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ROTATIONAL MOTION
Rotational motion is defined as the movement of an item in a fixed orbit around a circular
path. It can be seen in practically everything around us. Every machine, celestial bodies, and
the majority of games actually do rotating motion.

ANGULAR DISPLACEMENT

Angle subtended by a body moving in a circle at the center of its circular path is called its angular
displacement

UNITS:
Angular displacement can be measured in the following unit

Axis of |
1. Degree (deg) 2. Revolutions (rev) rotation |

3. Radians  (rad)

The last unit radian is in common use for the measurement of
angular displacement.
DIMENSIONS
The measure of an angle in degrees, revolution or radian, does not
have physical dimensions therefore it is dimensionless quantity.
RADIAN

Radian is the angle subtended at the center of the circle by an arc equal in length to its radius
RELATION B/W RADIAN AND DEGREES
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Consider the fig. In which - h

r = radius of the circle /

S = arc length / -

0 = angle subtended by arc ‘S’ [ .
the relation between and is given by ! ._._-_----'g']" '

S=rd 1) \ T |
when a body rotates in a complete circle, it describes an arc of \ r L/
one circumference, i.e.

S=2zrxr (i) \ /

Comparing equation (i) and (ii) — -

27xr=r0 o

2r =46

but in a complete circle there are 360°, therefore 6 = 360°
1 revolution= 2 = rad = 360°

Now, 2z rad = 360° 2w rad = 1rev

360 1
lrad = — 1 radzgrev

2T

lrad =57.3° 1 rad =573°
lrad = 0.159 rev

ANGULAR VELOCITY:

The rate of change of angular displacement is called angular velocity or angular frequency .1t is
a vector quantity represented by




FORMULA : ¥

Consider a body moving in a circle of
radius r counterclockwise as shown

Let 01 =angular position at time t;

{ta)
P, f2)

P] (ty)
0, =angular position at time  t» r,
angular displacement during interval(tz — t1)
AO=0,—0;
At=t,—t, time interval 0 X
Now the average angular velocity is defined as the ratio of angular displacement to time, interval At.
_AD
Way = At
The instantaneous angular velocity is the limit of the ratio as approaches zero

. A
W= lelt—e ‘
At—0 At

DIRECTION: { > A
The direction of angular velocity is given by right hand rule, S
which is defined as “ curl fingers of right hand around the Right hand
axis of rotation, in the direction of rotation then right hand

thumb will point in the direction of angular velocity m RASI b
UNITS: o -

Its units are ( < : )

0] rad / sec -

(i1) deg / sec

(iii) rev/sec | T
DIMENSIONS:

AB 1 -1
Wy =—=—=1T
VAT

It has dimensions of inverse time [ T ]
ANGULAR ACCELERATION

The rate of change of angular velocity is called angular acceleration. It is a vector quantity
represented by o
FORMULA:

W, — 0 A®
t,—1; At
The instantaneous angular acceleration is the limit of this ratio as At approaches to zero:

Oay =

.. Ao
o=Lmit —
At—0
DIRECTION:

1. The angular acceleration is parallel to for increasing magnitude of angular velocity
2. The angular acceleration is opposite to for decreasing magnitude of angular velocity



A
(V)

. . . w . .
Ao Increasing magnitude ' decreasing magnitude
of velocity of velocity

—

UNITS:
Its units are in
(i) rad / s?
(i) rev/s?
(iii) deg / s?
DIMENSIONS:
A(D T_l -2
o =—=—=T
VALt

Angular acceleration has the dimensions of an inverse time squared (T-2).

