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MODULE

08 PHYSICS - MODULE 08 « ROTATIONAL MOTION

.

i) LESSON 1: DESCRIBING ROTATIONAL MOTION

LEARNING OBJECTIVES .

By the end of this lesson, students will be able to:

©

Define angular position, angular displacement, and the radian.

Convert angles between degrees and radians.

Apply the sign convention: counterclockwise positive, clockwise negative.
Relate arc length to angular displacement and radius (x = r@).

Define and calculate angular velocity and angular acceleration.

Relate tangential (linear) velocity and acceleration to their angular counterparts.

Explain why every point on a rigid rotating object shares the same angular quantities
but different linear quantities.

Relate frequency, period, and angular frequency.
Interpret data and graphs from an experiment testing v = rw.

Solve single-step and multi-step examination problems on rotational variables.
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MODULE 08

LESSON ‘ I DESCRIBING ROTATIONAL MOTION

Introduction

A bicycle wheel spinning down a street, a car tire gripping the road, an electric
fan cooling a room, a turbine spinning inside a power plant, and the Earth turning
all of these are examples of the same kind of motion: rotation
about an axis. Every point on the object stays the same distance from that axis
and sweeps through the same angle in the same time, even though points at
different distances from the axis cover different amounts of ground.

once a day

So far, motion has been described using linear quantities
acceleration measured in meters and seconds. Rotational motion needs its own set of
quantities — angular position, angular velocity, and angular acceleration — which
behave in a directly parallel way to their linear counterparts. This lesson builds that parallel
system from the ground up and connects it back to the linear quantities already familiar from

earlier chapters

Translational vs. Rotational Motion

™
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position, velocity, and

Translational motion occurs when every point of an object moves the same distance, in the
same direction, over the same time interval — such as a car travelling straight down a road.

Rotational motion occurs when an object spins or turns about a fixed axis, so that different
points on the object move along circular paths of different radii, even though they all

sweep the same angle.

(a) Motion of a
ceiling fan

(b) Motion of Earth
about its axis

Examples of rotational motion

Translational Motion
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(c) Motion of a
spinning top

Rotational Motion

‘o)

\

W3

Type of path || 7

Straightor c__ﬁ"i{ved ._Ii'ine_'-: -

___:C'irc'L;_la_ij path about a fixed

axis

Position variable

Linear position, X (m)

Angular position, 0 (rad)

Core variables

% v;af

0, w, a

Typical example

A car driving down a road

A wheel spinning on its axle

0509886279 suc eliac ¢anissc /|



N 33Je],'R B DESCRIBING ROTATIONAL MOTION

1. Angular Position

Angular position (8) is the rotational analogue of linear position — it tells you how far a rotating line
has turned from a fixed reference direction, usually the positive x-axis, measured counterclockwise by
convention. It can be expressed in degrees, radians, or revolutions.

@ = angle measured from the positive x — axis (°,rad, or rev)Evam
connection: Exam questions rarely ask for angular position alone — it is almost always the starting point for
calculating angular displacement .

Radian—Degree Conversion

To convert from rad — degree

. 180°
degree = radian X —
To convert from degree — rad
T
radian = degree X
81°¢ > 180°

Revolution (rev)
A revolution (rev) represents one complete rotation around a circle.
Because one full rotation corresponds to an angle of:
360° = 2mrrad = 1 rev
Conversion Between rev and rad
1. From Revolution to Radians
Radians = rev X 21
2. From Radians to Revolutions
radians
21

rev =

2. Angular Displacement

Angular displacement (A0) is the change in angular position of a rotating line as an object turns — the
rotational analogue of linear displacement. It is a vector quantity, so direction matters as much as size

(magnitude). :
46 = 6;- 6, p
Sign Convention / ag
¢ Counterclockwise (CCW) rotation — positive angular displacement \ x
» Clockwise (CW) rotation — negative angular displacement
Exam connection: The sign convention is one of the most heavily tested ideas in this lesson — always confirm

the direction of rotation before assigning a sign to 0, w, or a.

€ The Physics of a Clock

A standard clock has three hands. To solve rotational motion problems, you must know how
long it takes each hand to complete one full revelution (1 rev = 27 rad).
This time is called the Period (T').

1. The Second Hand:

2. The MmuteHand, W LLO)LJ Y \B)I{®
Completes [ full reVqutlon evcry 60 ml__u’tes (l hour)f

A

3. The Hour Hand: _
Completes | fullrevolution every-12 hours

0509886279 sse pliac cpanglsse /1



Einstein_AE Quick Formula: 40 = — ( Sy T ) X 21 rad

Hand's Period
Viewing Direction and the Sign of Rotation

Viewed from above the North Pole, Earth rotates counterclockwise (west to east)
its rotation is positive.

Viewed from above the South Pole, that same rotation appears clockwise

it is negative — identical physical motion, opposite sign.

EARTH’S ROTATION: DIRECTION AND SIG

L o | o Earth rotates on its axis from west to east. The appearance of this motion depends on the viewpoint. - -

VIEW FROM ABOVE THE NORTH POLE VIEW FROM ABOVE THE SOUTH POLE

@ DRECTION: When viewed from above the North Pole, €) DIRECTION: When viewed from above the South Pole,
Earth rotates counter-clockwise from west to east. the rotation appears clockwise.
‘ SIGN: In physics and mathematics, ' SIGN: Clockwise is the negative
B counter-clockwise is the positive direction (=).

direction (+).

Exam connection: Before assigning a sign to 0, w, or a, always confirm which side the rotation is being
viewed from — a rotation isn't inherently positive or negative, its sign is only fixed once the observer's
vantage point is specified.

