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5. CIRCULAR MOTION
DEFINITION OF CIRCULAR MOTION
When a par t icle moves in a plane such that its distance from a fixed (or moving) point remains constant
then its motion is called as circular motion with respect to that fixed point.
That fixed point is cal led centre and the distance is cal led radius of circular path.

KINEMATICS OF CIRCULAR MOTION
Angular Displacement

Angle traced by posit ion vector of a particle moving w.r.t. some fixed point is called angular displacement.

= angular displacement

Angle = 
Arc

Radius

Arc PQ

r
 

GOLDEN KEY POINTS

* Small Angular displacement d

  is a vector quantity, but large angular displacement  is scalar quantity..

* Its direction is perpendicular to plane of rotation and given by right hand screw rule.
* It is dimensionless and has S.I. unit is "Radian" while other units are degree or revolut ion.

2  radian =  360° = 1 revolution

Que. A part icle completes 1.5 revolutions in a circular path of radius 2 cm. Find the angular displacement
of the particle.
Ans. 3

Frequency (n) :
Number of revolutions describes by par ticle per second is its frequency. Its unit is revolutions per second
(r.p.s.) or revolut ions per minute (r.p.m.)

Time Period (T) :

It is t ime taken by part icle to complete one revolution.
1

T
n



Angular Velocit y () :
It is defined as the rate of  change of angular displacement of moving par ticle .

t 0

Angle traced d
Lim

Time taken t dt 

 
   



GOLDEN KEY POINTS
* It is an axial vector quant ity.
* Its direction is same as that of angular displacement i.e. perpendicular to the plane of rotation and

along the axis according to right hand screw rule.
* Its unit is radian/second.

Relation between linear and Angular velocity

Angle = 
Arc

Radius
or

s

r



s

r


  or    s r

fixed 
point

r



Q

P

r



Q

r

P

s
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
s r

t t

 


 
if t  then

ds d
r

dt dt


 v =  r

v  =  r
  

   (direct ion of v


 is according to right hand thumb rule)

Average Angular Velocit y (
av

) :

 
av
 = 

total angle of rotation

total time taken
 = 

2 1

2 1t t

  
 = 

t




  =  
2

T


 = 2n

where  and are angular posit ion of the par ticle at instant t
1
 and t

2
.

Instantaneous Angular Velocity :

The angular velocity at some par ticular instant  = 
t 0

d
Lim

t dt 

 



or

d

dt


 




Relat ive Angular Velocity :

Relative angular velocity of a particle 'A' w.r.t. other moving par ticle 'B'
is the angular velocity of the posit ion vector of 'A' w.r.t. 'B'. That means
it is the rate at which position vector of 'A' w.r.t. 'B' rotates at that
instant


AB

= AB

AB

(v )

r


= 
Relative velocity of A w.r.t. B perpendicular to line AB

seperation between A and B

here (v
AB

)  = v
A
 sin + v

B
 sin   

A 1 B 2v sin v sin

r

  

Angular Accelerat ion () :
Rate of change of angular velocity is cal led angular accelerat ion.

  = Lim
t 0



t
 =  

d

dt


or

 





d

dt

GOLDEN KEY POINT
* Its an axial vector quant ity. It direction is along the axis according to right hand screw rule.
* Unit rad/s2

Ex. A particle revolving in a circular path completes first one third of circumference in 2 s, while next one
third in 1 s. Calculate the average angular velocity of par ticle.

Sol. 1

2

3


   and 2

2

3


  total t ime T = 2 + 1 = 3 s

 < 
av
 > = 1 2

T

  
2 2 4
3 3 3

3 3

  


  = 
4

9


  rad/s

Ex. The angular displacement of a par ticle is given by = 
o
t + 

1

2
t2 , where 

o
 and  are constant and


o 
= 1 rad/s, = 1.5 rad/s2. Find the angular velocity at t ime t = 2s.

Sol.  
d

dt


  = 

0
 + t = 4 rad/s
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Ex. Two moving par ticles P and Q are 10 m apart at any instant.
Velocity of P is 8 m/s at 30, from line joining the P and Q and
velocity of Q is 6m/s at 30.Calculate the angular velocity of P
w.r.t. Q

Sol. 
PQ

  = 
8 sin 30 ( 6 sin 30 )

10

  

= 0.7 rad/s.

Ex. A par ticle moving parallel to x-axis as shown in fig. such  that at
al l instant the y-axis component of its posit ion vector is constant
and is equal to 'b'. Find the angular velocity of the par ticle about
the origin.

Sol.  
PO 

 = 2v sin v
sin

b b
sin


 



Ex. Two points of a rod move with velocity 3v and v seperated by a
distance 'r'. Calculate the angular velocity of the rod w.r.t. its end.

Sol.   = 
3v v

r


= 

2v

r

Ex. The angular velocity of a part icle is given by  =1.5 t – 3t2 +2, Find the t ime when its angular
accelerat ion becomes zero.

Sol. = 
d
dt


= 1.5 – 6 t = 0or t = 0.25 s.

Ex. A disc star ts from rest and on the applicat ion of a torque, it gains an angular acceleration given  by
= 3t – t2 . Calculate the angular velocity after 2 s.

Sol.
d
dt


= 3t-t2 
t

2

0 0

d (3t t )dt


      = 
2 33t t

2 3
  at t =2 s,  = 

10

3
 rad/s

Relat ion between Angular and Linear Accelerat ion :
  
v r  ( v  is a tangential vector, 


  is a axial vector and 


r  is a radial vector.).)

These three vectors are mutual ly perpendicular.

but
 
a

dv
dt

  = 
d

( r )
dt




=
d
dt

r
dr
dt

   


  

or
    
a r v      (

d
dt

 
   and 

dr
dt

v
 
 )

or
  
a a aT C  (

  
a rT    is tangent ial acc. and 

  
a vC    is centripetal acc.)

  
a a aT C  (


aT  and 


aC  are two component of net linear acc.)