—

RELATION BETWEEN LINEAR VELOCITY v AND ANGULAR VELOCITY o):

Consider a particle ‘P’ in a body rotating in a circle of radius z
‘r’ as shown. I

Suppose the particle ‘P’ moves through a distance along the arc when m“
the body rotates through a distance along the arc when the body v
rotates through an angle, such that T8 P
AS=r AO
Dividing both side by the time interval in which the rotation
occurred, we get ¥
AS ; A©
A t At -;I
Applying Izitmi)ton both sides, above eqn becomes
. .. [ AS . AB .
Limit| — | = Limit =[ — |............. (i)
At—>0 At At=0 At
.. AS . . .
Where Limit= —— =V = instantaneous linear velocity
At—0
.. A O . :
Limit= —=® = instantaneous angular velocity
At—>0
substituting these values in equation (1) we get
V=ro

where I is perpendicular distance from ‘P’ to the axis of rotation
TANGENTIAL VELOCITY

The tangential velocity of a particle moving in a circle is the product of the perpendicular
distance from the axis of rotation to the particle and the angular velocity.”

V=row Scalar form

V= XTI Vector form



RELATION BETWEEN LINEAR AND ANGULAR ACCELERATION

Suppose an object rotating in a circle, changes angular velocity by in a time. then the change in its
linear (tangential ) velocity is given by

AV=rAo

Dividing both sides by At ,we get

AV Ao

At At
Applying Limit on both sides , the above equation becomes

At—>0
. .. Av .. A i
Limit 2% =r Limit =2 ... ()
At—>0 At At—>0 At

. .. AV . ) .
But Limit E = a instantaneous linear acceleration

At—0
. .. Aow . .
Limit — = o instantaneous angular acceleration
At—>0 At
Substituting these values in equation (i) we get

=al
TENGENTIAL ACCELERATION:

Tangential acceleration a: corresponding to tangential velocity Vt is the product of perpendicular
distance from the axis of rotation to the particle and angular acceleration.

a=ra

THE PERIOD
DEFINITION:

The time required by a body for a complete revolution or cycle of the motion is known as time
periods.
FORMULA:

T=22
®

UNIT
It is measured in seconds

DIMENSIONS

[ T] Ithasadimension of time

CENTRIPETAL ACCELERATION T
DEFINITION: /- \.
The acceleration produced due to the changing direction of velocity | f - h_ffd of a
r ¢ ‘

body moving in a circular path with constant speed is called
centripetal acceleration.
It is a vector quantity always directed toward the center of
circular path,

FORMULA
Consider a particle moving in a circle of radius ‘r’ with constant speed ‘v’. The velocity at point

uniform circular motion

1 is a vector v, tangent to the curve at point 1, and velocity at point 2 isv, as shown in the
figure.



for uniform circular motion
Vl = V2 :V

Consider two similar triangles ABC and PQR, Hence using the property of similar triangles

AV _as

\Y r
AS

AV=V —
r

Let Atbe the time interval in which particle moves from point 1 to point 2 . Directing both sides
by A twe have

Av (V) As

At r) At

When A t is very small,. then applying limit Izimi)t on both sides, we find
t—

. .. AV v . .. AS
Limit — = () Limit — e, (i)
At—>0 At r) ats>o At
In this equation ,
. .. AV . .
Limit — = a. =centripetal acceleration.
At—»0 At
Limit AS =V
At—>0 Al

then equation (i) becomes



CENTRIPETAL ACCELERATION IN TERM OF ANGULAR VELOCITY
we know that

V=0T e, (1)
put v=mr in above equation

_(or)

a; =
r
(02 r2
“" 1 |PROF: IMRAN HASHMI
ac= o I

CENTRIPETAL ACCELERATION IN TERM OF PERIOD

wer @ (0o

_ 4m®r
UNITS:
The units of centripetal acceleration are the same as those of an acceleration i.e.
m/s?
DIMENSIONS:
LT ~2 are the dimension of centripetal acceleration
CENTRIPETAL FORCE
DEFINITION:
The Force which is required to produce centripetal acceleration in a body moving in circle is
_)
known as centripetal force. It is a vector quantity represented by F
FORMULA:

Consider a body of mass ‘m’ moving in a circle of radius ‘r’ with uniform speed . The direction of
velocity is changing continuously towards the center of the circle . The force responsible for the
change in direction of the velocity in the circle .

