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4

Understand Fixed Axis Rotation 1

2 

3

Define and explain Angular motion

Define  angular motion parameters such us  angular velocity, angular acceleration

Understand  Absolute Motion analysis method for Rigid bodies 

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



Fixed Axis Rotation of rigid bodies 

The rotation of a rigid body is described by its angular motion [1].

The particles forming the rigid body move in parallel planes along circles centered on the same fixed axis.

any point P located in the body travels along a circular path.

The particles located on the axis of rotation have zero velocity and zero acceleration

Particles or points on the body have the same angular motion and different linear motion

O

A

B

C



Cont’d…

To study this motion, it is first necessary to discuss the angular motion, angular position, angular velocit

y and angular acceleration of the body about the axis.

Consider the rod shown below, which has two points, A and B, experiencing angular motion or rotation

about its own fixed axis passing through point O.

The angular motion of the rod can be represented by its angular velocity, angular acceleration, and

angular position



Angular position

𝜃1 fixed reference line

Cont’d…



Angular displacement

𝜃1

𝜃2

Cont’d…



Cont’d…
Angular Velocity.

𝜔 =
𝑑𝜃

𝑑𝑡



Cont’d…
Angular Acceleration

𝛼 =
𝑑𝜔

𝑑𝑡

𝛼 =
𝑑2𝜃

𝑑2𝑡



Cont’d…

𝛼𝑑𝜃 = 𝜔𝑑𝜔



Equation for Constant Angular Acceleration

If the angular acceleration of the body is constant, 𝛼 = 𝛼𝑐, then, when integrated the previous equation, 

yield a set of formulas which relate the body's angular velocity, angular position, and time [1].
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rotation cont’d…. 

න
0

𝑡

( )𝑑𝑡𝜔

𝜔𝑂 + 𝛼𝑐𝑡

𝜃= 𝜃𝑂 + 𝜔𝑂𝑡 +
1

2
(𝜶𝑐𝑡

2)



Motion of Point A

As the rigid body in rotates, point A and B ravels along a circular path of radius r with center at point O [2]. 

Figure 5. motion of particle or points on body

𝑠𝐴

𝑠𝐵

rotation cont’d…. 



Position and Displacement.

The position of the particles is defined by the position vector r, which extends from O to The particles

A

A

B

B

𝑠𝐴

𝑠𝐵

𝑑𝜃

𝑟𝐴 𝑟𝐵

Figure 6. position of particle or points on body

rotation cont’d…. 



Velocity of points

𝑣 = 𝛚𝒓

𝒗=
𝒅𝒔

𝒅𝒕
=

𝒅(𝑟𝑑𝜃)

𝒅𝒕

𝑉𝐴 = 𝛚𝒓𝑨 𝑉𝐵 = 𝛚𝒓𝑩

𝑣 = 𝛚× 𝒓

A

A

B

B

𝑟𝐴 𝑟𝐵

𝑉𝐵

𝑉𝐴

Figure 7. velocity of points

𝛚

𝒘𝒉𝒆𝒓𝒆 𝛚 is the angular speed at which the link is roatting

rotation cont’d…. 



Acceleration of points

𝑎𝑡 =
𝒅𝒗

𝒅𝒕
= 𝛂 𝒓

𝑎=
𝒅𝒗

𝒅𝒕
=

𝒅(𝝎𝒓)

𝒅𝒕

𝑎𝑛𝑑 𝑎𝑛 = 𝒗𝟐/𝒓 = 𝛚𝟐𝒓

=
𝒅𝝎

𝒅𝒕
× r +

𝒅𝒓

𝒅𝒕
×𝝎

𝑠𝑖𝑛𝑐𝑒𝑎 = 𝑎𝑡 + 𝑎𝑛

𝑎= (𝛼 × 𝑟) + (𝜔 × 𝜔 × 𝑟)

𝑎 = 𝑎𝑡 + 𝑎𝑛

𝑎= 𝛼 × 𝑟 − (𝜔2𝑟)

rotation cont’d…. 



𝑎 = 𝑎𝑡 + 𝑎𝑛

A

A

B

B

𝑠𝐴

𝑎𝑛

Figure 8. Acceleration of points on body

𝛚,𝜶
𝑎𝑛

rotation cont’d…. 