Tangent ial Accelerat ion :

aT   =  

 
  r , its direction is paral lel to velocity.y.


v  =  

 
  r     and      


aT  = 

 
  r

as 

  and 


  both are parallel and along the axis so that 


v  and nd 


aT

 are also parallel and along thee

tangent ial direct ion.

r

v


axis of rotation



4

Prof. SAMEER UNIA’S PHYSICS TUTORIALS

Magnitude of tangential accelerat ion, a
T
 = r sin 90° = r ( 


  is axial, 


r  is radial so that 


   


r )

As 

aT is along the direct ion of motion (in the direction of 


v ) so that 


aT  is responsible for change in speedeed

of the part icle. Its magnitude is rate of change of speed of the par ticle. If part icle is moving on a circular
path with constant speed then tangential acceleration is zero.

Centripetal accelerat ion :

aC  =  

 
  v 


aC   = ( r ) 

  (   
v r  )

Let  

r  is in i  direct ion and 


 is in n j  direction

then direction of 

aC  is along ˆ ˆ ˆj ( j i )  or ˆĵ ( k )  or – i

opposite direction of 

r  i.e., from P to O and it is centripetal direction.

Magnitude of centripetal acceleration,   a v
v
r

rC    
2

2 
2

C

v ˆa ( r)
r

 


* Centripetal accelerat ion is always perpendicular to the velocity or displacement at each point. So that
work done by centripetal force is always zero.

* When a force acts always perpendicular to the direction of velocity then path described by the part icle
is circular.

Net Linear Accelerat ion :

T Ca a a 
  

and T Ca a
 

so that 2 2
T C| a| a a 



UNIFORM CIRCULAR MOTION
When a part icle moves in a circle at a constant speed then the motion
is said to be a uniform circular motion.
In such motion, posit ion vector keep changing.

Speed is constant, so that 

aT  0

Accelerat ion of par ticle 
   
a a vC  

or a v  ( but  = 
v
r

)  a
v
r


2

= 2r = centripetal acceleration

due to centripetal accelerat ion a result the velocity of the part icle keeps on changing the direction i.e. the
part icle is accelerated.

GOLDEN KEY POINTS
About uniform circular motion :

* Position vector ( )

r  is always perpendicular to the velocity vector ( )


v i.e. 

 
r v.  0

* velocity vector is always perpendicular to the acceleration. v. a 0


* for circular motion force towards centre (Centripetal force) must act

so that direction of v  keeps on changing which forces the part icle too

describe a circular path.
* The work done by centripetal force is always zero.
* Kinetic Energy = constant

*  | v|
  = constant so tangential acc. a

t
=0  f

t 
= 0

* Important difference between  the projectile motion anduniform circular motion :
In projectile motion, both the magnitude and the direction of accelerat ion (g) remain constant, while in
uniform circular motion the magnitude remains constant but the direction continuously changes.

r


axis of rotation

PO

v2

v1

r1

r2

O

a  = 0t

a  c
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Ex. A body of mass 2 kg lying on a smooth surface is at tached to a string 3 m long and then rotated in a
horizontal circle making 60 rev/min. Calculate the centripetal accelerat ion.

Sol.  = 
2

60 2
60


     rad/s  a

c
 = 2 r = 118.4 m/s2

Ex. A stone of mass 0.1 kg t ied to one end of a string 1m long is revolved in a horizontal circle at the rate

of 
10


rev/s. Calculate the tension in the string.

Sol. In horizontal circular motion tension T = m2r = (0.10) 
2

10
2 1

     
 = 40 N

Hint To Solve Numerical Problems :
(i) Write down the required centripetal force.
(ii) Draw the free body diagram of each component of system.
(iii) Resolve the forces acting on the rotat ing par ticle along radius and perpendicular to radius.
(iv) Calculate net radial force acting towards centre of circular path.
(v) Make it equal to required centripetal force.
(vi) For remaining components see according to quest ion.

Ex. Two bal ls of equal mass are at tached to a string at distances 1m and 2m. from one end as shown.The
string with the masses is then moved in a horizontal circle with constant speed. What is the ratio of
the tension T

1
 and T

2 
?

Sol. at T
1 P
  T

2

T
1
 - T

2 
 = m2 and T

2 
 = 2m2

 T
1 
= T

2 
 + m2  = 3 m2 

T

T
1

2

3

2


Ex. A car is moving on an uneven road with a uniform speed V. There
are three points A, B and C on the road. At which posit ion the
reaction of the road maximum?

Sol.

v

v
v

mg - N
A
 = 

2mv

R
N

B
 – mg = 

2mv

R
   N

C
 = mg

 N
A
  = mg – 

2mv

R
N

B 
 = mg + 

2mv

R
   hence  N

B
  >  N

C
 >  N

A

Ex. One meter long string can bear maximum of 0.5 kg mass. A mass of 0.05 kg is t ied to one of its end
and rotated in a horizontal circle, calculate the max number of revolution so that string does not
brakes (rev/min.)

Sol. m 2 r = m
b
g = 0.5 X  9.8  = 98  = 2n  n = 1.576 rev/s = 94.5 rev/min.

T1 T2

O
P

Q

A

B C
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MOTION IN HORIZONTAL CIRCLE
Conical Pendulum :
A conical pendulum consits of a body at tached to a string of length L,  such that it can revolved a horizontal
circle with uniform speed. The string traces out a cone in the space.
forces acting on the bob are :
(i) tension in string = T (ii) weight of bob = mg

T sin = 
mv

r

2

T cos = mg

tan tan   
v
rg

v rg
2

 Time period = 
2r

v
 (Time Period) T=

2 r

rg tan





 = 
r

2
g tan


 = 

L cos
2

g


    ( in n OSP, 

OP
sin

SP
   or 

r
SP L

sin
 


)

NON- UNIFORM CIRCULAR MOTION
When a par t icle moving in a circle if the speed of par t icle increases or decreses then the motion is non-
uniform circular motion.