By Newton’s second Law.

Fc =m ac [
CENTRIPETAL FORCE IN TERM OF LINEAR VELOCITY f,z“" "“w.,\x
V2 V2 ;" \\
Fe=m T [ ac = T ] ,."H \x_'
CENTRIPETAL FORCE IN TERM OF ANGULAR VELOCITY ,’f F. i
|
2 \ ' A |
Fe=m L2 [v=ro ] Lo
2 o2 g -
Fe=m T i
r miform cireular motion
Fc =mir 0)2
UNIT:
In SI system of units it is measured in ‘newton’ (N).
DIMENSIONS

MLT 2 are the dimension of force



NON-UNIFROM CIRCULAR MOTION
If the speed of a body revolving in a circle is changing, there will be tangential acceleration atan, as
well as the centripetal accelerations ac. The tangential acceleration arises from the change in the
magnitude of the velocity.

Agan = ﬂ
At
whereas the centripetal acceleration arises from the change the direction of velocity.
ot
r

These two component of acceleration are perpendicular to each other, then total acceleration a, by
using vector diagram in figure (b), is given by

N > o T
a = aC + at ,,"/’ \\\\ ag
The magnitude of g is determined by Pythagoras | — R
\ ¢ i at
theorem
\. - &
2 2 \‘-_ /,” 1
a=.a; +a; =
1 a (a) 1]
The directionis givenby ~ @ =Tan™| —*-
a
C

VERTICAL CIRCULAR MOTION

The ball moves in a vertical circle and is not undergoing uniform circular motion. The
radius is assumed constant, but the speed v changes because of gravity. we consider the top and
bottom points.

\ Fr, A /

iy
|

mg "

At the top (point 1)
At the top (point 1), two forces act on the ball: the force of gravity Fw = mg, and the tension Fr
force the cord exerts at point 1. Both act downward. Newton’s second law, for the vertical
direction, choosing downward as positive

FT+ FW: FC




_— mv
mg =
T g r
. m v?
= - m
T r g

At the bottom (point 2)
When the ball is at the bottom of the circle (point 2), the cord exerts its tension force Fr
upward, whereas the force of gravity Fw = mg, still acts downward. Choosing upward as
positive, Newton’s second law gives

Fr — Fy = F,
. m v?
— mg =
T g -
m v?
Fr = + mg

FORCES ACTING ON BANKED CURVE

A banked curve is a curve that has its surface at angle with respect to the ground on which the
curve is positioned as shown in figure. The reason for banking curves is to decreases the moving object
depends on the force of friction.

—
- N gy
-

On a banked curve however, the normal force acting on the object such as a car, will act
at an angle with the horizontal and that will create a component normal force that acts along
the x axis. This component normal force will now be responsible for creating the centripetal
acceleration required to move the car along the curve.

BANKING DEPENDENCE ON ANGLE AND SPEED OF VEHICLE.

Consider a car on a frictionless banked curve. If the angle 0 is ideal for the speed and
radius r, then the net external farce equals the necessary centripetal force. The only two
external forces acting on the car are its weight and the normal force of the road N. The normal
force horizontal component must equal the centripetal force, that is.

2
Nsing = 2V (D)

|PROF: IMRAN HASHMI




The vertical component of the normal force is
Ncos0, and the only other vertical force is the
car's weight. These must be equal magnitude;

thus,
N cos® = mg ............ (i)
Dividing equation (i) by (ii)
m V2 N sinf <«
Nsin6 =
Ncos® mg
sin@ m V? X
cos® rmg
VZ
tan0 = —
rg
_1 [ V?
0 = tan™! (—)
rg

This expression can be understood by considering how 0 depends on v and r. A large 0 is
obtained for a large v and a small r. That is, roads must be steeply banked far high speeds and
sharp curves. Friction helps, because it allows you to take the curve at greater or lower speed
than if the curve were frictionless.

