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Chapter -1 Motion in Two Dimensions
Chapter -2 Gravitation and Kepler’s Laws
Chapter -3 Rotational Motion
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Chapter 1-Motion in two dimensions
Section 2:Circular motion

Chapter 2 -Gravitation

Section 1-Planetary motion and Gravitation
Section 2-Using the law of universal gravitation.
Chapter 3-Rotational motion

Section 1 -Describing Rotational Motion
Section 2-Rotational Dynamics
Section3-Equilibrium

Chapter 4-Work ,Energy and Machines
Sectionl-Work and Energy



LESSON 2

Demaonstrate that the velodty vector at any time is tangent to the ciroular path for an

{ve2 ofT scad 24/T2)

! ohject in uniform dircular matian. Fgure 8
. = mentioned in the book
2 |Define the centripetal/central force. question 18
3 ::FE;TPEH acceleration to the object’s speed and the radius of the drcular questions 56,57
Il'.‘ TETTWAAIYTT WY ATER PET R R W W AN -w"""
Helate the centripetal sccelerstion and the speed of 8 0Byect <1 UNGOMM Grculsr motion
17 |tonts penod of revolution and use this relatien to find umknown parameters exsemple 3
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Lesson-2
Circular motion

Uniform Circular Motion

Movement of an object at constant speed around a
circle with fixed axis is called uniform circular
motion.

Example : Motion of Earth around Sun
Time Period (T)

Time taken to complete one revolution in uniform
circular motion is called Time Period T

Example : Time Period of Earth around Sun is 365
days

Speed of UCM, v= @

displacement

Avg. Velocity of UCM, v=

time

Ar
At




Velocity Vectors

Figure 9 The acceleration of an object in
uniform circular motion is the change in
velocity divided by the time interval. The
direction of centripetal acceleration is always
toward the center of the circle.




3- The movement of an object at a constant speed around a circular radius is known as:
a. uniform horizontal motion.

b. uniform vertical motion.

¢. uniform linear motion.

d. uniform circular motion.



Speed of Uniform
Circular Motion

2TLr
T

V — speed of UCM
r — radius of the orbit
T — time period

Concept Question

1. A pilot circles above an airport in preparation for
landing. It takes 10 minutes to complete circular
revolution for a 5 km radius of the flight path. What is
the plane’s speed ?

Given,
T=10 min =600 s
r=5km =5000 m

Plane’s speed,
v="

_2TTr

T

v=52.33m/s

2. A Hurricane wind has a speed of 18.17 m/s on its
outer edge, which makes one rotation every day. What

is the diameter of the hurricane ?

Given,

T=1 day = 24x60x60 = 86400 s

v=18.17m/s

Hurricane’s radius,
r="72

21Lr

T

T 18.17x86400
=om~ 6.28

r=249982 m = 250 km

d=2r =500 km




Centripetal Acceleration (a,)

The acceleration of an object in Uniform
Circular Motion is called Centripetal
Acceleration (a )

It points to the center of the circle.

a, — centripetal acceleration
v —speed of UCM
r — radius of the orbit

Concept Question

1. A runner moving at a speed of 8.8 m/s rounds a bend
with radius of 25 m. What is the centripetal acceleration

of the runner?

Given,
v=8.8m/s
r=25m

Centripetal V-
acceleration,| dc¢ = ™

a.="?

d¢ =
8.82
25

a.=3.09 m/s?

2. An airplane travelling at 201 m/s makes a turn. What is the
smallest radius of the circular path( in kilometers) the pilot can
make and keep the centripetal acceleration under 5.0 m/s2?

Given,

v=201m/s v
v

a.=5m/s2 a .= —
Tr

Radius,
r="72

22012

=3.""5

m|e

r = 8080 m = 8.080 km




Centripetal Acceleration (a,)
and Time period

Time period is the time taken to
make a complete circle (T)

Centripetal acceleration decreases
with increase in time period

v

a. — centripetal acceleration
r — radius of the orbit

T — time period of orbit

EOT QUESTION 17

1. A 13 g rubber stopper is attached to 0.93 m string. The
stopper is swung in a horizontal circle, making one revolution in
1.18 s. What is the centripetal acceleration?

. 4mtér
Given, 3. =
T=1.18 s S
r=0.93m
_ 4x3.142x0.93
=
Centripetal 1.182
acceleration,
2 =? a. =26 m/s?

2. A 16 g ball at the end of a 1.4 m string is swung in a

horizontal circle. It revolves once every 1.09 s. What is
the centripetal acceleration?

Given, 4x3.142x 1.4
_ 4mtr =
1T=1.18 s q. = C 1.092
r=0.93m c T?

Centripetal acceleration,

a. =46 m/s?
a.="?




