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CIRCULAR MOTION
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. The coordinates of a moving particle at any time 't’ are

given by 2 = ot® and y = Bt*. The speed of the particle at

time 't’ is given by

(A) Va2 + 52 (B) 3ty/a% + 52

(C) 3t3\/a2 + 32 (D) #2y/a? + B2

If the radius of curvature of the path of two particles of
same masses are in the ratio 1 : 2, then in order to have
cor)sta?t centripetal force, their velocity, should be in the
ratio o

(A) 1:4
() v2:1

(B) 4:1

(D) 1: V2

. A wheel completes 2000 revolutions to cover the 9.5 km.

distance. then the diameter of the wheel is

(A) 1.5m (B) 1.5¢em

(C) 7.5em (D) 7.5m

A particle is kept at rest at the top of a sphere of diame-
ter 42m. When disturbed slightly, it slides down. At what

height ‘A’ from the bottom, the particle will leave the
sphere ........ m

(A) 14 (B) 28
(C) 35 (D) 7

The string of pendulum of length [ is displaced through

90° from the vertical and released. Then the minimum
strength of the string in order to withstand the tension,

as the pendulum passes through the mean position is
(A) mg (B) 3mg
(C) 5mg (D) 6mg

A particle of mass M is moving in a horizontal circle of ra-
dius R with uniform speed V. When it moves from one
point to a diametrically opposite point, its

(A) Kinetic energy changes (B) Momentum does not

by MV?/4 change
(C) Momentum changes by (D) Kinetic energy changes
2MV by MV?

What is the angular velocity of earth
27

(A) 62:001“ad/ sec (B) 3goorad/ sec
(@)} %rad/ sec (D) 647(;07’ad/ sec

If a particle covers half the circle of radius R with constant
speed then

(A) Momentum change is
muor

(B) Change in K.E. is
1/2mw?

(C) Change in K.E. is mv* (D) Change in K.E. is zero

A body of mass 1 kg tied to one end of string is revolved in

a horizontal circle of radius 0.1 m with a speed of 3 revolu-

tion/sec, assuming the effect of gravity is negligible, then

linear velocity, acceleration and tension in the string will be

(A) (B)

1.88 m/s, 35.5 m/s%, 35.5 N
(Q)
3.88 m/s, 55.5 m/s>, 55.5(B) None of these

A cane filled with water is revolved in a vertical circle of ra-
dius 4 meter and the water just does not fall down. The

time period of revolution will be ........ sec
(A) 1 (B) 10
(C) 8 (D) 4

11.

12.

13.

14.

15.

16.

17.

18.

2.88 m/s, 45.5 m/s?, 45.5 N

A coin, placed on a rotating turn-table slips, when it is
placed at a distance of 9 cm from the centre. If the angu-
lar velocity of the turn-table is trippled, it will just slip, if its

distance from the centre is ......... cm.
(A) 27 (B) 9
(Q) 3 (D) 1

If the length of the second's hand in a stop clock is 3c¢m
the angular velocity and linear velocity of the tip is

(A) (B)
0.2047rad/sec,0.0314m/sec  0.2547 rad/sec,0.314m/sec
(C) (D)

0.1472rad/sec,0.06314m/sec  0.1047 rad/sec,0.00314 m/sec

A particle P is moving in a circle of radius 'a’ with a uni-
form speed v. C is the centre of the circle and AB is a di-
ameter. When passing through B the angular velocity of P
about A and C are in the ratio

(A) 1:1 (B) 1:2
(C) 2:1 (D) 4:1

A bob of mass 10 kg is attached to wire 0.3 m long. Its
breaking stress is 4.8 x 10" N/m?. The area of cross section
of the wire is 10~%m?2. The maximum angular velocity with

which it can be rotated in a horizontal circle ....... rad/sec
(A) 8 (B) 4
(€) 2 (D) 1

The maximum velocity at the lowest point, so that the
string just slack at the highest point in a vertical circle of
radius [

(A) vl (B) v/341
(C) V5gl (D) v7gl

A 1kg stone at the end of 1 m long string is whirled in a
vertical circle at constant speed of 4m/sec. The tension in
the string is 6 N, when the stone is at

(A) Top of the circle (B) Bottom of the circle
(C) Half way down (D) None of the above

A weightless thread can support tension upto 30 N. A stone
of mass 0.5 kg is tied to it and is revolved in a circular path
of radius 2m in a vertical plane. If g = 10m/s?, then the

maximum angular velocity of the stone will be ........ rad/s
(A) 5 (B) v/30

(C) V60 (D) 10

As per given figure to complete the circular loop what
should be the radius if initial height is 5m .......... m.
h=5m

(A) 4 (B) 3

(Q) 25 (D) 2




19.

20.

21.

22.

23.

24,

25.

26.

27.

