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Think then Solve



The motion of an object assimilated to a particle M in the

plane of reference (O, Ԧ𝒊, Ԧ𝒋) is given by the position vector:

𝒓 𝒕 = 𝑶𝑴 = −𝟑𝒕Ԧ𝒊 + (𝒕𝟐 − 𝟏)Ԧ𝒋 in SI

1)Determine the velocity vector at any instant t and find its

value at this instant.

2)Determine the acceleration vector at any instant t and find

its value at this instant.

3)Determine the unit vector 𝒖𝒕 in terms of Ԧ𝒊 and Ԧ𝒋.
4)Determine the tangential acceleration vector 𝒂𝒕 in terms of

Ԧ𝒊 and Ԧ𝒋 for 𝒕 = 𝟎. 𝟓𝒔.

Exercise 1:



Exercise 1:

5)Deduce the vector 𝒂𝒏 in terms of Ԧ𝒊 and Ԧ𝒋 for 𝒕 = 𝟎. 𝟓𝒔.

6)Calculate the value of 𝒂𝒏 for 𝒕 = 𝟎. 𝟓𝒔.



The velocity vector (𝑽) is the derivative of position vector 𝒓

𝑽 𝒕 = 𝒓′ 𝐭 = −𝟑Ԧ𝒊 + 𝟐𝒕Ԧ𝒋

The value of  Velocity Vector is:  

Exercise 1:

𝒓 𝒕 = 𝑶𝑴 = −𝟑𝒕Ԧ𝒊 + (𝒕𝟐 − 𝟏)Ԧ𝒋

1)Determine the velocity vector at any instant t and find its

value at this instant.

𝑽 = 𝑽𝒙
𝟐 + 𝑽𝒚

𝟐

𝑽 = (−𝟑)𝟐+(𝟐𝒕)𝟐 𝑽 = 𝟗 + 𝟒𝒕𝟐 𝒎/𝒔



The acceleration vector (𝒂) is the derivative of velocity vector 𝑽

𝒂 = 𝑽′ 𝐭 = 𝟐Ԧ𝒋

The value of  acceleration  Vector is:  

𝒂 = (𝟎)𝟐+(𝟐)𝟐

Exercise 1:

𝒓 𝒕 = 𝑶𝑴 = −𝟑𝒕Ԧ𝒊 + (𝒕𝟐 − 𝟏)Ԧ𝒋; 𝑽 𝒕 = −𝟑Ԧ𝒊 + 𝟐𝒕Ԧ𝒋

2)Determine the acceleration vector at any instant t and find

its value at this instant.

𝒂 = 𝒂𝒙
𝟐 + 𝒂𝒚

𝟐

𝒂 = 𝟐𝒎 ∕ 𝒔𝟐



𝑽 = 𝑽. 𝒖𝒕

Exercise 1:

𝒓 𝒕 = 𝑶𝑴 = −𝟑𝒕Ԧ𝒊 + (𝒕𝟐 − 𝟏)Ԧ𝒋; 𝑽 𝒕 = −𝟑Ԧ𝒊 + 𝟐𝒕Ԧ𝒋

3)Determine the unit vector 𝒖𝒕 in terms of Ԧ𝒊 and Ԧ𝒋.

𝒖𝒕 =
𝑽

𝑽

𝒖𝒕 =
−𝟑Ԧ𝒊 + 𝟐𝒕Ԧ𝒋

𝟗 + 𝟒𝒕𝟐



Exercise 1:

4)Determine the tangential acceleration vector 𝒂𝒕 in terms of

Ԧ𝒊 and Ԧ𝒋 for 𝒕 = 𝟎. 𝟓𝒔.