3. Radians and Angular Measurement

One radian is the angle subtended at the center of a cirele by an arc whose length equals the radius of that

circle. Because the radian ties an angle directly to a ratio of two lengths (arc length + raqu} itisa
"natural," unit-free measure of angle — which is exactly why the rotational-motion e s.in this lesson

require 8 to be in radians, not degrees.

PHYSICS-MODULE 08-ROTATIONAL MOTION| [ {o]s1V] %Yo}

Conversion

Degrees — Radians

Formula

radians = degrees * (w/ 180°)

Radians — Degrees

degrees = radians x (180° / x)

Reference

360° = 2t rad = 1 revolution

4 4% Yo’
’Z.\‘(”” l‘.'f‘}"}!(‘*l‘..ffﬂff:

fone A plissedfigre
in rotational-wiotion problems -

J’ﬂf;{.‘ﬂﬂ \’_,FHH’{’!’\L(?I]J\ ”!fﬁ' \UJ‘L’II‘.’ HH}YY ("U?HJH{JH Nn")fp‘.“( e flf W t‘).i'i‘” answers
always (ﬁcdf the r.rm! ‘of 0 before Substituting into an equation.

&=<10)-
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MDESCRIBING ROTATIONAL MOTION

Fill in the missing values. Convert each angle from degrees to radians and from radians to degrees.

Degrees (°) 32° | 95° | 217° | — | — | 12° — —
Radians (rad) — | — o T | S| — 3 rad 2.4 rad

3. Arc Length

When an object rotates through an angle 6, a point located a distance r from the
axis traces out an arc. The length of that arc, x, depends on both the radius and the /
angle swept — but only when @ is expressed in radians. /

x = 18 (6 must be in radians) 0 = —

Exam connection: Arc-length problems frequenily hide a degree-to-radian
conversion inside the question — read the given angle's unit carefully before applying x = r6.

4. Angular Velocity

Angular velocity (w) describes how fast an object's angular position changes with time — the
rotational analogue of linear velocity. The average angular velocity over a time interval is the angular
displacement divided by the time taken; the instantaneous angular velocity is the value at one
particular moment (found from the slope of a 6t graph at that instant).

Where:
w= angular velocity o = 2 [rad/s]
A8 = 6f — 6;
At = tf —1;

Units of Angular Velocity

1. The SI Base Unit
The standard unit for angular velocity (w) is radians per second (rad/s).
2. Important Conversions
In exam problems, angular velocity is often given in other practical units. You must convert them to rad/s
using the following rules:
e Revolutions per minute (rpm):

To convert from rpm to rad/s, multiply by %.
21

mzl'pmx-ﬁ

e Revolutions per second (rev/s or Hz):
To convert from rev/s to rad/s, multiply by 27.
W = rev/s X 21w

e Degrees per second (deg/s):
To convert from degrees to radians, multiply by 1—’;—0-.

=d X //
- — g w X eg/s 180
Sign Conventiens | <\ 2 ¢\ /) ||| |

\
1 \ Al \ \ )
LI LI L)L)

e Counterclockyise (CCW) = Positive angular velocity,
¢  Clockwise (CW) — Negative angularvelocity

Exam connection: Distinguish "average angular velocity"” (uses total AQ and At) from "instantaneous angular

velocity" (a single point on a Q-1 graph. __ ~ W . , 4120 oo

0509886279 sac pliae gaslsc /i



PHYSICS-MODULE 08-ROTATIONAL MOTIONl MODULE 08

S. Tangential Velocity

Every point on a rotating rigid object shares the same angular velocity, but points do not all move at
the same linear speed. The tangential (linear) speed of a point depends on how far that point sits from
the axis of rotation: points farther from the axis sweep out a longer arc in the same time, so they
move faster along their circular path.

vV = Tw
Where: / ' "4
e v= linear (tangential) speed i
e 7= distance from the center (radius) XY __ _tI 1
e w= angular velocity (rad/s) /1234
Note: Linear Speed is Directly Proportional to Radius /
Near the Axis vs. Far from the Axis \- |

* A point close to the axis (small r) has a small tangential speed,
* even though w is the same as every other point.
* A point far from the axis (large r) has a larger tangential speed, for that same w.

Tangential (Linear) Speed vs. Angular Speed

The diagram shows two points on the same rigid rotating disk:

* Point A is at radius (1) from the center  farther from the axis.

* Point B is at radius (1) from the center  closer to the axis, where (15 > 13).

Both points belong to the same rigid body, which rotates with a single angular velocity ().

Because A and B are part of the same rigid disk, they sweep through the same angular displacement in the
same amount of time.

Wy =W =w
Therefore, all points on a rigid rotating body have the same angular speed.
2. Tangential (Linear) Speed — Different for Each Point
Tangential speed depends on the point's distance from the axis of rotation:

V=rw

¢ For Point A:
Uy =Ty

e For Point B:
Vg =Tpw

Since ry < 15 and both points have the same w, then: v, < vg

Note 1 — Meshed Gears

Two touching gears are separate bodies linked only at the contact point. « That point moves
without slipping, so linear speed is equal there (v, = v,). * Since v = rw, different radii -
different angular speeds (r,0; = nw,).

Note 2 — Mmute Hand

The hand is one, rlgld body, sa everv point shares the. same angulal8 speed {and A8, ). Linear
speed differ’s; since v =1 and + differs along thé hand. e d i, .
Rule: Two bodies’ totching — shared lmear spet:d at contact

One rigid body — shared angular quantitics throughout.

Exam connec mm 0 /
! W 0\ s ( \:mn |
This radju ff—n’;pemfwc f G tap Qen.‘m[ s p:.m:f nhr?e an ngm' Wv’wm Stays- r?e yeine _,‘of‘ww V pmn.‘

......

