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Learning Outcome 1

Define a radian and convert degrees to radians and vice versa.
Identify that counterclockwise motion is positive and clockwise motion is negative.

Measuring Revolution
A revolution can be measured in:
o Degrees — 360° =1 rev

¢ Radians — 2nrad =1 rev

Units of Angular Displacement

Angular displacement can be expressed in three units:
« Radian (rad) — SI unit
» Degree (°) — one complete turn = 360°

» Revolution (rev) — one complete rotation

What is a Radian?

A radian is the angle formed when the arc length equals the radius of a circle.
One complete revolution equals:

360° =2n rad

The radian is abbreviated as:

rad

Positive and Negative Rotation
o Counterclockwise rotation — Positive (+)
o Clockwise rotation — Negative (—)
Example:
+n rad — "Co'untei‘clbé-kwi's:e

—n rad — Clockwise

0509886279 s pliac ganllsc /i




END OF TERM 3 COVERAGE (2025-2028) ‘ 11ADV

Radian—Degree Conversion

Convert from radians to degrees:

, 180°
degree = radian X —

Convert from degrees to radians:

T
dian = d X —
radian egree X Too

Revolution Conversion
From revolution to radians:

Radians = rev X 2m
From radians to revolution:

rev = radians + 2w
Choose the correct answer:

Which of the following is a unit used to measure an object’s rotation?
(@ Meter (b Newton (© Radian @ Kilogram

One complete revolution (360°) is equal to:
n/4rad ®@n2rad ©mnrad @ 2xrad

A degree is equal to:
(@ 1/360 of a revolution (B 1/500 of a revolution (© 1/27 of a revolution () 1/4 of a revolution

Convert 90° to radians.
@ mrad ® w2 rad © 2n rad @ n/4 rad

Convert t radians to degrees.
@90° [®180° ®2707  D360° o

Which rotation is considered positiﬂre?
@ Clockwise @ Downward  (© Counterelockwise © @-Horizontal
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LIV RS Einsteln_AE

An object rotates clockwise through an angle of 90°. Its angular displacement is:
+n/2rad ®-n2rad ©+nrad @ —mwrad

How many revolutions are equal to 4x radians?
@ 1 rev ® 2 rev © 3 rev d 4 rev

Convert 270° to radians.
@ m/2 rad ® mrad © 3n/2 rad @ 2m rad

A wheel rotates counterclockwise through one-quarter revolution. The angular
displacement is:
@ —m/2 rad ® +n/2 rad © —x rad @ +nr rad

Earth’s Rotation
We know that:
24 h =1 revolution = 360° = 27t rad

This means that the Earth completes one full rotation in 24 hours.

General Formula

To calculate angular displacement:

Where:
e 0 =angular displacement in radians
e time = time in hours

Choose the correct answer:

Earth rotates through how many radians in 12 h?
@n/2rad —, | Oratgad ODrrad (D 3nfdd o

Earth rotates through how many radians in 6 h?
@n/2rad, @@ nrad ©)2mrad /4 vad

0509886279 s pliac ganllsc /i
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Earth rotates through how many radians in 1 h?
n24rad O n/12rad  ©On/6rad @ n/2 rad

Earth rotates through how many radians in 1.5 h?
@ /12 rad ® /6 rad © 7/8 rad @ m/4 rad

The Earth rotates a total of how many radians in 24 h?
@ m rad ® n/2 rad © 2n rad @ 4n rad

For the minute hand of a clock, what is the angular displacement in one hour?
@ nmrad @®nrad © 2nrad @ 2nrad

Which angle represents half a revolution?
w/2rad @Onrad ©2rrad @ 3nrad

Learning Outcome 2

Relate the arc length (x) to the angular displacement (8) and the distance (r) from the axis
of rotation.

Explanation: Arc Length
When an object rotates, a point on the object moves along a circular path.
The distance moved along the circular path is called arc length.
Relationship between arc length and angular displacement:
x =70

Where:

e x = arc length

e r=radius

e 0= _a_ngu]___a_r displacement in radians
Importal'li'z.t :N.ot:elz ) | ;

L. The anglé (6) must be in radiaiiI;, not de.gree.s.

If the angle is.given in degrees, copvert:it to raé;iéns ;;f\"lrstl._l;_).__c__fo:r',c_ z;ppiyin_g the equation.
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Key Notes
e Iff =1rad
Then:
xX=r
e Iff =2rad
Then:
x="2r
e If@ =mrad
Then:
X =mnr

Choose the correct answer:

What is the arc length for an angle of 2 rad?
@ Four times the radius () Twice the radius ~ (© Half the radius (@ Equal to the radius

The diagram shows a sector of a circle with radius r. :

The arc length of the sector is r.
What is the measure of angle 0?