GOLDEN KEY POINTS

* In non- uniform circular motion | v| constant
   constant

* If at any instant v = magnitude of velocity of part icle v = r
* Tangent ial acceleration

 a
T
 = 

dv

dt
 = rate of change of speed v  = 

ds

dt
 = speed s  =  arc-length

* Tangent ial force f
t 
= ma

T

* Centripetal force f
c 
= 

2mv

r
 = m2 r

* Net acceleration of the part icle
  
a a ac t   a = 2 2

C Ta a

If '' is the angle made by net force ( f ) with f
c 
, then tan= 

f

f
t

c

 = tan–1 
t

C

a

a

* Net acceleration towards the centre  = centripetal acceleration a
c
 = 

v

r

2

 =2 r

Special Note :
* In both uniform and non- uniform circular motion f

c 
is perpendicular to velocity. So work done by

centripetal force wil l be zero in both the cases.
* In uniform circular motion f

t 
= 0 as a

T
 = 0

But in non- uniform circular motion f
t 
 0. Thus there wil l be work done by tangential force in this

case.
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Ex. A par t icle describes a horizontal circle on the smooth surface of
an inver ted cone. The height of the plane of the circle above the
vertex is 9.8 cm. Find the speed of the par ticle.

Sol. N cos= 
2mv

r
, N sin= mg

tan    = 
rg

v

r

h2  or v = hg  = 0.98m / s

Ex. A car is moving in a circular path of radius 100 m with velocity of 200 m/s such that in each second
its velocity increases by 100 m/s. Calculate the net acceleration of the car.

Sol. a
c
 = 

v
r

2

 = 400, given a
T
 = 100 m/s2  a

net
 = 2 2 2

c Ta a 100 17 m / s 

CIRCULAR MOTION IN VERTICAL PLANE

Let a par ticle of mass m is suspended from a string of length .

The par ticle is given a horizontal speed u then it moves in a vert ical
circle about O. Its velocity V, at point p from h height above the least
posit ion. According to energy conservation.

0 +
1

2
 mu2  = mgh +

1

2
 mv2 or v u gh 2 2

or v = 2u 2g (1 cos )   [ h = (1 – cos)]

Tension in string

At point 'p' required centripetal force = 
mv2


Net force toward centre

T – mg cos
2mv



T = m 
2v

[g cos ] 


 = 
m


2[u g (2 3 cos )]  

When string is ver t ical and particle is at lowest position (A) then tension in the string

   T
A

= 
mv

mgA
2


  = 

2mu
mg

 [

When par ticle is at point B of the circle –

  T
B

= 
2
Bmv

mg
 ( = 180°)

= 
2mu

5mg
 [by law of conservation of energy  v

B
2 = u2 – 2g (2)]

When par ticle is at point C of the circle –

  T
C

= 
2
Cmv

 ( = 90°)

= 
2mu

2mg
 [by law of conservation of energy  v

C
2 = u2 - 2g()]



mgh 
r

N cos

N
Nsin

h

O

vB

vC

vA

O

B

A

C
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Thus we can conclude T
A
 >  T

C
 >  T

B

T
A
 - T

B
  = 6mg

T
A 

- T
C 

 =  3mg
T

C 
– T

B 
 = 3mg

Cases :

(a) if u > 5g

In this case tension in the string wil l not be zero at any point, which implies that the par t icle wil l
continue the circular motion.

(b) u = 5g   just completes the loop (at point B tension becomes zero, T
mu

mgB  
2

5
 )

crit ical velocity to complete the loop is u = v
A
 = 5g

v
B 

= g [ v
B

2 = v
A

2 – 4g() ]

v
c 
= 3g [ v

C
2 = v

A
2 – 2g()] and T

A
 = 6mg, T

B 
= 0, T

c 
= 3mg

(c) 2g u 5g    not complete the loop and leave the circular path.

Tension becomes zero between points C and B but speed v 0 in this case.

(d) u = 2g  T = 0 and v = 0  at point C.

Part icle wil l horizontal about point A.

(e) u < 2g v = 0 in between A and C, but T  O oscil lates about 'A'.

Ex. A par ticle of mass 'm' tied at with a string of length is released
from horizontal posit ion as shown is fig. Find the velocity at the
lowest port ion.

Sol. apply COME mg  = 21
mv

2
   v 2g 

Ex. A 4 kg ball swing in a ver t ical circle at the end of a cord 1m long.
Find the maximum speed at which it can swing if the cord can
sustain maximum tension of 163.6 N.

Sol. T = 
2mv

mg
r

  v = 5.6 m/s

Ex. A bal l is released from height 'h' as shown, which of the following condit ion hold good for the part icle
to complete the circular path.

Sol. v = 2gh 5gR  2gh 5gR   
5

h R
2



Ex. A circular overbridge having radius 20m, what is the maximum speed with which a car can cross the
bridge without leaving contact with ground at the heighest point ( g = 9.8 m/sec2 )

Sol. For motion, mg – N = 
2mv

r

When reaction N becomes zero, contact is about to leave


2mv

mg
r

 or v
  
= rg = 14 m/s

 m

R

h

N

mg

v
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Ex. A ring rotates about z-axis as shown in fig. The plane of rotation is x-y plane. At a cer tain instant the

accelerat ion of a par ticle P (Shown in fig.) on the ring is (  )6 8i j  m/sec2 . At that instant what is thee

angular acceleration and angular velocity of the ring ?

Sol.
  
a a aT C  here


aC  is along  – j and


aT  is along  i

given

a i j 6 8   a

T
 = 6 = r and a

C 
 = 8 = 2r

now
6

3
2

  


 rad/s2 ˆ( k ) , 


= 2 rad/s ˆ( k )

Ex. A particle of mass 'm' slide down form the vertex of  hemisphere, without any int ial velocity. At what
height from the horizontal wil l the par ticle leave the sphere.

Sol. At point P mg cos– N = 
2mv

R

To leave the contact N  = 0 so v2 = gR cos

by law of conservat ion of energy   0 + mg R = 
1

2
 mv2 + mgh

v2  = 2g (R -h) = gR cos
h

( cos )
R

   h = 
2

R
3

CIRCULAR TURNING AND BANKING OF ROADS
External forces act ing on car
(I) Weight 'mg'
(ii) Normal contact force N
(iii) Frict ion force = f

f
 
 stat ic frict ion force and it is self adjustable.