Concept Question

centrlpetal Force ( Fc) 1. A 13 g rubber stopper is attached to 0.93 m string. The
stopper is swung in a horizontal circle, making one revolution in
= Force required for on an object in 1.18 s. What is the centripetal force?
Uniform Circular Motion is called
Force( F,) Given, | 9 = AT | F.=ma,
_ , T=1.18s N
= Centripetal For.ce points to the F=0.93m F.=0.013 x 26
center of the circle. m = 0.013 kg 3 = 4x3.142x0.93
Centripetal ‘ 1.182 F.=0.34 N
force,
=7 | a_=26m/s?

2. A 16 g ball at the end of a 1.4 m string is swungin a
horizontal circle. It revolves once every 1.09 s. What is
the string’s tension?

Given, 5 = 4mr F.=ma,
F.=ma, T= é 51;; S C T2
r=0.93m
F. — centripetal force m = 0.016 kg a.= s lazxis F.=0.016 x 46
a. — centripetal acceleration Tension force provides 1.092
m — mass of the object centripetal force, a3 =46m/s? | F.=0.736 N

T=F=?




Extra Questions

"\
22. Centripetal Force The 40.0 g stone ip Figure 13 is
whirled horizontally at a speed of 2.2 m/s. What is
the tension in the string?

T=5% 0.60 m
_Lg = 0.0%
Figure 13 W A e "1
\/ b 1.1 "‘/5
T:Mal' "( = O.LD n
=
. 4
_ B.oW A K 3
= 0.6s
- 03N

A
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L\l
14, Ad5kg merry-go-found worker stands on the ride’s
platform 6.3 m from the center, as shown in Figure 11,
I hc.;r speed (Viyorker) S She goes around the circle is
41m/s, what is the force of friction (F) necessary to
keep her from falling off the platform?

1
15. A ﬂ;\_ ball at the end of a 1.4 m string is swungin a
horizontal circle. It revolves once every 1.09 5. What is

—————

the magnitude of the string's tension?

r-k




EOT Questions

18. Uniform Circular Motion What is the direction of the force
that acts on the clothes in the spin cycle of a top-load
washing machine? What exerts the force?

ANS The force is toward the center of the tub.

The walls of the tub exert the force on the clothes. Of
course, the whole point is that some of the water in
the clothes goes out through holes in the wall of the
tub rather than moving toward the center.

56. To obrain uniform circular motion, how must the

net force thar acts on a moving object depend on the
speed of the object?

57. Suppose you whirl a yo-yo abour your head in a
horizonrtal circle.

a. In whar direcrion musrt a force act on the yo-yo?
b. What exerts the force?

c. If you ler go of the string on the yo-yvo, in which
direction would the toy travel? Use Newtons laws
in your answer

56.Circular motion results when the direction of the
force is constantly perpendicular to the instantaneous
velocity of the object.

57. The force is along the string toward the center of
the circle that the yo-yo follows. The string exerts the
force.



Previous Questions Fo=ma,

17-A spider twirls a (2.50 * 107 kg) fly around in a circle with radius (0.18m) at the end of

its web thread, If the velocity of the fly is (1.10 m/s).
- Calculate the centripetal force acting on the fly,

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

’ i =7
v=1.10 m/s Centripetal Force, F, ="

o'.vooorovzoqd:j:gvorﬁ oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
m=2.5x102kg

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

ol a,=— | AT —— a.=6.72 m/s?
..acceleration, | Ac =~ | €l T 0d8mwcoriin : LA PR e g

F.=ma, F.=2.5x10"%x 6.72 F.=0.168 N




Centrifugal Force

Centrifugal force is the fictious, non-existent
force experienced by objects in circular motion

Examples :

When an car moves along a curve objects
inside it is thrown outwards. This is due to
centrifugal force

Centripetal Force




Lessons 1.1 and 1.2
MULTIPLECHOICE
1. A 1.60-m-tall girl throws a football at an angle of
41.0° from the horizontal and at an inirtial speed of

9.40 m/s. What is the horizontal distance between
the girl and the spot when the ball is again at the

height above the ground from which the girl threw it

A. 455 m
B. 590m

\9( 8.90 m

10,5 m

2. A child is sitting on a merry-go-round 2.8 m from the
center. If the tangential velocity of the ride is 0.89 m/s,
what is the centripetal acceleration of the dragonfly?

A. 0.11 m/s? C. 0.32m/s?
\A 0.28 m/s? D. 2.2 m/s?

3. The force exerted by a 2.0 m massless string on a
0.82 kg object being swung in a horizontal circle is
4.0 N. What is the tangential velocity of the object?

A. 28 m/s C. 49 m/s
w 3.1 m/s D. 9.8 m/s

4. A 1000 kg car enters an 80.0 m-radius curve at
20.0 m/s. What centripetal force must be supplied by
friction so the car does not skid?