ORBITAL VELOCITY
Orbital velocity is the speed required to achieved orbit around a heavenly body, such as
a planet or a star. We saw that there are natural satellites moving around the planets. There will
be gravitational force between the planet and satellites. Nowadays many artificial satellites are
launched into the Earth’s orbit. The first artificial satellite Sputnik was launched in 1956
ORBITAL VELOCITY OF SATELLITE
Consider a satellite with mass Msa: is moving around the earth in an orbit of radius r and the
velocity of the satellite is a tangent to the path of the orbit, and the net centripetal force acting on the
satellite is .
2
Fo= =% (D)
This net centripetal force is the resultant of the gravitational force which attracts the

Satellite towards the central body.

GMg,; M .
Fy = 42 (D)

Comparing equation (i) and (ii)
Msat Vz GMsat ME

r R2 " g amE
2 p N Veocity
V _ G ME 7 / o \
— \
R R2 / -
V2 G Mg ! \
= \
R R R | e
VZ _ G M E '\ Gravitational ol
= R \ force of attraction /
\ /
\ /
G Mg \ ’
. C:
V = ... (iii N % ’
R ( ) \ \(‘(/{9, ) 2 /7



TIME PERIOD AND ORBITAL RADIUS
A satellite is traveling in circular motion when in orbit, its orbital time periods T to
travel the circumference of the orbit 2zr, the linear speed is

V = ZZR
Substituting the expression of speed of satellite in equation (iii)
2nR |G Mg
T R
4mR* G Mg
T2 R
amR® T2
G Mg
T2 — 4mR3
G Mg
4mR3
T =
G Mg

The equation shows that the orbital period T is related to the radius r of the orbit

MOMENT OF INERTIA
Moment of inertia i$Sthe property of the body by virtue of it resists angular acceleration,
which is the sum of the products of the mass of each particle in the body with the square of its
distance from the axis of rotation.

FORMULA
I = Ym r?
Where,
Momentorineria | PROF: IMRAN HASHMI
m = Mass
r =distance to axis of rotation
DIMENSION

M L? are the dimension of moment of inertia

ROTATIONAL INERTIA OF A TWO PARTICLE SYSTEM
Consider a rigid body containing of two particles of mass m connected by arod of length L
with negligible mass.

CASE -1
Two particles each at perpendicular distance 1/2 L from the axis of rotation. As shown
in figure.
Ax:is a - < A:-;]is b
A L 5

E
o I I
E




(@) Two particles each at perpendicular distance 1/2 L from the axis of rotation.

For two particles each at perpendicular distance 1/2 L from the axis of rotation, we have:
2 2

= m(y ey

1
I= m- L+ m-— L?

4 4
[ m L? N m L?
4 4
B mL? + mlL?
B 4
B 2 m L>
B 4
[ m L?
3
I= - mlL?

Zm

(b) Rotational inertia I of the body about an axis through left end of rod and parallel to the first
axis. The perpendicular distance is zero for the
particle on left and L for the particle on right. We

have: - : -
:
I= m(0)? + m(L)? Q J
I= 0+ m L? " m “m
1= mlL? '
Moment of Inertia of VVarious bodies E L
Rod about
Solid cylinder or Hoop about Solid center
disc, symmetry axis symmetry axis sphere %
I = MR* _ 2 MR? =L
5 12
/ 2 /
[ =—MR’ —MR”' :—Mr
2 y /
Solid cylinder, Hoop about Thin spherical Rod about

central diameter diameter shell end



ANGULAR MOMENTUM

The angular momentum of a body about its axis is defined as the product of position vector (r)
_)
and linear momentum. p

Angular momentum is denoted by L
- -
Consider a particle of mass m moving with a velocity v at a position I' relative to the origin. The

- - -
linear momentum of the particle is p = M V. The Angular momentum L of the particle relative to the

origin is given by
-> -5 -
L=rxP
- - -
If r and P x-y plane, as shown in the right figure then L is along the z axis
e

L=rxP axis of _
. rotation L=rxp
L=rpSin6 0}
L=r(mv)Sin6
L=r p sin0 o
L= r (mv) sin0 /
\\.