@ 30° ® 57° © 60° @ 180°

A motorbike completes half a revolution around a circular racing track.
If the diameter of the track is 300 m, what distance does the bike travel?
(Give your answer to two significant figures)

@ 48 m [ 480 m © 47 m @ 470 m

A wheel is rotated so that a point on the edge moves through 1.50 m.
The radius of the wheel is 2.50 m.
What angle, in radians, is the wheel rotated?

@ 0.60 rad ® 1.50 rad (©2.50 rad @ 4.00 rad

A steering wheel is rotated through TR0 - L
Its radius js22 cfn. (o A O\ S
How far would a pomt on the Qteermg wheel S edgc mave"

@24cm  ®49cm @s6em . @ 128cm
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The radius of a circle is 10 m and the angular displacement is 3 rad.
Find the arc length.

@ 10 m ® 13 m © 30m @ 300 m

An object moves through an arc length of 18 m around a circle of radius 6 m.
Find the angular displacement.

@ 2 rad ® 3 rad © 4 rad @ 6 rad

A point moves through an are length equal to zr.
The angular displacement is:

@ m/2 rad ® = rad © 2 rad @ 37 rad

A wheel of radius 0.5 m rotates through 4 rad.
What distance does a point on the rim travel?

@1lm ®2m ©4m @8m

A circular path has radius 15 ¢cm and arc length 45 cm.
Find the angle 0.

@ 1 rad ® 2 rad © 3 rad ) 4 rad

If the angular displacement doubles while the radius remains constant, the arc length
will:

(@ Remain constant (b Be halved (© Double @ Become zero

A point travels an arc length of 20z cm on a circle of radius 10 cm.
Find 0.

@ m rad ®2nrad  ©3nrad D4nrad

0509886279 scpliaccianglucd [ 6 |
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Learning Outcome 3
Objective

e Apply the relationship between angular velocity (®), angular displacement (A0),
and time interval (At)

e Solve problems related to rotational motion
Explanation: Angular Velocity

Angular velocity describes how fast an object rotates.

_ A8
REY:
Where:
e = angular velocity
« A0 = angular displacement
e At =time interval
Unit Sy
rad/s (\A/
Important Notes ANS-.

e Counterclockwise rotation — positive ®

o Clockwise rotation — negative ® i &ADS
)

1rev=2nrad

21 )
s o
= K —
® =rpm X =

Solved Examples
Example 1
AQ = 2.6rad, At = 20.0 s
M= 28 2 0033 &
Example 2 ~
A6 = 1.90rad, At = 50.0's
148 WML
(oo L=—=2 0.038 12"
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An object rotates through an angular displacement of 2.9 rad in 25 s.
What is its average angular velocity?

73 rad/s ® 0.12 rad/s (© 3.0 rad/s d) 8.6 rad/s

A record rotates clockwise at 33.3 rev/min.
What is its angular speed in rad/s?

(@ 3.49 rad/s ® 1.75 rad/s (© 0.29 rad/s ) 209 rad/s

A motor rotates at S000 rpm.
What is its angular speed in rad/s?

@) 524 rad/s ([ 420 rad/s (© 240 rad/s ) 120 rad/s

An object completes one revolution (2 rad) in 2 s.
What is its angular velocity?

@ 4/3 mrad/s ® 1/2 mrad/s (© 2m rad/s @) m rad/s

An object rotates through 8 rad in 4 s.
What is its angular velocity?

@ 0.5 rad/s () 2 rad/s © 4 rad/s ) 32 rad/s

A wheel rotates counterclockwise through 12 rad in 3 s.
What is its angular velocity?

@) —4 rad/s (® +4 rad/s (© +36 rad/s d) —36 rad/s

A wheel rotates clockwise through 6 rad in 2 s.
What is its angular velocity?

+3 rad/s (B -3 rad/s (© +12 rad/s @ —12 rad/s

An object undergoes an angular displacement of 10 rad in 5 s.
Which equation is used to calculate its angular velocity?

@ o =40 A0) O\ B @39 /at,  (©p AN AR L5\ @ @R 615)||

The hour hand totates for 4 h. :
What is its angular displacement?

@ /3 gad ® 2m/3 rad. /= __:_© @ rad @j_@i,tﬂ:;ad,-.\_:;j__

0509886279 scpliaccuanglucd [ 8
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The minute hand completes half a revolution. How much time has passed?

@ 15 min ® 30 min (© 45 min @ 60 min

An object rotates through 10 rad in 5 s. What is its angular velocity?
0.5rads ®2radls (©5rads @ 50rad/s

A rotating object has a speed of 60 rev/min.
What is its angular speed in rad/s?