A. SON \9/50x10‘
B. 25x102N 1.0Xx10% N

Al. nitial Velocity in X, Vi, = 9.4Cos41=7.09 m/s
If projectile starts from ground , x, =0
To find horizontal distance, use equations of motion in X
direction . Time of flight,
X = x+vt+Eat2 t =27,Sing
X =0 + 7.O9xt+7x0xt2 _ZLSAQM&D
=7.09x1.26 = 892 m 21262
A2.  Given, Centripetal acceleration, a. ="?
v=8.8 m/s 2 0892
r=25m ac=? C_W ac=0.28m/52
A3. Given, Centripetal Force, F.
r=2m D2 082 x 12
_ 82xv
m = 0.82 kg F = 4=—"" |v=3.12m/s
F=4N r 2
v="
A4,  Given, Centripetal Force, F.
r=80 m mvz
1000x 202
m = 1000 kg F.= F.= F.=5000 N
v=20m/s r 80

F=?




Gravitation

Bxplain Kepler's Third Law which states that the square of the ratio of the periods of any

unknown parameters.

4 |two planets revolving about the Sun is equal to the cube of the ratio of their average “"""””“f;u:‘;"""* i‘:
distances from the Sun and write it in quation form [[TA/TBj2={rA/rB)3). que

5 Eqﬂml':plusibnﬂ.hnvhl:rslﬂlsthumrmpmnlrlmfmmﬂuﬂmtnaphﬁ as - ned in the boak 31
sweeps out equal aress in egual time intenvals.

6 Justify Kepler's Third Law by using Newton's Second Law of motion and Newton's Law for = mentioned in the book i
universal gravitation.

o Apply the law of universal gravitation to calculate the gravitational force or other questions 34, &3 I




Chapter -2 Kepler’s Law of planetary motion

Gravitation

= Kepler’s First Law of Planetary Motion
Il Paths of planets are ellipses with sun at one of focii.

10
12
J\ 9 =  Kepler’s second law : An imaginary line between the Sun and
Planet J\ a planet defines equal areas in equal time intervals.
xs

When planet is close ,it moves fast.

When planet is far ,it moves slow.
Sun
1 .

! = Kepler's third law states that, >
square of time period of revolution TA rA3
of planet around sun is directly
proportional to cube of distance TBZ rB3

to Sun
T2ars

3 4 (Not to scale)



5- Kepler’s third 1aw states that ........ccveveeresnnneesssssressorneesssnnnn .
a. the orbits of the planets are elliptical, 1stlaw

b. the speed of a planet’s orbit varies depending on which part of the ellipse it is occupying, 2ndlaw
\A. the square of the ratio of the periods of any two planets revolving around the Sun is 3.4 aw

equal to the cube of the ratio of their average distance from the Sun.

d. objects attract other objects with a force that is directly proportional to the product of

their masses, and inversely proportional to the square of the distance between them.

Newton’s universal law
of gravitation



Text Book Problems

CALLISTO'S DISTANCE FROM JUPITER Galileo measured the orbital radii of Jupiter's
moons using the diameter of Jupiter as a unit of measure. He found that lo, the closest
moon to Jupiter, has a period of 1.8 days and is 4.2 units from the center of Jupiter.
Callisto, the fourth moon from Jupiter, has a period of 16.7 days. Using the same units
that Galileo used, predict Callisto’s distance from Jupiter.

= 1.8 days = 4.2 units Tp? ~ ra’
— = ? -
Tc=16.7 days [c=7 T2 rgd
74.08
4.2 3=
Rtlaah 1« PO (L35 Vig =
(16 = ) (—) € 7 0.011
74. 08
_ 74.08
0.011= = o s 18.88 units
c 0.011

2. An asteroid revolves around the Sun with @ mean orbital radius twice that of Earth's.

Predict the period of the asteroid in Earth years.

Toarth = 1 year learth =T
Iasteroud » Iam 2r
1 r
L G
(T ) ( 2r Ta? ry’
1 1 2 3
o)t N i T r
G2 =(3) d T

T =28

T=323 =8 years




Newton’s law of universal gravitation

force (F,) of attraction between objects is
proportional to the product of their masses
(m) and inversely proportional to the square of
their distance (r)

G — Universal Gravitational Constant.

G = 6.674x10711 Nm2/kg2.

>

More mass, more force
If mass doubles, force doubles

> o
oo

Less distance, more force

If distance becomes half, force becomes
quadrupled ( four times )




Text Book Problem

43. BIGIDEA The centers of two balls are 2.0 m apart,
as shown in Figure 20. One ball has a mass of 8.0 kg.
The other has a mass of 6.0 kg. What is the gravita-
tional force between them?