&
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m:asscnlame ROTATIONAL MOTION

Earth's Angular Velocity — A Rigid-Body Case Study

The Earth completes one full rotation on its axis every 24 hours.

s

EARTH
ROTATION DATA

In physics, this defines the Period (T) of the Earth's rotation: T = 24 hours il
73210 radfs

1. Converting the Time

To work in rad/s, the rotation period must be in seconds. -
= '5‘-”“’“

60 min) ( 60 s

T:24h( 1

- ) = 86,400 s
1 min

Equatoriol spod:
2 | &34 m/s

Note: One full rotation (one complete revolution) is equivalent to an angular displaceﬁsint of 2m radians.

Mathematical Relationship: 1 rotation = 27 radians
2. Calculating Angular Velocity
Using the standard formula for angular velocity (w = %):

2m rad

= LR e -5 2
= 86,400 s 7.27 X 1072 radfs

Wg

3. Direction of Rotation

Earth spins on an axis through the North and South Poles, turning from west to east. That's why the Sun
appears to rise in the east: the ground beneath an observer moves eastward, toward the sunrise.

e  Viewed from above the North Pole: This motion looks counterclockwise — Positive.

e Viewed from above the South Pole: The same motion looks clockwise — Negative.
Conclusion: Using the standard North-Pole viewpoint, wg is considered positive.
4. Linear Speed at the Equator
To find how fast a point on the equator is moving through space, we use the linear speed formula: v = rw
Given Earth's radius r = 6.38 X 10° m:

Vequator = (6.38 X 10° m)(7.27 X 107° rad/s) ~ 464 m/s

equ.
5. Earth as a Rigid Body

e Distance varies: A point near the poles barely moves in one rotation, while a point at the equator
sweeps a huge distance.

e Angle is constant: But every point — whether near the poles or at the equator — sweeps through
the exact same angle in the exact same time.

e Constant Angular Velocity: Because of this. every part of Earth shares the same angular
velocity: wg = 7.27 X 107> rad/s.

Exam connection: 7his example beautifully combines time-unit conversion, sign convention, the v = rw
relationship, and ¥igid-hody reaspningy| i Kes : :

FE 1 \ \
| g TR J 7 2 D D ED

0509886279 ssc pliac gaslsc /i



PHYSICS-MODULE 08-ROTATIONAL MOTION‘ MODULE 08
6. Angular Acceleration

Angular acceleration (a) describes how quickly angular velocity changes with time — it tells you
whether a rotating object is speeding up, slowing down, or reversing its spin.

flw (“’f_ )

X (t - t;)

[rad/s? |

Sign Convention
« Positive «: angular velocity is increasing in the counterclockwise direction (or decreasing in the
clockwise direction).

» Negative a: angular velocity is decreasing in the counterclockwise direction (or increasing in the

clockwise direction — i.e. speeding up while spinning clockwise).

B -02.0 = 2.0rad/s%

Example: A fan speeds up from 2.0 rad/sto 8.0rad/sin3.0s: @ =

Exam connection: A negative a does not always mean "slowing down" — it means the angular velocity is
changing in the clockwise (negative) sense, which could mean speeding up if the object is already rotating
clockwise.

7. Tangential Acceleration

Just as tangential velocity depends on radius, so does tangential acceleration — the rate of change of
a point's tangential speed. Two points on the same rotating rigid object share the same angular
acceleration («), but the point farther from the axis experiences a larger tangential acceleration (a;).

a = ra

Example: A gear has angular acceleration a = 4.0 rad/s®. A tooth at 7 = 0.02 m has a, = 0.08 m/s’;
a tooth at ¥ = 0.06 m (three times farther out) has a;, = 0.24 m/s* — three times larger

Principle: Since both teeth are on the same rigid gear, the angular acceleration is constant (@ = constant).
Relation: From a, = ra, the tangential acceleration is directly proportional to the radius: a, < r
Ratio Formula:

az L Qo /L 0.06
a1 1n 0.08  0.02
2
a, =0.24 m/s

Exam connection: Comparison questions between two radii on the same object are common — remember
that o is identical for both points, but a = ra is not.

8. Linear—Angular Relationships

The three pairs of linear and angular quantities introduced so far are summarized below. In every case,
the linear quantity equals the angular quantity multiplied by the radius r — provided the angular
quantity is expressed in radians (or rad/s, or rad/s?).

Linear Quantity = Angular Quantity X r

Quantity Linear Angular Relationship
Displacement, S 'an X (m) . G(ragi) o x = rf
Velocity v (m/s) o (rad/s) vV = rw
Acceleration = a{mf?) X1k o (rad/s?) a = ra

Exam connection: Mixef] problems often give a linear quqntity and ask for H’ﬂ corre, \;mndmu angular quantity

(or vice- urw; — ff.-’e.'mf‘s MH st, !!m: u’:r)r)n 1;‘7.‘: mm:hmg Fow; o,f n’m mbh, A

0509886279 sucpiaccuanglauc/d | 8



(N 3-3-{e],' R I DESCRIBING ROTATIONAL MOTION

9. Frequency, Period & Angular Frequency

Frequency (f) is the number of complete revolutions an object makes per second. Period (T') is the time
needed for one complete revolution. Angular frequency — which, for a steadily rotating object, is
numerically the same as its angular velocity (w) — expresses that same rotation rate in radians per second.

w 1
f == w = 2nf j

2w f
Quantity Meaning SI Unit
Frequency f Revolutions per second Hz (s™)
Period T Time for one revolution s

Radians swept per
second

rad/s

Angular frequency W

Exam connection: Students often confuse f (Hz) with w (rad/s) — remember the factor of 2r that converts one
into the other.

10. Rigid Body Rotation

A rigid body is a solid object in which deformation can be neglected — the distance between any
two points on the object stays constant as it moves. Because of this, every point on a rotating rigid
body sweeps through the same angle in the same time, so all points share identical angular
quantities (6, w, a). However, points at different distances from the axis trace different-length paths,
so their linear (tangential) quantities differ (x, v, a;).