A block follows the path as shown in the figure from height
h. If radius of circular path is r, then relation that holds
good to complete full circle is

!
G

(A) h <5r/2 (B) h>5r/2

(C) h=5r/2 (D) h > 5r/2

A mass is supported on a frictionless horizontal surface. It
is attached to a string and rotates about a fixed centre at
an angular velocity wo. If the length of the string and angu-
lar velocity are doubled, the tension in the string which was
initially Ty is now

(A) To (B) To/2

(C) 4Tv (D) 8Tv

The ratio of angular speeds of minute hand and hour hand
of a watch is

(A) 1:12 (B) 6:1

(C) 12:1 (D) 1:6

A simple pendulum oscillates in a vertical plane. When it
passes through the mean position, the tension in the string

is 3 times the weight of the pendulum bob. What is the
maximum displacement of the pendulum of the string with

respect to the vertical ......... °.
(A) 30 (B) 45
(C) 60 (D) 90
If a particle of mass m is moving in a horizontal circle of ra-
dius r with a centripetal force (—k/r?), the total energy is
k k
(A) —5- (B) —=
ok Ak
(O (D) ——

T T
A particle is moving in a vertical circle. The tensions in the
string when passing through two positions at angles 30°
and 60° from vertical (lowest position) are TiandT» respec-
tively. then

(A) L =T,
(C) Ty > Ts
(D) Tension in the string al-

A stone ties to the end of a string 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 di-
rection of acceleration of the stone

2
(A) %ms_z and direction along the radius towards the

centre

(B) m*ms~2 and direction along the radius away from the
centre

(C) w?ms~2 and direction along the radius towards the
centre

(D) 72ms~2 and direction along the tangent to the circle

A body of mass 0.4 kg is whirled in a vertical circle making
2rev/sec. If the radius of the circle is 2m, then tension in
the string when the body is at the top of the circle, is .........
N

(A) 41.56 (B) 89.86

(C) 109.86 (D) 115.86

A body of mass m hangs at one end of a string of length |,
the other end of which is fixed. It is given a horizontal ve-
locity so that the string would just reach where it makes an
angle of 60° with the vertical. The tension in the string at
mean position is

(B) T> > T1
ways remains the same

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

A 2 kg stone at the end of a string 1 m long is whirled in a

vertical circle at a constant speed. The speed of the stone
is 4m/sec. The tension in the string will be 52 N, when the
stone is

(A) At the top of the circle (B) At the bottom of the cir-

cle

(C) Halfway down (D) None of the above

A bucket full of water is revolved in vertical circle of radius
2m. What should be the maximum time-period of revolu-

tion so that the water doesn't fall off the bucket .........
(A) 1 (B) 2
(Q) 3 (D) 4

A pendulum bob on a 2m string is displaced 60° from the
vertical and then released. What is the speed of the bob as

it passes through the lowest point in its path .......... m/s
(A) V2 (B) V9.8
(C) 4.43 (D) 1/v2

When a ceiling fan is switched off its angular velocity re-
duces to 50% while it makes 36 rotations. How many more

rotation will it make before coming to rest (Assume uni-
form angular retardation)

(A) 18 (B) 12

(C) 36 (D) 48

The length of second's hand in a watch is 1 ¢m. The change
in velocity of its tip in 15 seconds is
(A) Zero (B)

(@)} %cm/ sec (D)

cm/ sec

T
30v/2

A cycle wheel of radius 0.4 m completes one revolution in
one second then the acceleration of a point on the cycle
wheel will be

(A) 0.8m/s? (B) 0.4m/s*

(Q) 1.672m/s* (D) 0.472m/s*

A proton of mass 1.6 x 10~2"kg goes round in a circular or-
bit of radius 0.10m under a centripetal force of 4 x 107 N.
then the frequency of revolution of the proton is about

(A) 0.08 x 108cycles per sec (B) 4 x 103cycles per sec

(C) 8 x 103cycles per sec (D) 12 x 10%cycles per sec

A particle describes a horizontal circle in a conical funnel
whose inner surface is smooth with speed of 0.5m/s. What

(A) (B) 2

(C) 4 (D) 25

A bucket tied at the end of a 1.6 m long string is whirled in
a vertical circle with constant speed. What should be the

minimum speed so that the water from the bucket does
not spill, when the bucket is at the highest position ........

m/sec (Take g = 10m/sec?)

(A) 4 (B) 6.25

(Q) 16 (D) None of the above

A weightless thread can bear tension upto 3.7 kgwt. A stone
of mass 500 gms is tied to it and revolved in a circular path
of radius 4m in a vertical plane. If g = 10ms 2, then

the maximum angular velocity of the stone will be ........
rad/ sec

(A) 4 (B) 16

(@) var (D) 2

A sphere is suspended by a thread of length [. What min-
imum horizontal velocity has to be imparted the ball for it
to reach the height of the suspension

(A) gl (B) 241

(@) Vgl (D) v2gl

A fighter plane is moving in a vertical circle of radius 'r’. Its
minimum velocity at the highest point of the circle will be

(A) 2mg (B) mg (A) V3gr (B) v2gr
(C) 3mg (D) V3myg Q) vgr (D) Vgr/2
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40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

A particle is tied to 20 cm long string. It performs circu-
lar motion in vertical plane. What is the angular velocity
of string when the tension in the string at the top is zero
.......... rad/sec

(A) 5 (B) 2

() 7.5 (D) 7

A small disc is on the top of a hemisphere of radius R.
What is the smallest horizontal velocity v that should be
given to the disc for it to leave the hemisphere and not
slide down it ? [There is no friction]

(A) v=+2gR (B) v=+gR
(Q) v=3d (D) v=\/¢°R

A fan is making 600 revolutions per minute. If after some
time it makes 1200 revolutions per minute, then increase in
its angular velocity is