𝒂𝒕 = 𝒂𝒕. 𝒖𝑻

𝒂𝒕 = 𝑽′ =
𝟖𝒕

𝟐 𝟗 + 𝟒𝒕𝟐

𝒂𝒕 = 𝒂𝒕. 𝒖𝑻

𝒂𝒕 =
𝟒𝒕

𝟗 + 𝟒𝒕𝟐

𝑽 = 𝟗 + 𝟒𝒕𝟐; 𝒖𝑻 =
−𝟑Ԧ𝒊+𝟐𝒕Ԧ𝒋

𝟗+𝟒𝒕𝟐

𝒂𝒕 =
𝟒𝒕. (−𝟑Ԧ𝒊 + 𝟐𝒕Ԧ𝒋)

𝟗 + 𝟒𝒕𝟐

𝒂𝒕 =
𝟒𝒕

𝟗 + 𝟒𝒕𝟐
.
−𝟑Ԧ𝒊 + 𝟐𝒕Ԧ𝒋

𝟗 + 𝟒𝒕𝟐



Exercise 1:

For 𝒕 = 𝟎. 𝟓𝒔

𝒂𝒕 =
−𝟑Ԧ𝒊 + Ԧ𝒋

𝟓

𝒂𝒕 =
𝟒𝒕. (−𝟑Ԧ𝒊 + 𝟐𝒕Ԧ𝒋)

𝟗 + 𝟒𝒕𝟐

𝒂𝒕 =
𝟒(𝟎. 𝟓)(−𝟑Ԧ𝒊 + 𝟐 𝟎. 𝟓 Ԧ𝒋)

𝟗 + 𝟒 𝟎. 𝟓 𝟐

𝒂𝒕 =
𝟐(−𝟑Ԧ𝒊 + 𝟏Ԧ𝒋)

𝟗 + 𝟏

𝒂𝒕 =
−𝟔Ԧ𝒊 + 𝟐Ԧ𝒋

𝟏𝟎



Exercise 1:

5) Deduce the vector 𝒂𝒏 in terms of Ԧ𝒊 and Ԧ𝒋 for 𝒕 = 𝟎. 𝟓𝒔.

𝒂 = 𝟐Ԧ𝒋; 𝒂𝒕 =
−𝟑Ԧ𝒊+Ԧ𝒋

𝟓

𝒂 = 𝒂𝒕 + 𝒂𝒏 𝒂𝒏 = 𝒂 − 𝒂𝒕

𝒂𝒏 = 𝟐Ԧ𝒋 − (
−𝟑Ԧ𝒊 + Ԧ𝒋

𝟓
)

𝒂𝒏 =
𝟑Ԧ𝒊 + 𝟗Ԧ𝒋

𝟓

𝒂𝒏 =
𝟐Ԧ𝒋

𝟏
− (

−𝟑Ԧ𝒊 + Ԧ𝒋

𝟓
)

𝒂𝒏 =
𝟐Ԧ𝒋 × 𝟓

𝟏 × 𝟓
− (

−𝟑Ԧ𝒊 + Ԧ𝒋

𝟓
)

𝒂𝒏 =
𝟐Ԧ𝒋 × 𝟓

𝟏 × 𝟓
− (

−𝟑Ԧ𝒊 + Ԧ𝒋

𝟓
)

𝒂𝒏 =
𝟏𝟎Ԧ𝒋

𝟓
+
+𝟑Ԧ𝒊 − Ԧ𝒋

𝟓



Exercise 1:

6)Calculate the value of 𝒂𝒏 for 𝒕 = 𝟎. 𝟓𝒔.

𝒂 = 𝟐Ԧ𝒋; 𝒂𝒕 =
−𝟑Ԧ𝒊+Ԧ𝒋

𝟓
; 𝒂𝒏 =

𝟑Ԧ𝒊+𝟗Ԧ𝒋

𝟓

𝒂𝒏 =
𝟑Ԧ𝒊 + 𝟗Ԧ𝒋

𝟓 𝒂𝒏 = (
𝟑

𝟓
)𝟐+(

𝟗

𝟓
)𝟐

𝒂𝒏 = 𝒂𝒙
𝟐 + 𝒂𝒚

𝟐

𝒂𝒏 =
𝟏𝟖

𝟓
= 𝟏. 𝟖𝟗𝟕𝒎/𝒔𝟐
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A particle M is moving along a circle of radius 2m and such

that its curvilinear position is given by:

𝒔 𝒕 = 𝟒𝒕𝟐 − 𝒕 + 𝟏 (m) 

1) Determine the angular position of M at any instant and

deduce its value at 𝒕𝟎 = 𝟎𝒔 and 𝒕𝟏 = 𝟏𝒔
2) Determine the angular speed at any instant t.