Same for every point on the object Different at each point (depends on r)
Angular displacement, AD Arc length, x = ré@
Angular velocity, ® Tangential velocity, v = rw
Angular acceleration, a Tangential acceleration, a = ra

This is because £, w, and @ describe how much angle is swept — a property of the whole rigid object
— while x, v, and a describe actual distance travelled, which naturally depends on how far a given
point sits from the axis.

0509886279 sse plac cpanlsse /1



PHYSICS-MODULE 08-ROTATIONAL MOTION‘ MODULE 08
Experimental Investigation: v = rw

Aim: To verify the relationship between the tangential speed of a point on a rotating disk and its
distance from the axis of rotation (7).

Equipment: « A motorized turntable (or rotating disk) with adjustable, controllable speed * A meter
rule » Marker points fixed at several radii « A stopwatch or photogate timer

Rotational —
Disk

\
Stopwatch

Independent variable: the radius, r, of each marked point (distance from the center).
Dependent variable: the tangential speed, v, of cach marked point.
Controlled variables: the disk's angular velocity, @ (held constant for the whole set of trials); the disk
surface and marker method; the timing technique used for every trial.
Procedure
» Mark four or five points on the disk at different, known radii from the center.
« Set the disk to rotate at a fixed, constant angular velocity.
* For each marked point, measure the time for one complete revolution and calculate its tangential
speed, v = Z—:r (or use a photogate for direct speed readings).
* Repeat each measurement three times and record the average.

= Tabulate r and the corresponding average v for every marked point.

- _ Tangential Tangential Speed vs. Radius

: : T'ime for 1 rev, 10

Radius, r (m) T (s) speed, ‘
i v = 2ar/T (m/s) =

£ 08

0.05 1.57 0.20 .g s

0.10 1.57 0.40 ol

20
@

0.15 167 0.60 2 02
-

0.20 1.57 0.80 0

_ . § | 0, 005 010 015 020 025
il Sl LS 'f [ €O < IRadius, r(m)

Expected relatlonshlp agrﬂph ol vl (v Qxls\};dgsﬂnst k. (%5 dzds.} «hould be a slrlzugh'l line through the origin,
since v = rw with o held constant — the stope of that Tiné equals o.

Conclusion: the data confirm v = rw: tangential spuad increases in dxrcut proportmn to radius, for a

fixed ’inguhl wlou‘ry ' ) by Q| A [
—_ A= Al

point on the dlsk ‘sLllf’E](.E ]‘Jdld]]d‘{ error, when meﬂsurlng rddlus dnd bma]] ﬂuclucllmns in motor speed

0509886279 uc pliac ¢panlisic /1



(N 3-3-{e],' R I DESCRIBING ROTATIONAL MOTION

Worked Examples

WE1: Angle Conversions

Problem: Convert (a) 45° to radians and (b) %r rad to degrees.

RELATIONSHIP:
T
Radians = TS
adians = Degrees X 180
_ 180
Degrees = Radians X —
ANSWER:

(a) 45 X % = f rad ~ 0.785 rad
(b) (%") x 2 = 135°

WE2: Are Length

Problem: A roller-coaster car travels around a vertical loop of radius 9. 0 m. Find the arc

length for three-quarters of the loop (8 = 3?” rad).
RELATIONSHIP:

x =16 (where 0 is in radians)
ANSWER:

x = (9.0) (3—;-) = (9.0)(4.712) = 424 m

WE3: Average Angular Velocity

Problem: A ceiling fan's blades rotate through 15.7 rad in 2.5 s, starting from 8; = 0.
Find the average angular velocity.

RELATIONSHIP:
A6
T ae
ANSWER:
15.7
Wi = 6.28rad/s (= 1rev/s)

WE4: Tangential Speed

Problem: A merry-go-round rotates at @ = 1.2 rad/s. Horse A sits 1.5 m from the
center; Horse B sits 3. 0 m from the center. Find each horse's tangential speed, and state

which horse experiences the faster ride.
RELATIONSHIP:

V=Tw /
ANSWER:_[] s 2 (I
(S\L) YW HOL (15H1.7) 318 ) UL LD L)
vp =3:0)(1.2)='3:6 m/s

Conclusion: Horse B moves faster, since it is located farther from the axis of rotation.

I

0509886279 ssc pliae gaslsc /i



MODULE 08

Lesson | DESCRIBING ROTATIONAL MOTION
Choose the correct answer

Every Key Performance Indicator (KPI) for this lesson is assessed at least once below,
matching the exact learning outcomes and exam pattern this lesson

1. Angular Measure & Angular Displacement

Section A — Multiple Choice

o Which of the following is a unit used to measure an object’s rotation?

(@ Meter Newton ©O Radian © Kilogram

9 Angular displacement is the change in an object's as it rotates.

@ orbit angle ©O velocity © acceleration

Q One complete revolution (360°) is equal to:
@ n/4 rad n/2rad ©Omnrad © 2nrad

e The radian is a unit of angular measurement and is equal to approximately degrees.

@30° ®57° ©60° O 180°

9 A degree 1s equal to:

@ 1/360 of a revolution ~ ® 1/500 of a revolution
© 1/(2m) of a revolution ~ © 1/4 of a revolution

0 The Earth rotates a total of how many radians in 24 hours?

@ mrad n/2rad ©2nrad © 4nrad

@ For the minute hand of a clock, what is the angular displacement in one hour?

@ nwrad ®nrad ©2nrad © 2xmrad

0 It 1s known that the Earth rotates about its axis.
What angle does the Earth rotate through in 6 hours,

as viewed from above the North Pole?