(A) 107 rad/ sec (B) 207 rad/ sec

(C) 407 rad/ sec (D) 607 rad/sec

A car is moving with speed 30 m/ sec on a circular path of
radius 500 m. Its speed is increasing at the rate of 2m/sec?,

What is the acceleration of the car ........ m/sec?
(A) 2 (B) 2.7
(€) 1.8 (D) 9.8

A car is moving on a circular path and takes a turn. If Ry

and R, be the reactions on the inner and outer wheels re-
spectively, then

(A) R1 = Ry (B) Ri1 < Ro
(C) Ri1i > Ro (D) R1 > Ro
A cyclist riding the bicycle at a speed of 14v/3 ms~'takes a

turn around a circular road of radius 20/3 m without skid-
ding. Given g = 9.8ms™2, what is his inclination to the verti-
cal ... °

(A) 30 (B) 90

(C) 45 (D) 60

A particle moves in a circle of radius 25 cm at two revolu-
tions per second. The acceleration of the particle in m/s? is

(A) =* (B) 82
(C) 4n® (D) 272
The maximum and minimum tension in the string whirling

in a circle of radius 2.5 m with constant velocity are in the
ratio 5 : 3 then its velocity is

(A) V98 m/s (B) 7m/s
(C) V490 m/s (D) V4.9

A hollow sphere has radius 6.4 m. Minimum velocity re-
quired by a motor cyclist at bottom to complete the circle
will be ........... m/s

(A) 17.7 (B) 10.2

(C) 124 (D) 16.0

Figure shows a body of mass m moving with a uniform
speed v along a circle of radius r. The change in velocity in
going from A to B is

B
C A
D
(A) vv2 (B) v/v?2
(C) v (D) zero

A wheel is subjected to uniform angular acceleration about
its axis. Initially its angular velocity is zero. In the first 2
sec, it rotates through an angle 6,. In the next 2 sec, it ro-
tates through an additional angle 6,. The ratio of Z—j is

(A) 1 (B) 2

(C) 3 (D) 5

51.

52.

53.

56.

57.

58.

59.

A motor cyclist moving with a velocity of 72 km/hour on a
flat road takes a turn on the road at a point where the ra-
dius of curvature of the road is 20 meters. The acceleration
due to gravity is 10m/sec®. In order to avoid skidding, he
must not bend with respect to the vertical plane by an an-
gle greater than

(A) 6 =tan"'6 (B) 6 =tan"'2

(C) 6 =tan~125.92 (D) 0 =tan~'4

A particle originally at rest at the highest point of a smooth
vertical circle is slightly displaced. It will leave the circle at a
vertical distance h below the highest point such that

(A) h=R (B) h=
(€ n="2 (D) h=
Two masSes M and m are attached to a‘'vertical axis by
weightless threads of combined length i. They are set in
rotational motion in a horizontal plane about this axis with
constant angular velocity w. If the tensions in the threads
are the same during motion, the distance of M from the
axis ile
(A) = (8)
l (D)

o MEH

w“‘%ﬁ\m

ml

M

l

. An athIZ\é[te completes one round of a ircular track of radius

10m in 40 sec. The distance covered by him in 2min 20 sec
[ m
(A) 70
(Q) 110

(B) 140
(D) 220

. A stone of mass m is tied to a string and is moved in a ver-

tical circle of radius r making n revolutions per minute. The
total tension in the string when the stone is at its lowest
point is

(A) mg (B) m(g+wnr?)

(C) m(g+mnr) (D) m{g + (x*n?7r)/900}

A body crosses the topmost point of a vertical circle with
critical speed. Its centripetal acceleration, when the string
is horizontal will be

(A) 69 (B) 39

(Q) 2¢ (D) ¢

A person with his hands in his pockets is skating on ice at
the velocity of 10m/s and describes a circle of radius 50 m.
What is his inclination with vertical

(A) tan™?! 0 (B) tan~*!
(C) tan~1(1)

ol = ot W

(D) tan™!

A ball is moving to and fro about the lowest point A of

a smooth hemispherical bowl. If it is able to rise up to a
height of 20 ¢cm on either side of 4, its speed at A must be
.......... m/s (Take = 10m/s?, mass of the body 5 g)

(A) 0.2 (B) 2

(C) 4 (D) 4.5

A ball of mass 0.1 Kg. is whirled in a horizontal circle of
radius 1m. by means of a string at an initial speed of

10 R.P.M. Keeping the radius constant, the tension in the
string is reduced to one quarter of its initial value. The new

speed is ....... r.p.m.
(A) 5 (B) 10
(C) 20 (D) 14

. A cyclist goes round a circular path of circumference 34.3m

in v/22 sec. the angle made by him, with the vertical, will be
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SOLUTION

PHYSICS

1. The coordinates of a moving particle at any time 't are
given by 2 = ot® and y = Bt*. The speed of the particle at
time 't’ is given by
(A) Va2 1 52 (B) 3ty/a? + B2
(C) v3t?\ /a2 + B2 (D) t2\/a? + 2
Sol : (c) z = at® and y = Bt3(given)

dx

dy
Vg e 3at? and vy = i 36t>

Resultant velocity = v = /v2 + v2 = 3t*/a2 + 32

2. If the radius of curvature of the path of two particles of
same masses are in the ratio 1 : 2, then in order to have
constant centripetal force, their velocity, should be in the
ratio of