3) Determine the linear speed at any instant t using 2 methods

4) Determine the angular acceleration at any instant t

5) Calculate the linear acceleration at 𝒕𝟏 = 𝟏𝒔

Exercise 2:



𝒔 = 𝑹. 𝜽

Exercise 2:

𝒔 𝒕 = 𝟒𝒕𝟐 − 𝒕 + 𝟏

1) Determine the angular position of M at any instant and

deduce its value at 𝒕𝟎 = 𝟎𝒔 and 𝒕𝟏 = 𝟏𝒔

𝜽 =
𝒔

𝑹
=
𝟒𝒕𝟐 − 𝒕 + 𝟏

𝟐

𝜽 = 𝟐𝒕𝟐 − 𝟎. 𝟓𝒕 + 𝟎. 𝟓 𝐫𝐝

At 𝒕𝟎 = 𝟎

𝜽𝟎 = 𝟐(𝟎)𝟐−𝟎. 𝟓(𝟎) + 𝟎. 𝟓 𝐫𝐝

𝜽𝟎 = 𝟎. 𝟓 𝐫𝐝

At 𝒕𝟏 = 𝟏𝒔

𝜽𝟏 = 𝟐(𝟏)𝟐−𝟎. 𝟓(𝟏) + 𝟎. 𝟓 𝐫𝐝

𝜽𝟏 = 𝟐 𝐫𝐝



The angular speed is the

derivative of angular position:
𝑽 = 𝒔′ 𝒕 = 𝟖𝒕 − 𝟏 ( Τ𝒎 𝒔)

𝑽 = 𝑹. 𝜽′ = 𝟐 𝟒𝒕 − 𝟎. 𝟓

Exercise 1:

𝒔 𝒕 = 𝟒𝒕𝟐 − 𝒕 + 𝟏; 𝜽 = 𝟐𝒕𝟐 − 𝟎. 𝟓𝒕 + 𝟎. 𝟓 𝐫𝐝

2)Determine the angular speed

at any instant t.

𝝎 = 𝜽′ = 𝟒𝒕 − 𝟎. 𝟓 ( Τ𝐫𝐝 𝒔)

3) Determine the linear

speed at any instant t

using 2 methods.

Or 

𝑽 = 𝟖𝒕 − 𝟏 ( Τ𝐦 𝒔)



The angular acceleration is the derivative: 𝜽′′ = 𝟒 𝐫𝐝/𝒔𝟐

𝒂𝒏 = 𝑹. 𝜽′𝟐 = 𝟐(𝟑. 𝟓)𝟐
𝒂𝟏 = 𝒂𝒏

𝟐 + 𝒂𝑻
𝟐

𝒂𝑻 = 𝑹. 𝜽′′ = 𝟐 𝟒

Exercise 2:

4)Determine the angular acceleration at any instant t

𝜽 = 𝟐𝒕𝟐 − 𝟎. 𝟓𝒕 + 𝟎. 𝟓 𝐫𝐝; 𝜽′ = 𝟒𝒕 − 𝟎. 𝟓

5)Calculate the linear acceleration at 𝒕𝟏 = 𝟏𝒔

𝒂𝒏 = 𝟐𝟒. 𝟓 𝒎/𝒔𝟐

𝒂𝑻 = 𝟖 𝐦/𝒔𝟐

𝒂𝟏 = 𝟐𝟒. 𝟓𝟐 + 𝟖𝟐

𝒂𝟏 = 𝟐𝟓. 𝟕𝟕 𝒎/𝒔𝟐
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The position vector of a moving particle M, in a reference (O,

Ԧ𝑖, Ԧ𝑗 ), is given by: 𝑶𝑴 = 𝒓 = 𝟐𝒕. Ԧ𝒊 + −𝟒𝒕𝟐 + 𝟐𝒕 . Ԧ𝒋 𝐢𝐧 𝐒𝐈

1)Determine the position vector of the particle Ԧ𝑟0 and Ԧ𝑟2 at

the instants 𝑡0 = 0𝑠 and 𝑡2 = 2𝑠.

2)Determine the displacement vector of the particle (M)

between the two instants.

3)Determine the equation of trajectory of the particle (M).

Deduce the shape of the trajectory.