@-n2rad ®+n2rad © -m/6rad © +n/6 rad

o It is known tha_t'thefE-a:_rfﬁ _rq’ta_teé"-abou‘; its axis. ' ) A L
What angle does the Barth totate through in 12 hours;~ /7>
as viewed from above the South Pole? 57

@ —x rad tmrad ©-n/2rad. © +m/2rad

0509886279 sse pline cpanllsse /i
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A wheel with a radius of 50 cm completes two full revolutions.

How many radians has it turned through?

@) 4x radians 2n radians © mradians © 3mx radians

Convert 90° to radians.

@ 7 rad n/2rad ©2nrad © n/4rad

Convert © radians to degrees.

@90° ®180° ©270° © 360°

Which rotation is considered positive?

@ Clockwise Downward © Counterclockwise @ Horizontal

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

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

Convert 270° to radians.
@ m/2 rad nrad ©3n/2rad O 2nrad

A wheel rotates counterclockwise through one-quarter revolution.

The angular displacement is:
@ —n/2 rad +m/2rad © —xnrad © +mrad

Earth rotates through how many radians in 12 h?
@ m/2 rad nrad ©2xrad O 3mrad

Earth rotates through how many radians in 6 h?
@ n/2 rad nrad ©2nrad O n/4rad

Earth rotates through how many radians in 1 h? _ ;
@ n/24 rad n/12rad ©mn/6rad © /2 rad e
Earth rotates through how many radians in 1.5 h? _ ¢;~:

@mn/12rad ® mf_f_; rac_l © n/frad ©Oax/4 rac}__ <2 We 'Y “

¢ Which angle Tepresents half a ré‘Vqutji_tjm;-‘?_'_.-- 4 '

@ 7/2 rad zrad ©2nmd © Trrad
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@ What angle does the Earth rotate through in 3 hours .
£

when viewed from the North Pole?

@ —n/4 rad +n/8rad ©+n/4rad © —n/8rad -t

@ What is angular displacement?

(@ The rate of change of angular velocity

The change in the angle for a rotating body
© The change in linear velocity of an object

© The change in the direction of angular velocity

@ A bike wheel rotates 4.50 revolutions. How many radians has it rotated?

@ 4.5 rad 70rad ©0.08rad © 28.3rad

@ A wheel rotated 7.50 revolutions and then stopped. How many radians has it rotated?
@ 1.2 rad 7.5rad ©23.6rad ©47.]1rad

@ A ball rotated a total of 24.9 radians. How many revolutions was that? Y

=
-
\#

@ 15.0 revolutions 5.00 revolutions  © 2.50 revolutions ®© 4.00 revolutions %

@ Mr Abdulrahman moves counterclockwise through 37/2 radians and then rotates in the opposite
direction through n/2 radians. What is his final angular displacement?

@-3n2rad ®nrad ©Owndrad © —w2rad

29) A rotating wheel turns counterclockwise through 300°.
It then reverses its direction and rotates clockwise through 120°.
What is the resultant angular displacement of the wheel?

@+§ rad ® +mrrad © —r rad © —? rad

0509886279 sse pline cpanllase /i



PHYSICS-MODULE 08-ROTATIONAL MOTION‘ MODULE 08
2. Arc Length & Circular Distance

30) KhalifaSat satellites are in the same orbit of radius 4.25x107 m. If their angular separation is
0.04 rad, which expression represents the are length s separating them?
&\ ;

/

&
@

| What is the are length along the orbit separating the two satellites?

425 % 107m x 0.04 rad )
@ 4.25 % 10"m x 0.04 rad m
2 A,
| 4.25 x 107m > 4.25x107m x 0.04 rad? W
0.04 rad 2

[31) A car tire rotates counterclockwise. Point A moves along an arc of 33.5 em on

a tire of radius 18 em. Which expression represents the magnitude of the angle 0? r=E5om
(33.5cm — 18 cm) 18 cm (33.5cm + 18 cm) 33.5cm
(B
@ 18 cm S 33.5cm 33.5cm 8 18 cm

€ Whatis 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 07 TR, /_’ : ,

@ 30° 57° ©60° O 180°

A motorbike completes half a revolution around a circular racing track. If the diameter of the
track 1s 300 m, what distance does the bike travel?

@48m ®480m ©47m ©®470m

35 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 1.50rad ©2.50rad © 4.00 rad

@ A steering wheel is rotated through 128°. Its radius is 22 cm.
g g

How far would a point on the steering wheel’s edge move?

@24cm @ 49¢m ©560m  © 138 cni’

57

The radius of aBFele s 10 m and tﬁéﬁg;fﬁgular'.d'i':s’ﬁl'acement is 3 rad. Find the arc length.
@ 10 m 13m ;©30m ®300m
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&) An object moves through an arc length of 18 m around a circle of radius 6 m. Find the
| angular displacement.

@2rad ®3rad ©4rad © 6rad

@ A point moves through an arec length equal to nir. The angular displacement is:
@ n/2 rad nrad ©2nrad © 3mrad

@ A wheel of radius 0.5 m rotates through 4 rad. What distance does a point on the rim travel?
@Im ®2m ©4m ©O8m

@ A circular path has radius 15 em and arc length 45 cm. Find the angle 0.
@lrad ®2rad ©3rad ©4rad

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

(@ Remain constant Be halved © Double ® Become zero

@ A point travels an arc length of 20w ¢m on a circle of radius 10 cm. Find 0.
,
@ n rad 2x rad © 3mrad © 4 rad

@_ A steering wheel is rotated through 60°.

\ r
A point on its edge moves through an are length of 15 cm. \ /
What is the radius of the steering wheel? TN

@18ecm ®22cm ©26cm © 30cm

@ A point on a CD is located 4.0 cm from the center. _
If it moves a linear distance of 12 em, what is the angular displacement 0?7 piecon hp“&<
a

of Rotation

@) 3.0 rad 20rad ©10rad ® 0.3rad

@ A person runs around a circle of radius 2.00 m and completes 2.25 revolutions.
What is the total distance travelled?