The angle between ? and v is 90° —
L =r (mv)Sin90°
L= mvr

Consider a particle moving in a circle in the xy plane with the centre of the circle at the
origin. The speed v of the particle and the magnitude of angular velocity ® are related by v=r
®. The angular momentum of the particle to the centre of the circle is

L=mvr

L=m@o)r

2" | PROF: IMRAN HASHMI
L=mrle

If X, y, z are the component of position vector r and Py, Py, P, are the component of momentum

p , then using the definition of vector product we write
- -5 -

L=rxP
S J k
L= X y Z
P, Py P,
UNIT The Sl unit of momentum is Js ( joule. second)

DIMENSION
The dimension of angular momentum are LZMT



LAW OF CONSERVATION OF ANGULAR MOMENTUM

The total angular momentum of a system is constant on both magnitude and direction if the
resultant external torque acting on the system is zero

PROOF
consider a particle of mass m moving with the

velocity V along a circular path of radius r as
shown in figure

The law of conservation of angular
momentum then ensures that the angular T
momentum of the particle is constant. The
angular momentilm is constant in magnitude
and constant indirection (the motion is e
confined to the plane of rolation).

It is worth emphasizing that the above
discussion relies on the origin being at the
center of the circle. In Figure 1 a different
origin O has been chosen. on the axis of
rotation but out of the plane of rotation. In this
case angular momentum is

L=7%x P

=@y + 7 )x P
= (#Fy x P) + (. x P)
=L, + Ly
L. = (#y x P) and L;; = (¥, x P)
ANGULAR MOMENTUM PERPENDICULAR TO AXIS OF ROTATION

~ B

The angular momentum has component L, = (7, x P) which is perpendicular to
the axis of rotation and is not Conserved. This is not a problem because, relative to the origin

of Figure 1, the particle experiences a torque 7, = (17’,, X f) where F is the centripetal
force acting along radius.

Moreover, because '7;; does not change constant we have
Ll == (1‘” X P)
The magnitude form of the angular momentum is

L, = (ry) xX(P)
Applying derivative on both the sides, we get

d‘:—:z (r 1) X(E)

i dt
L

e (r ) (F)
dl _

a T

The rate of change of angular momentum L, is supported by the existence of torque 7 so the
angular momentum is not conserved

ANGULAR MOMENTUM PARALLEL TO THE AXIS OF ROTATION
The component of angular momentum parallel to the axis of rotation remains Constant
because there is no torque in that direction.

ti=@xP) - [PROF: IMRAN HASHMI




The magnitude form of the angular momentum is

L= (ry) x(P)
Applying derivative on both the sides, we get

i x(5)

ddt
Ly
P (r) (F)
=T
dt
there is no torque in that direction
dL,
dt

Integrating both the side ,we get
L = constant
Hence, the angular momentum of the particle is conserved if the net torque acting on it is zero

TORQUE
DEFINITION-1

The turning effect of an object due to an applied force is called “torque” or ’moment of force”
We symbolized the moment of the force by a Greek letter tau (T )

Torque ( T ) depends upon

Q) Magnitude of the force applied (F)

(i) The perpendicular distance of the line of action of the force from the axis of rotation (or fulcrum
or pivot) also called “moment arm”(d)

FORMULA
Moment of force = force X (Perpefldlcular.dls tanc efromtheplvot)
tothelineofactionofforce
T=Fr
DIMENSION
The dimension of torque are MLZT 2
DEFINITION-1