3 =
|
@— —9©
8.0 kg 6.0 kg
Figure 20
. J
F= Gmlzm2
r

p = 6:67x10-11x8.0x6.0 _ g 104+ 1010 N

22




Text Book Problems

40. Assume that your mass is 50.0 kg. Earth's mass is
597x10%* kg, and its radius is 6.38X10° m.

a. What is the force of gravitational attraction
between you and Earth?

b. What is your weight?

41. A 1.0-kg mass weighs 9.8 N on Earth’s surface, and
the radius of Earth is roughly 6.4x10° m.

a. Calculate the mass of Earth.
b. Calculate the average density of Earth.

G =6.67 x 10-11 Nm2/kg?

12

F= Gmim,

A 40 Given, m; = 5.97x10%* kg, m, = 50 kg
" F=7 r=6.38x10°m
_ B.67 x 1071 5.97x10* x50
[{Ij F= FE
(6.38 x 107
=489.13 N

(b) W =mg =50 x9.8 =490 N

| Ad4l.
Given, m; =1 kg, F=9.8 N, r = 6.4 x10° m
m, =?

6.67 x 107Hx M x1
(6.4 x 10°)°

(@) 9.8 =

M= 2:BX(6.4 % 106)°
- (6.67x10-11)

M= 6.01x 102 kg




Universal Gravitation and —omeEribEsion
Kepler’s Third Law 1. Saturn’s average distance from the Sunis 9.6 AU
(or 1.43 x 1012 m). Calculate Saturn’s orbital period.
Consider a planet orbiting Sun in a The mass of the Sun is 1.99 x 103 kg, G is 6.67 x 10
circle of radius r. 11 Nm2/kg2.
gl S S Given,
4 D m, = 1.99 x 103°kg
i % r=1.43x1012m
: Sun : G = 6.67 x 1011 Nm?/kg?
\
: : T=2?
\ I
\ /
\ /
\ r /
\\ /, T=
D (1.43 x 1012)3
My JPIanet 2“\16.67 x 10-11 x1.99 x 1030
T=932125190s
Time Period of a Satellite ,
Since, 1 year has 365 x 24 x 60 x 60 seconds
rs 932125190
T=2m T = 65524260260 29.56 years
Gm,




Orbital Velocity

For a satellite of mass ‘m’ orbits around
earth of mass m,,
Centripetal force = Gravitational force

Where, v — velocity of satellite in an orbit
me — mass of earth
r — radius of orbit
G = 6.67x1011 Nm2/kg?

Example

Calculate the speed of a satellite orbiting 36,000 km above the
surface of the Earth. The mass of the Earth = 5.97 x 1024kg and
its radius = 6.38 x 106 m .

Given,

h= 36000 km = 3.6x10%4 m = 0.036x10® m
R=6.38x10°m

r=R+h=6.42x10°m

m.=5.97 x 102* kg G =6.67 x 1011 Nm?2/kg?

Gme

v= |—=7875.5m/s=7.85km/s



Free Fall Acceleration

= Acceleration of an object due to
gravitational pull of earth is called
free fall acceleration

_Gmg mg- mass of earth
g = 72 r - distance from earth

= Free fall acceleration for earth is always
9.8 m/s? for all objects ( do not depend
on mass of object)

g =9.8m/s?

Weightlessness

Weightlessness occur when floor that supports
you is under free fall.

This can be seen in

= in lifts
= |n space stations l

" |njetrides 1

4- The acceleration due to Earth’s gravity is:

9.8 m/s’
b. 98 m/s’
c. 9.8 ft/s’
d. 9.8 mi/s*




_m/—\

2 Qucstwn

19- Mercury orbits the Sun with an orbital radius of (5.8 x 10" m). Given that @

the mass of the Sun is (2.0 x 10*° kg), and the mass of Mercury is (3.3 x 10* kg).
- Calculate the period of Mercury’s orbit.

--------------------------------------------------------------------------------------------------------- 5-.8-X.1010)3.............n.-a-o.----.‘-..-
Given, T=2 J (

e R s T _? ......................... 6.67.%10=11.%2. %1030 cccccoiniannnnn
=58 %1010 M0 v aaaeas o T=.7594925.5.=.87.9-A@YS- -+ -ererrerereienrues

---------------------------------------------------------------------------------------------------------------------------------------------------------------

..... GIVGH-,
....... m s=2X103°k8G R S A
=33x10%3kg f="8msmt F=T1.31x1022N
""'F"-"S'S'X'Ioiﬁ'm‘ ....................................... A G P AR B S A S o ST S S RSB
L e I o oo b

- ngculate the orbital velocity of Mcrcury around the Sun.
........ IV Q) scssmmnancaicsimiosas ik < s A S A S R D K AR SN R A AN SN (AT VA4 AP KRS

m, =2 x 1030kg
....... r=58x101°mv_

.G ...............................................................................
ms v=47958m/s v=48km/s
..G._.—_,.667xl.0-1l.Nm2./kg2. .............................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------------------------