The tyres get a tendency to skid outwords and frict ional force which opposes this skidding acts.
towards the centre.

for a safe turn f
 
> 

mv
r

2

There is a limit to magnitude of the frict ional force.

f N   = coefficient of friction

[ N = mg for ver tical equilibrium]

or
2mv

mg
r

    
v
rg

2

 v
max 

 = rg

friction is not always reliable at circular turns if high speed and sharp turns are involved.
To avoid the dependence on frict ion, the roads are banked at the turn. So that the outer part of the road is
some what lifted up as compared to the inner part. This is known as banking of the road.
At correct speed, horizontal component of 'N" is sufficient to produce the acceleration towards the
centre andthe self adjustable frict ional force keeps its value zero.

N sin
2mv

r
...(1)

N cos= mg ...(2)

tan= 
2v h

rg b


here h is height of the outer edge and b is width of the road.

y

x

a=6t

2r=8

O 2m

v

N

mg

m
gc

os


h




u=0
m

P

mg

N

f

mg

N

f

Nsin  

Ncos  



h

b
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Ex. When the string of a conical pendulum makes an angle of 45° with the ver t ical, its t ime period is T1.
When the string makes an angle of 60° with the ver t ical, t ime period is T2. Then find the value of

T

T
1
2

2
2 .

Sol. Time period of conical pendulum is T = 2 h g  where h = cos

Therefore  T  cos      
T

T
1
2

2
2  = 

cos

cos

45

60




 = 
1 2

1 2
 = 

2

2
 x 

2

2
 = 2

Ex. A particle moves in a circle of radius 20 cm. Its linear speed is given by v = (3t2 +5t) where t is in
seconds and v is in m/s. Find the resultant acceleration at t = 1 s.

Sol. Tangent ial acceleration at = 
dv

dt
= 

d

dt
 (3t2 + 5t) = 6t + 5

at t = 1 s : at = 6 x 1 + 5 = 11 m/s.2  and  velocity v = 3t2 + 5 t = 3 x 1 + 5 x 1 = 8 m/s

 radial acc ar = 
v

r

2

 = 
( )

.

8

0 2

2

 = 
64

0 2.
 = 320 m/s2

 Resultant accelerat ion     a = ( ) ( )a at r
2 2  = ( ) ( )11 3202 2 = 320.189 m/s2

Ex. A par ticle of mass 100 gm is suspended from the end of a weightless string of length 100cm. and is
al lowed to swing in a ver t ical plane. The speed of the mass is 200 cm/s. when the string makes an angle
of 60° with the ver t ical axis. Determine the tension in the string at 60°.

Sol. Tension at point (B)

Fnet towards O = Fcp    TB – mgcos60°  = 
mvB

2



TB = 
mvB

2

  + mgcos60° = 
100 200

100

2b g
 + 100 x (1000) x 

1

2

   = 40,000 + 50,000 = 90,000 dyne = 0.9 x 105 dyne = 0.9 N

Ex. In a ver t ical circular motion, tension at the highest point is equal to the weight of the par ticle, then
find the speed and tension at the lowest point. Mass of the part icle is m = 9.5kg and length of
string is  = 10 m (g = 10 m/s2)

Sol. At the highest point T + mg = 
mv2

 given T = mg

 mg + mg = 
mv2

    v2 = 2g   v = 2g

by conservation of mechanical energy between top most & lowest point

1

2
mv2 + mg (2) = 

1

2
 mv1

2
1

2
m (2g) + 2mg = 

1

2
mv1

2

6g = v1
2    v1 = 6g 

At lowest point T = mg + 
mv1

2

  = mg + 
m

  x 6g

T = 7mg = 665N and v1 = 6g  = 24.49 m/s

60°

60°

mgcos60°

v =200cm/s
B

mgvA

A

O
TB

B

A

mg
T

m
mv2



mg

T

mv2


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1. A body of mas 1 kg t ied to one end of string is revolved in a horizontal circle of radius 0.1 m with a

speed of 3 revolution/sec, assuming the effect of gravity is negligible, then linear velocity, acceleration

and tension in the string wil l be

(1) 1.88 m/s, 35.5 m/s2, 35.5 N (2) 2.88 m/s, 45.5 m/s2, 45.5 N

(3) 3.88 m/s, 55.5 m/s2, 55.5 N (4) None of these

2. The force required to keep a body in uniform circular motion is :- [AFMC 2003]

(1) Centripetal force (2) Centrifugal force (3) Resistance (4) None of the above

3. A tube of length L is fi l led completely with an incompressible liquid of mass M and closed at both the

ends. The tube is then rotated in a horizontal plane about one of its ends with a uniform angular

velocity . The force exer ted by the liquid at the other end is

(1) 
2M L

2


(2) 

2M L

2


(3) M L 2 (4) 

2 2M L

2



4. A sphere of mass m is t ied to end of string of length  and rotated through the other end along a

horizontal circular path with speed v. The work done in ful l horizontal circle is

(1) 0 (2) 
2mv

.2
 

 
 


 (3) mg.2 (4) 

2mv
.

 
 
 




5. A body moves with constant angular velocity on a circle. Magnitude of angular acceleration

(1) 2r (2) Constant (3) Zero (4) None of the above
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6. A particle of mass (m) revolving in horizontal circle of radius (R) with uniform speed v. When part icle
goes from one end to other end of diameter, then

(1) K.E. changes by 21
mv

2
(2) K.E. change by mv2

(3) no change in momentum (4) change in momentum is 2 mv

7. A mass is per forming vert ical circular motion (see figure). If The average velocity of the par t icle is
increased, then at which point maximum breaking possibility of the string
(1) A (2) B
(3) C (4) D

8. The angular velocity of a wheel is 70 rad/s. If the radius of the wheel is 0.5 m, then linear velocity of

the wheel is

(1) 70 m/s (2) 35 m/s (3) 30 m/s (4) 20 m/s

9. The angular velocity of a part icle rotat ing in a circular orbit 100 t imes per minute is
(1) 1.66 rad / s (2) 10.47 rad / s (3) 10.47 degree / s (4) 60 degree / s

