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Question 1  (*%)

A particle P is moving on a straight line with simple harmonic motion of amplitude
0.3 m. It passes through the centre of the oscillation O with speed 4.5 ms™'.

Calculate the speed of P when |OP| =0.1m.

|v| = 3\/5 ~4.24 ms™!

Question 2 (*%)

A particle P is moving on a straight line with simple harmonic motion of amplitude

0.1 m and period 277[ S.

Calculate the maximum acceleration of P .

| % =49 ms™
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Question 3  (*%)

A particle is moving in a straight line between two points A and B, with simple
harmonic motion.

During this motion its greatest speed is-2.25 ms~'. When the particle is at a distance

of 21 cm from the midpoint of AB its speedis 2.16 ms™!.

Find the distance AB.

[ 1. |aB=15m
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Question4  (*%)

A particle P is moving on a straight line with simple harmonic motion, centre at O,
and period 27 s.

Find the speed of P when it is at a distance of 0.3 m from O, given that it comes to
instantaneous rest at a distance 0.5 m from O.

speed = 0.4 ms ™|
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Question 5 (**+)

A particle P is moving on a straight line with simple harmonic motion of period 4 S.

Given that the maximum speed of P is 12 ms™!, find the speed of P 0.2 s after
passing through the centre of the oscillation.

speed = 8.8487... ms™!

Question 6  (**+)

A particle P is moving on a straight line with simple harmonic motion of maximum

speed 5 ms~ and maximum acceleration 10 ms™ .

Calculate the speed of P when itis 2 m from the centre of the oscillation.

1

speed =3 ms~

Created by T. Madas



Created by T. Madas

Question 7  (**+)

A particle P is moving on a straight line with simple harmonic motion, centre at O..

P passes through O with speed 6 ms™! and performs 240 complete oscillations
every minute.

Calculate the maximum acceleration of P.

~151 ms 2

O

Question 8  (**+)

A particle P is moving in a straight line with simple harmonic motion, achieving a
maximum speed of 4.8 ms~'. When P is at a distance of 6.4 m from the centre of

the motion, its speed is 2.88 ms.

Determine in any order the amplitude and the period of the motion.

a=8m|, T:lOT”zm.Ms
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Question 9 (¥*%)

A particle is about to move in a straight line with simple harmonic motion.

It is released from rest from a point A and travels directly to a point O, arriving there

0.75 s later with maximum speed V ms™.

a) Giventhat AO=1.5 m, determine the value of V .
b) Find the time it takes the particle to cover the first 2.25 m of the motion.

¢) Calculate the speed of the particle when is at a distance of 0.5 m from O.

V=r=~3.14],[r=15], v=%7h/§z2.96ms_l

Question 10  (**%)

A particle P is moving on a straight line with simple harmonic motion of maximum

speed 10 ms~' and maximum acceleration 10 ms™>.

Calculate the distance of P from one the endpoints of the oscillation 0.5 s after
passing through the centre point of the motion.

d=122m
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Question 11 (*¥%)

A particle P is moving on a vertical straight line with simple harmonic motion.

It takes 3 s for a complete oscillation and the distance between the highest and the
lowest level of the motion is 0.75 m.

Calculate the time P takes to travel 0.5 m from the highest point of the motion.

1=0912s
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Question 12 (**%)

Three points A, O and B lie in that order on a straight line.

A particle P is moving on this line with simple harmonic motion of period 3.6 s,
amplitude 0.8 m and centre at O.

Given that OA is 0.4 m and OB is 0.7 m, calculate the time taken by P to travel
directly from A to B.

t=0910s
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Question 13 (*¥%)

A boat moored at a harbour is moving up and down, taking 2.5 s to move from its
highest point to its lowest point, where the vertical distance between these two points
1s 0.8 m. The boat is modelled as a particle moving with simple harmonic motion in a

vertical direction.

The point A is 0.1 m below the highest point of the motion and the point B is

0.65 m below the highest point of the motion.

a) Determine the vertical speed of the boat as it passes through A.

b) Calculate the least time taken by the boat to move from A to B.