T=21

Gm

_Gmgm

Gmg




Rotational Motion

B Define & radizn and convert degress to radisns and vice-verss =5 mentioned in the book 57

g He_httdtﬁ.'midxih,r[ﬂtnthewiurudﬂdqr[ ] mnd the distamos [r] from the blem & 5g
s of rotetion

L

10 dpply the relationship betwesn sverage angular scoelemtion, change in angular blem 2 oG
welooty, and the time interl for that change

1 ﬂpphrdtrdu:mﬂlq:hehumutmirliqﬂunﬂﬂuﬂﬂtlmlmdﬁﬂ blem 1. g
mngular positions

12 Define angular displacement ms mentioned inthe book 56

13

dpphy the relation | =Frsin | to oeloslete the metnitude of torgue | | fior s force force of magnitude |F) whene [r] is the
distance from the mis of notation to the point where the force is sosrted, and  is the angle betwesn the foroe and the
radiues From the mis'of rotation to the point where the force is applidd

-4

question 63

Eix




Chapter -3

Rotational Motion

Angle of Rotation

To measure the angle of rotation we use two units

* Degree:
1 degree = 1/360 of revolution a circle

e Radian:
1 radian = 1/2mt of revolution of circle

 One complete revolution equals 360 degree
or 2mntradian

360 degree = 2nt radian




10- A degree is a unit of measurement equal to ............ccocoovveveveeecerereeenns :

\AA. 1/360 of a revolution
b. 1/500 of a revolution
¢. 1/(2x) of a revolution
d. 1/4 of a revolution



Angular displacement ( © )

= When an object rotates, change in

angle of an object is called angular
displacement

= Unitis rgd

Concept Questions

What is the angular displacement of earth
in 24 hour?

(a) /2 rad 21T
(b) 1 rad

If a wheel makes 50 rotationsin 1 sec.
What is the angular displacement in 1 sec?
(a) 507 rad

M 100m rad

(c) 2001 rad

If a wheel makes 50 rotationsin 1 sec.
What is the angular displacement in 2 sec?
(a) 50m rad

(b) 100m rad 21t X 50 X
\MZOOT[ rad

2




EOT QUESTIONS

1. What b the anguier dipfacemant of oach of the
fotiowing hands of a clock i 1.00 n? State your

answer in Bvee sgnifcant cgits
a. the second hand

B 11 minute hand
. the howr hang

1. What s the angular displacement of each of
the following hands of a clock in 1 h? State
your answer in three significant digits
a. the second hand

Ag -~ (80} 2= rad)
w « 120w rad or 377 rad
b. the minute hand
Ap » -2« rad or -628 rad
c. the hour hand

36 = (43 2= rad)
~ % rad or 0.524 rad

WEY WE AR T AR W e

2. A rotating toy above a orib makes onoe complote
counterciackwise rotation n ¥ min.

@, What m its anguinr Ssplacement 1 3 mn?

B Whnat i the toy's aaguie welocity i rad'mn?
C. ¥ the 10y 1 twrond oM, coes it have positive o
mogative anguin accedvation? Expiain.

- g Tmeees

2. 8. brrad
0. 2 rad/min

C. negative acceleration because the toy slows down
until it stops moving



Angular velocity ( w )

 Angular velocity is how fast an
object rotates.

 Angular velocity is the angular
displacement divided by time

A

& _
& W = At

w is angular velocity

AQ is angular displacement

At is time interval

e Unit of angular velocity is rad/s

Concept Question

The tires of a car completes 200 rotations in 5
seconds.

(a) What is the angular displacement?

angular displacement for 1 rotation is 2 it rad

angular displacement for 200 rotation,
AO = 2 mrad x 200 =400 it rad

(b) What is the angular velocity ( w)?

w = =80nrad/s

|>||>
m E




Concept Question
Angular acceleration( a)

Angular acceleration is the change in The angular velocity of wheel of a tire
angular velocity divided by the time changes from 10m rad/s to 20mrad/s

required in 2 sec What is the angular
acceleration?
Aw
\Q\\?’a - Given,
> At Change in angular velocity,
Aw =201 - 10T
= 10mrad/s

a is angular acceleration

Time interval,

Aw is change in angular velocity At = 2 sec

At is time interval Angular acceleration,

Aw 10T

o=—— G=T=5T[I’ad/52
Sl unit of angular acceleration is rad/s2




Angular frequency

The number of complete
revolution made by an object
in 1 sec

fis frequency
w is angular velocity

Unit : Hertz (Hz)

Concept Question

The angular velocity of wheel of a tire
is 20mt rad/s. What is the angular
frequency?

