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3. A piston of mass 0-1kg is free to slide inside a smooth cylinder whose axis is horizontal. One
end of a light spring, of modulus of elasticity 3-2N and natural length 0-5m, is attached to
the piston, and the other end is attached to a fixed point A4 along the line of the axis of the
cylinder. Initially the piston is at rest at the point O and O4 = 0-5m.
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The piston is given a velocity of 0-8ms™' along the axis of the cylinder away from the point A.

(a)

(b)
(c)
(d)
(e)

Show that the subsequent motion of the piston is Simple Harmonic.

State its centre and show that the period is %s [6]
Show that the amplitude of the motion is 0-1m. 2]
Calculate the speed of the piston when it is 0-08 m from O. [3]
Find the maximum magnitude of the acceleration of the piston. 2]

Calculate the time taken for the piston to reach a point 0-05m from O for the first time.
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2.

The points O, A and B lie, in that order, on a straight line with O4 = 0-6m and OB = 0-8m.
A particle P performs Simple Harmonic Motion along the line with centre O. The speed of

Pat Ais 0343 ms ' and its speed at Bis 025 ms ™.

(a)
(b)
(c)

(d)
(e)

Show that the amplitude of the motion is 12m and that the period is 47 s. [7]
Determine the magnitude of the acceleration of P at A. 2]
Calculate the time taken for P to move directly from 4 to B. Give your answer correct
to 3 significant figures. 4]
Given that Pisat O at time ¢ = 0, find the distance of P from O when 7 = 23—7F . 2]
Given that Pis at O when ¢ = 0, find the speed of P when ¢ = 2% [3]
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2.

A particle P moves in a straight line with Simple Harmonic Motion about a fixed centre O with
period 2s. At time 7 = 0s, P is at a point 4 where O4 = 0-5m and its velocity is zero.

(a)  Write down the amplitude of the motion. [1]
(b)  Find the maximum magnitude of the acceleration of P and state the positions of P when

this occurs. [4]
(¢)  Find the smallest positive value of time 7 for which AP is 0-75m. [3]

(d)  Determine the speed of P when it is 0-3m from O. [3]
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A light spring, which is attached at one end to a fixed point, is hanging vertically with a particle
attached to the other end. The particle is performing a motion which satisfies the differential
equation

d2x _
a =k

where xm is the additional extension of the spring from the equilibrium position at time s, and
k is a constant.

(@
(b)

(©
(d)
(e

Find the value of k for which the period of the motion is 2s. [2]

Initially, the particle is at rest in the equilibrium position. The particle is then pulled to the
position where x = 0-52 and then released.

Calculate the value of x when 7 = % . [3]
Determine the first two values of 7 for which x = 0-4. [3]
Calculate the speed of the particle when x = 0-2. [3]
Calculate the maximum speed of the particle. [2]
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The diagram shows a particle P, of mass 7-5kg, lying on a smooth horizontal surface. It is
attached by two light springs to points A and B where ABis 1-4m.
Spring AP has natural length 0-3m and modulus of elasticity 15N.
Spring BP has natural length 0-6 m and modulus of elasticity 20 N.

When P is in equilibrium, it is at the point C.

(@) Show that AC=0-5m. [8]

(b) The particle P is pulled horizontally towards B a distance 0-25m from C and released.

(i)  Show that the subsequent motion of the particle is Simple Harmonic with period
3z

seconds.
(ii)  Write down the amplitude of the motion.
(i)  Determine the speed of P when it is 0-2m from C.

(iv)  Find the shortest time taken for P to reach a position where it is 0-2m from C.
M2
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(@)

(b)

A particle moves along the x-axis such that its position xm after time 7 seconds is given
by

X = Asinwt + Bcos wt.
Show that the motion of the particle is Simple Harmonic. State the value of x at the centre
of motion and find the amplitude of the motion. [7]
Another particle moves with Simple Harmonic Motion with centre O.
The particle has velocity 13ms™" when it is 3m from O and 5ms~" when it is 5m from O.

(i) Find the period and amplitude of the motion.

(i)  Given that the particle is at O at time ¢ = 0, find the distance of the particle from O
when t = 0-3. [9]
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5.

The speed vms~1 of a particle moving along the x-axis is given by

(@)

(b)

(©

v2=—-4x2+ 8x + 21.