(A) 1:4
() v2:1

Sol : (d) The centripetal force, F =

(B) 4:1
(D) v1 : V2

mv2

’IT'L’U2
==

=roviorvo./r (IfmandF are constant),

U1 T1 1
3. A wheel completes 2000 revolutions to cover the 9.5 km.
distance. then the diameter of the wheel is
(A) v1.5m (B) 1.5em
(C) 7.5em (D) 7.5m
Sol : (a) Distance covered in 'n' revolution = n27 r = nw D

= 20007 D = 9500 [As n = 2000, distance = 9500 m]

9500
2000 x 7 0™
4. A particle is kept at rest at the top of a sphere of diame-

ter 42m. When disturbed slightly, it slides down. At what

height ‘A’ from the bottom, the particle will leave the

sphere ........ m

(A) 14 (B) 28

(C) v35 (D) 7

Sol : (c) As we know for hemisphere the particle will leave
the sphere at height h = 2r/3

=D =

h:§><21214m

but from the bottom H = h + r = 14 + 21 = 35 metre

5. The string of pendulum of length [ is displaced through

90° from the vertical and released. Then the minimum
strength of the string in order to withstand the tension,

as the pendulum passes through the mean position is
(A) mg (B) v3mg
(C) 5mg (D) 6myg

2
muv

Sol: (b) T =mg+ 7

=mg + 2mg = 3mg

where v = /2gl from %va = mgl

6.

10.

11.

A particle of mass M is moving in a horizontal circle of ra-
dius R with uniform speed V. When it moves from one
point to a diametrically opposite point, its

(A) Kinetic energy changes  (B) Momentum does not

by MV?/4 change
(C) v Momentum changes (D) Kinetic energy changes
by 2MV by MV?

Sol : (c) On the diametrically opposite points, the velocities
have same magnitude but

opposite directions. Therefore change in momentum is
Mv — (=Mv) = 2Mv

What is the angular velocity of earth
2 2

A : sec
(A) ‘2/86400”“1/ sec (B) 3900Tad/ sec
™ 7S
(Q) ﬁrad/ sec . (D)27r64007“ad/ sec ﬂ_
Sol : (a)Angular velocity = T ﬂmd/hr: mrad/s
. If a particle covers half the circle of radius R with constant
speed then
(A) Momentum change is (B) Change in K.E. is
mur

1/2mw?

(C) Change in K.E. is mv® (D) v'Change in K.E. is zero
Sol : (d) As momentum is vector quantity

change in momentum A P= 2muvsin(6/2)

=2mw sin(90) = 2mwv

But kinetic energy remains always constant so change in
kinetic energy is zero.

A body of mass 1 kg tied to one end of string is revolved in
a horizontal circle of radius 0.1 m with a speed of 3 revolu-
tion/sec, assuming the effect of gravity is negligible, then
linear velocity, acceleration and tension in the string will be

(A) (B)
v1.88 m/s, 35.5 m/s?, 35.5 N 2.88 m/s, 45.5 m/s*, 45.5 N|

(Q)
3.88 m/s, 55.5 m/s2, 55.5(B) None of these

Sol : (a) Linear velocity, v = wr = 2mnr = 2x3.14x3 x 0.1 =
1.88m/s

Acceleration, a = w?r = (67)% x 0.1 = 35.5m/s>

Tension in string, T = mw?r = 1 x (6m)? x 0.1 = 35.5 N

A cane filled with water is revolved in a vertical circle of ra-
dius 4 meter and the water just does not fall down. The

time period of revolution will be ........ sec
(A) 1 (B) 10
(Q) 8 (D) v4

Sol : (d) For critical condition at the highest point w =
9/R

=T= %T =27\/R/g =2 x 3.14,/4/9.8

= 4 sec.

A coin, placed on a rotating turn-table slips, when it is
placed at a distance of 9cm from the centre. If the angu-
lar velocity of the turn-table is trippled, it will just slip, if its

distance from the centre is ......... cm.
(A) 27 (B) 9
(C) 3 (D) v1
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12.

13.

14.

15.

Sol : (d) In the given condition friction provides the
required centripetal force and that is constant. i.e.
mw?r =constant

1 wi\? 1\°
:>ro<—2:>r2:r1<—l> =9(f> =1lecm
w wao 3

If the length of the second's hand in a stop clock is 3cm

the angular velocity and linear velocity of the tip is

(A) (B)
0.2047 rad/sec,0.0314m/sec

(©) (D)
0.1472rad/sec,0.06314 m/sec
27 27

I = —=—=0.104
Sol : (d) w T = &0 0.1047 rad/s
and v = wr = 0.1047 x 3 x 1072 = 0.00314 m/s
A particle P is moving in a circle of radius 'a’ with a uni-
form speed v. C is the centre of the circle and AB is a di-
ameter. When passing through B the angular velocity of P
about A and C are in the ratio

(A) 1:1 (B) v1:2
(C) 2:1 (D) 4:1
Sol : (b)Angular velocity of particle P about point A4,
_ v _ v
waA = @ = ?
Angular velocity of particle P about point C,
v v
we = —— = —
rBC r

Ratio wiA: ’U/l: 1
we v/r 2

A bob of mass 10 kg is attached to wire 0.3m long. Its
breaking stress is 4.8 x 10°N/m?. The area of cross section
of the wire is 107°m?2. The maximum angular velocity with

which it can be rotated in a horizontal circle ....... rad/sec
(A) 8 (B) v4
(C) 2 (D) 1

