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Simple Harmonic Motion
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moduli of elasticity are 100N, 50N respectively. The strings are connected
at A and the point O is fixed to a ceiling. Object of mass 5 kg is connected to
B. Object is hanging freely at equilibrium. Find distance to the object from
point 0. (g = 10ms2)
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An object P of mass 5kg is at equilibrium on a plane 30" inclined to the
horizontal by means of an elastic string OP of modulus of elasticity 10N. If
OP is 2m find the natural length of the string. (g = 10ms-2)



Simple Harmonic Motion

to move up and down vertically. The system comes to equilibrium at point
A. Thereafter the string dragged to a point B which is 1/2m vertically below
A. Finally, the object is released from B.
i.  Find the elastic potential energy stored in the string when the object
is at B.
ii. Find the velocity of the object when it reaches A.

12.  Displacement of an object s(t) at a time t is given by the function s(t) =
3t? + t find the displacement of the objectatt = 1,t = 3.

13.  The angular displacement 6 at the time t of an object is given by the
equation 8 = 4t3 + 2t . Find the angular velocity of the object when,

14.  The equation of motion of an object which moves in a simple harmonic

I of the object when

displacement is 2 m.



Simple Harmonic Motion
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The equation on motion of an object which moves in a simple harmonic
motion is given by ¥ = —4x whent=0,x =2m, x = 4ms~L.

i. Find x and x when t = g.

ii. Find x when x = V2 m.



Simple Harmonic Motion
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Object of mass 2kg moves in a simple harmonic motion, the centre of the
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Also show that the amplitude of this motion is given by T
17 V2
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Simple Harmonic Motion

When the object has displacements of 2Zm, 3m the velocities of the object

are 4ms~1, 1ms~1. Show that the periodic time of this motion is ZH\E

%5}

and that the amplitude of this motion is Z\E m.

In a large factory a trolley moves horizontally in a simple harmonic motion
with an amplitude a and a periodic time T. A small object is placed on the

rough surface of the trolley. If the object is at rest relative to the trolley
am?a
gT?’

show that the minimum value of the coefficient of friction is given by
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with a periodic time 10s and with an amplitude of 2m. Find the time taken
by the object to travel between two points 1m away from the centre of
oscilation O.
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Simple Harmonic Motion

periodic time of this motion is given by 2% also deduce that if u = 2,/ag

a

the periodic time is given by T[\/;

31. A spring of natural length a m and a modulus of elasticity 4mg N is fixed
to a point A on a smooth horizontal table other end of the spring is
connected to a object of mass m which lies on the surface of the table. The
object is released from a point B which is 4a m away from A. In a particular
moment of this motion the object lies xm away from the point A on the
horizontal table, Obtain the equation of motion. Hence show that this
motion is simple harmonic and calculate its amplitude and the centre of
the simple harmonic motion.

(i) Find the time taken by the object to reach a point 3am away from
point A.

(ii) Find the time taken by the object to reach a point am away from
point A.




Simple Harmonic Motion

wall with velocity v hits the two barriers. If V< d \/% show that the train

doesn’t collide with the vertical wall furthermore show that the train is in

. . . /M
contact with the barriers for a time of Tt R

N
\




Simple Harmonic Motion

An elastic string of natural length 50 m is hung from a fixed-point A on a
horizontal ceiling other end of the string is connected to an object of mass
2 kg. The string comes to equilibrium when the length of the string is

70 cm find the modulus of elasticity of the string. Now the object is
displaced further 40m downwards from the position of equilibrium.
Show that there after object starts to travel in a simple harmonic motion.
Furthermore, find the periodic time of the object. (take g = 10ms-2)




Simple Harmonic Motion

e

Show that the cylinders won'’t collide with each other if u < (I —

2h) \/2%

Ifu>(- Zh)\/zzl and if the impact between the cylinders are



Simple Harmonic Motion

motion of the object and deduce that the periodic time of the object is given

2 an=22 4 Ll — tan— 222y _ tan-1 ~12V2
by 2 2g[tan 3+\/§(71' tan 3) tan™" - + tan 5].
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Simple Harmonic Motion
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Simple Harmonic Motion

52.  Two particles P and Q of mass m are connected to each other by a light
elastic string of natural length [ and elastic modulus A. At the beginning, at
t = 0, the P particle is at rest. The particle Q is projected from P with a
velocity u . By considering their motions relative to the center of masses of
P and Q, or otherwise, find the velocities of the particle.

opposite
directions on both particles A and B away from each other. Find the
maximum extension of the string and show that the string obtains its

3am
A

maximum extension at a time % . When 1 = mg show that the time

for the displacement is % /%a

-A light elastic string with a natural length a and modulus of elasticity mg
is placed on a rough horizontal plane by attaching A of mass M and a B of
mass m at both ends, respectively. The coefficient of friction between the
table and both masses is pu . Initially, particle B was held at point L at a

=
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Simple Harmonic Motion
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Simple Harmonic Motion

59. A, B, C D are 4 fixed points on a straight line. A particle P starts to travel
along this straight line. The equations of motion of this particle P when the
object is OA, AB, BC is given by ¥ = —w?x, ¥ = 0, ¥ = —w?x. In the above
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Simple Harmonic Motion

The modulus of elasticity of an elastic string is mg. The natural length of it
is . One end is connected to the fixed-point A. There are two particles of
masses m, M kg are attached at the other end. When the system is in
equilibrium, the M particle is gently removed from the string. If M < m,
show that the motion of the particle m is simple harmonic and the

periodicity of this motion is 2r \E' Also show that the amplitude for this

. : :
motion is % Show that when M = 2m and M is removed, the string gets

slack and that the m particle rises and hits A.