@ 2m rad/s (® = rad/s © 6mrad/s @ 127 rad/s

The minute hand completes one full revolution in 60 min.
What is its angular displacement in 1 hour?

@ 7 rad ® 2x rad © n/2 rad ) 4 rad

The second hand completes one revolution in 1 minute.
What is its angular displacement?

@ /2 rad ® & rad © 2m rad @ 4x rad

The hour hand completes one revolution in 12 hours.
What is its angular displacement?

w/2rad ®nrad ©2nrad @ 4nrad
Angular Displacement

A movie lasts 2 h.
Determine the angular displacement of each hand of the clock during the movie.

What is the angular displacement of the hour hand during 2 h?
@) /6 rad () m/3 rad © m/2 rad @ 7 rad

What is the angular_ displacement of the minute hand during 2 h?

@ 2nrad ( npad (OO rad (@ oo )

What is the angular displacement of the second hand during 2 h?
@ 120mead/ D) [BOmpad’ 10 Jorrad D360nrad )\

0509886279 s pliac ganllsc /i
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Learning Outcome 4

Relate the linear velocity (v) to the angular velocity (®) and the distance (r) from the axis
of rotation.

Solve problems related to rotational variables.
Explanation: Linear Speed (Tangential Speed)

When an object rotates, any point located at a distance r from the axis of rotation moves in a
circular path.

The speed of that point along the curved path is called linear speed or tangential speed.

Formula

Where:
o v = linear speed (m/s)
e r = radius or distance from the center (m)
e © = angular velocity (rad/s)
Important Notes
« All points on a rigid rotating object have the same angular velocity.
e Points farther from the center move with greater linear speed.

» Linear speed is directly proportional to radius.

If radius increases: / \ F, ¥
1
’ l
- WP

If radius decreases:

" _ \/ /4

A wheel rotates with an angular velocity of 4 rad/s.
A point is located 0.50 m from the center.

Find the linear speed.
Solution:

vV=Tw

v = (0.50)(4) = 2.0 m/s

Earth rotates W1th an angular velocity:w = 7.27 X 10‘ 1adfs :
Earth’s radius:r < 6,38 X 10%'m _' 3 “ 2
Find the lmear speed atthe equat’or

Solution:

V=rw
VT (6 38% 106)(7 27 X 10 5) = 464 m/s

0509886279 ase pliac cran e /|
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Choose the correct answer:

The figure shows two touching gears. ¢ o
Which quantity is the same for both gears? '

@ Linear speed  (® Angular speed  (©) Angular displacement () Angular acceleration

In a clock, all parts of the minute hand are equal in: é
@ Linear speed  (® Angular speed (O Linear displacement (@) Tangential speed

The figure shows a rotating disk with two points located at different distances from the
center.
How can the angular velocities of the two points be compared?

@ Point B has greater angular velocity

(® Point A has greater angular velocity

(© Both angular velocities are zero

@ Both angular velocities are equal and nonzero

A point on a rotating wheel is 0.20 m from the center.
[f the wheel rotates at 10 rad/s, what is the linear speed?

0.5 m/s B 2.0 m/s © 5.0 m/s d 20 m/s

A rotating disk has angular velocity = 8 rad/s.
A point located 0.50 m from the center has linear speed:

@ 2 m/s D4mis © 8m/s @ 16 m/s

Which equation relates linear speed and angular velocity?

@v=onr O v=ro ©v=ro @v=r+o

Two points are located on the same rotating disk.
Point P is farther from the center than point Q.
Which statement is correct?

(@ Both points have the same lingar speed &
( Point Q has'g g,redter linéar speed

(© Point P has greatef linear speed

@ Both points have zero speed

0509886279 s pliac ganllsc /i
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A wheel rotates with angular velocity = 12 rad/s.
A point on the rim moves at 3.6 m/s. What is the radius of the wheel?

@ 0.10 m ® 0.20 m © 0.30 m @ 0.40 m

A wheel rotates at 20 rad/s.
Find the linear speed of a point located 0.40 m from the center.

@ 4 m/s ® 8 m/s © 12 m/s @ 16 m/s

A point moves with linear speed = 15 m/s and is 0.50 m from the center.
Find the angular velocity.

@ 10 rad/s (B 20 rad/s (©) 30 rad/s @ 40 rad/s

A rotating fan has radius = 0.25 m and angular velocity = 40 rad/s.
Find the linear speed at the tip.