Sol : (b) Centripetal force = breaking force
= mw?r = breaking stress x cross sectional area
= mwlr=px A

pxA \/4.8 x 107 x 10~°
o 10 x 0.3

= w=

mr
w =4rad/ sec

The maximum velocity at the lowest point, so that the
string just slack at the highest point in a vertical circle of
radius {

(A) Vgl (B) v3gl
(C) v/5gl (D) V74l
Sol: (¢) T +mg = ™y

l

There is certain velocity so called as critical veloc-
ity/minimum velocity (v) of object at highest point below
which string become slack le. tension T vanishes (T=0).

mu?
mg =
l
v1 = /gl

The decrease in potential energy between top —position
and bottom position is

mgl — (—mgl) = 2mygl

0.2547 rad/sec,0.314m/sec

This must be equal to the increase in kinetic energy, when
particle move from highest point

i.e.

2o — ot

Using law of conservation of energy.
2mgl = %mv% — %mv%

2mgl = %mv% — %mgl

v0.1047 rad/sec,0.00314 m/sec 4mgl = mv3 —mgl

v3 = 5gl

v = 1/bgl

16. A 1kg stone at the end of 1m long string is whirled in a
vertical circle at constant speed of 4m/sec. The tension in
the string is 6 N, when the stone is at

(A) vTop of the circle (B) Bottom of the circle
(C) Half way down (D) None of the above

2 1 4 2
Sol : (a) mg = 1 x 10 = 10N, %:#:16
2
Tension at the top of circle = muo_ mg = 6N
2
Tension at the bottom of circle = m: +mg = 26N

17. A weightless thread can support tension upto 30 N. A stone
of mass 0.5 kg is tied to it and is revolved in a circular path
of radius 2m in a vertical plane. If g = 10m/s?, then the

maximum angular velocity of the stone will be ........ rad/s
(A) v5 (B) V30
(C) V6o (D) 10
Sol : (@) Tmax = Mwiaxr + mg

Tmax 2
= —=wr+g

m

= % — 10 = w?maxt

/50 /50
= Wmax = 7— 7—57"0,(1/8

18. As per given figure to complete the circular loop what

should be the radius if initial heightis 5m .......... m.
h=5m
(A) 4 (B) 3
(C) 2.5 (D) v2
Sol : (d)h—gr:r—gxh—gx5—2metr6
' T2 S50 5T T

19. A block follows the path as shown in the figure from height
h. If radius of circular path is r, then relation that holds
good to complete full circle is

h

r
(A) b <5r/2 (B) h>5r/2
(C) h=>5r/2 (D) vh>5r/2
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20.

21.

22.

23.

Sol : (d) In order to complete a full circle, the normal force
when the block is at the highest point of circular ramp
should be greater than zero,
SO
if value of point B = vg Then,

2

At point B,mg+ N = m;_éB
ASN >0

= v% > mgR

At point —A

mvy  mod

= mg(2R)[AsAKE = —APE)]

2 2
2 2
muy mug
=2
5 mgR + 5
As v > mgR
N mu? > 2mgR + mgR N mv% _ 5mgR
2 2 2
2
Also, m;}A —0=mgh

5mgR
2

As,mv? > bmgR = mgh >

= h > b5r/2

A mass is supported on a frictionless horizontal surface. It
is attached to a string and rotates about a fixed centre at
an angular velocity wq. If the length of the string and angu-
lar velocity are doubled, the tension in the string which was
initially Ty is now

(A) T (B) Tv/2

(C) 4Ty (D) v8Ty

Sol : (d) Tension in the string To = mRwd

In the second case T = m(2R) (4w}) = 8mRwi= 8Tp

The ratio of angular speeds of minute hand and hour hand
of a watch is

(A) 1:12 (B) 6:1
(C) vi2:1 (D) 1:6

_ _ 27 Rad __27 Rad
Sol : (C) Wmin = 60 min and Whr = 12 x 60 min
Wmin 27T/6O

Whr  2m/12 X 60
A simple pendulum oscillates in a vertical plane. When it
passes through the mean position, the tension in the string
is 3 times the weight of the pendulum bob. What is the
maximum displacement of the pendulum of the string with
respect to the vertical ......... °.
(A) 30

(C) 60

(B) 45
(D) v90

2
Sol : (d) Tension at mean position, mg + mo

r
v=1/2gl. .. (i)

and if the body displaces by angle 6 with the vertical then
v =1/2¢l(1 — cosf). . . (i7)

Comparing (¢) and (i), cosf =0

= 6 =90°

If a particle of mass m is moving in a horizontal circle of ra-
dius r with a centripetal force (—k/r?), the total energy is

=3mg

k k
(A) \/—2. (B) -~
2k7 Zk
(€ —= (D) —=
T 9 r
Sol: (a) ™V — S me=C
T
k
= 22 =
K.E. 2mv o
k
k k k
Total energy = K.E. + P.E. = T T o

24,

25.

26.

27.

28.

29.