Given,
w =20mrad/s

e

f =

N
=

10 Hz

—h
I
I

N
=




Table1 Linear and Angular Measures

EOT 16A

Quantity Linear Angular Relationship
displacement X S X=1r06
velocity v W /Q = ruD

acceleration d a / 6 =ra

1. A Ferris wheel has a radius of 15 m. It makes one

rotation in every 60 s.

(a) What is angular displacement in one rotation?

(b) What is angular velocity?

(c) What is linear velocity experienced by a person at a
distance of 15 m from the center?

Given,
Wheel completes one rotation in 60 seconds (2mrad)

(a) Angular displacement = 21t rad

A6

_ 2n rad
(b) Angular velocity , w = ArT B0 s 0.104 rad/s

(c) linear velocity,, v=rw =15x0.104 = 1.56 m/s

2. A truck has linear acceleration of 1.85 m/s? and
the wheels have an angular acceleration of 5.23
rad/s2? What is the diameter of the wheels?

Linear acceleration, a=1.85 m/s?

Angular acceleration, a=5.23 rad/s?

_a 18
=% T523
r=0.353m

d=2r=0.7074m




EOT Q20

re =2
“x

1.85 nus*
5.23 raciss

3. ¥ & truck s o Snear accrlaration of 1B% mys'
ardd the whieels have an angufar acceleration of = 0354 m "
523 adis’, what is the diameter of the wheels? ~ Thu=. the diameter 1S 0.707 m.

4, The truck in the previous probikem i fowing 4

toller with wheeis hat have » diametor of 48 cm a. How does the linear acceleration of the
trailer compare with that of the track?

A HOW G008 e hesr acceleration of the tnes
Compare with that of the truck? e Mo D e
B How (0 the ongaiar scoeleratons of the wheeh are the same.
dnmmmnmammw
ST Because the radius of the wheel is
reduced from 35.4 cm to 24 cm, the
angular acceleration will be
increased.
ay = 523 radis?

e - 22 1.85 mus®
2 r 024 m
w 7.7 radis2




11- Which of the following is a correct relationship between linear displacement and
angular displacement ?

a.v=d/t
b.a=ra
C.V=Tro

d=r0

12- The angular acceleration of an object , is given by:
a. ® = AG/At

. a = An/At
c.d=rb0

dv=ro

14- according to the graph, what the slope of the line represents?

a. Angular acceleration :

i, Angular velocity & E"
¢. The moment of inertia = Z “
d. The torque A

Time t
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Practice Problems

1. What is the angular displacement
for each of the following hands

of a clockin 1.00 h

(a) second hand
(b) minute hand
(c) hour hand

(a)Second hand completes 60 revolutionsin 1 h,
(60 rev =60 min =1 hour)
angular displacement, 8 = 60 x 21 rad

=120 wrad

(b) Minute hand completes 1 revolutionsin 1 h,

angular displacement, 8 =1 x 2w rad
= 2 trad
(b) Hour hand completes 1/12 of revolutionsin 1 h,

angular displacement, 8 =2mn/12 rad = /6 rad

2. A rotating toy makes one complete counter
clockwise rotation in 1 min.

a) Whatis the angular displacementin 3 min.
b) Whatis the angular velocity in radians/min

(a) Angular displacement for one complete
rotation is,
6 =1x2mrad =2 mrad

(b) Angular velocity in 1 minute,
_ A8 _ Z2mrad

== T =21 rad/min
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Angular velocity

6.The Moon ( r = 1.74x10°m) rotates once on its axis in 27.3

days.

a. What is the period of rotation in seconds?

b. What is the frequency of rotation in rad/s?

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

(a) Period of rotation in sec =24 x 60 x 60 s = 86400 s

A0 _ 2nrad
At  86400s

(b) Angular frequency, w = =7.26 x 105 rad/s

(c) Linear velocity, v=1 w = 2nrad _ 4 74 x 106 x 7.26 x 10°5
86400 s

v=126.32 m/s




EOT 14

Finding Net Torque

Figure 8 shows & practical application of mereasing forque 1o make a task eavier. For another
example of forque, try the fillowing imvestigation, Collect two penctls, same colm, and some
transparent tape, Tape twa identical conns to the ends of the pencil and balance # on the second
pencil, as shown In Pigure 9, Each comn exerts 2 torque that Is equal to the distance from the
balance poing 1o the cedor of the coin (1) thenes it weight (7 ), an followy

red,
Hut the torgues are iqual and opposite in disection. Thee, the net tongue ¥ 2o
7,7 =0
or
rh o =
Hone cam you make the pencill otate! Yoo could add 2 secomd coin on top of one of the two colms,

thetoly making the two forces differond, You also could slide the balance potet toward one end or
the other of the pencil, thereby making the two lever arnw of different Jength

h N Figure 9 The tomgue evertid by e frt con F 1)
AN 1) (0sLe 11 drertion fo e e evertrd by

huwtmw)mumnunm
Fy Fe>



Lever Arm

Lever arm is the distance from the axis of
rotation to the point where force is applied
perpendicular to the radius.