Summary on Rotational motion 

𝜔= 𝜔𝑂 + 𝜶𝒄𝑡

𝜃= 𝜃𝑂 + 𝜔𝑂𝑡 +
1

2
(𝜶𝑐𝑡

2)

𝜔2 = (𝜔𝑂)
2 + 2𝜶𝒄 (𝜃 − 𝜃𝑂)

time dependent 

𝛼 =
𝑑𝜔

𝑑𝑡
𝜔 =

𝑑𝜃

𝑑𝑡 𝛼𝑑𝜃 = 𝜔𝑑𝜔

𝑎𝑛 = 𝒗𝟐/𝒓 = 𝛚𝟐𝒓 𝑎𝑡 = 𝛂 𝒓

𝑣 = 𝛚𝒓

If the geometry of the problem is difficult to visualize, the following vector equations should be used:

𝑣 = 𝛚× 𝒓 𝑎𝑛 = 𝜔 × 𝜔 × 𝑟 = −𝑤2𝑟𝑎𝑡 = 𝛼 × 𝑟



General plane motion analysis

Figure 9. Absolute motion of rod

The horizontal motion of the block can be rel

ated to the angular motion of the rod using;

A y

𝑉𝑜

𝜃

x

A𝑥 =
𝑦

𝑡𝑎𝑛𝜃



Step 1: From the given and required data, identify the point that undergoes pure translation and determine 

how the body rotates.

Step 2: Using trigonometric and geometric relationships, relate the translational motion of the chosen point

s to the rotation of the body. From the body’s dimensions, express the linear displacement s as a function 

of the angular position 𝜃:      

𝑠 = 𝑓(𝜃)

✓ Choose one that involves no more than two changing va

riables to simplify differentiation.

✓ Ensure that one of these variables has a known value.

Plane motion cont’d.. 



Sample problem 1. The block moves to the left with a constant velocity 𝑣𝑜. Determine the angular 

velocity and angular acceleration of the bar as a function of 𝜃.

Step 3: Differentiate 𝑠 = 𝑓(𝜃) with respect to time to obtain the relationship between linear velocity (v) a

nd angular velocity (ω).

Step 4: Differentiate again with respect to time to find the relationship between linear acceleration (a) and 

angular acceleration (α).

Figure 10. sample problem 

A y

𝑉𝑜

𝜃

x

A

Plane motion cont’d.. 



Figure 11. step 1

A y

𝑉𝑜

𝜃

x

A

Plane motion cont’d.. 



Figure 12. step 2

The possible alternatives are as follows:

𝑥 = 𝑎 cot 𝜃

𝑎 = 𝑥 t 𝑎𝑛 𝜃

sin 𝜃 =
𝑎

𝑎2 + 𝑥2

cos 𝜃 =
𝑥

𝑎2 + 𝑥2

A y

𝑉𝑜

𝜃

x

A

Plane motion cont’d.. 



cont’d…. 

ሶ𝑥 = 𝑎
𝑑

𝑑𝑡
(cot 𝜃)

ሶ𝑥 = 𝑎(−𝑐𝑠𝑐2𝜃) ሶ𝜃

−𝑣𝑜 = 𝑎(−𝑐𝑠𝑐2𝜃)𝜔

𝜔(𝜃) = 𝑣𝑜
𝑠𝑖𝑛2𝜃

𝑎



cont’d…. 

ሶ𝜔 =
𝑣𝑜

𝑎

𝑑

𝑑𝑡
(𝑠𝑖𝑛2𝜃)

ሶ𝜔 =
𝑣𝑜

𝑎
(2𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃 ሶ𝜃) Where ሶ𝜃 = 𝜔 = 𝑣𝑜

𝑠𝑖𝑛2𝜃

𝑎

( ሶ𝜔 = 𝛼) 𝑖𝑠 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝛼 =
𝑣𝑜

𝑎
(2𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃) 𝑣𝑜

𝑠𝑖𝑛2𝜃

𝑎

𝛼(𝜃) =
𝑣𝑜

2

𝑎2
(𝑠𝑖𝑛2𝜃) 𝑠𝑖𝑛2𝜃



Main points 



Rotation about a Fixed Axis

Summary

Absolute motion analysis

𝜔= 𝜔𝑂 + 𝜶𝒄𝑡 𝜃= 𝜃𝑂 + 𝜔𝑂𝑡 +
1

2
(𝜶𝑐𝑡

2)

𝜔2 = (𝜔𝑂)
2 + 2𝜶𝒄 (𝜃 − 𝜃𝑂)

𝛼 =
𝑑𝜔

𝑑𝑡
𝜔 =

𝑑𝜃

𝑑𝑡
𝛼𝑑𝜃 = 𝜔𝑑𝜔

𝑣 = 𝛚𝒓 𝑎𝑛 = 𝒗𝟐/𝒓 = 𝛚𝟐𝒓 𝑎𝑡 = 𝛂 𝒓



Given

• 𝑎𝑡 = 20 ൗ𝑓𝑡
𝑠2

• N= 10rev 

• t= 4𝑠

• a) 𝛼(@10𝑟𝑒𝑣)

• 𝑏) 𝜔(@10𝑟𝑒𝑣) =?
• 𝑐) 𝑁(@𝑡=4𝑠) =?