10. A motor cycle driver doubles its velocity when he is taking a turn. The force exer ted outwards wil l

become

(1) double (2) half (3) 4 t imes (4) 
1

4
 t imess

11. Three ident ical particles are joined together by a thread as shown in figure. Al l the three par t icles

are moving in a horizontal plane. If the velocity of the outermost par t icle is v
0
, then the ratio of

tensions in the three sect ions of the string is

(1) 3 : 5 : 7 (2) 3 : 4 : 5

(3) 7 : 11 : 6 (4) 3 : 5 : 6

12. Two particles having mass 'M' and 'm' are moving in a circular path having radius R and r. If their t ime

period are same then the rat io of angular velocity wil l be

(1) 
r

R
(2) 

R

r
(3) 1 (4) 

R

r

D O

B

C

A

m

  
O A B C
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13. A stone is t ied to one end of string 50 cm long and is whirled in a horizontal circle with constant
speed. If the stone makes 10 revolutions in 20 s, then what is the magnitude of acceleration of the
stone
(1) 493 cm/s2 (2) 720 cm/s2 (3) 860 cm/s2 (4) 990 cm/s2

14. A 500 kg car takes a round turn of radius 50 m with a velocity of 36 km/hr. The centripetal force is

(1) 250 N (2) 1000N (3) 750N (4) 1200 N

15. A stone of mass 0.2 kg is t ied to one end of a thread of length 0.1 m whirled in a ver t ical circle. When

the stone is at the lowest point of circle, tension in thread is 52N, then velocity of the stone wil l be

(1) 4 m/s (2) 5 m/s (3) 6 m/s (4) 7 m/s

16. A stone is at tached to the end of a string and whirled in horizontal circle, then

(1) its linear and angular momentum are constant (2) only linear momentum is constant

(3) its angular momentum is constant but linear momentum is variable

(4) both are variable

17. Angular velocity of minute hand of a clock is

(1) 
30


 rad/s (2) 8 rad/s (3) 

2

1800


 rad/s (4) 

1800


 rad/s

18. A car moving with speed 30 m/s on a circular path of radius 500 m. Its speed is increasing at the rate
of 2m/s2. The acceleration of the car is
(1) 9.8 m/s2 (2) 1.8 m/s2 (3) 2 m/s2 (4) 2.7 m/s2

19. If a part icle is rotating in a horizontal circle, what wil l happen?

(1) no force is acting on par ticle (2) velocity of part icle is constant

(3) particle has no acceleration (4) no work is done

20. A part icle moves along a circle of radius (
20


) m with constant tangent ial acceleration. If the velocityy

of the part icle is 80 m/s. at the end of the second revolut ion after motion has begun, the tangential

accelerat ion is

(1) 40 m/s2 (2) 640  m/s2 (3) 160  m/s2 (4) 40  m/s2
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21. For a par ticle in a non-uniform accelerated circular motion

(1) velocity is radial and acceleration is transverse only

(2) velocity is transverse and accelerat ion is radial only

(3) velocity is radial and accelerat ion has both radial and transverse components

(4) velocity is transverse and acceleration has both radial and transverse components

22. A mass m is at tached to the end of a rod of length  . The mass goes around a ver t icle circular path

with the other end hinged at the centre. What should be the minimum velocity of mass at the bot tom

of the circle so that the mass completes the circle ?

(1) 4g (2) 3g (3) 5g (4) g

23. A fighter plane is moving in a ver t ical circle of radius 'r'. Its minimum velocity at the highest point of

the circle wil l be

(1) 3gr (2) 2gr (3) gr (4) 
gr

2

24. A stone is tied to a string of length ‘’ and is whirled in a ver t ical circle with the other end of the string

as the centre. At a cer tain instant of t ime, the stone is at its lowest posit ion and has a speed ‘u’. The

magnitude of the change in velocity as it reaches a posit ion where the string is horizontal (g being

accelerat ion due to gravity) is

(1) 2u g  (2) u – 2u 2g  (3) 2g (4) 22(u g ) 

25. A particle is kept at rest at the top of a sphere of diameter 42 m. When disturbed slightly, it slides

down. At what height 'h' from the bot tom, the part icle wil l leave the sphere

(1) 14 m (2) 28 m (3) 35 m (4) 7 m

26. A stone t ied to the end of a string of 1m long is whirled in a horizontal circle with a constant speed.

If the stone makes 22 revolution in 44 seconds, what is the magnitude and direction of acceleration

of the stone

(1) 2ms–2 and direct ion along the tangent to the circle.

(2) 2ms–2 and direct ion along the radius towards the centre.

(3) 
2

4


ms–2 and direction along the radius towards the centre.

(4) 2ms–2 and direction along the radius away from the centre.
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27. A car runs at a constant speed on a circular track of radius 100 m, taking 62.8 seconds for every circular

lap. The average velocit y and average speed for each circular lap respect ively is

(1) 0,0 (2) 0, 10 m/s (3) 10 m/s, 10 m/s (4) 10 m/s, 0

28. A fly wheel rotating at 600 rev/min is brought under uniform deccelerat ion and stopped af ter 2

minutes, then what is angular deccelerat ion in rad/sec2 ?

(1) 
6


(2) 10  (3) 
1

12
(4) 300

29. Mass m is released from point A as shown in figure then tension in the string at the point B wil l be-
(1) mg (2) 2mg
(3) 3mg (4) 4mg

30. A rol ler coaster is designed such that riders experiece"weightlessness" as they go round the top of
a hil l whose radius of curvature is 20m. The speed of the car at the top of the hi l l is between:-
(1) 16m/s and 17m/s (2) 13m/s and 14 m/s (3) 14m/s and 15m/s (4) 15m/s and 16 m/s

31. A gramophone record is revolving with an angular velocity . A coin is placed at a distance r from the
centre of the record. The static coefficient of fr ict ion is µ. The coin wil l revolve with the record if

(1) 



2

g
r (2)   2r g (3) r < 




2

g
(4) 2

g
r





32. A part icle moves in a circle of radius 5cm with constant speed and t ime period 0.2  s. The acceleration
of the par t icle is
(1) 15 m/s2 (2) 25 m/s2 (3) 36 m/s2 (4) 5 m/s2

33. A car of mass 1000 kg negotiates a banked curve of radius 90m on a fict ionless road. If the banking
angle is 45°, the speed of the car is
(1) 5ms–1 (2) 10ms–1 (3) 20ms–1 (4) 30ms–1

34. A car of mass m is moving on a level circular track of radius R. If s represents the static frict ion between
the road and tyres of the car, the maximum speed of the car in circular motion is given by

(1) smRg / (2) s Rg (3) s mRg (4) sRg /

A

mg

mg
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1. A par ticle of mass 'm' describes a circle of radius (r). The cetripetal acceleration of the par ticle is 2

4

r
.