@340m ®153m ©25.1m ©283m

@ A car completes 3/4 of a revolution around a roundabout of radius 12 m.

What is the total distance travelled?
@ 19m 75m © 28 m ®57 m

@ A point on a car ti:rc't_o_tatés.; half a 'remlutiqh’ clockwiSé,’:'What.'is' its angular displacement?
@ —n/2 rad n2rad ©mnrad ® —nrad

0509886279 sse pline cpanllsse /i



PHYSICS-MODULE 08-ROTATIONAL MOTION‘ MODULE 08

@ Ahmed ties a 0.750 m string to a ball and rotates it through 5.00 complete revolutions.
What is the total distance travelled by the ball?

. @503 m 236m ©47lm ©® 7.50m

@ A point on the outer edge of a lucky wheel moves 31.4 m, and the diameter of the wheel is 1.00
m. How many revolutions does the wheel complete?

@) 20.0 revolutions 5.00 revolutions © 1.00 revolution ®© 10.0 revolutions

@ A group of boys are holding hands in a circle of radius 1.5 m.

?1’@ W%

What is the total distance covered by one boy after 5.0 revolutions?

@74m ®94m ©47m ©®49m &,f“"' a,.,

Al

Section B — Free Response / Practice

@ FR1 A car on a Ferris wheel has an angular displacement of 0.34 rad. If the car moves
through an are length of 12 m, what is the radius of the Ferris wheel?

@ FR2 KhalifaSat is an Earth-observation satellite orbiting Earth in a circular path.

take the orbital radius to be r = 6.98 x 10° m. Another satellite is located in the same orbit,
with an angular separation of 8 = 60° from KhalifaSat.

What is the arc length x along the orbit separating the two satellites?

'\. /
\-{bﬁo‘; \\ /,-"l
ST -/
V&)
5 Py
L # F i
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3. Angular Speed., Angular Velocity & Frequency

@

@

A rotating disc has a knob on the edge. The disc completes one rotation every 3.0 s.

Using this information, you can calculate the angular of the knob.

Acceleration Displacement © Speed © Revolution

@ If an object rotates counterclockwise, its angular velocity 1s
(@ Positive Negative © Zero © Infinite

@ A car travels around a roundabout in 25 s. Its angular displacement is 2.9 rad.

What is the car’s average angular velocity?

73 rad/s 0.12rad/s © 3.0rad/s O 8.6rad/s

@ A record rotates clockwise at 33.3 rev/min. What is its angular speed?
@) 3.49 rad/s 1.75rad/s © 0.29rad/s © 209 rad/s

@ Which of the following is equivalent to 5000 rpm?
g q P
(@ 524 rad/s 420 rad/s © 240rad/s © 120 rad/s

@ An object completes one full revolution (360°) in 2 seconds.
What is its angular speed in rad/s?

@ 3m/4 rad/s nw/2rad/s © 2mxrad/s © mrad/s

A rotating toy above a crib makes one complete counterclockwise rotation in 1 min.

What is its angular velocity in rad/min? é .

@ +2x rad/min +4n rad/min  © 2mn rad/min = © —4x rad/min -—
@ The toy completes one counterclockwise rotation each minute. @’ .
What is its angular displacement in 3 min? ' &

@+2rrad ® +4nrad © +6wrad © +8x rad

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

(@ +3.49 rad/s —3.49rad/s © +029rad/s © —0.29 rad/s

@ An object completes one full revolution in 2 S. What is lts angular velocnty'?
@ +nrad/s ((® | w rad/s (O 2 rad/s @, 21: radz‘s .

@ The minute hand of a clock completes one full revolution in 1 h.

What is its angular dlsplacement after 1 h?
@ +21 rad- @ <2 rad - © =+ ra-d ©® = rad
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@ A Ferris wheel rotates clockwise and completes one full revolution every 8.0 s.

What is its angular velocity?
|

@ A propeller spins at 1880 rev/min. What is its angular velocity in rad/s?

@ +m/4 rad/s —m/4rad/s © +mw/2rad/s © —x/2 rad/s

| AN
| (@ 98.5 rad/s 157rad/s © 197 rad/s © 314 rad/s &r
@ A Ferris wheel completes one full revolution every 8 seconds. f,w.-x.n.. “
o 4
What is the magnitude of its angular velocity? ] ;
@ 2n/3 rad/s n/8rad/s © n/drad/s © n/2rad/s =

@ A motor has an angular speed of 1200 rad/s. What is its frequency?
@ 150 Hz 190Hz ©300Hz © 280 Hz

@ A disk rotates with a frequency of 1.3 Hz. What is the angular velocity of the disk?
’ @ 8.2 rad/s TA4rad/s ©4.7rad/s © 2.4rad/s

@ The graph shows angular velocity o(t) for rotating fan blades. The maximum angular velocity
1s 60 rad/s. During which interval is the constant angular acceleration equal to 1 rad/s*?

a(t) [-r%@]

@CDh ®AB
©ODE ©BC

20 40 60 80 (s

Section B — Free Response / Practice

@ FR2 Calculate the angular speed in the following cases:
a.6; = 1.0rad,0f = 3.6rad,t; = 30.0s,tf = 500s
b.6; = 0.107rad,0f = 2.0rad,t; = 0.00s,tf = 50.0s
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G_B FR3 A kitchen blender rotates at 200 revolutions per minute (200 RPM).
a. What is the angular speed of the blender in rad/s?

b. How many radians does the blender rotate in 5 seconds? P

c. How many complete revolutions does it make in 5 seconds? ®5 5 u\g

@}. FR4 How long does it take the second hand of a clock to move through 4.00 rad?