@ 5 m/s B 10 m/s © 15 m/s d 20 m/s

0509886279 ase pliac cran e /|
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Learning Outcome 5

Apply the relationship between average angular acceleration (o), change in angular
velocity (A®), and time interval (At).

Solve problems related to rotational variables.
Explanation: Angular Acceleration

Angular acceleration describes how quickly angular velocity changes with time.

_ﬂcu
At

Aw = wp — w;

a

Where:
e a= angular acceleration (radfsz)
e ;= initial angular velocity
» wy= final angular velocity
e Aw=change in angular velocity
o At=time interval

Sign Convention

e If angular velocity increases in the counterclockwise direction — positive angular acceleration
e Ifangular velocity decreases — negative angular acceleration

e Clockwise rotation is usually considered negative

Choose the correct answer:

A flywheel increases its angular speed from 5 rad/s to 15 rad/s in § s.
What is the angular acceleration?

@ 6 rad/s? ) 4 rad/s? © 3 rad/s? @ 2 rad/s?

A fan slows from 10 rad/s to 6.30 rad/s in 5.00 s.
What is the magnitude of angular acceleration?

1.35 rad/s? ([ 0.921 rad/s? (© 0.740 rad/s? @ 0.360 rad/s?

A blender blade spins from rest to 9000 rev/min in 4.5 s.What is the angular acceleration?

756 rad/s? (B 2000 rad/s? (©) 12.6 rad/s? @ 209 rad/s?
A CD starts rofa”tiﬁngfbrﬁ rest and reéchfés 6m rad/s i 3.0's.

What is the angular acceleration?

@ 6 radls* (=D 4n'rad/s>, (O 2n rad/s? \(@ myrad/s?

0509886279 ssc pliae cpasllasc /i
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A centrifuge rotor is accelerated for 20 s from rest to 10000 rpm.
What is its average angular acceleration?

558 rad/s? ® 17.3 rad/s? (©) 1050 rad/s? @ 52.5 rad/s?

A wheel increases its angular velocity from 8 rad/s to 20 rad/s in 4 s.
What is the angular acceleration?

(@ 2 rad/s? (D 3 rad/s? (©) 4 rad/s? @ 5 rad/s?

A rotating fan changes its angular velocity from 30 rad/s to 10 rad/s in 5 s.
What is the angular acceleration?

(@ —2 rad/s? (b) —4 rad/s? (© 2 rad/s? @ 4 rad/s?

A wheel rotates clockwise and its angular speed changes from —12 rad/s to —4 rad/s in 4 s.
What is the angular acceleration?

@ +2 rad/s? (b —2 rad/s? (© +4 rad/s? ) —4 rad/s?

A rotating disk changes from 0 rad/s to 24 rad/s in 8 s.
Find the average angular acceleration.

@) 2 rad/s? ([ 3 rad/s? © 4 rad/s? @ 6 rad/s?

A wheel rotates from 25 rad/s to S rad/s in 10 s.
What is the angular acceleration?

@ —1 rad/s? (b —2 rad/s? © 2 rad/s? @ 5 rad/s?

A rotating object starts from rest and reaches 40 rad/s after S s.
What is its angular acceleration?

@) 6 rad/s? (b 8 rad/s? © 10 rad/s? d) 12 rad/s?

An object changes its angular velocity by 30 rad/s in 10 s.
Find a.
@ lrad/s?  @2radls? _ (© 3rad/s @ 4 rad/s?

A wheel initiall"y .rbfai:es at —20 rad/’sand stopé' after 4s.
What is the angular acceleration?

@ +5 rad/sz>, @IS radlst>  © +4rad/s? @ ~4-rad/s>

0509886279 ausc eliac Cpas dlauc /1
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Learning Outcome 6
Define the term torque.

Identify that torque involves a force and a lever arm, which is the perpendicular distance
from the axis of rotation to the point where the force is applied.

Explanation: Torque
Torque is the turning effect of a force.
A force can make an object rotate only if:
o the force is applied at a distance from the axis of rotation

« the force is applied in a suitable direction

Effect of Force: Opening a Door
The effect of force on rotation depends on:
 the point of application

e the direction of the force

No effect Some effect Maximum effect

No effe(ﬁt | Sorﬁe ef.fe.ct Maxirhum effect

\ \

0509886279 sse pliac cpasllasc /i
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Why Some Forces Rotate the Door and Others Do Not
Force F1 — No Rotation
e Applied very close to the axis of rotation (hinges)
e Lever arm = zero
e Torque becomes nearly zero

Result:

Does not rotate the door

Force F2 — Causes Rotation Easily
e Applied far from the hinges
e Lever arm is maximum
» Force is perpendicular to the door

Result:

Produces maximum rotation

Force F: — No Rotation

o Applied far from the hinges

» Force acts parallel to the door
Since:

T = Frsin 6

At:
0=0°
Torque =0
Result:

No rotation occurs
Maximum Rotational Effect Occurs When
v Force is applied far from the hinges
v Force s applied perp'éﬁdii:ﬁiar_,(_900-).:
Force near hinges -~ a'-l'most no'etféi;'_ti_'--"f .
Force at middle — some effect .