One end of an elastic string of natural length a and modulus mg is attached
to a point O on a smooth horizontal table, where O is located at a distance

If the length of the elastic string is x, show that the system satisfies the
equation X + zg_a (x — 2a) = 0. Furthermore assume that this system also

satisfies the equation x —2a = A cos wt + B sinwt where A and B are

15



Simple Harmonic Motion
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10Nm™1. One end of the elastic string is attached to point A on a smooth

The natural length of an elast elastic string 1m and the modulus of
elasticity is 5Nof an elastic string. The string is connected to a fixed-point
A on a horizontal celling. A particle of mass 200g is connected to the other
end of the string. When the string is at natural length, the particle is at B

and given a velocity of 5ms! in the direction of AB. Find the maximum
extension of the string. Find the time taken by the particle to reach B again.

One end of an elastic string with a modulus of elasticity of 10N and a
natural length of 2m is mounted on a smooth horizontal surface and the
other end is connected to a particle B of 500g. The particle is released from




Simple Harmonic Motion

69. A string of modulus of elasticity 2mg is connected to a smooth horizontal
plane at the point A. The natural length of the string is . At the end B of the
string the particle of mass mkg is fixed. At position AB = 3[, the m kg
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70.
spring. The end A of the spring is connected to a fixed-point and the other
71. A particle moves along a straight line so that its acceleration is in the

Such a particle moves at a distance of 14m from O its velocity is 96 cms ™1
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the string at a ums-1 velocity away from A. The coefficient of friction is .

19



Simple Harmonic Motion

o
@\
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85.
measured from a fixed horizontal plane at time ¢, it is given that
x = a sin*wt. w and a are positive constants. Show that the motion of the
platform is a simple harmonic motion with the center of oscillation at x =



Simple Harmonic Motion

88.
Y - spocedl of
2ms! from the position of equilibrium. Show that the particle describes a
simple harmonic motion and furthermore evaluate the amplitude and
period of the simple harmonic motion.

89.

I The boy gently jumps off the bridge

starting from rest. Show that the time taken for the child to reach
-1 \/ﬁ). Also

7

instantaneous rest is given by g(S\/f + 2v/5m — 2+/5 cos

calculate the tension of the string at that moment. g = 10ms-2.

N
N



Simple Harmonic Motion

the level of point A after a time \/7 [2\/7 - — cos‘l(é)]

23
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99.

Simple Harmonic Motion

a) A spiral spring is used to hang a mass from a fixed-point. When the mass
is at rest, the extension of the string is [. Find the total number of
oscillations per second when the mass is given a vertical motion.
Modulus off elasticity of the springis 4.

101.
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particle with the same mass of m is held at rest at a height of ?a and is

released gently from rest such that it collides with the particle connected

25



Simple Harmonic Motion

If it is given

thatl = ’(UZ + 3ag) g, therefore, write a statement for the time it takes

for the particle to ascend from this point, hit the ceiling and then return to
the lowest point. Assume that the coefficient of restitution between the
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Simple Harmonic Motion
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a to the level of the point B when the string is extended.

ii. If the projection velocity of the particle at O is ZW, then assume
that the velocity of the particle is v when the length of the string is
a + x,therefore obtain the equation av? = 2ag(x + 4a) — gx2.

iii. Find the maximum distance to the P particle below O. Also calculate

the maximum tension of the string.
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Simple Harmonic Motion

108. A and C are two fixed points. AC = 3a and AC is vertical. A is above the
horizontal level of C. AB, BC are two elastic strands with modulus of
mg each. A, C are connected to two fixed-points and the particle of mass m
is attached to point B connecting both strings to the particle. Particle B is
released from rest at the point C. Show that the particle reaches its

. . . : 1 :
maximum height from the point C in % 1+ ﬁ)\/g time.

109. One end A of an elastic string with a natural length a and a modulus of
elasticity of 20mg is connected to a fixed-point. The particle m is attached
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Simple Harmonic Motion

112.

Show that the time taken by the particle to

[ — cos‘l(g) +2\/§]\/%.
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Simple Harmonic Motion

I Show that the
particles collide after a time of % % .
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Simple Harmonic Motion

130. Thereisa particle P of mass m on a smooth plane. The particle P is attached
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Past Papers

141.

In the case when a < %, find the period and the amplitude of the

[

ensuing motion.
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Past Papers

Find the maximum height reached by the particle P above the initial

position and show that the time taken to reach this height is \E{n -—a+

2\/?}, where «a is the acute angle cos'! G)
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time \E(g + a), where a = sin'l(%) and the velocity of the particle P at
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Past Papers

152.

Re-write this equation in the form X + w?X = 0, where X =

X — 5fand w? = %g. Using the formula X2 = w?(c? — X?), find
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153.

Past Papers

and
AB = 2a. One end of a light elastic
string of natural length a and
modulus of elasticity mg is
attached to the point O and the

|| m

g
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w = \E . Find the center of the above simple harmonic motion and using

the formula y2 = w?(c? — y?) ,find the amplitude cand the velocity of P
when it reaches A. Show that the velocity of P when it reaches O is \/7ga .
Show also that the time taken by P to move from B to O is

{ "1(§)+2k},where k=~7-6.
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