4. Linear—Angular Relationships & ngld Rotatlon

@ A cylinder of radius 0.7 m rotates at 10 rad/s. 4 %"

What is the linear speed of point P?

(@ 7x rad/s l4nrad/s © 7.0m/s © 0.70 m/s

75} A metal disk rotates counterclockwise with an angular velocity of 120 rad/s,, .o

Point C is located 9 em from the center of the disk.

What is the linear velocity of point C?
@ 1.08 m/s 10.8 m/s © 13.3 m/s ®© 1080 m/s

@ For the same CD, what is the linear displacement of a point on its edge in 2.0 s?
@060m ®030m ©38m ©60m

@ Two touching gears are shown, one larger than the other.

o

Which quantity is the same for both gears at the contact? e ’.?);ﬁ’,:
: g 3
@ Linear speed ® Angular speed <

© Angular dlspla_cement (@) Angular acceleratlon \

@ In a clock, all parts of the minute hand are equal in:

@ Linear Speed ®Angularspeed <

© Angular dlsplacemcnt © Angular acéeleration
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@ Two spots A and B lie on the same rotating disk at different distances from the center.

How can their angular velocities be compared?

@wB > wA ®wA > wB
‘ © Both are zero © Both are equal and non — zero

@ Two points P and Q are on the same rotating disk, with P farther from the center than Q.

' Which statement is correct?

#
(

@vP > vQand wP > wQ ®vP > vQandwP = wQ |
©vP = vQand wP > wQ ©vP = vQ and wP = wQ '

(81 A CD rotates at 50 rad/s. A point on its edge is 0.060 m from the center.
What is the linear velocity of the point? A

@ 1.5 m/s 30m/s ©60m/s © 12.0m/s

2 A CD-ROM track moves with a constant linear velocity of 1.4 m/s. v \_,
Point P is 5.0 em from the center. f \ g\

What is the angular velocity of the CD-ROM?
(@ 14 rad/s 28 rad/s ©42rad/s © 56 rad/s

® An automobile wheel rotates with an angular velocity of 2.50 rad/s. Point P is located 7.00
cm from the center, while point Q is located 9.00 em from the center.

What is the ratio of the linear velocity(~% =? )
vp

T 9 2.50 7
; ® © == B~

while point ¢ is located at a distance, such thatry = 0.8r,.
If the linear velocity of point d is 12.0 m/s, what is the linear velocity of point ¢?
@ 12.0 m/s 15.0 m/s © 24.0 m/s © 31.0 m/s

(D A metal disk rotates counterclockwnse w1th a constant angular velocnty

The linear velocity ofpomt C is18.0 m/s; w]ule the lmear veloc:]ty ofpmnt D on the same
disk is 15.0 m/s.If-and represent their reSpectwe distances from the céenter,

which equation correctly describes the relationship between them?

@ rp =.0.83r7 @1 =220m, 07 = 144TD o1 =) Xgrr
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@5 A metal disk rotates counterclockwise. Point c is located at a distance 7, from the center,
while point d is located at a distance 1y, such that r4 = 0.5r,.

If the linear velocity of point c is 20.0 m/s,
what is the linear velocity of point d?

@ 5.0 m/s ® 10.0 m/s © 20.0 m/s © 40.0 m/s

Section B — Free Response / Practice

€ FRS5 The outer edge of a truck tire has a radius of 45 cm and a linear velocity of 23 m/s.
.~ What is the angular velocity of the tire in rad/s?

FR7 Do all parts of the minute hand on a watch have the same angular
displacement?

Do they have the same linear displacement? Explain.

&
-

5. Angular Acceleration & Tangential Acceleratlon

@ A clothes washer drum rotates at 635 rev/min, then comes to rest in 8.0 s.
What is the angular acceleration of the drum?

@ +8.3rad/s?2 ® 83rad/s? © +4.2rad/s? © —4.2 rad/s?

® A centrifuge rotor starts from rest and reaches 20,000 rev/min in 30 s.
What is its average angular acceleration?

@ 70 rad/s? 111 rad/s? © 333 rad/s> © 2100 rad/s?

@ A propeller slows uniformly from 475 rev/min to 187 rew'mln in 4.00 s.
What is its angular agceleranon? ' X ;

\ AN

@ 7.54 radts® .. —4-80 rad/s? | @ +'7.;54 ral:i/s2 @"Jr&’fSO1fa4::b’s?l . -' |

A flywheel increases its angular speed from 5 rad/s to 15 radfs nss
What is the angular acceleratmn? \\ '

@) 6 rad/s* . 4 rad/s® © 3 rad/s2 - @ 2radf32 O
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@ 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? © 0.740rad/s? @© 0.360 rad/s?

@ A blender blade spins from rest to 9000 rev/min in 4.5 s.
What is the angular acceleration in rad/s2?
@ 756 rad/s? 2000 rad/s> © 12.6rad/s? © 209 rad/s?

Q_B A CD starts rotating from rest and reaches an angular speed of 6x rad/s in 3.0 s.
What is the angular acceleration?

@ 67 rad/s? 4nrad/s?  © 2nrad/s? © 7 rad/s?

@ A centrifuge rotor is accelerated for 20 s from rest to 10,000 rpm.

What is its average angular acceleration?
(@ 558 rad/s? 17.3 rad/s> © 1050 rad/s*> © 52.5 rad/s?

@ A merry-go-round has angular acceleration 0.30 rad/s?.
After accelerating from rest for 2.8 s, what angle does it rotate through?
@ 8.0 rad 20rad ©24rad © 1.2rad

@ Angular  is equal to the change in angular velocity divided by the time required to
make that change.

@ displacement ~ ® acceleration © velocity © frequency

@ Which statement is true regarding angular displacement and angular velocity?
(@ Angular displacement is always constant.