Axis of rotation

|I=rsin®

| —lever arm
r is the distance from the axis of rotation

to the point where force is applied.
© is the angle between Fand r

EOT Q18

A bolt on a car engine must be
tightened with a torque of 35 N-m.
You use a 25-cm-long wrench and
pull the end of the wrench at an
angle of 60.0° to the handle of the
wrench. How long is the lever arm?

Given,
r=25cm =0.25m
B =600

Leverarm =7

Lever arm,
| = rsin© =0.25 x Sin60 =0.22 m




TO rq ue Concept Problem

A bolt on a car engine must be tightened with a torque of

Torque produces rotational motion. 35 N-m. You use a 25-cm-long wrench and pull the end of
the wrench at an angle of 60.0° to the handle of the
wrench. how much force must you exert?

Torque is the product of force and the Given

perpendicular lever arm r=25cm =0.25m
6 = 600
T=35Nm

Torque = force x lever arm
Force =7

T = FrSin©

Torque,

T = Frsin©

Sl Unitis Nm 35 = F x 0.25 x Sin 60
35=Fx0.22

=35 _ 159N
0.22




Balancing of an Object

When an object is balanced , the
torques acting on both sides cancel

each other.
rl r2
l:‘_?—-‘—-—)fi — 1
. A )
7’(5 Cal
| o %
{ \ i 5
F ! 5 .'l:' ' F
g A P

Anticlockwise torque = F;r,

Clockwise torque = F,r,

Anticlockwise torque = clockwise torque

Firy =Fyr,

2m 3m
< — >
. >
SO Cal
N

g' . 400N
>

Q1. Observe the figure and answer the question.

(a) What is the torque acting at A?
(b) What is the torque acting at B?
(c) Whatis the net torque ?

Al. (a) Torque at A =600 x 2 = 1200 Nm anticlockwise (+)
(b) Torque at A =400 x 3 = 1200 Nm clockwise (-)
(c) Net Torque = +1200—-1200 =0 Nm



PRACTICE Problems

16. Ashok, whose mass is 43 kg, sits 1.8 m from a pivot at the center of
a seesaw. Steve, whose mass is 52 kg, wants to seesaw with Ashok.
How far from the center of the seesaw should Steve sit?

u;,.%, H WY ’&J‘: o0 &'S{VMC{ Sf@‘(f §itys 7C1Dv’\
Bt . peé
Cgt_L%*% ;:;g:u‘).S SW/ SO oAl
= Ar\b‘t owise _ § 23 ST
wowlent oresl

F‘;)( ‘8 —— Er’l
k3598 +\g = 59 %94, ¥
= 13x49218 _ 1438 w

51«4 —_



Practice Problem

Kariann (56 kg) and Aysha (43 kg) want to balance on a 1.75-m-long seesaw. Where
should they place the pivot point of the seesaw? Assume that the seesaw is massless

Given,

Mass of Kariann = 56 kg Mass of Aysha = 43 kg

I’K=?

Since the seesaw is balanced,

Anticlockwise torque = clockwise torque
FgK X g = FgA X Iy

56 x9.8 xry=43x9.8x(1.75 -ry)
56 r,=43(1.75 -ry)

99r,=75.5

re=0.76 m

Let r, is the distance to the pivot

Total length of seesaw is 1.75 m
I'A = 1.75 = rK



Moment of Inertia (I ) Moment of Inertia of a Point Mass [ = mr?

The moment of inertia of a point mass is equal to the mass of the object

Moment of Inertia is the times the square of the object’s distance from the axis of rotation.
resistance of rotation.

| = mr?

m - mass of the object

r - distance of the object
from axis of rotation Axis of

If mass is distributed

. near to the axis, it is easy to
rotate

 fartothe axis,itis hard to
rotate

Sl unit of moment of Inertia
is kgm?




PRACTICE Problems

Do It Yourself !

Page 16

1.Calculate the moments of inertia for each object below using the formulas in Table 2 .

Location Moment of
Object of Axi Diagram tocid
Thin hoop of Through Axis mr
radius r central
diameter

Solid, uniform Through %mr2
cylinder of center

radius r

Uniform sphere Through %mr2

of radius r center

has a radius of 2.0 m and a mass of 1.0 kg.
a. athin hoop

a) lioop = mr2

=1x22=4kgm?

