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Vertical Circular Motion

When a body is whirled in a vertical circle sule that its total mechanical energy
IS constant with critical velocities then tensionn the string changes with time.
Arrange the following in increasing order of tensim when

I) String is horizontal

i) String makes an angle 8 with downward vertical

iii) String makes an angle of 188 with downward vertical

Iv) String makes an angle 128 with downward vertical

1) iii, iv, i, i 2) iii, i, i, iv 3) i, i, dilniv 4) iv, iii, i, i
The bob (mass m) of a simple pendulum-is/impartea horizontal velocity
u=,/5gl where is the length of the pendulum.~The tensiomn the string will be
(a) 6 mg wt at the bottom

(b) Zero at the top

(c) 4 mg wt in the horizontal direction

(d) 5 mg wt at 6@ with the downward vertical

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

A small ball of ' mass m, initially at rest rollsdown the loop track from height h.
If h = 2.5R;.where R is the radius of the truck, tien

(a) The normal reaction of the bottom of the loovill be equal to 6 mg.
(b) The normal reaction at the bottom of the loopwill be less than 6 mg.
(¢) The ball will be able to just complete the cizular track

(d) The ball will not be able to complete the ciralar path.

1) a, c ) a, d 3) b, ¢ (4) b, d
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4. A car of mass m is moving on a horizontal circalr path of radius r. At certain

instant its speed is v and has tangential accelerah ‘a’.

(a) The acceleration of the car points towards theentre of the path.

2
(b) The coefficient of friction between the groundand the car is tanl ;/—
g

(c) The coefficient of friction between the groundand the car is larger than.a/g

(d) The frictional force on the car is larger thanmv2/r.
()a&b (2)b&c 3)c&d (4)b &d

5. A stone is tied to the end of a string and whield in a vertical.circle. The tension
in the string is T1 when the stone is at the highest point-andJlwhen it is at the
lowest point. Then
1) T1=T» 2) T1=-To 3).T1>To 4) T1<T2

6. The minimum speed for a particle at.the lowest qint of a vertical circle of

radius R to describe the circle is/V. If'the radig of the circle is reduced to one

fourth its value, the corresponding minimum speed Vil be
1) Vi4 2) VI2 3) 2V 4) 4V

7. A stone tied to a string-is.rotated in a vertichcircle. The minimum speed with

which the string has to-be rotated
1) Decreases with/increasing mass of the stone
2) Is independent of mass of the stone

3) Decreases with increasing length of the string

4).1s independent of length of the string
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A 5 kg body is rotated in a vertical circle witha constant speed of 4 ntd using
a string of length 1 m, when the tension in the simg is 31N, then the body will
be

1) At the lowest point  2) Making an angleoaﬁrith vertical
3) At the highest point  4) At horizontal position

A simple pendulum of length “ carries a bob ofmass m. If the"breaking
strength of the string is 2 mg, the maximum angulaamplitude from the vertical

can be

1) 2) 30 3) 607 4) 9

Two identical cars A and B are moving at 36 kmip. A goes on a bridge, convex
upward and ‘B’ on concave upward. If the radius ofcurvature of bridge is 20 m,
the ratio of normal forces exerted on the cars.whethey are at the middle of
bridges (g = 10 ms9

1)1:3 2) 1.2 3)2:3 4)1:5

The velocity of a body revolving in‘a verticakircle of radius ‘r' at the lowest

point/7gr . The ratio of maximum to minimum tensions in the &ging is
1)8: 1 2)4: 1 3)J7:1 4)1:47

An inclined track ends in a circular loop of dameter ‘D’. From what height on
the track a particle should be released so that itcompletes that loop in the
vertical plane?
1) 22 2) 2 3) 20 2y 22

2 5 4 5
A particle suspended by a thread of length ‘lis projected horizontally with a
velocity \/Tgﬁ at the lowest point. The height from the bottom atwhich the
tension in the string becomes zero is