[ 1 |va|=0332 ms™!|, [=121s
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Question 14  (**%4)

A particle is moving in a straight line between two points A and B, which are 0.4 m
apart, with simple harmonic motion.

The point C is 0.1 away from A.

a) If the greatest speed of the particle during its motion is 1.6 ms™!, determine
the speed of the particle as it passes through C.

Attime =0, the particle is at A.

b) Determine, in terms of 7, the time the particle takes until the time it passes
through C for the eighth time.

L y=vio2 =130 ms 1] =22
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Question 15 (**%4)

A particle is attached to one end of a light spring, whose other end is attached to a
fixed point. The particle is hanging vertically in equilibrium.

The particle is then pulled downwards by a further 0.6 m and released from rest.

The motion of the particle satisfies the differential equation

2
% —k“x,

where x m is the additional extension of the spring from its equilibrium position, at
time ¢ s, and k is a constant. The motion has period of 2 s.

Find the first four positive values of ¢ for which x=0.3 m.

\2 Pelone 2T
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Question 16  (***+)

A particle P is moving on a straight line with simple harmonic motion, centre at O,
and period 7 s.

The point C is at a distance of 2 m from O.

It is further given that P passes through C with speed 3 ms™! and returns to C after
time 7 s, where T <.

Calculate the possible values of T .

T=0.643s, T=122s
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Question 17  (¥*%4)

A particle is moving with simple harmonic motion on a straight line with centre at O .

When the particle is passing through a point P, heading towards O, its speed is
3 ms™! and its acceleration 8 ms ™.

Calculate the time taken for the particle to return to P for the first time.

,t=221s
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Question 18  (**%4)

A particle P is moving in a straight line with simple harmonic motion between two
points A and B, where |AB| =0.8 m.

The points C and D lie on the path of P such that |AC| =0.2m and |AD| =0.6 m,

and it takes % s for P to travel directly from C to D .

When t=0, P isat A.
a) Show that the period of the motion is 4 s.
b) Find the maximum speed of P.
¢) Find the distance of P from A when r=1.5.

d) Calculate the value of + when P passes through D for the fourth time.

|v|malx =%:~«O.628ms_1 r , t= 6% S
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Question 19  (**%4)

Three points O, A and B lie in that order on a straight line. A particle P is moving
on this line with simple harmonic motion of period 3's, amplitude 0.6 m and centre
at O. It is further given that OA is 0.1 m and OB is 0.5 m.

At a certain instant P is observed passing through B moving in the direction OB .

Calculate the time when P reaches A.

t=0.950s
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Question 20  (***4)

A particle P is moving with simple harmonic motion.

The motion takes place along a straight line with centre at O. The points O, A and
B, lie in that order, on this line with |0A| =0.5 m and |AB| =0.7 m.

The speed of P at A 1s 6 ms™! and its speed at B is 2.5 ms™!.

a) Show that the period of the motion is 2?7[ S.

b) Determine the acceleration of P at A.

¢) Calculate the time taken for P to travel directly from A to B.

a=12.5 ms2|, |t =0.156 s
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Question 21 (¥¥%%F)
A particle is moving on a straight line with simple harmonic motion, centre at O, and

period %75 S.
When the particle is at a distance of 0.48 m from O, its speed is 2.16 ms~! .

Calculate the total time within a complete oscillation, for which the particle has speed

less than 2.88 ms™! .

t=0429s

b

N&T 6D B VAWE OF T WHal V=2-88
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Question 22  (¥¥%¥)

A particle P moves in a straight line with simple harmonic motion with period & S.

At time t=0 , P is at rest at the point A and the acceleration at that instant has

magnitude 21.6 ms .

a) Find the amplitude of the motion.
b) Hence state the greatest speed of P during the motion.

¢) Calculate the time P takes to travel a total distance of 2.5 m after it has first
left A.

a=0.6 m|, [v.. =3.6 ms_l, t=1.14s

max
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Question 23 (¥¥%¥)

A particle P is at rest at some point B .