Angular displacement and angular velocity are dependent on each other.

© Angular displacement is always equal to angular velocity.

© Angular displacement and angular velocity are independent of one another.

@ If the linear acceleration of a truck is 1.85 m/s? and the angular acceleration of its
wheels is 5.23 rad/s?, what is the radius of the wheels?

@56m ®28m ©070m ®0.35m

@ A roller coaster experiences a change in angular velocity of 2.4 rad/s in 0.64 s.
What is its average angular acceleration?
@ 4.6 rad/s?]; ® 3.8 rad/s?|1© 2.4 rad/s*> © 1:6.rad/s?

'ﬁf A car dashboard shows angular a"c:cel'_e'r'atioh d_—f 68 rad/s* and ._Iinear acceleration
a = 14 m/s%. What is the diameter of the wheel?
@48cm ®41¢m ©02lcm O 15¢m
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'@‘ A car has linear acceleration 1.8 m/s? and wheel radius 0.33 m.

What is the angular acceleration?

@ 5.5 rad/s? 9. 8rad/s? © 0.59rad/s> ®© 0.18 rad/s?

{2 A flywheel has diameter 1.2 m and angular acceleration 5.0 rad/s.

What is the tangential acceleration at the rim?

@ 10 m/s? 6.0m/s> ©5.0m/s> @ 3.0m/s?

o

"~ A carousel starts from rest with constant angular acceleration a = 0.06 rad/s* for 8.0 s.
If a child’s linear speed 1s 1.2 m/s, how far is the child from the center?

@1.0m ®06m ©12m ©25m

.f.I A wheel’s angular velocity increases from 450 rad/min to 2500 rad/s in half a minute.

What is the average angular acceleration?

(@ 83 rad/s? 68 rad/s> © 25rtad/s? © 250 rad/s?

'@ A toy car moves on a circular track with linear acceleration 25 m/s>.

The track diameter is 1.52 m. What is the angular acceleration in rev/s??

@ 7.9 rev/s? 52revis? © l.5rev/s? O 3.8 rev/s?

.r.I A car wheel has diameter 76 cm. The car’s linear velocity changes by 25 m/s in 11 s.

What is the angular acceleration of the wheel?
@ 7.9 rad/s> 2.8rad/s? © 6.0rad/s> O 4.6 rad/s?

B . . 2
@ The mathematical expressionw = f

is one of the formulas used to describe rotational motion. Using the information given,
what does the variable represent in the formula?

(@ Period Frequency © Angular displacement ® Angular acceleration

Jupiter is a solid, rotating object, and all of its parts rotate with the same angular
velocity of 1.76 X 10™* rad/s. Using the information given, how much time, in Earth
hours, does Jupiter require to complete one full revolution about its axis?

P

5
Direction of Rotation /0 ; s« «lad! i

@ 9.92 hours ® 16.1 hours © 24.6 hours|| @ 4.96 houts
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Section B — Free Response / Practice

@ FR8 A car wheel turns from rest to 4.75 rad/s in 2.25 s.

. Calculate the angular acceleration of the wheel.
|

=Y

FRY9 Car wheels initially rotate at 3.0 rad/s and increase to 15 rad/s in 6.0 s.
What is their angular acceleration?

@ FR10 A grindstone has angular acceleration 0.27 rad/s? and initial angular velocity
—3.3 rad/s. How long does it take to stop momentarily?

@@ FRI11 During a washer rinse spin cycle, the drum reaches 8.0 rev/s after accelerating
from rest in 5.0 s. What is its angular acceleration?

@ FR12 If a flywheel increases its average angular speed by 2.7 rad/s in 1.9 s,
what is its angular acceleration?
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@ FR13 A drill starts from rest. After 3.20 s of constant angular acceleration, it turns at
2628 rad/s. Find the angular acceleration.

@ FR14 A bicycle wheel has angular acceleration 1.5 rad/s?>. A point on its rim has
tangential acceleration 48 cm/s?. What is the radius of the wheel?

6. FRQ / Critical Thinking / Mixed Practice

Section B — Free Response / Practice

@ FR15 A ball travels an arc length of 30 ecm on a circular path corresponding to a central
. angle of 225°. The motion takes 2 s.
a. Calculate the radius of the circular path.
b. Determine the average angular velocity of the ball.
c. Find the linear (tangential) speed of the ball.

{® FRI6 A CD-ROM spiral track starts 2.5 em from the center and ends 5.0 cm from the
 center. The linear velocity of the track is constant at 1.5 m/s.
a. Find the disk’s angular velocity at the start of the track.
b. Find the disk’s angular velocity at the end of the track.
c. Find the disk’s angular acceleration if the disk is played for 90 min.
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FR17 What is the angular displacement of each of the following hands of a clock in

10.0 h?
| State each answer in three significant digits.
a. the second hand b. the minute hand c. the hour hand

® FR18 A rotating toy above a crib makes one complete counterclockwise rotation in 1
min.
a. What is its angular displacement in 3 min?
b. What is the toy’s angular velocity in rad/min?
c. If the toy is turned ofT, does it have positive or negative angular acceleration? Explain.

- -
"

@ FR19 The Moon has radius r = 1.74x10° m and rotates once on its axis in 27.3 days.
a. What is its period of rotation in seconds?

b. What is its angular velocity in rad/s?

c. A rock sits on the surface at the Moon’s equator. What is its linear speed?

d. Compare this speed with that of a person at Earth’s equator.

@- FR20 A toy fixed above a baby’s bed completes one full rotation in the clockwise
direction every 1 minute.
a. What is the angular displacement covered by the toy in 3 minutes? @&
b. What is the angular speed of the toy in rad/min? 3
c. If the toy is stopped, will the angular acceleration be positive or :
negative? Explain. an® .{,&P

el
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