics in plane polar coordinate - II
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Kinematics in plane polar coordinate - III
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Example