At time r=0s, P starts moving with simple harmonic motion on a straight line,

taking %7[ s toreturn to B for the first time. The maximum speed of P is 3.6 ms™.

a) Determine the amplitude of the motion.
b) Calculate the speed of the particle 1s afterleaving B.

¢) Find the values of 7, for 0<7 <1, so that the speed of P is the same as that
found in part (b), giving the answers correct to three decimal places.

a=0.6 m|, [v=1.01ms™'|, [t =0.047, 0.476, 0.571
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Question 24 (¥¥%%¥)

Three points A, O and B lie in that order on a straight line.

Two particles, A and P,, are moving on this line with simple harmonic motion

between A and B, where O is the centre of the motion.

Attimer=0s, B isobserved at the midpoint of OB moving towards B.

The subsequent displacement of F from O 1is given by
Tt T
x;=12sin| —+@ |, O<p<—.
1 ( > (Pj @ >

a) Show that B arrives at B for the fifth time when 7= 16% S.

At timefr=0s, P, is observed passing through O moving towards B . When A

arrives at B for the fifth time, P, also arrives at B for the Kt time, for ¢t >0.

b) Determine by calculation the value of k.
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Question 25  (¥¥%¥)

The level of the sea in a harbour is assumed to rise and fall with simple harmonic
motion. On a certain day low tide occurs at 07.00 hours when the depth of the sea
will be 5 m. The next high tide will occur at 13.15 hours when the depth of the sea
will' be 17 m.

A ship wishes to enter the harbour that day and needs a minimum sea depth of 6.5 m.

Calculate, to the nearest minute, the earliest time it can enter the harbour on this day
and the time by which it must leave.

108: 26/, [18:04]

b
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Question 26  (**%%¥)

The level of the sea in a harbour is assumed to rise and fall with simple harmonic
motion. On a certain day low tide occurs at 15.00 hours when the depth of the sea
will be 8 m. The next high tide will occur at 03.30 hours when the depth of the sea
will be 18 m.

A ship wishes to enter the harbour that day and needs a minimum sea depth of 12 m.

Calculate, to the nearest minute, the earliest time it can enter the harbour and the time
by which it must leave.

[20:27], [10:33]

9
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Question 27  (¥¥%¥)

y
)
L -

A=

The graph above shows the height, y m, of a particle P attime ¢ s, given by
y=Asin(a&x—¢)+B,
where A, B, @ and @ are positive constants.

a) Show algebraically that P is moving with simple harmonic motion.
b) Determine the exact values, where appropriate, of A, B, @ and ¢.
¢) Calculate the maximum speed of P.

d) Find the initial height and the initial velocity of P .

e) Calculate the total distance travelled by P, for 0<r<14.

) a):z?ﬂ.’ ¢:% ’ "Ymaxz8'38rns_1 P y0:4 mj, ‘)0:::7'261‘118_1 ’

lA=4], |B=6

b

d=2254m
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Question 28  (***%4)

1

A particle is moving on the x axis and its speed, v ms , is given by

%v=V8—2x—x2 , ) <Sx<Xx,,

where x is the position of the particle on the x axis.
a) Show that the motion of the particle is simple harmonic.

b) Determine the value of x; and the value of x,.

At time ¢ =0, the particle is observed to be 1 m from the centre of the oscillation and
moving away from the centre of the oscillation.

At time ¢ =T , the particle is observed to be 2 m from the centre of the oscillation for
the third time.

c¢) Calculate the value of T .

Full justification for the answer to part (c) must be shown.

s X1:—4, x2=2 .
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Question 1  (*%)

A particle P of mass 0.2 kg is attached to one end of a light elastic string of natural
length 0.8 m and modulus of elasticity 16 N .

The other end of the string is attached to a fixed point A ‘on a smooth horizontal
surface on which P rests.