Torque is defined as the cross product of moment arm and force
FORMULA

T= T X F
%l = || |F| sin@
T= r F sin0
DIRECTION OF TORQUE
The nature of cross (or vector) product of two vectors, conveys a great deal about the
direction of cross product i.e. torque in our case. It tells us that (i) torque vector is perpendicular
to the plane formed by operand vectors i.e. *'r** and ""F' and (ii) torque vector is individually

perpendicular to each of the operand vectors
Right-hand rule

AT




CHARACTERISTICS
1. Max. Torque: if the angle between r and F is 90°, then torque is maximum
Tmax =FFsSin90°=rF

2. Min. Torque: If the angle between r and F is zero. (i.e. when a line of action
of force and moment arm coincide), or if the direction of F is opposite to r
(i.e. 6 = 180°) then torque is minimum.
Tmin=r Fsin0°=zero also T min = r F sin 180° = zero

3. If the direction of the force F is reversed, then the direction of torque is
reversed, but its magnitude remains the same.

4, If the direction of r is reversed, then the direction of torque is reversed but
its magnitude remains the same.

5. If the direction of both r and F are reversed, then neither the magnitude
nor the direction of the torque will change.
Derivation a relation torque, moment of inertia, and angular acceleration.

Consider a particle of mass m rotating in a circle of radius r at the end of a string whose mass
is negligible as compared to the mass of the string. Assume that a single force F acts on mass as shown
in figure

According to Newton's second law of motion

F=ma, \ F
The relation between tangential and linear r |
acceleration is: 3 ps

a4 = ra /
Equation (i) can be rewritten as

F=mra

Multiplying both sides by r

r’ x F=mra Xr

rx F=mria .....(ii)

we know that
T=rXF and I=mr
Substituting the expression for torque and moment of inertia in equation

(i), we get
<1«  |PROF:IMRAN HASHMI

T © «a '
The above expression shows that the torque is direct relation to angular acceleration and of inertia is
constant.

2




CHAPTER =4 ROTATIONAL AND CIRCULAR MOTION

SHORTS QUESTIONS (BOOK- 11)

1: For an isolated rotating body, what is the relation between angular velocity and
radius?

ANS: For an isolated rot acting body, the angular velocity is inversely proportional to the radius. This
means that as the radius increases, the angular velocity decreases.

For an isolated rotating body with no external torques acting on it (i.e., angular momentum is
conserved).

This relationship is described by the conservation of angular momentum.

lew1=lzxw2

Where,
I =Kk xr?

Using the moment of inertia expression for both initial and final situations, we get:
Ky Xr2 X w; = Ky X2 X 0,

17
r2 k; o

k; o,
_X_

2:  When the moment of inertia of a rotating body is halved, then what will be the
effect on angular velocity?

ANS: When the moment of inertia (I) of a rotating body is halved, the angular velocity (w) of the body
will double, assuming no external torques act on the body. This is based on the principle of conservation
of angular momentum.

The conservation of angular momentum can be expressed as:

11 Xwy = IZ X W2
If we halve the moment of inertia (I, = %11), we can solve for w,.

1
lew1=zllxw2

1
w1 —EX (D)
2(l)1=(l)2
(1)2 =2(1)1

So, whilst velocity will be doubled.



3: Compare kinematics equation of linear motion and circular motion.
ANS:
RELATIONSHIP BETWEEN LINEAR AND ANGULARLY QUANTITATES
Consider an object revolving in circle, in order to find the relations between linear and angular
guantities of the motion.
We know that:
Relation Between Angular Distance And Linear Distance:

S=ro

S
0=-

r
Relation Between Angular Velocity And Linear Velocity:
If AS is its distance for rotating through angle Aq then,

AS
A(—) - T
Dividing both sides by At we get:

AO _ (AS At)
At \r’
rA@  AS
At At

If time interval At is very small At — 0, then the angle through which the particle moves is also very
small and therefor the ratio A8 /At gives the instantaneous angular speed w;y,.