A particle is moving in a vertical circle. The tensions in the
string when passing through two positions at angles 30°
and 60° from vertical (lowest position) are TiandT: respec-
tively. then

(A) T' =T>

Q) vTi > Ty

(D) Tension in the string al-

1’fL”U2

(B) To > T1
ways remains the same

Sol : (c) Tension, T = +mgcosf

r

2
muv

For, 0 = 30°, 71 = + mg cos 30°

r

mv2

0 =60°T, = + mg cos 60°

T

ST > T
A stone ties to the end of a string 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 di-
rection of acceleration of the stone

2
(A) %ms*2 and direction along the radius towards the

centre

(B) m*ms~? and direction along the radius away from the
centre

(C) v7n?ms~? and direction along the radius towards the
centre

(D) 7?ms~2 and direction along the tangent to the circle

2 22\?
Sol: (c)a = % = w?r = 4nn?r = 472 (—) x1=mn*m/s®

44
and its direction is always along the radius and towards the
centre.
A body of mass 0.4 kg is whirled in a vertical circle making
2rev/sec. If the radius of the circle is 2m, then tension in
the string when the body is at the top of the circle, is .........
N
(A) 41.56 (B) 89.86
(C) 109.86 (D) v115.86
Sol : (d) Tension at the top of the circle,T = mw?r — mg

T =04x47°n* x 2 - 0.4 x 9.8 = 115.86 N

A body of mass m hangs at one end of a string of length |,
the other end of which is fixed. It is given a horizontal ve-
locity so that the string would just reach where it makes an
angle of 60° with the vertical. The tension in the string at
mean position is

(A) v2mg (B) mg

(C) 3mg (D) V3mg

Sol : (a) When body is released from the position p (in-
clined at angle ¢ from vertical) then velocity at mean posi-
tion

v = /2gl(1 — cosb)

Tension at the lowest point = mg +

2
muv

l
[291(1 — cos 60)]= mg + mg = 2mg

m
l

A 2 kg stone at the end of a string 1m long is whirled in a

vertical circle at a constant speed. The speed of the stone
is 4m/sec. The tension in the string will be 52 N, when the
stone is

(A) At the top of the circle

:mg—|—

(B) v At the bottom of the
circle

(D) None of the above

2 2
(b) mg = 20N and mTv _2 X1(4)

It is clear that 52 N tension will be at the bottom of the cir-
cle. Because we know that

2
muv

(C) Halfway down

Sol : = 32N

TBottom =mg + r

A bucket full of water is revolved in vertical circle of radius
2m. What should be the maximum time-period of revolu-

tion so that the water doesn't fall off the bucket .........
(A) 1 (B) 2
(©) v3 (D) 4
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30.

31.

32.

33.

34.

Sol : (c) Minimum angular velocity wmin =

2

:271'@/5
Wmin g
*2#1/3*2\/5535
= i o

A pendulum bob on a 2m string is displaced 60° from the
vertical and then released. What is the speed of the bob as

g/R

. Tax =

it passes through the lowest point in its path .......... m/s
(A) v2 (B) Vo.8
(C) v4.43 (D) 1/v2

Sol: (C)v = /2gI(1 — cos0) = /2 x 9.8 x 2(1 — cos 60°)=
4.43m/s

When a ceiling fan is switched off its angular velocity re-

duces to 50% while it makes 36 rotations. How many more

rotation will it make before coming to rest (Assume uni-

form angular retardation)

(A) 18 (B) v12

(C) 36 (D) 48

Sol : (b) By using equation w? = wg — 2af

(%)2 = wj — 2a(27n)

_3_u}
447 x 36'

Now let fan completes total n’ revolution from the starting
to come to rest

=« (n = 36)..(7)

wd

dam
substituting the value of from equation (i)

L = WodxAm x 36
Cdm 3w?
Number of rotation = 48 — 36 = 12

The length of second's hand in a watch is 1 e¢m. The change
in velocity of its tip in 15 seconds is

0=wi—2a@2mn) =n' =

= 48 revolution

(A) Zero (B) 30\@cm/ sec
© %cm/ sec (D) ‘/W‘;O@cm/ sec

Sol : (d) In 15 second’s hand rotate through 90°.

Change in velocity ‘A—f;‘ = 2vusin(6/2)

2w 1
= 2(rw)sin(90°/2)=2 X 1 X — X —
(re) sin(90° /2 o
= An :Lﬂ@ As T = 60 sec]
60v/2 30 sec
a
A

A cycle wheel of radius 0.4 m completes one revolution in
one second then the acceleration of a point on the cycle
wheel will be

(A) 0.8m/s? (B) 0.4m/s*

(Q) v1.67*m/s? (D) 0.47%m/s?

Sol : (c) Centripetal acceleration = 47n?r = 47%x(1)x0.4 =
1.6m2

A proton of mass 1.6 x 10~ 2"kg goes round in a circular or-
bit of radius 0.10m under a centripetal force of 4 x 107 N.
then the frequency of revolution of the proton is about

(A) v0.08 x 10%cycles per
sec

(B) 4 x 10%cycles per sec

(C) 8 x 10%cycles per sec (D) 12 x 10%cycles per sec
Sol : (a) m4n®n*r =4 x 1073 = n = 0.08 x 108 cycles/ sec.

35. A particle describes a horizontal circle in a conical funnel

36.

37.

38.

whose inner surface is smooth with speed of 0.5m/s. What

is the height of the plane of circle from vertex of the funnel
cm

(B) 2

(D) v2.5

Sol : (d) The particle is moving in circular path
From the figure, mg = Rsinf . . . (i)

(i)

™Y Reost . . .
From equation (i) an

d (i1) we get
rg T
tanf = ﬁ but tanf = E

2
(0.5) = 0.025m = 2.5¢cm

h:v—Q:
g

10

A bucket tied at the end of a 1.6 m long string is whirled in
a vertical circle with constant speed. What should be the
minimum speed so that the water from the bucket does
not spill, when the bucket is at the highest position ........

m/sec (Take g = 10m/sec?)