The momentum of the part icle

(1) 
2m

r
(2) 

2m

r
(3) 

4m

r
(4) 

4m

r

2. A particle is moving around a circular path with uniform angular speed (). The radius of the circular
path is (r). The acceleration of the par ticle is

(1) 
2

r


(2) 

r


(3) v (4) vr

3. Let '' denote the angular displacement of a simple pendulum oscil lat ing in a ver t ical plane. If the
mass of the bob is (m), then the tension in string is mg cos 
(1) always (2) never
(3) at the extreme posit ions (4) at the mean posit ion

4. The angular accelerat ion of particle moving along a circular path with uniform speed :–
(1) uniform but non zero (2) zero

(3) variable

(4) such as can not be predicted from given information

5. A car moves on a circular road, describing equal angles about the centre in equal intervals of t imes

which of the statements about the velocity of car are true

(1) velocity is constant

(2) magnitude of velocity is constant but the direction of velocity change

(3) both magnitude and direction of velocity change

(4) velocity is directed towards the centre of circle

6. A pendulum bob has a speed 3 m/s while passing through its lowest position, length of the pendulum

is 0.5 m then its speed when it makes an angle of 60o with the vert ical is

(1) 2 m/s (2) 1 m/s (3) 4 m/s (4) 3 m/s
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7. An insect trapped in a circular groove of radius 12 cm moves along the groove steadily and completes

7 revolut ions in 100 s. What is the linear speed of the motion

(1) 2.3 cm/s (2) 5.3 cm/s (3) 0.44 cm/s (4) none of these

8. The mass of the bob of a simple pendulum of length L is m. If the bob is left from its horizontal

posit ion then the speed of the bob and the tension in the thread in the lowest posit ion of the bob wil l

be respect ively

(1) 2gL  and 3 mg (2) 3 mg and

(3) 2 mg and 2gL (4) 2 gL and 3 mg

9. A stone of mass 1 kg is t ied to the end of a string of 1 m length. It is whirled in a vert ical circle. If the
velocity of the stone at the top be 4 m/s. What is the tension in the string ?
(1) 6 N (2) 16 N (3) 5N (4) 10 N

10. If the speed and radius both are trippled for a body moving on a circular path, then the new centripetal
force will be
(1) F

2
 = 2F

1
(2) F

2
 = F

1
(3) F

2
 = 3F

1
(4) F

2
 = F/3

11. The blades of an aeroplane propel ler are rotating at the rate of 600 revolut ions per minute. Its angular
velocity is
(1) 10  rad/s (2) 20  rad/s (3) 2 rad/s (4) None of them

12. A par ticle moves in a circle of the radius 25 cm at two revolutions per second. The acceleration of the
part icle in m/sec2 is
(1) 2 (2) 82 (3) 42 (4) 22

13. When a body moves with a constant speed along a circle
(1) no acceleration is produced in the body (2) no force acts on the body
(3) its velocity remains constant (4) no work gets done on it

14. A particle moves in a circle describing equal angle in equal t imes, its velocity vector :–

(1) remains constant (2) changes in magnitude

(3) change in direction (4) changes in magnitude and direction

L

L
O
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15. A mass of 2 kg is whirled in a horizontal circle by means of a string at an init ial speed of 5 r.p.m.

Keeping the radius constant the tension in the string is doubled. The new speed is nearly

(1) 7 r.p.m. (2) 14 r.p.m. (3) 10 r.p.m. (4) 20 r.p.m.

16. In a vert ical circle of radius (r), at what point in its path a particle may have tension equal to zero :–

(1) highest point (2) lowest point

(3) at any point (4) at a point horizontal from the centre of radius

17. If the radius of circular path of two particles of same masses are in the ratio of 1 : 2 and they have

equal centripetal forces, then their velocit ies should be in the ratio of

(1) 1 : 2 (2) 2  : 1 (3) 4 : 1 (4) 1 : 4

18. A string of length 0.1 m cannot bear a tension more than 100N. It is t ied to a body of mass 100g and

rotated in a horizontal circle. The maximum angular velocity can be

(1) 100 rad/s (2) 1000 rad/s (3) 10000/s (4) 0.1 rad/s

19. The radius of the circular path of a par ticle is doubled but its frequency of rotation is kept constant. If

the initial centripetal force be F, then the final value of centripetal force wil l be :–

(1) F (2) 
F

2
(3) 4F (4) 2F

20. A 0.5 kg ball moves in a circle of radius 0.4m at a speed of 4 ms–1. The centripetal force on the ball is –
(1) 10N (2) 20N (3) 40N (4) 80N

21. A car is travelling at 20 m/s on a circular road of radius 100 m. It is increasing its speed at the rate of
3 m/s2. Its acceleration is
(1) 3 m/s2 (2) 4 m/s2 (3) 5 m/s2 (4) 7 ms–1

22. A weightless thread can bear tension upto 3.7 kg wt. A stone of mass 500 gm is t ied to it and revolved in
a circular path of radius 4m in a ver t ical plane. If g = 10 ms–2, then the maximum angular velocity of the
stone can be