With the string at natural length, P receives an impulse of magnitude 5 Ns, in the
direction AP .

a) Show that in the subsequent motion, while the string is taut, the motion of P
is simple harmonic.

b) Determine its amplitude of the motion.

¢) Find the time it takes P to travel between the extreme points of its motion.

t=0.378s

a=25m

9
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Question 2 (*%)

A particle P of mass 0.7 kg is attached to one end of a light elastic spring of natural
length 0.6 m and modulus of elasticity 168 N.

The other end of the spring is attached to a fixed point A on a smooth horizontal
surface on which P rests.

P is pushed in the direction PA so that the spring has length 0.4 m, and released
from rest.

a) Show that the subsequent motion of P is simple harmonic and state its period.

b) Determine the greatest speed of P.

1

[ 1 le=Z~03145
10

max speed =4 ms™

-
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Question 3 (**+)

A particle of mass 2 kg is attached to one end of a light elastic string of natural
length 3 m and the other end is attached to a fixed point A. The particle hangs in

equilibrium at some point E, where |AE | =3.7 m.

a) Find the modulus of elasticity of the string.

The particle is pulled vertically downwards from the point E to the point B, where

|AB| =4 m, and it is released from rest.

b) Show that in the subsequent motion, the particle moves with simple harmonic
motion and determine its amplitude and its period.

¢) Calculate the maximum speed of the particle during its motion.

2z T=2Z <1685 [a=03ml. [v. ~1.12ms"
\/ﬁ max
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Question 4  (**+)

A particle P of mass 2 kg is attached to the free end of a light elastic spring of
natural length 0.8 m and modulus of elasticity 100 N .

P is in equilibrium, hanging vertically from a fixed point A.
P is pulled vertically downwards a further 0.5 m and released from rest.

Show that in the subsequent motion, P moves with simple harmonic motion, and
determine the amplitude, the centre and the period of the oscillations.

Created by T. Madas
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Question 5 (¥*%)

A particle P of mass 1.5 kg is attached to the free end of a light elastic spring of
natural length 2 m and modulus of elasticity 4 N.

P is in equilibrium, hanging vertically from a fixed point A.

An impulse of magnitude 6 Ns is given to P, in a direction parallel to the spring
towards A.

a) Show that in the subsequent motion, P moves with simple harmonic motion.

b) Given further that the period of the oscillations is %7[ s, find the amplitude of

the motion.

¢) Determine the value of 4.

a=08ml, |[A=75

!
31

Created by T. Madas



Created by T. Madas

Question 6  (¥*%4)

A particle P of mass 0.5 kg is attached to the free end of a light elastic string of
natural length 0.8 m and modulus of elasticity 90 N.

The particle is in equilibrium, hanging vertically from a fixed point A.
The particle is pulled vertically downwards a further 0.5 m and released from rest.
a) Show that in the subsequent motion, P moves with simple harmonic motion.

The particle is next pulled vertically downwards a further distance a m below the
equilibrium position and released from rest.

b) Given that P passes through the equilibrium position with speed 3 ms ',

calculate the distance P covers until it first comes to instantaneous rest.

, |d=0.681m
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Question 7  (¥*%4)

Two fixed points A and B lie on a smooth horizontal surface, so that the distance
between them is 2.5 m.

A particle P of mass 0.5 kg is attached to one end of a light elastic string S, and the
other end of S, is attached to A.

A second light elastic string Sp is also attached to P while the other end of Sy is
attached to B.

Both strings are identical in every aspect, each of natural length 0.75 m and modulus
of elasticity 24.5 N.

The point C lies on the straight line segment AB, so that AC =1 m.

Attime r=0s, P isreleased from rest from C and moves without any resistance.
a) Show that in the subsequent motion, P moves with simple harmonic motion.
b) Determine the period of the motion.

¢) Calculate the maximum kinetic energy of P .

r=7~0550s|, [KE;=204]
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Question 8  (¥**¥)

A light elastic string, of natural length a and modulus of elasticity 4mg , has one end
attached to a fixed point A and the other end is attached to a particle P of mass m .

