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and Period انسباير منهج
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تاريخ إضافة الملف على موقع المناهج: 2025-06-08 17:49:24
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التواصل الاجتماعي بحسب الصف الحادي عشر المتقدم  

صفحة المناهج
الإماراتية على

فيسببوك

الرياضيات اللغة الانجليزية اللغة العربية التربية الاسلامية المواد على تلغرام 

المزيد من الملفات بحسب الصف الحادي عشر المتقدم والمادة فيزياء في الفصل الثالث

مراجعة الدرس الثاني من الوحدة التاسعة Displacement Angular and Coordinates Angular منهج انسباير 1

مراجعة الدرس الأول من الوحدة التاسعة Coordinates Polar منهج انسباير 2

مراجعة الدرس الأول من الوحدة الثامنة gravity of center and mass of Center منهج انسباير 3

كل ما يخص اختبار نهاية الفصل الثالث ليوم الثلاثاء بتاريخ 2025-06-10 4

نموذج اختبار تجريبي باللغتين العربية والانجليزية بدون الحل 5
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Section 9.3

Angular velocity, Angular 

frequency, and Period

 

Unit 9: Circular motion



Learning 
Objectives

By the end of this section, you will be able to:

Section 9.3

Angular velocity, 

Angular frequency, 

and Period

1) Define and calculate angular velocity of an 
object in circular motion.

2) Define and calculate angular frequency and 
period of an object in circular motion.

3) Describe the relationship between angular 
velocity and linear velocity.



. Angular frequency

Angular velocity

Period

linear velocity.



How can you find the average 
linear velocity?

Warm UP

Discussion

ഥ𝒗 =
∆𝒙

∆𝒕



Angular velocity of an object

• We have seen that the change of an object’s linear coordinates in time is its velocity. 

• Similarly, the change of an object’s angular coordinate in time is its angular velocity. 

• The average magnitude of the angular velocity is defined as:

ഥ𝝎 =
𝜽𝟐 − 𝜽𝟏

𝒕𝟐 − 𝒕𝟏
=

∆𝜽

∆𝒕

Angular velocity measures how fast the angle θ changes in time.

L.O: Define and calculate angular velocity of an object in circular motion.



By taking the limit of average angular velocity as 
the time interval approaches zero, we find the 
instantaneous value of the magnitude of the 
angular velocity:

𝝎 = 𝐥𝐢𝐦
∆𝒕→𝟎

ഥ𝝎 = 𝐥𝐢𝐦
∆𝒕→𝟎

∆𝜽

∆𝒕
≡

𝒅𝜽

𝒅𝒕

𝝎 =
𝒅𝜽

𝒅𝒕

L.O: Define and calculate angular velocity of an object in circular motion.



The most common unit of angular velocity is radians per second 
(rad/s).

Degrees per second is not generally used.

L.O: Define and calculate angular velocity of an object in circular motion.



Example:

A computer fan completes one rotation every 55 ms. 
What is the magnitude of the fan’s angular velocity?

ഥ𝝎 =
∆𝜽

∆𝒕

ഥ𝝎 =
𝟐𝝅

𝟓𝟓 × 𝟏𝟎−𝟑

ഥ𝝎 = 𝟏𝟏𝟒. 𝟐 rad/s

L.O: Define and calculate angular velocity of an object in circular motion.



• Angular velocity is a vector quantity.

• Its direction is that of an axis through the center 
of the circular path and perpendicular to the 
plane of the circle. (This axis is a rotation axis).

• This definition allows for two possibilities for 
the direction in which the vector 𝝎 can point:

    parallel or antiparallel to the axis of rotation.

L.O: Define and calculate angular velocity of an object in circular motion.



We use the right-hand rule to determine the 
direction of the angular velocity.

When the fingers point in the direction of 
rotation along the circle’s circumference, the 
thumb points in the direction of 𝝎 , as shown 
in Figure 9.8.

L.O: Define and calculate angular velocity of an object in circular motion.



❑ The angular velocity is clockwise.

❑ The angular velocity is counterclockwise.

❑ The angular velocity is oriented into the screen.

❑ The angular velocity is out of the screen.

Check your understanding:

L.O: Define and calculate angular velocity of an object in circular motion.



. Angular frequency

Angular velocity

Period

linear velocity.



𝒇 =
𝝎

𝟐𝝅

𝝎 = 𝟐𝝅𝒇

𝝎 Must be in rad/s to calculate frequency.

Angular velocity measures how fast the angle θ changes in time.
Another quantity also specifies how fast this angle changes in time—the 
frequency 𝒇.

the frequency, f, measures cycles per unit time, instead of radians per unit time as 
the angular velocity does. 
The frequency is related to the magnitude of the angular velocity, ω, by: 

L.O: Define and calculate angular frequency and period of an object in circular motion.