Force at outer edge 1~ maximum effect

0509886279 ase pliac cran e /|
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Choose the correct answer:

Which of the shapes shown (A-D) produces the least torque when the same force is applied
at the point indicated on eacd_o_or _

(D) (© (B)
@ (C)& (D) ® A)&(©) © B)&(0) @ (A)&(D)

The door that has the greatest torque on is

Can) ()

:”"’_ A ’—“‘}\ e r, = rsing E ‘-)\ &ﬁ
= [ - r

=) (C )

@ a ® b © c @ d

In the illustration, why is there little to no effect in the top-left door?
(@ The force is applied parallel to the lever arm

(D) The force is applied perpendicular to the lever arm

(© The force is applied perpendicular to the axis

(@ The force is applied at the axis of rotation

The greatest torque on a door occurs when the force is applied:
(@ near the hinges and parallel to the door

(D near the hinges and perpendicular to the door

(© far from the hinges and perpendicular to the door

@ far from the hinges and parallel to the door

If the same force is applied to a door, the torque is greatest when force acts:
@ at hinges (D) at middle (© at outer edge @ along the door

Which force produces zero torque?
@ A force applied perpendicular to the lever arm

® A force appﬂnedi far fro ~fhe & H ol os oo ]
/’ N\ Y N\ A {\ A\
©A force\apﬂhed threu Ihﬁ-}ms oprc_);a L“’\_j\ ,\/) :31:!1%31:9 :
@ A force applied-at the handle ‘* AL w
( 1 |
= (e —~ ~& I
LJ\.a\\'{H[L/ Jf.:} \} - /’_'r:l_.{"c"y' J vi—j_,-—n/ /i} \3 . //\ ~ /4' :} \\\ n__JL f—i} lllj
) LS TV I\"\_)/a' (1/ -H'):' o
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Learning Outcome 7

Apply the relation T = Frsin® to calculate torque.

Identify positive and negative torque depending on the direction of rotation.
Clockwise torque — Negative

Explanation: Torque Calculation
Torque is the turning effect of a force.
Relationship:
T = Frsin 6

Where:

e 1 =torque (N-m)

e F=force (N)

¢ r=distance from axis (m)

» 0 =angle between force and radius (or handle)

Sign of Torque
e Counterclockwise rotation — Positive torque (+)
e Clockwise rotation — Negative torque (—)

Important Cases
If force is perpendicular:

8 = 90°
T=Fr
Torque becomes maximum
If force is paralel:
a_=ys:
Torque = 0

Choose the correct answer:

A door is 0.90 m wide and a force of 2.0 N is applied perpendicular to the door.
What is the magnitude of torque?

@2.9N'm ® 1.8 N'm © 0.45 N'm @) 0.40 N°m

A torque of 45.0 N'm is needed to tighten a bolt.

A 0.341 m wrench is used, and the maximum force is 189 N.
What is the smallest angle with respect to the wrench?
@443° 434> ©343° D334

A force of 70.0 N is applied to a wrench at an angle of 50.0°.
[f the torque equals 15.0 N-m, what is the length of the wrench?

@33cm, || ®28em ) (@21 em 5@ Reem ||

A 40 N force is appiicd perpendicu‘llii"i.‘ to 2 0.50 m wrench. What is the torque?
@I10N'm ®20N'm ©40N'm @ 80Nm

0509886279 ase pliac cranlisic /|
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A force is applied parallel to a wrench. What is the torque?
Maximum (B Zero  © EqualtoFr (@ Equal to F/r

Which torque is negative?
@ Counterclockwise torque (b Clockwise torque (©) Maximum torque @ Zero torque

A force of 25 N is applied perpendicular to a wrench of length 0.80 m.
Find the torque.
@I10Nm ®20N'm ©30Nm @40N'm

A force of 60 N acts at an angle of 30° on a 0.50 m lever arm.
Find the torque.
@ 10 N'm ® 15 N'‘m (© 20 N'm @ 30 N'm

A 50 N force acts at 90° to a 0.40 m handle.
What is the torque?
@ 10 N'm () 20 N'm © 30 N'm d) 40 N'm

A 100 N force is applied at 0° to a 0.60 m wrench.
What torque is produced?
@ 0N'm ® 6 N'm (© 60 N'm @ 100 N'm