Location Moment of
Oiiect of Axis e Inertia
Long, uniform Through Axis L2
rod of length / center ’—J'" e
f— | ——
Long, uniform Through IA’“S %m/2
rod of length / end |
p— | —
. Axis
Thin, Through \ ]1—217?(/2 +w?)
rectangular center
plate of length T
/and width w 'M/,\'/

b. a solid, uniform cylinder

b) IcyIinder

1
2

1
_ mrz
2

x1x 22 =2 kgm?

vl N

2
- Z 2
C) Isphere - 5 mr

x1x 22 = 0.8 kgm?

Each object

c. a solid, uniform sphere



2019-20

20- Mohammad, whose weight is (270 N), sits (1.50 m) from the center of a seesaw. Salem,

whose weight is (320 N), i .
- Calculate the torque of Mohammad. | A2
Given, Force of gravity on Muhammed ( F,,,) =270 N ’ J : . !
"""" Distance of Muhammed'to pivot (r,,) = 1.5m ™"
9., Tq,

---------------------------------------------------------------------------------------------------

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

---------------------------------------------------------------------------------------------------------------------------------------------------------

Given, Force of gravity on Muhammed ( F,,,) =270 N
.............. R ofgraw ty s Salem( ng)=320 R s S
SinCE'the'SEESUW'iS'ba’a”CEd, ....................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------------------------

Fgm X I = Fgo X T 270x 1.5 = 320 xr, r= o7 0.79m




Chapter 4

Work and Energy

8 o eetintipheten e e v senty e
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@ W()r k ﬁ T Work at 1 angle

Definition: WOI'k iS the transfer Of Work Done by a Constant Force Ifthe force is at an angle to the
energy that occurs When a force m':moxm ty)fawgloﬁ'.‘ :::: !Fhotrfco.m 18 paralmwundnsplmmom:
(F) 15 applied through a ‘
displacement (d). W=H When dealing with forces W= (Fos)d = Fdcos
G o exerted at an angle, work can
N then be calculated as follows:
Unit 13 the Joule (J) or the
Newton-Meter (N.n). a’ - g
=

*Note Force x Displacement =
Newton x Meter=N.m

WORK ‘
Work 5 equalto the productof the magnitude of the force and magnitude ofdlsplacement
s he cosine of th angle betieen e,

W = CA rne O



Work at an angle

The work done may be positive, zero, or negative, depending on the angle
between the force and the displacement.

Angle (6| 0<6<90 (=90 90 < 6<180

Cos( 0] positive ZERO negative

Work positive ZERO negative

Speed of Object | increases constant speed | decreases

4
:
d =7  d
- - o =
0 < 90’ § =90 i > 90

W>0 W=0 W<



§ == Total Work Done on a System

The total work done on a system is the sum of the work done by each body that exerts a

force on the system.

Fionag = 3N
Wiag ™3

d=1m

—

Fagon = =1 8N
Wogn= =184

MINSTRY OF EDACATION

Work done by a variable force

The area under a force-displacement graph is equal to the work.

[

Constant Force

Changing Force

Force (N)




Work Done by Gravity

Work = Force x Displacement (or height) Cﬂd
W=Fxd
W=-mgxh
W =-mgh
start

dist d

!‘

l c}:‘dnge in

vertical height




EOT 16B

FORCE AND DISPUACEMENT AT AN ANGLE A savicr putls o Hoat i (stance of 00m m # dock UKATED ARAR EMIRATES
UG & rope ot makes 4 25.0° angle with the hoezondyd, How much woek doos 1he 1606 60 0 I MINETRY OF EDUCATH
Bost i s fonsion i 255 N7

Practice Questions

1 ANALYZE AND SKETCH THE PROBLEM
o Idetiily the syxtonm and the force deing wark on it

1. Ahmed uses  force of 25 Newtons fo Lift hus grocery bag while
oing 50 Joules of work. How far did he Lift the grocery bags?

Answer=2m

+ Estoblish cooecinate oxes

o SHRICH T HATOO Showing The Do with nsl
condtions

v Draw vecion showing the diplacement. the orce, and
L% component in ihe dikection of e displacumaent

o Unknown Q2. A bageball Xlayerldoes 1234 Joules of work when hitting a baseball
26N #2260 Wa? il does work o0 the bodt Info left field. ssummF the baseball landed 100 meters awag from
g 200m home plate, how much force did the player use to hit the ball
e Answer= 234N
W= Fdcos b
" 255 M0 micos 2501 W/ s ke Rinde N Q3. Aforce of 70 Nacts on a 12 kg object at 60° to the horizontal and ag
*690x10'J a result, the object 1s dlsglaced horizontally through a displacement of 23
3 EVALUATE THE ANSWER m. Determine the work done on the object.
+ Are the units comect? Work s measurnd m joules AIlSWEI':SOSJ

+ Does the slgn make sense? The rope does work on ihe DOsL, Which agrees with 4 positive
SN 100 work.