For example, the rpm number on the tachometer in your car indicates 
how many times per minute the engine cycles and thus specifies the 
frequency of engine revolution.

L.O: Define and calculate angular frequency and period of an object in circular motion.



• Frequency is measured in hertz ( Hz ).

• 1 Hz = 1 s -1

• Because the unit inverse second is used so widely, it was 
given its own name, the hertz (Hz), for the physicist Hertz.

What is the unit used to 
measure angular 

frequency?

L.O: Define and calculate angular frequency and period of an object in circular motion.



• The period of rotation (𝑻) is the inverse of the frequency:

𝑻 =
𝟏

𝒇

• Period measures the time interval between two successive 
instances where the angle has the same value ( the time 
taken to pass once around the circle).

• The unit of the period is the same as that of time, which is 
the second (s). 

L.O: Define and calculate angular frequency and period of an object in circular motion.



Complete the table with the appropriate information.

WS # 6: (Exercise 1)

measures how fast the angle θ changes in time.

measures cycles per unit time.

measured in hertz ( Hz ).

measured in rad/s.

the inverse of the frequency.

measures the time interval between two successive instances where the 
angle has the same value.

the time taken to pass once around the circle.

The unit of the period .

Angular velocity 

Frequency

Frequency

Angular velocity 

Period

Period

Period

second



Write the formulas needed to calculate each of the following :

WS # 6: (Exercise 2)

Average angular 
velocity

Instantaneous 
angular velocity

Frequency Period

𝑻 =
𝟏

𝒇
𝒇 =

𝝎

𝟐𝝅
𝝎 =

𝒅𝜽

𝒅𝒕
ഥ𝝎 =

∆𝜽

∆𝒕



If a wheel turning at a constant rate completes 100 revolutions in 10 
s, what is its angular velocity?

WS # 6: (Exercise 3)

ഥ𝝎 =
∆𝜽

∆𝒕

ഥ𝝎 =
𝟏𝟎𝟎 × 𝟐𝝅

𝟏𝟎

ഥ𝝎 = 𝟔𝟐. 𝟖 𝒓𝒂𝒅/𝒔



WS # 6: (Exercise 4)

ഥ𝝎 =
∆𝜽

∆𝒕

𝟕. 𝟏 × 𝟏𝟎−𝟓 =
𝟐𝝅

∆𝒕

∆𝒕 = 𝟖𝟖𝟒𝟗𝟓. 𝟔 𝒔 𝒄𝒐𝒏𝒗𝒆𝒓𝒕 𝒕𝒐 𝒉 ∆𝒕 =
𝟖𝟖𝟒𝟗𝟓. 𝟔

𝟑𝟔𝟎𝟎
= 𝟐𝟒. 𝟔 𝐡



A disc rotates at a frequency of ( 1.3 s -1 ), what is the angular velocity 
of the disc?

WS # 6: (Exercise 5)

𝒇 =
𝝎

𝟐𝝅

𝝎 = 𝟐𝝅 𝒇

𝝎 = 𝟐𝝅 × 𝟏. 𝟑 

𝝎 = 𝟖. 𝟐 𝒓𝒂𝒅/𝒔



If a wheel is turning at 3.0 rad/s, what is the time it takes to complete one 
revolution?

WS # 6: (Exercise 6)

ഥ𝝎 =
∆𝜽

∆𝒕



WS # 6: (Exercise 7)



Angular velocity points up If the object moves counterclockwise.
If the object moves clockwise, the angular velocity points ………………….. 

WS # 6: (Exercise 8)



A disk with a diameter of ( 0.5 m ) started rotating from rest, and the 
angular displacement of the disk changed with time according to the 
function ( 𝜃 = 6𝑡2 + 12). What is the angular velocity of the disk after 
( 4.0 s ) of starting the rotation?

❑ 60 rad/s

❑ 48 rad/s

❑ 96 rad/s

❑108 rad/s

WS # 6: (Exercise 9)

𝝎 =
𝒅𝜽

𝒅𝒕

𝝎 = 𝟏𝟐𝒕

𝝎(𝟒) = 𝟏𝟐 × 𝟒

𝝎 𝟒 = 𝟒𝟖𝒓𝒂𝒅/𝒔 



Learning 
Objectives

Section 9.3

Angular velocity, 

Angular frequency, 

and Period

1) Describe the relationship between angular 
velocity and linear velocity.

2) Solve problems to find the linear and angular 
velocity.



Angular velocity and linear velocity

𝒗 = 𝒓𝝎 ො𝒕

we have the relationship between angular and linear velocities for 
circular motion:

L.O: Describe the relationship between angular velocity and linear velocity.