Exercise 3:



𝑶𝑴 = 𝒓 = 𝟐𝒕. Ԧ𝒊 + −𝟒𝒕𝟐 + 𝟐𝒕 . Ԧ𝒋 𝐢𝐧 𝐒𝐈

Exercise 3:

1)Determine the position vector of the particle 𝒓𝟎 and 𝒓𝟐 at

the instants 𝒕𝟎 = 𝟎𝒔 and 𝒕𝟐 = 𝟐𝒔.

𝒓𝟎 = 𝟐(𝟎). Ԧ𝒊 + −𝟒 𝟎 𝟐 + 𝟐(𝟎) . Ԧ𝒋

𝒓𝟎 = 𝟎. Ԧ𝒊 + 𝟎. Ԧ𝒋

𝒓𝟐 = 𝟐(𝟐). Ԧ𝒊 + −𝟒 𝟐 𝟐 + 𝟐(𝟐) . Ԧ𝒋

𝒓𝟐 = 𝟒. Ԧ𝒊 + −𝟏𝟔 + 𝟒 . Ԧ𝒋

𝒓𝟐 = 𝟒. Ԧ𝒊 − 𝟏𝟐. Ԧ𝒋



𝑶𝑴 = 𝒓 = 𝟐𝒕. Ԧ𝒊 + −𝟒𝒕𝟐 + 𝟐𝒕 . Ԧ𝒋 𝐢𝐧 𝐒𝐈

Exercise 3:

2)Determine the displacement vector of the particle (M)

between the two instants.

∆Ԧ𝐫 = 𝒓𝟐 − 𝒓𝟎

∆Ԧ𝐫 = 𝟒. Ԧ𝒊 − 𝟏𝟐. Ԧ𝒋 − 𝟎. Ԧ𝒊 + 𝟎. Ԧ𝒋

∆Ԧ𝐫 = 𝟒. Ԧ𝒊 − 𝟏𝟐. Ԧ𝒋



𝑶𝑴 = 𝒓 = 𝟐𝒕. Ԧ𝒊 + −𝟒𝒕𝟐 + 𝟐𝒕 . Ԧ𝒋 𝐢𝐧 𝐒𝐈

Exercise 3:

3)Determine the equation of trajectory of the particle (M).

Deduce the shape of the trajectory.

𝒙 = 𝟐𝒕 𝒕 =
𝒙

𝟐
Substitute 𝐭 in y.

𝐲 = −𝟒𝒕𝟐 + 𝟐𝒕

𝐲 = −𝟒
𝒙

𝟐

𝟐

+ 𝟐
𝒙

𝟐

𝐲 = −𝟒
𝒙𝟐

𝟒
+ 𝟐

𝒙

𝟐

𝐲 = −𝒙𝟐 + 𝒙

The trajectory is parabola



4) Determine the average velocity vector between the two instants.

5)Determine the velocity vector at the instant t, then the value of the

speed.

6)Determine the acceleration vector of the particle M. deduce its

magnitude.

7)Determine the magnitude of the tangential acceleration of (M) at

any instant t. deduce its value for t=2s

Exercise 3:

8)Calculate the value of normal acceleration at t=2s.

9)Deduce the radius of curvature at t=2s



4)Determine the average velocity vector between the two

instants.

Exercise 3:

𝐕𝐚𝐯 =
∆𝒓

∆𝒕
𝐕𝐚𝐯 =

𝒓𝟐 − 𝒓𝟎
𝒕𝟐 − 𝒕𝟎

𝐕𝐚𝐯 =
𝟒. Ԧ𝒊 − 𝟏𝟐. Ԧ𝒋 − 𝟎. Ԧ𝒊 + 𝟎. Ԧ𝒋

𝟐 − 𝟎

𝐕𝐚𝐯 =
𝟒. Ԧ𝒊 − 𝟏𝟐. Ԧ𝒋

𝟐
𝐕𝐚𝐯 = 𝟐. Ԧ𝒊 − 𝟔. Ԧ𝒋



5)Determine the velocity vector at the instant t, then the

value of the speed.