A force creates counterclockwise rotation. The torque is:
@) Positive (® Negative (©) Zero ) Undefined

If the distance from the axis doubles while force remains constant, the torque becomes:
@ Half D (© Zero @ Unchanged

A 20 N force is applied at 60° to a 0.50 m wrench.
Find the torque.
@ 5.0 N'm ® 8.7 N'm © 10.0 N'm @ 17.3 N'm

If a torque of 55.0 N'm is required to turn a bolt and the largest force you can exert is 135
N, what lever arm length must be used?
@04Im ®03lm ©02m  @0.15m

You have a 0.234 m-long wrench. A job requires a torque of 32.4 N'm, and you can exert a
force of 232 N! What is the: smallest angle (WIth rcspwt tor the handle of the wrench) that
allows you to a(,comphsh the’jeb?| ,‘ i

@36.7° (42X ©51.4° @ 63.3°

A friend can exert 275N using the same 0.234 m wrench.
What is the smallest, angle she/can use to; accomplish the Job"

@ 18455 302° ©4120 [ 51,4
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Learning Outcome 8
Solve problems that involve torque.
Calculate the net torque when more than one torque acts on a body about a rotation axis.
Explanation: Net Torque
When more than one torque acts on an object:
Tnet =T1+ T2 + T3+

Sign Rule
e Counterclockwise torque — Positive (+)
e Clockwise torque — Negative ( )
iz
tnet = 0
The object is in rotational equilibrium and does not rotate.

Important Formula
Torque:
T=FT
or
T = Frsin 6
For balance:
>t=0
Therefore:
Firy =6,
Choose the correct answer:

Fatimah has a mass of 56 kg, and Aisha has a mass of 43 kg.
Aisha sits 1.5 m from the pivot.

At what distance should Fatimah sit to balance the seesaw?
@15m ®08m ©10m @1.15m

A system consists of two pulleys fixed together and rotating about a common axis.
The system is in equilibrium.

The right bucket has a mass of 5.0 kg and hangs at a radius of 1.2 cm.

The left bucket has an unknown mass M and hangs at a radius of 6.0 cm.

What is the value of mass M?

@ 25 kg @5.0 kg ©2.5 kg @ 1.0 kg

Two frult baskets are sugpended Erom two lopes as shown f'_.t (]
The left basket has mass m and hangs 0.28 m fron the 5upp011 o

The right basket has mass 0.8 kg and hangs 0.16 m from the support. ém
What value of m makes the baskets balance without rotatlon" '

@ 1.40%kg" @060kg f@046k§:, @ I 26kg
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In the figure below, the red pencil is balanced on top of the green pencil.
How can you make the red pencil rotate?

Add a second coin on top of one of the coins
( Keep the distance between the two coins as it is

(© Add a second coin on top of each coin on both sides

@ Remove the green pencil

The figure shows Mohammad and his sister Laila sitting on a seesaw and trying to balance it. "
Which action will lead to equilibrium on the seesaw? g'i

(@ Laila moves closer to Mohammad
(b Mohammad moves closer to Laila *é‘f
(© Mohammad and Laila both move toward each other by the same distance

(d Mohammad and Laila both move away from each other by the same distance

The figure shows a uniform seesaw rotating about a pivot at point C.

Three forces act on the seesaw as shown.

What is the net torque produced by the forces about point C, and in which direction does

the seesaw rotate?

@ 6 N'm, clockwise i

(® 8 N'm, counterclockwise \ 24 _|F”3" A

(© 10 N'm, clockwise £
Y

@ 12 N'm, counterclockwise

The figure shows two workers applying forces to a rotating wheel-like device.

The forces act perpendicular to the radius.

What is the net torque on the system about the axis of rotation and what is the direction of
rotation?

(@ 0 N'm, no rotation

([ 200 N-m, clockwise

(© 200 N-m, counterclockwise
d 400 N-m, counterclockwise

A rod of length 4.0 m is acted upon by three forces as shown.

Determine the net torque on the rod about an axis passing through point C and
perpendicular to the page.

15 N'm clockwise ol
® 22 N-m cﬁuntéf’réio.c];w;éé )|
© 30 N'm clockwise >

@ 37 N'm counterclockwise

25N
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Learning Outcome 9

Define moment of inertia as the resistance to rotation.

Explanation: Moment of Inertia

The moment of inertia is the resistance of an object to rotational motion.
It describes how difficult it is to:

e start rotation

e stop rotation r \

e change rotational motion ( ) ( )
The Moment of Inertia Depends On A\J

o the mass of the object

e how the mass is distributed relative to the axis of rotation
Objects with more mass farther from the axis have a greater moment of inertia and are
harder to rotate.