5¢ l

40 20
1) — 2) == 3) = 4
)3 )3 )3 )3
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A nail is located at a certain distance vertidy below the point of suspension of
a simple pendulum of length 1m. The pendulum is reksed from the horizontal
position. If it rotates in a vertical circle with nail as centre, the distance of nall
from point of suspension is

1) 0.5 m 2)0.6 m 3)0.4m 4) 0.8m

A body is moving in a vertical circle of radius'r’ by a string. If the.ratio of
maximum to minimum speed is/3:1, the ratio of maximum to minimum
tensions in the string is

1)3:1 2)5:1 3)7:1 4)9:1

A test tube of mass 10g closed with a cork ofass’ 1g having some ether is
suspended by a thread of length 4cm. On heating thabe the cork flies out. The
minimum velocity of cork, so that the test tube jusdescribes the vertical circle
IS

1) 14 ms1 2) 7 ms1 3) 3.5 msl 4) 12.4 msl

A mass ‘m’ is released, with a.harizontal speed from the top of a smooth and

fixed, hemispherical bowl, of radius r. The angleé with respect to the vertical

where it leaves contact with the bowl is
2 2 2
1) sin™ V.2 2) cos™ v,z 3) Tan™ V.2 4) cos‘l(g/ )
3rg 3 3rg 3 3rg 3 3

A simple_pendulum of length I’ carries a bob of mass ‘m’. When the bob is at
its lowest position, it is given the minimum horizatal speed necessary for it to
maove in a vertical circle about the point of suspesion. When the string is

horizontal, the net force on the bob is

1) mg 2) 3mg 3) V10 mg 4) 4 mg
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19. A simple pendulum is vibrating with angular ampgitude of 900. For what values

of 8 with vertical, the acceleration is directed horizomally

1) cos® % 2) cos* y 13 3) cos* }/ 7z 4) cos* }/ 3

20. A body of massm kg is rotating in a vertical circle at the end ofa string of

length rmeter. The difference in the kinetic energy at theop and the bottom of

the circle is
1) ™ 2) 3) oy 4 g
Key
1)1 2)1 3)4 4) 4 5) 4 6) 2 7)2 8) 3 9)3
10) 1 11)2 12)3 13)1 «14)2 15) 3 16)117) 2 18)3
19)2 20)3
Hints
m\/2
8. T,= + mgcosh
31= %6, 559.8c08

031=80+ 49co® 49codP =- 4¢
cosb=-1

[06=18C[ Highest Poirjl
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T = mg( 3-2co8)

0 2mg = mg( 3- 2co8)

02cosh =
[J cosB 1
2
06=60°
N N
N2 ngs M N, 3
r
m
T ™ T
o ~(3gr)—mg
L_m =41
T, 2mg
5 5(Dj_5D
h=2r =2[Z2]=2
2 2\ 2 4
2
h— Ut — 43
39
mgl (1— cos) =%m\/2 v? =2gl (1- cod)

5g(I'=r) = 29l (1~ co®)

5(1 -r) = 2(1- cos9)

r=0.6m

v, 3

1 = V1:\/§V2
VZ
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2
LZ—m\/lZ/ang 1mvf=r‘ng.2r+—1m\/22
T, mv,/r-mg 2 2

V2 A
2 =2gr+-2 V2 =2gr
5 g 5 V2 g
L_7
T, 1
10 >
16. mv=M /5l :Tx\/5x9.8x4x10
=10x 7x2x10 =14ms™
17. %m(vf—vz):mg(R—h) ------- (1)

18.

19.

mv
cosO—N =
M R

2

mv
Y (2)

If-N=0. mgcosb=

2
From 6 =cos* V—+Z
3rg 3

2

R =,J(3mg)’ +(mg)

R=+10mg

Tcosfd =ng

T.—mgcosd = v

%—mgcos@z? (1l cosr 5 Hzcos*%

20. Difference in K.E. = Difference in P.E. = 2mgr
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