Required

Angular Motion: The angular acceleration of the drum can be determine by applying:

𝑎𝑡 = 𝛼𝑟

𝑎𝑛

𝑎𝑡

𝛼, 𝜔

20 = 𝛼2 𝛼 = 10 ൗ𝑟𝑎𝑑
𝑠2

The angular velocity of the drum can be determine by applying:

𝜔2 = (𝜔𝑂)
2 + 2𝜶𝒄 (𝜃 − 𝜃𝑂)

𝑤ℎ𝑒𝑟𝑒 (𝜃 − 𝜃𝑂)= 10rev×
2𝜋

1𝑟𝑒𝑣
= 2𝜋 𝑎𝑛𝑑 𝜔𝑂=0

𝜔 = 35.45𝑟𝑎𝑑/𝑠

The angular displacement of the drum 4 s after it has complet

ed 10 rev can be determined by applying: 

𝜃= 𝜃𝑂 + 𝜔𝑂𝑡 +
1

2
(𝜶𝑐𝑡

2)

(∆𝜃) = 𝜔𝑂𝑡 +
1

2
(𝜶𝑐𝑡

2)

∆𝜃 = 35.45 4 + 0.5 10 42 = 221.79 rad

= 221.79 rad ×
1𝑟𝑒𝑣

2𝜋
= 35.3 𝑟𝑒𝑣

Figure 13. problem 1 Figure 14. Drum

Solution



Given

• 𝑉𝐴𝐵 = −0.15 Τ𝑚 𝑆

• 𝜃 = 600
𝜔(@𝜃=600)=?

Required

Position Coordinates: Applying the law of cosines to the geometry :

𝜃A

B

C

5m

𝐴𝐵2 = 32 + 52 − 2 3 5 cos(180 − θ)

𝐴𝐵2 = 34 + 30𝑐𝑜𝑠(θ)

Time Derivatives: Taking the time derivative,

2(𝐴𝐵)( ሷ𝐴𝐵)= 30(− sin 𝜃) ሶ𝜃

When : θ = 600 ,

ሷ𝐴𝐵 = 𝑉𝐴𝐵 = −0.15 Τ𝑚 𝑆

ሶ𝜃=𝜔 = 0.0808𝑟𝑎𝑑/𝑠

cos(180 − θ) = −𝑐𝑜𝑠𝜃

it is direct towards the negative sense of AB

AB= 34 − 30 cos 60 =4.35m

Figure 15. problem 2

Figure 16. Geometry

Solution



1.The bucket is hoisted by the rope that wraps around a drum wheel. If the angular displacement of the 

wheel is 𝜃 = (0.5𝑡3 + 15𝑡), where t is in seconds, determine the velocity and acceleration of the bucket 

when t = 3 s [1].

Figure 17. Activity 1 

Source: Engineering Mechanics: Dynamics, Hibbeler, Rusel M.,Prentice Hall,

10th ed., 2003,page 338 



2. The operation of reverse gear in an automotive transmission is shown. If the engine turns shaft A at 

𝜔𝐴 = 40𝑟𝑎𝑑/𝑠, determine the angular velocity of the drive shaft, 𝜔𝐵 The radius of each gear is listed in t

he figure [1].

Figure 18. Activity 2 

Source: Engineering Mechanics: Dynamics, Hibbeler, Rusel M.,Prentice Hall,

10th ed., 2003,page 339 



Figure 19. Activity 3 

Source: Engineering Mechanics: Dynamics, Hibbeler, Rusel M.,Prentice Hall,

10th ed., 2003,page 351 



Figure 20. Activity 4 

Source: Engineering Mechanics - Dynamics, Meriam J.L.,John Wiley & Sons, 

9th ed., 2020, page 345



Engineering Mechanics II - Dynamics

4

Introduction to rotation about fixed axis
1

2 

3

Angular motion → constant and variable angular acceleration

General plane motion → Absolute motion analysis 

Motion of points on rotating body

Problems solving on rotation and general plane motion 5

In This Lecture We Covered:
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