(A) v4 (B) 6.25

(C) 16 (D) None of the above

Sol : (a) Critical velocity at highest point= v/gR = /10 x 1.6
=4m/s

A weightless thread can bear tension upto 3.7 kgwt. A stone
of mass 500 gms is tied to it and revolved in a circular path
of radius 4m in a vertical plane. If g = 10ms™2, then

the maximum angular velocity of the stone will be ........
rad/ sec

(A) v4 (B) 16
(Q) va1 (D) 2

Sol : (a) Max. tension that string can bear = 3.7 kgwt =
3TN

Tension at lowest point of vertical loop = mg + mw?r
=05 x 104+ 0.5 x w? x 4 =5 + 2uw?

37T=5+2uw

= w=4rad/s.

A sphere is suspended by a thread of length I. What min-
imum horizontal velocity has to be imparted the ball for it
to reach the height of the suspension

(A) gl (B) 241
(CQ) Vgl (D) v'v2gl

Sol : (d) Kinetic energy given to a sphere at lowest point =
potential energy at the height of suspension

1
= imvz = mgl

v = /29l
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39. A fighter plane is moving in a vertical circle of radius 'r’. Its

40.

41.

42.

43.

44,

minimum velocity at the highest point of the circle will be

(A) V3gr (B) v2gr
(Q) vV\/gT (D) gr/2

Sol : (c) Minimum velocity at the highest point of vertical
circle VA = \/gr

A particle is tied to 20 cm long string. It performs circu-
lar motion in vertical plane. What is the angular velocity
of string when the tension in the string at the top is zero
.......... rad/sec

(B) 2

) D) v7

7.5 (
Sol : (d)w = ﬁ: \/g ~ Trad/

A small disc is on the top of a hemisphere of radius R.
What is the smallest horizontal velocity v that should be
given to the disc for it to leave the hemisphere and not
slide down it ? [There is no friction]

@)

(

(A) v =+/2gR (B) vv=+/4gR
(C) v= % (D) v=+/¢’R
Sol: (b) mg— N = m®

N=0=v=+gR

N

mg

A fan is making 600 revolutions per minute. If after some
time it makes 1200 revolutions per minute, then increase in
its angular velocity is

(A) 107 rad/ sec (B) v207rad/ sec

(C) 407 rad/ sec (D) 607 rad/ sec

Sol : (b) Increment in angular velocity w = 27 (n2 — n1)
rad _ 2m X 600rad_
min 60 s
A car is moving with speed 30 m/ sec on a circular path of
radius 500 m. Its speed is increasing at the rate of 2m/sec?,

rad

w = 27 (1200 — 600) 207

What is the acceleration of the car ........ m/sec?
(A) 2 (B) v2.7
(C) 1.8 (D) 9.8

Sol : (b) Net acceleration in nonuniform circular motion,

2
a=+/a2+a2=,/(2)°%+ (%) =2.7m/s

a; =tangential acceleration
’112
a. =centripetal acceleration = —
-

A car is moving on a circular path and takes a turn. If Ry

and R, be the reactions on the inner and outer wheels re-
spectively, then

(A) Ri=R» (B) vRi < R»
(C) R1 > R> (D) R1 > Ry

2
Sol : (b) Reaction on inner wheel R; = %M {g — %}

. 1 v2h
Reaction on outer wheel Ry = §M g+ o

where, r = radius of circular path, 2¢ = distance between
two wheels and h = height of centre of gravity of car.

45.

46.

47.

48.

49.

50.

A cyclist riding the bicycle at a speed of 14y/3 ms™'takes a
turn around a circular road of radius 20v/3 m without skid-
ding. Given g = 9.8ms™2, what is his inclination to the verti-
cal ....... °

(A) 30 (B) 90

© 45 (D) v60
(W) [ av®’ ]

Sol: (d)d = tan (TQ) = tan |:20\/§ X 9.8] B

tan™'[v/3]= 60°

A particle moves in a circle of radius 25 cm at two revolu-
tions per second. The acceleration of the particle in m/s? is
(A) =2 (B) 872

(C) van? (D) 2x?

Sol : (c) Since n = 2, w = 27 x 2 = 4w rad/s>

So acceleration = w?r = (47)? x %m/s2 = 4r?

The maximum and minimum tension in the string whirling
in a circle of radius 2.5 m with constant velocity are in the
ratio 5 : 3 then its velocity is

(A) vV98 m/s (B) 7m/s
(C) V490 m/s (D) V4.9

Sol : (a) In this problem it is assumed that particle al-
though moving in a vertical loop but its speed remain con-
stant.

mv2

Tension at lowest point Thax = +mg

T
2
Tension at highest point Tyin = mo

—myg

2

Tinax tmg 5

Tmin  mo? 3
—mg
by solving we get,v = \/4gr=+/4 X 9.8 X 2.5 = /98 m/s

A hollow sphere has radius 6.4 m. Minimum velocity re-
quired by a motor cyclist at bottom to complete the circle
will be ........... m/s

(A) v17.7 (B) 10.2
(C) 124 (D) 16.0
Sol : (a8)vmin = VB gr = 17.7m/ sec

Figure shows a body of mass m moving with a uniform
speed v along a circle of radius r. The change in velocity in
going from A to B is

B
C A
D
(A) vuv2 (B) v/\/i
Q) v (D) zero

Sol: (a)‘A—f)‘ = 2vsin(/2) = 2vsin (92—0) = 2usin45= v/2

A wheel is subjected to uniform angular acceleration about
its axis. Initially its angular velocity is zero. In the first 2
sec, it rotates through an angle 6;. In the next 2 sec, it ro-
tates through an additional angle 6. The ratio of Z—f is

(A) 1 (B) 2
(©) v3 (D) 5

Page No: 9




51.