(1) 16 rad/s (2) 21  rad/s (3) 2 rad/s (4) 4 rad/s

23. A stone at tached to one end of a string is whirled in a ver t ical circle. The tension in the string is
maximum when
(1) the string is horizontal
(2) the string is ver t ical with the stone at highest posit ion
(3) the string is ver t ical with the stone at the lowest posit ion
(4) the string makes an angle of 45° with the vert ical
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24. A weightless thread can withstand tension upto 30 N. A stone of mass 0.5 kg is t ied to it and is
revolved in a circular path of radius 2m in a vert ical plane. If g = 10 m/s2, then the maximum angular
velocity of the stone can be

(1) 5 rad/s (2) 30  rad/s (3) 60  rad/s (4) 10 rad/s

25. A part icle moving along a circular path. The angular velocity, linear velocity, angular acceleration and

certripetal accelerat ion of the par t icle at any instant respect ively are 
 , v

 , 
  are e a


c 
. Which of thehe

fol lowing relation is/are correct

(a) v
 

  (b)  

   (c) 
cv a

 

 (d) 
ca

 

 

(1) a,b,d (2) b,c,d (3) a,b,c (4) a,c,d

26. A body is revolving with a constant speed along a circle. If its direction of motion is reversed but the

speed remains the same then

(a) the centripetal force wil l not suffer any change in magnitude

(b) the centripetal force wil l have its direction reversed

(c) the centripetal force wil l not suffer any change in direction

(d) the cer tripetal force is doubled

(1) a,b (2) b,c (3) c,d (4) a, c

27. A body t ied to a string of length L is revolved in a vert ical circle with minimum velocity, when the body

reaches the upper most point the str ing breaks and the body moves under the influence of the

gravitat ional field of earth along a parabolic path. The horizontal range AC of the body wil l be

(1) x = L (2) x = 2L

(3) x= 2 2L (4) x= 2L

28. A par t icle is moving in a vert ical circle the tension in the string when passing through two posit ion at

angle 30o and 60o from ver tical from lowest posit ion are T
1
 and T

2
 respectively then

(1) T
1
 = T

2
(2) T

1
 > T

2
(3) T

1
 < T

2
(4) T

1
   T

2

29. A body crosses the topmost point of a ver t ical circle with crit ical speed. What wil l be its centripetal

accelerat ion when the string is horizontal

(1) g (2) 2g (3) 3g (4) 6g

30. a
r
 and a

t
 represent radial and tangential accelerat ion. The motion of a par ticle wil l be uniform circular

motion, if

(1) a
r
 = 0 and a

t
 = 0 (2) a

r
 = 0 but a

t
  0 (3) a

r
  0 but a

t
 = 0 (4) a

r
  0 and a

t
  0

m L O

x

P v

A C
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31. Stone t ied at one end of light string is whirled round a ver t ical circle. If the difference between the
maximum and minimum tension experienced by the string wire is 2 kg wt, then the mass of the stone
must be
(1) 1 kg (2) 6 kg (3) 1/3 kg (4) 2 kg

32. In uniform circular motion, the velocity vector and accelerat ion vector are
(1) Perpendicular to each other (2) Same direction
(3) Opposite direction (4) Not related to each other

33. A mass t ied to a string moves in a ver t ical circle with a uniform speed of 5 m/s as shown. At the point
P the string breaks. The mass wil l reach a height above P of nearly
(1) 1 m (2) 0.5 m
(3) 1.27 m (4) 1.25 m

34. A par ticle is acted upon by a force of constant magnitude which is always perpendicular to the velocity
of the part icle. The motion of the particle takes place in a plane. It fol lows, that
(1) its velocity is constant (2) its K.E. is constant
(3) its acceleration is constant (4) it moves in a straight line

35. If the overbridge is concave instead of being convex, then the thrust on the road at the lowest position
wil l be

(1) 
2mv

mg
r

 (2) 
2mv

mg
r

 (3)  
2 2m v g

r
(4) 

2v g

r

36. A string of length 10 cm breaks if its tension exceeds 10 newtons. A stone of mass 250 g t ied to this
string, is rotated in a horizontal circle. The maximum angular velocity of rotation can be
(1) 20 rad / s (2) 40 rad / s (3) 100 rad / s (4) 200 rad / s

37. If the equation for the displacement of a par ticle moving on a circular path is given by  () = 2t3 + 0.5,
where  is in radians and t in seconds, then the angular velocity of the par ticle after 2 s from its star t
i s
(1) 8 rad/s (2) 12 rad/s (3) 24 rad/s (4) 36 rad/s

P
1m

O
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TOPIC : CIRCULAR MOTION - TUTORIAL SHEET - I

STUDENT NAME :

PHYSICS

STD. XII

TIME :

DATE :

1. v =r = 2 ×  3 ×  0.1= 1.88 m/s

a
c
 = 

2 2v (1.88)
35.5

r 0.1
   m/s2

2mv
T 1 35.5 35.5N

r
   

3. Mass per unit length = 

dM

dx

0 x=LdM = dx

dF = dM 2 x

F= 

L2
L 2 2

0
0

x
x dx

2

 
      

 


= 2 2 21 1
L ( L )L

2 2
     = 21

ML
2


or

We can assume whole of the mass at CM which is at 
L

2
distance from axis of rotation

 2 L
F M

2
 

10.
2

C

mv
F

r


2

C
' mv '

F
r '

  = 
2

C

m(2v )
4F

r
 (r ' r )

11.
TA TB TC

A B C

angular velocity  is same for all.

ANSWER KEY EXERCISE - I
Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
An s . 1 1 1 1 3 4 2 2 2 3 4 3 1 2 2

Que. 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
An s . 3 4 4 4 1 4 1 3 4 3 2 2 1 3 3

Que. 31 32 33 34
An s . 4 4 4 2

T
C
 = m2 (3)

T
B
 = T

C
 + m2 (2) = m2(5)

T
A
 = T

B
 + m2 () = m2 (6)

 T
C
 : T

B
 : T

A
  3 : 5 : 6

14. F = 
2mv

r
 = 

2500 (10)

50


 = 1000 N

15. T – mg = 
2mv

r
 52 – 2 = 

20.2v

0.1

 v = 5 m/s

17.  = 
2

60 60




 = 
1800


 rad/sec.