L AS A8
Mob At T Atod At

Now by definition

_ i 88
V=l At

_ o 88
©= 0 At

Therefore equation (1) reduces to:
V=rw

RELATION BETWEEN ANGULAR ACCELERATION AND LINEAR ACCELERATION
Suppose an object rotating about a fixed axis changes its angular velocity by Aw in time At sec, then the
change in tangential velocity AV at the end of this interval will be

AV = rAw
Change in velocity in unit time is given by:
AV Aw
—_=r.—
At At

If At approaches to zero then AV/At will be instantaneous tangential acceleration and Aw/At will be
instantaneous angular acceleration “o”.

a=rua



4. Can a small force ever exert a greater torque than a larger force? Give reason.

ANS: A small force can exert a greater torque than a larger force if the small force has a longer lever
arm. Torque is defined as the product of force and lever arm, so a small force with a long lever arm can
produce a torque that is greater than a large force with a short lever arm.

5: Give two real world applications of angular momentum.
ANSWER: Two real-world applications of angular momentum.

e Figure skating
When a figure skater pulls their arms and legs in close to their body, they are decreasing their
moment of inertia. This means that their angular velocity will increase. This is why figure skaters
can spin faster when they are in a tight tuck position.

e Gyroscopes
Gyroscopes are devices that use angular momentum to maintain their orientation. For example, a
gyroscope can be used to keep a compass needle pointing north, even when the gyros cope is rotating.

6: Derive relationship between torque and angular acceleration.

ANS: This relationship between torque and angular acceleration indicates that the torque applied to an
object is equal to the moment of inertia of the object multiplied by its angular acceleration. In a way,
this equation is the rotational analogue to F = m. a in linear motion, where F is force, m is mass, and a
is linear acceleration.

= -
T=rXxF
-
F = ma
— - -
T=rXxma

T=m(rxa)
7: List the moment of inertia dependent factors.

ANS: The moment of inertia of a rotating body depends on the following factors.
e Mass

Shape (Size)

Distribution of mass

Axis of rotation



CHAPTER =4 ROTATIONAL AND CIRCULAR MOTION

RESONING QUESTIONS

Ans.

AnNs.

AnS.

Ans.

Can the sum of the torque on an object be zero while the net force on the object
iIs nonzero? Explain
If the sum of the forces on an object are not zero, then the CM of the object
will accelerate in the direction of the net force. If the sum of the torques on the
object are zero, then the object has no angular acceleration. Some examples
are:
) A satellite in a circular orbit around the Earth.
i) A block sliding down an inclined plane.
lii)  An object that is in projectile motion but not rotating
Iv)  The startup motion of an elevator, changing from rest to having a non-
zero velocity.
If the net force on a system is zero, is the net torque also zero? Explain
Just because the net force on a system is zero, the net torque need not
be zero. Consider a uniform object with two equal forces on it, and shown in the
diagram. The net force on the object is zero (it would not start to translate under
the action of these forces), but there is a net counterclockwise torque about the
center of the rod (it would start to rotate under the action of these forces).

:Ir
Why do divers and acrobats whish to make several somersaults pull their hands and feet
close to their bodies?
When divers and acrobats who wish to make several somersaults, they pull their
hands and feet close to their bodies in order to rotate at the high rate. Due to
the close distribution of mass the moment of inertia decreases. This cause an
increase in the angular velocity enabling them to make several somersaults.
The external force due to gravity acts through the center of gravity and hence

no external torque about this point. Therefore the angular momentum about
the center of gravity is constant.

If the net torque on a system is zero, is the net force zero, Explain.
Just because the net torque on a system is zero, the

net force need not be zero. Consider an object with two equal

forces on it, as shown in the second diagram. The net torque I
on the object is zero (it would not start to rotate under the ' .
action of these forces), but there is a net downward force on

the rod (it would start to translate under the action of these
forces).




AnNs.

Ans.

AnNsS.

If a force F acts on an object such that its lever arm is zero, does it have any
effect on the object’s motion? Explain.