Objects with mass closer to the axis have a smaller moment of inertia and rotate more
casily.

Important Notes
» Greater mass — greater moment of inertia
o Greater distance from the axis — greater moment of inertia
» Moment of inertia depends on the axis of rotation

Choose the correct answer:
The resistance to rotation is called:
@ Friction (B Moment of resistance ~ (© Torque (@ Moment of inertia

The quantity that represents the resistance of an object to rotational motion is:
@ Torque ([ Angular acceleration ~ (©) Moment of inertia (@ Linear velocity

If the distance from the axis increases, the moment of inertia will:
@) decrease  (b) remain constant (© increase ) become zero

The moment of inertia describes how difficult it is to:
(@) increase linear speed (b) start or stop rotational motion
(© increase force only (@ change temperature

Two objects have the same mass. _ el
Which object has'the’ greater moment oi‘ lllel'tla? L5) ey 5 o\ |
The 6bjectwithmass closer to therame e —————
(D) The object with mass farther from the axis

(© Both are equal

@ Cannot bedetetimined=) (~
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Which statement concerning the moment of inertia is correct?
@ It is independent of the axis of rotation

() It depends on the axis of rotation

(© It depends only on mass

@ It depends only on force

Which factor affects the moment of inertia?
(@ Mass only

(® Distribution of mass only

(©) Mass and distribution of mass

@ Angular velocity only

The SI unit of moment of inertia is:
@N'm ® kg'm? © kg/s? @ rad/s?
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Learning Outcome 10
Calculate the moment of inertia (rotational inertia) of a single point mass rotating about
an axis.

Moment of Inertia of a Point Mass
Definition
The moment of inertia measures the resistance of an object to rotational motion.
For a single point mass:
I'=my®

Where:

e I =moment of inertia (kg-m?)

o m =mass (kg)

« r=distance from the axis of rotation (m)

Important Notes
e Larger mass — larger moment of inertia
o Larger distance from the axis — much larger moment of inertia
» Moment of inertia depends on distance squared
» Doubling the distance increases I by 4 times

A rotating object has moment of inertia = 8 kg-m? and mass = 2 kg.
Find the distance from the axis.
@Im ®2m ©3m @4 m

A rotating object has moment of inertia = 18 kg m? and rotates at a distance of 3.0 m.
Find the mass.

@1kg ®2kg ©3kg D4kg

A rotating object has moment of inertia = 12 kg-m? and mass = 3.0 kg.
Find the radius.

@ 1m ®2m ©3m @4 m

A point mass of 8 kg rotates 0.50 m from the axis.

What is the moment of inertia?

@ 1 kg-m? ® 2 kg-m? © 3 kg'm? @ 4 kg-m?

A rotating__l(:)bject,has...mq‘ﬁlené of il_lerti__a":'=_ 50 kg:m? ah'd-.radiiis =5 m,
Find the miass,’ ) — — " (85 <) S —

@1ke ®2ke ©3kg TDdkg

0509886279 ase pliac cran e /|



LIV RS Einsteln_AE

A simplified model of a twirling baton consists of a thin rod with two round objects at cach
end. The length of the baton is 0.66 m, and the mass of each object is 0.30 kg.
Assume the mass of the rod is negligible.

1 0.33m ! 0.33m!
| | |
g

030kg ! 0.30 kg

l
I

I

b 4

I I
Axis  065m

The baton rotates about an axis passing through the midpoint between the two masses and
perpendicular to the rod.

What is the moment of inertia of the baton?

@0.033kgm> ®0.066kgm> ©0.130kgm?> @ 0.260 kg-m>

The axis of rotation is moved to one end of the rod.
What is the moment of inertia of the baton?
@ 0.033 kg'm? [® 0.066 kg 'm? (© 0.130 kg'm? @ 0.260 kg'm?

Two children of equal masses sit 0.30 m from the center of a seesaw.

Assuming that their masses are much greater than the mass of the seesaw, by how much is the
moment of inertia increased when they move to 0.60 m from the center?

@ doubled @ tripled (© four times @ unchanged
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Learning Outcome 11

Demonstrate how the moment of inertia of an extended object depends on the location and
direction of the rotational axis.

Determine the moment of inertia of extended objects such as solid uniform cylinder,
uniform sphere, and long uniform rod.

Moment of Inertia of Extended Objects
Main Idea
The moment of inertia is not the same for all objects.