52.

53.

Sol : (c) Using relation 6 = wot + %mt2
0, = %(oz)(?)2 =2a. .. (i) (As wo = 0,t = 2 sec)
Now using same equation for t = 4 sec, wo =0
01 + 6o = %(1(4)2 =8a. .. (i)
From (i) and (3i),

02
0, = 2aand02 =6 — =3

01

A motor cyclist moving with a velocity of 72 km/hour on a
flat road takes a turn on the road at a point where the ra-
dius of curvature of the road is 20 meters. The acceleration
due to gravity is 10m/sec®. In order to avoid skidding, he
must not bend with respect to the vertical plane by an an-
gle greater than

(A) 6 =tan"'6 (B) v =tan"'2

(C) 0 =tan"125.92 (D) 6 =tan~4

Sol : (b)v = 72 km/hour = 20m/ sec

2
(v 1 /20 %20 .

= — | = = 2

0 = tan (rg) tan (20 <10 tan™"(2)

A particle originally at rest at the highest point of a smooth
vertical circle is slightly displaced. It will leave the circle at a
vertical distance h below the highest point such that

(A) h=R (B) /h:?
@ n="1 (0) n=28
Sol: h=R— Rcosf,v =+/2gh = \/2gR(1 — cos 0)
2
muv
50 — N =
mg cos ia
. . mw? 2
When it leaves circle: N =0 mgcosf = = cosf = 3

Two masses M and m are attached to a vertical axis by
weightless threads of combined length I. They are set in
rotational motion in a horizontal plane about this axis with
constant angular velocity w. If the tensions in the threads
are the same during motion, the distance of M from the
axis is

Ml ml
(A) % +m (B) \]/W]\J +m
(©) ]\—Zml (D) L™y

m
Sol : (b )If the both mass are revolving about the axis yy’
and tension in both the threads are equal then

Muw?z = mw*(l — x)

= Mz =m(l — )
so=
T M4+m

54.

55.

56.

57.

58.

59.

60.

An athlete completes one round of a circular track of radius
10m in 40 sec. The distance covered by him in 2 min 20 sec
iS e m

(A) 70 (B) 140
(C) 110 (D) v220
Sol : (d) Time period = 40 sec
. Totaltime 140 sec
No. of lution = = = 3. .
o. of revolution Timeperiod 10 soc 3.5 Rev

So, distance = 3.5 x 2R = 3.5 x 27 x 10 = 220 m.

A stone of mass m is tied to a string and is moved in a ver-
tical circle of radius » making n revolutions per minute. The
total tension in the string when the stone is at its lowest
point is

(A) mg (B) m(g+mnr?)
(C) m(g+mnr) (D) vm{g+ (7*>n*r)/900}
Sol : (d) T = mg + mw?r = m{g + 4rn’r}

=o{os (= (5)")}
=nfo+ (")}

A body crosses the topmost point of a vertical circle with

critical speed. Its centripetal acceleration, when the string
is horizontal will be

(A) 69 (B) v3g
(C) 2¢ (D) ¢

2
Sol: (b)v = /3gr and a = U?: 3%: 3g

A person with his hands in his pockets is skating on ice at
the velocity of 10m/s and describes a circle of radius 50 m.
What is his inclination with vertical

3
-1 ( + -1 (2
(A) tan 0 (B) tan (5
(C) tan™1(1) (D) vtan~! ;)
8]
Sol : (d) The inclination of person from vertical is given by,

v (102 1

= T Box 10 5

= 0 =tan"'(1/5)

A ball is moving to and fro about the lowest point A of

a smooth hemispherical bowl. If it is able to rise up to a
height of 20 ¢m on either side of A4, its speed at A must be
.......... m/s (Take = 10m/s?, mass of the body 5 g)

(A) 0.2 (B) v2
(C) 4 (D) 4.5
Sol: (b)v = v/2gh = 2 x 10 x 0.2 =2m/s

A ball of mass 0.1 Kg. is whirled in a horizontal circle of
radius 1 m. by means of a string at an initial speed of

10 R.P.M. Keeping the radius constant, the tension in the
string is reduced to one quarter of its initial value. The new
speed is ....... r.p.m.

(A) v5 (B) 10

(Q) 20 (D) 14

Sol: (a) T = mw?r = w x VT
\/>:>w2 ——5rpm

A cycllst goes round a circular path of circumference 34.3m
in v/22 sec. the angle made by him, with the vertical, will be
o

(A) v45 (B) 40
(C) 42 (D) 48

. _ 343 _ 2mr 27
Sol:(a)2rr=343=1r= . and v = T

2
Angle of binding 6 = tan™* (:—g) = 45°

Page No :

10