If the lever arm is zero, the force does not exert any torque and cannot produce an
angular acceleration. There will be no change in the angular state of motion. However,
the force will add to the net force on the body and so will change the linear acceleration
of the body. The body’s linear state of motion will change

In a translator motion, it is not necessary for a body to move in a straight line.
Discuss the statement. (Karachi board 2012 Annual)

The motion of a body said to be ‘Translatory’ if the axes of the frame of reference
of a body remains always parallel to the corresponding axes of the observer’s
frame of reference. The motion of a body may not be necessarily along straight
line in case of translational motion. i.e. The translational motion may or may not
be linear motion. In the following figure shows translational motion of an object
moving from A to B and C. Observe that throughout the motion every point of
the object undergoes same displacement as every other point, it fulfill the
condition of translational motion.
Why does a slight push on an axle of wheel not cause any motion?
(Karachi board 2010 Annual)
According to the equation of maximum torque is given by

T=rF

Where

ANsS.

r = isthe perpendicular distance from the point of rotation to the point of line
of action of force (moment arm)
F = magnitude of the applied force
The above expression shows that the greater the force, larger will
be the torque and larger the moment arm the greater will be the torque. It
Is therefore, easier to rotate a wheel by applying a given force when it is
line of action is at greater distance from the center of rotation.
If the applied force on the axle of the wheel the wheel doesn’t rotate because
the moment arm is zero, torque also zero
T=rF
t=(0)F
T=0
Two boys ride on a marry-go-round, with boy 1 at a greater distance from
the axis of rotation than the boy 2.
(i) Is the angular speed of boy 1 is (a) grater than (b) less than or (c)
are same as the angular speed of boy 2
(i) Is the tangential speed of boy 1 is (a) grater than (b) less than or (c)
are same as the tangential of boy 2
(i)  Atany given time, the angle 0 for boy 1 is the same as the angle of
boy 2. As aresult, they have the same angular speed. Every point on the
marry-go-round has the same angular speed.
(i) The tangential speeds are different, however, boy 1 has the greater
tangential speed since he travels around a larger circle in the same time



Boy 2 travels around a small circle. This is in agreement with v=rw,

since boy 1 has the larger radius.
9. Why is it easy to turn along a curved path of a large radius compared to a
curved path of a short radius?
Ans. When a body moves along a curved path, a centripetal force acts on it and is
given by

As centripetal force is inversely related to the radius, i.e. if radius is large then
less force is required and if radius is short then large force is required. So it is
easy to turn along a curved path of large radius as compared to curved path of
short radius.

10. In what direction does mud fly off the tyre of a moving bicycle?

Ans. As mud on atyre moves, it requires centripetal force. This force is supplied by
the force of adhesion between mud and tyre. When the speed of the wheel
increases, the centripetal force also increases. At a certain speed, the force of
adhesion becomes insufficient to supply the necessary centripetal force. Thus
mud flies off tangentially along a straight path.

11 Define angular velocity. Give the units. Establish the relation V=r w

(Karachi board 2012 Annual)
ANGULAR VELOCITY:

The rate of change of angular displacement is called angular velocity or angular
frequency.It is a vector quantity represented by
UNITS:
Its units are
(1) rad / sec (ii) deg / sec (iii) rev/sec

RELATION BETWEEN LINEAR VELOCITY V ND ANGULAR VELOCITY Ww:

Consider a particle ‘P’ in a body rotating in a circle of radius ‘r’ as shown. Suppose the
particle ‘P’ moves through a distance along the arc when the body rotates through a distance
along the arc when the body rotates through an angle, such that

AS =rA0
Dividing both side by the time interval in which the rotation occurred, we get
AS AB
— =r—
At At :

Applying LiAltniOt on both sides, above equation becomes t

. .. AS ... A6 !
Limit = = Limit = (i) =
At—>0 At At—0 At
AS

Where Limit — =instantaneous linear velocity y
At—0 At
. .. AS
Limit — =V
At—0 At ’

. ., 40 . .
Limit —-=instantaneous angular velocity
At—0 At
. ., A0
Limit —®
At—0 At
substituting these values in equation (1), we get

V=rm