It depends on: w e
e mass ,I/ / /

e shape ANRYAY
e distribution of mass

o location of the axis of rotation

o direction of the axis of rotation

Important Rule
If more mass is farther from the axis, the moment of inertia increases.
If more mass is closer to the axis, the moment of inertia decreases.

Table: Moments of Inertia of Common Objects

through central diameter mr

Thin hoop of radius r

- z . J |
Solid, uniform cylinder of radius r | through center | ‘f%;--.. ; (; ymr?
|

through center & (g )mr
Ve 4
Axis )
through center * (1’2 )mP

I
Uniform sphere of radius r i
I
| —
| \
|
|
[
|

Long, uniform rod of length /

Axis
l Long, uniform red of length / through end L— (; )m-’"
=
Axis
| Thin, rectangular plate of length / & 1 g
il oR | through center = (12 )m (F+w?)
| S

1. Thin Houp (radlus r).
. Axls J;hrough ¢hé centrLJ dlarrteter (1

\A

. Moment of Inertla

fl

4 mrz ol \ I=mxr
All Ihe ma.s's v:’a'ocafed at. Iﬁeﬂame dl s"fance from rke ams, \m ff)e’ mamenmﬁmeﬂra is relatively large.

-\'\.
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2. Solid Uniform Cylinder (radius r)

o r 3 T
e Axis: through the center i J

¢ Moment of Inertia:

I =lmr2 I:-;»mxr?-

P

The mass is distributed from the center outward, so the resistance to rotation is less than that of a hoop.

3. Uniform Solid Sphere (radius r) P
o Axis: through the center R S -\
 Moment of Inertia: \k)/
2
| =—=m 2 = z 2
5 r I B mxr

Most of the mass is closer to the axis, making it easier to rotate than a cylinder or hoop of the same mass.
4. Long Uniform Rod (length 1)

(a) Axis through the center

1 r
I = —ml? :
T , -
(b) Axis through one end
1 2 1 2
[=—mxl [=— mxl|
[ = 2ml? W ?
3

Placing the axis at the end increases the average distance of the mass from the axis, increasing the moment of inertia.
5. Thin Rectangular Plate (length 1, width w)

e Axis: through the center B

e Moment of Inertia: T

I—%m(!2+w2) I=1‘|—2mx(f2+w)
The contribution of both dimensions affects the resistance to rotation.
Important Notes
o A thin hoop has a larger moment of inertia than a solid cylinder of the same mass
and radius.
e Asolid sphere has a smaller moment of inertia than a cylinder of the same mass and
radius. _
e Arod rotated about lts end ha% & grcatei momcnt of murtra than the same rod rotated
about its-center.— (L =
e Changing the axis of rotation oh‘anges Lhe moment of inertia.

The moment af inertia of an extended object depends on: )
@ mass only (b radins only Q shape and agis of' retatlon U@ ‘arigutai-velocity only
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Choose the correct answer:

A thin hoop and a solid cylinder have equal mass and radius.

Which has the greater resistance to rotation?

Hoop @ Cylinder  (© Equal @ Depends on angular velocity

What is the moment of inertia of a solid uniform cylinder of mass m and radius r?
@I=mr @®@I=%mrr ©I=%mrz @I=1/12mk

What is the moment of inertia of a uniform solid sphere?
@I=m? @®I=Ym? ©OI=%mr @I=YmP

A long uniform rod rotates about its center.
[ts moment of inertia is:

@1=1/12 mPP ® 1= %ml? © I=mr @ 1= Y%mr

A long uniform rod rotates about one end.
Its moment of inertia is:
@1=1/12 mP O I =¥ml2 © I =2%mr? @ I=mr

Which object has the greatest moment of inertia for the same mass and radius?
@ Solid sphere () Solid cylinder ~ © Thinhoop @ All are equal

Why does a hoop have a larger moment of inertia than a solid cylinder of the same mass
and radius?

(@) Its mass is closer to the axis (b) Its mass is farther from the axis

(©) It has less mass @ It has no axis of rotation

Changing the axis of rotation of an object:
(@ does not affect the moment of inertia (D changes the moment of inertia
(© changes only the mass @ changes only angular velocity

A rod is easier to rotate when the axis is:
(@ through one end (D through the center (© outside the rod (@ parallel to the rod

Which stateent is correct?

(@ Moment of inertia is independent of mass distribution

(® Moment-of i mertld depends on the location of the rotdtlona,{ ax1s
(© Monfeit of'1 mertla depends only,on specd B1011818)

@ MOIT]GTIT Of 1H€IT13 is mcasured lI] N l'll

For the same mass and length, which rod has the smaller moment of inertia?
@ Rotating:through| center, ( > (D Rotating through oneend o\ |
© Both equal = v @ Cannof be” determined
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