18. a = 2 2
T ca a  = 

2
2 (30)

(2)
500

 = 2.7 m/s2

22. At top most point speed of the body may be zero, because

rod will support the body their

 21
mv 0 mg(2 )

2
  

v0=0

vm
v 4g 

23.
2mv

mg
r

 mv2

r

mg v gr
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24. ˆv vj


 and ˆu ui




y
x

u

v

O2 21 1
mv mg mu

2 2
 

 2v u 2g  

v v u  
   = 2 ˆ ˆu 2g j ui 

2 2 2| v| ( u 2g ) u   
   = 22(u g ) 

25. When it will leave the sphere normal reaction become zero.

hence mg cos = 
2mv

R
 

N=0

mg
(h–R)  

h

( h)2R– mv2

R

or
2v

cos
Rg

 

2h R v

R Rg


  v2 = g(h – R)

again 21
mv mg(2R h)

2
 

1
g(h R ) g(2R h)

2
     h – R = 4R – 2h

3h = 5R 
5

h R
3


5

21 35m
3

  

26.
2 n 22

2
T 44


      

centripetal acc. a
C
 = 2r = 2 ×  1 = 2 m/s2

towards the center

27. Average velocity = 
Displacement

Time taken = 
0

62.8
=0

Average speed = 
Dis tan ce

Time taken =
2 r

T



= 
( ) ( )

( . )

2 100

62 8


 = 10ms–1

29. At point B, T – mg = 
2
Bmv


By conservation of mechanical energy

2
B

1
mv

2
= mg   T = mg + 2mg = 3mg

30.
2mv

R
 =mg  v = Rg = 20 10 = 200 ms–1

32. Acceleration = 2r =             

2 2
22 2

r 5 10
T 0.2

 = 5 m/s2
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STUDENT NAME :

PHYSICS

STD. XII

TIME :

DATE :

ANSWER KEY EXERCISE - II
Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
An s . 2 3 3 2 2 1 2 1 1 3 2 3 4 3 1

Que. 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
An s . 1 1 1 4 2 3 4 3 1 4 4 2 2 3 3

Que. 31 32 33 34 35 36 37
An s . 3 1 4 2 1 1 3

1. a
C
 = 

2v

r
 = 2

4

r
 v2 = 

4

r

 v = 
2

r

Momentum p = mv = 
2m

r

2. Uniform motion a
t
 = 0 and a

C
 = 2r = v

Total acceleration  a
T
 = a

C
 = v

3. Tension at  displacement

2mv
T mg cos  


  

v
mg cos

mg 

mgsin



at extrem position v = 0

 T = mg cos

(at extreme position)

5.
t


   = const.                     

v v

vv

– Uniform motion

– Magnitude of velocity is constant but the direction of

velocity change

6. h = ' – cos60° =  –  ×  1

2
 

u

mgsin

60°
v

h



by law of conservation of mechanical

energy

2 21 1
mu mv mgh

2 2
 

 v2 = u2 – 2g
2



2 1
v (3) 10 2

2
     m/s

7. r = 12 cm ; n = 
7

100
 = 0.07 rev./sec

  = 2n  v = r = 2nr

 v = 2 ×  
22

7
 ×  

7

100
 ×  12 =  5.28 cm/sec.

    ~ 5.3 cm/sec.

8. 0 + mgh = 
1

2
 mv2 + 0   

L

L

mg

T

v=0

v2 = 2gL v = 2gL

T = mg + 
2mv

L
= mg + 

m
2gL

L
  = 3mg

9.
2mv

T mg 


     

mg
T

mv2



    = 
21 (4)

1 10 6
1


   N

10. F
1
 = 

2mv

r
  F

2
 = 

2 2

1

m(3v ) 9mv
3F

(3r ) 3r
 

11. n = 
600 rev

10
60 sec


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  = 2n = 2× 10 = 20rad/sec.

12. = 2n = 2 ×  2 = 4rad/sec

 a
t
 = 0 (because  = const.)

 a
net

 = a
C
 = r = 16×  0.25 = 4 

15. T = m2r ,

for constant r
2

2 2
2

1 1

T

T





2T

T
 =  

2
2

2
5


 2

2  = 25 ×  2

 
2
~ 7

17. F FC C1 2
 

2 2
1 2

1 2

v v
m m

r r



1 1

2 2

v r 1

v r 2
 

18. T = m2r

1 1

2 2

v r 1

v r 2
   = 100 rad/sec

19. F
C
 = m2r = m (2n)2r

 Angular frequency n = constant

 F
C
   r so 2CF 2r

F r


 FC2
 = 2F

20. F
C
 = 

2mv

r
 = 

0.5 4 4

0.4

 
 = 20N

21. a
t
 = 3 m/s2  and   a

C
 = 

2 2v (20)

r 100
  = 4 m/s2

 a
net

 = 2 2
t ca a   = 16 9  = 5 m/s2

22. T = mg + m2r  

mg
m r2

T
       

T mg

mr


 

 = 
3.7 10 0.5 10

0.5 4

  


  = 4rad/sec

23.
2mv

T mg
r

 

 v maximum at lowest point

 T maximum at lowest point

24.
T mg

mr


  = 

30 0.5 10

0.5 2

 


= 5rad/sec

25.
a v



aC



27. For looping the loop minimum velocity at top point v =

gL

time taken by particle

2h 2 2L
t

g g


  =

L
2

g

 horizontal range x = vt = 
L

gL 2
g

 = 2L

28. T = 
2mv

r
 + mg cos      

as increases cosand v

both decreases

hence for = 60° , T will be less i.e.,T
1
 > T

2

29.
2

C

v 3gr
a

r r
 

v=  3grv =  gr0

v=  5gri

aC
a

C
 = 3g

30. In uniform circular motion.

magnitude of v = constant

so a
t
 = 0 ; a

r
  0

31.
2

max

mv m
T mg mg 5gr 6mg

r r
     

T
min

 = 0

T
max

 – T
min

 = 6mg

v=  5gr

v =  gr0

T =0min

Tmax
 6mg = 2g

1
m kg

3


35.
2mv

N mg
r

       

N

mgmv2

r
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