Initially P hangs freely at rest in equilibrium at the point ‘E. At time t=0, P is
projected vertically downwards from E with speed /ag .

a) Prove that, while the string is taut, P moves with simple harmonic motion.
b) Find, in terms of a, the amplitude of the simple harmonic motion.

¢) Determine, in terms of @ and g, the time at which the string first goes slack.

amplitude:la, t:7—ﬂ 4
2 12\g

Created by T. Madas



Created by T. Madas

Question 9 (¥**¥)

A smooth hollow narrow tube of length 1.6 m has one open end and one closed end.
The tube is fixed in a vertical position with the closed end at the bottom.

A light elastic spring of natural length 1.6 m and modulus of elasticity 98 N is
placed inside the tube.

The spring has one end attached to a fixed point on the closed end of the tube and the
other end of the spring is attached to a particle of mass 1.25 kg .

The particle is next held inside the tube at a distance 0.8 m below the open end of the
tube and released from rest.

a) Show clearly that after release the motion of the particle is simple harmonic
with period %7[ S.

b) Calculate the time for the particle to first attain a speed of 2.1 ms™.

¢) Find the speed with which the particle passes through the open end of the tube.

_a o 14 /5 - -1
t =45 =~0.0748s|, |v SJE 3.96 ms
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Question 10 (¥¥%%¥)

A particle is attached to one end of a light elastic spring of natural length 3.6 m and
the other end of the spring is attached to a fixed point A. The particle is hanging

freely in equilibrium at the point E, where |AE | =54 m.

The particle is then pulled vertically downwards from E to the point B, where
|AB| = 6.48 m, and released from rest.

a) Show that the particle moves in simple harmonic motion, stating the centre of
the motion.

b) Find the greatest magnitude of the acceleration of the particle.

The point C is the midpoint of EB.

The point D lies vertically below A, where |AD| =4.32 m.

¢) Show further that the time taken by the particle to. move directly from C to D
is %75.

Created by T. Madas



Created by T. Madas

Question 11 (¥*%%)

Two fixed points A and B lie on a smooth horizontal surface, so that the distance
between them is 4.2 m.

A particle P of mass 0.25 kg is attached to one end of a light elastic string S, and
the other end of S, is attached to A.

A second light elastic string Sp is also attached to P while the other end of Sy is
attached to B.

The natural length of S, is 1.8 m and its modulus of elasticity is 20 N, while the
natural length of Sp is 1.2 m and its modulus of elasticity is 40 N.

P rests in equilibrium at some point O between A and B.

a) Show by calculation that |OA| =2.7.

P is then displaced from its equilibrium position O to a new position C, and
released from rest.

b) Given that when P is at C, both strings are taut, show further that in the
subsequent motion, P moves with simple harmonic motion, stating its period.
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Question 12 (¥¥%%)

Two fixed points A and B lie on a smooth horizontal surface, so that the distance
between them is 4.13 m.

A particle P of mass m kg is attached to one end of a light elastic spring S, and the
other end of S, is attached to A.

A second light elastic spring S is also attached to P while the other end of Sy is
attached to B.

The natural length of S, is 0.8 m and its modulus of elasticity is 120 N, while the

natural length of Sp is 1.5 m and its modulus of elasticity is 80 N..

The particle rests in equilibrium at some point O between A and B .

a) Show by calculation that |OA|=1.28.

The point C lies on the straight line segment AOB, between A and O.
Attime r=0s, P isreleased from rest from C and moves without any resistance.

b) Show that in the subsequent motion, P moves with simple harmonic motion.

The angular frequency of P is 10 Hz and its maximum speed is 4 ms™.

¢) Determine the time taken for P to travel a distance of 0.6 mfrom C.

1= 20209
15
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Question 13 (¥¥%%)

A particle of mass 0.75 kg is attached to a fixed point A by a light elastic string of
modulus of elasticity 78 N.