Exercise 3:

𝑶𝑴 = 𝒓 = 𝟐𝒕. Ԧ𝒊 + −𝟒𝒕𝟐 + 𝟐𝒕 . Ԧ𝒋 𝐢𝐧 𝐒𝐈

𝑽 is the derivative of 𝒓

𝑽 = 𝒓′ = 𝟐Ԧ𝒊 + (−𝟖𝒕 + 𝟐)Ԧ𝒋

𝑽 = 𝑽𝒙
𝟐 + 𝑽𝒚

𝟐

𝑽 = (𝟐)𝟐+(−𝟖𝒕 + 𝟐)𝟐

𝑽 = 𝟒 + 𝟔𝟒𝒕𝟐 + 𝟒 − 𝟑𝟐𝒕

𝑽 = 𝟔𝟒𝒕𝟐 − 𝟑𝟐𝒕 + 𝟖

𝑽 = 𝟒(𝟏𝟔𝒕𝟐 − 𝟖𝒕 + 𝟐)

𝑽 = 𝟐 𝟏𝟔𝒕𝟐 − 𝟖𝒕 + 𝟐



6)Determine the acceleration vector of the particle M. deduce

its magnitude.

Exercise 3:

𝒂 is the derivative of 𝑽: 

𝑽 = 𝒓′ = 𝟐Ԧ𝒊 + (−𝟖𝒕 + 𝟐)Ԧ𝒋

𝒂 = 𝟎Ԧ𝒊 − 𝟖Ԧ𝒋 𝒂 = −𝟖Ԧ𝒋

𝒂 = 𝒂𝒙
𝟐 + 𝒂𝒚

𝟐 𝒂 = (𝟎)𝟐+(−𝟖)𝟐

𝒂 = 𝟖𝒎 ∕ 𝒔𝟐



Exercise 3:

𝒂𝒕 is derivative of of velocity

value at any time

𝑽 = 𝟐. 𝟏𝟔𝒕𝟐 − 𝟖𝒕 + 𝟐

𝒂𝒕 = 𝟐.
𝟑𝟐𝒕 − 𝟖

𝟐 𝟏𝟔𝒕𝟐 − 𝟖𝒕 + 𝟐

𝒂𝒕 =
𝟑𝟐𝒕 − 𝟖

𝟏𝟔𝒕𝟐 − 𝟖𝒕 + 𝟐

𝒂𝒕 =
𝟑𝟐(𝟐) − 𝟖

𝟏𝟔 𝟐 𝟐 − 𝟖 𝟐 + 𝟐

𝒂𝒕 =
𝟔𝟒 − 𝟖

𝟔𝟒 − 𝟏𝟔 + 𝟐

𝒂𝒕 =
𝟓𝟔

𝟓𝟎
𝒂𝒕 = 𝟕. 𝟗𝟏𝒎 ∕ 𝒔𝟐

7) Determine the magnitude of the tangential acceleration of (M) at any instant t.

deduce its value for t=2s



8) Calculate the value of normal acceleration at t=2s.

Exercise 3:

𝒂𝟐 = 𝒂𝒕
𝟐 + 𝒂𝒏

𝟐

𝒂𝟐 − 𝒂𝒕
𝟐 = 𝒂𝒏

𝟐

𝟖 𝟐 − 𝟕. 𝟗𝟏 𝟐 = 𝒂𝒏
𝟐

𝟔𝟒 − 𝟔𝟐. 𝟓𝟔 = 𝒂𝒏
𝟐

𝒂𝒏
𝟐 = 𝟏. 𝟒𝟒

𝒂𝒏 = 𝟏. 𝟐𝒎 ∕ 𝒔𝟐



Exercise 3:

9) Deduce the radius of curvature at t=2s.

𝒂𝒏 =
𝑽𝟐

𝑹 𝑹 =
𝑽𝟐

𝒂𝒏

𝑹 =
𝟐 𝟏𝟔𝒕𝟐 − 𝟖𝒕 + 𝟐

𝟐

𝟏. 𝟐

𝑹 =
𝟐 𝟏𝟔𝒕𝟐 − 𝟖𝒕 + 𝟐

𝟐

𝟏. 𝟐

𝑹 =
𝟐 𝟏𝟔(𝟐)𝟐−𝟖(𝟐) + 𝟐

𝟐

𝟏. 𝟐

𝑹 =
𝟒 𝟏𝟔 𝟒 − 𝟏𝟔 + 𝟐

𝟏. 𝟐

𝑹 =
𝟒 𝟔𝟒 − 𝟏𝟔 + 𝟐

𝟏. 𝟐

𝑹 = 𝟏𝟔𝟔. 𝟔𝒎