The relationship between angular and 
linear velocity of circular motion:

𝒗 = 𝒓𝝎 ො𝒕

note:

The symbol ො𝒕 represents the tangential 
unit vector and has no relation to time t.

The linear velocity vector is always 
perpendicular to the position vector.

L.O: Describe the relationship between angular velocity and linear velocity.



𝒗 = 𝒓𝝎
This relationship applies only to linear and angular velocity 
magnitudes.

But their vectors point in different directions.

L.O: Describe the relationship between angular velocity and linear velocity.



Answer:

e

WS # 7: (Exercise 1)

L.O: Describe the relationship between angular velocity and linear velocity.



A bicycle’s wheels have a radius of 33.0 cm. The bicycle is traveling at a speed of 
6.5 m/s. What is the angular speed of the front tire? 

WS # 7: (Exercise 2)

𝒗 = 𝒓𝝎

L.O: Solve problems to find the linear and angular velocity.



WS # 7: (Exercise 3)

L.O: Solve problems to find the linear and angular velocity.

𝒗 = 𝒓𝝎

𝟓 = 𝟎. 𝟐𝟓 × 𝝎

𝝎 = 𝟐𝟎 𝒓𝒂𝒅/𝒔 𝑪𝒐𝒎𝒆𝒔 out



WS # 7: (Exercise 4)

L.O: Solve problems to find the linear and angular velocity.



Write the relationship between angular velocity and linear velocity.

L.O: Solve problems to find the linear and angular velocity.

𝒗 = 𝒓𝝎



An object tied to a string moves in uniform circular motion in a 
smooth horizontal plane as shown in the adjacent figure. If the 
string is cut at point P , in what direction will the object move 
at the moment the string is cut?

❑ A ❑  J

❑ L ❑ M

✓ 

WS # 7: (Exercise 5)

L.O: Solve problems to find the linear and angular velocity.



If the linear displacement of a body moving in circular motion as a function of time 
is given by the relation (𝑠 = 5𝑡2 + 7)
Which of the following represents angular velocity?

❑10𝑡

❑
10 𝑟

𝑡

❑
10 𝑡

𝑟

❑
5𝑡2+7

𝑟

WS # 7: (Exercise 6)

L.O: Solve problems to find the linear and angular velocity.



Example 3 page 260:
The Earth orbits around the Sun and also rotates on its pole-to-pole axis. 
Find each of the following: 
If you know that the distance between the Earth and the Sun is 1.49 x 10 11 m .

Earth's rotation around its axis Earth's rotation around the sun

1) Period in s ?

2) Frequency?

3) Angular velocity?

4) Linear velocity? If you know that At the Equator, the radius of 
rotation is r= R earth = 6380 km.
Away from the Equator, the radius of rotation as 
a function of the latitude angle is r= R earth cos𝝑
𝝑Used to express latitude angles.

𝑇𝐸 = 24 ℎ
𝑇𝐸 = 24 × 3600

𝑇𝐸 = 8.64 × 104𝑠

𝑇𝑠 = 365 𝑑𝑎𝑦
𝑇𝑠  = 365 × 24 × 3600

𝑇𝐸 = 3.15 × 107𝑠

𝑓 =
1

𝑇
=

1

8.64 × 104
= 1.16 × 10−5𝐻𝑧 𝑓 =

1

𝑇
=

1

3.15 × 107
= 3.17 × 10−8𝐻𝑧

𝜔 = 2𝜋 𝑓
𝜔 = 2𝜋 × 1.16 × 10−5

𝜔 = 7.3 × 10−5rad/s

𝜔 = 2𝜋 𝑓
𝜔 = 2𝜋 × 3.17 × 10−8

𝜔 = 1.99 × 10−7 rad/s

𝑣 = 𝑟𝜔
𝑣 = 1.49 x 10 11 × 1.99 × 10−7

𝑣 = 2.97 × 104𝑚/𝑠
𝑣 = 𝑟𝜔

𝑣 = 6380× 103 × cos 𝜗 × 7.3 × 10−5

𝑣 = 466 cos 𝜗

WS # 8



If you know that At the Equator, the radius of 
rotation is r= R earth = 6380 km.

Away from the Equator, the radius of rotation as a 
function of the latitude angle is r= R earth cos𝜗

(𝜗Used to express latitude angles).

𝑣 = 𝑟𝜔
𝑣 = 6380× 103 × cos 𝜗 × 7.3 × 10−5

𝑣 = 466 cos 𝜗

4) Linear velocity? (Earth's rotation around its axis)



Question 34 / page 280:

Answer:

0.85 rev



End of the section