The particle is released from rest from A and falls vertically without any air
resistance, coming to rest at a point C, 4 m below A.

a) Show by calculation that the natural length of the string is 2.6 m.

b) Show that when the extension in the string is x m

2
d—;=—40x+g.
dt

¢) Use a suitable substitution to demonstrate that the above differential equation
represents simple harmonic motion.

d) Determine the maximum speed of the particle during its motion.

e) Calculate, correct to 4 decimal places, the time it takes the particle to move
from A to C.

[ ] e =730ms™Y [r=1.3434 s
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Question 14  (¥*%%¥)

Two fixed points A and B lie on a smooth horizontal surface, such that |AB| =5 m.
A particle P of mass 0.3 kg is attached to one end of a light elastic string S, and the
otherend of S, is attached to A.

A second light elastic string Sp is also attached to P while the other end of Sj is
attached to B.

The natural length of S, is 1 m and its modulus of elasticity is 90 N, while the
natural length of S is 2 m and its modulus of elasticity is 60 N .

The particle rests in equilibrium at some point O between A and B.
a) Determine the distance OA.

At time t =0s, P is released from rest from a point on the line segment AB such
that AO is 1 m, and moves without any resistance.

b) Show that in the subsequent motion, P moves with simple harmonic motion
and determine its amplitude and its period.

¢) Calculate the total distance P covers in the first 0.5 s of its motion.

oa=15 o faza5]. fr=Z ).
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Question 15 (*¥%*%4)

A particle of mass m is attached to one end of a light elastic string of stiffness k , and
the other end is attached to a fixed point A. The particle is hanging in equilibrium
with the string in a vertical position. The particle is next pulled a vertical distance a
below its equilibrium position and released from rest.

At time 7, the displacement of the particle below its equilibrium position is x and the
velocity of the particle is v.

Show, by forming and solving suitable differential equations, that while the particle is
moving upwards with the string taut ...

a) ... v=—,/%(a2—x2).

b) ... xzacos[ ﬁt)
m
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Question 16  (*¥**4)

A light elastic string with natural length 0.8 m, has one of its ends attached to a fixed
point O on a smooth plane inclined at angle & to the horizontal, where sin@=0.75.
A particle of mass 2.5 kg is attached to the other end of the string.

The particle rests in equilibrium at the point A on the plane, where OA lies along a
line of greatest slope with |OA| =12 m.

The particle is then pulled down to a point B, where OAB is a straight line with
|0B| =1.7 m, and released from rest.

a) Show that, while the string remains taut, the particle is moving with simple
harmonic motion.

Give all the relevant details of this motion.
The point M is the midpoint of AB.

b) Calculate, correct to 4 decimal places, the time taken by the particle to move
directly from M to the point where the string becomes slack for the first time.

t =~ 0.3385]

b
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Question 17  (***%4)

Two fixed points A and B lie on a smooth horizontal surface, such that |AB| =7 m.
A particle P of mass 0.3 kg is attached to one end of a light elastic string S, and the
otherend of S, is attached to A.

A second light elastic string Sp is also attached to P while the other end of Sj is
attached to B.

The natural length of S, is 1.5 m and its modulus of elasticity is 75 N, while the
natural length of Sp is 3 m and its modulus of elasticity is 100 N..

Attime t=0s, P is released from rest from so that |AP| =325m.
Attime =T s, P is moving towards B for the first time and |AP| =225 m.

Determine the value of T .

, 1T =0.262s
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Question 18  (***%4)

Two fixed points A and B lie on a smooth horizontal surface, such that |AB| =5 m.
A particle P of mass 0.5 kg is attached to one end of a light elastic string S, and the
otherend of S, is attached to A.

A second light elastic string Sp is also attached to P while the other end of Sj is
attached to B.

The natural length of S, is 1.5 m and its modulus of elasticity is 30 N, while the
natural length of Sy is 0.8 m and its modulus of elasticity is 20 N .

At time t=0s, P is released from rest from so that S, is at natural length, and

moves without any resistance.

Calculate the length PB, when the particle next gets to instantaneous rest.

d =0481 m
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