Show that the motion is simple harmonic and write down the centre of the motion.  [5]
Show that the period of the motion is 7 seconds and determine the amplitude. [4]

Given that when ¢ = 0, the particle is at the centre of the motion and moving with positive
velocity, write down an expression for x in terms of 7 and calculate the time taken for the
particle to reach x = 3 for the first time. [4]
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2. A particle Pis moving in a straight line with Simple Harmonic Motion. It starts from rest from a
point A and, 5 seconds later, it reaches its maximum speed of 7 ms-1.

@
(b)
(©
(d)

(©)

Show that the amplitude of the motion is 10m. [4]
Write down the maximum magnitude of the acceleration of P. 1
Calculate the speed of the particle when it is 6 m from O, the centre of the motion. [3]
Determine the distance from A of the particle 4 s after the start of motion. [4]

Points X and Y are equidistant from O and are 8 m apart. Calculate the time taken for P
to proceed directly from X to Y. 4]
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2.

A particle is moving in a straight line with Simple Harmonic Motion with centre O. When the
particle is 5m from O its speed is 24ms~" and when the particle is 12m from O its speed is

10ms.

(@) Show that the amplitude of the motion is 13m and find the period of the motion. [71
(b) Determine the maximum magnitude of the acceleration. [2]
(c) Find, correct to two decimal places, the distance of the particle from O, 3 seconds after it

@

has passed through O. [3]

How long after passing through O is the speed of the particle a half of its maximum
speed? Give your answer correct to two decimal places. [5]
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4. A particle P is moving in a straight line with Simple Harmonic Motion about centre O, with

period 4 s. The maximum speed of P is 377 ms™". The point A is 4-8 m from O.

(a)
(b)
(c)
(d)
(e)

Find the amplitude of the motion.

Find the speed of P when it is at A.

Calculate the time taken by P to move directly from O to A.
Determine the magnitude of the maximum acceleration of P.

Find the distance travelled by the particle P in 12 s.

(4]
(3]
(3]
(2]
(2]
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2. A particle P is moving in a straight line with Simple Harmonic Motion. It starts from rest from a
point A, and 2 seconds later, reaches its maximum speed of 3mms ~

(a)  Show that the amplitude of the motion is 12 m. [4]
(b) Calculate the distance from A of the particle % s after the start of motion. [4]
(c) Calculate the speed of the particle % s after the start of motion. [3]

(d) Points X and Y are equidistant from O, the centre of the motion, and are 10 m apart.
Calculate the time taken for P to proceed directly from X to Y. [4]
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3.

A particle is moving in a straight line with Simple Harmonic Motion with centre O. When the
particle is 3m from O its speed is 5ms~ and when it is 4m from O its speed is 3-75ms™".

(a) Show that the amplitude of the motion is 5m and find the period of the motion. [8]

(b)  Find, correct to two decimal places, the distance of the particle from O 2 s after the particle
passes through O. [3]

(c) How long after passing through O is the speed of the particle two-fifths of its maximum
speed? Give your answer correct to two decimal places. [5]




image4.png
2.

At time 7 =0, a particle P is projected from a point O so that it moves in a straight line with Simple
Harmonic Motion with centre O. Two seconds later P comes to rest for the first time at the point A,
where OA = 24 cm.

(a) Determine the speed of projection. [6]

(b) The point B is between O and A, such that OB = 15 cm. Find the value of 7 when P is at B
for the third time. [4]

(c) Calculate the speed of P when7=1-5s. [4]

(d)  Find the speed of P when it is at a distance 20 cm from O. [3]
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2. The diagram shows a playground ride consisting of a seat, of mass 12 kg, attached to a vertical
spring, which is fixed to a horizontal board. When the ride is at rest with nobody on it, the
compression of the spring is 0-05 m.

The seat is modelled as a particle P and the spring is modelled as a light spring of natural length
0-75 m and modulus of elasticity A.

(a) Find the value of A. 2]
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The seat is now pushed vertically downwards a further 0-05 m and is then released from rest.

(b)

(c)
(d)
(e)

Show that P makes Simple Harmonic oscillations of period % and write down the amplitude

of the motion. [5]
2]

Find the maximum speed of P.

Calculate the speed of P when it is at a distance 0-03 m from the equilibrium position.  [3]

Find the distance of P from the equilibrium position 1-6 s after it is released. [3]




