HKAL Exercise : Part 1 Mechanics

Chapter 5 Simple Harmonic Motion
5.1
The Kinematics of SHM (Mathematical Approach)

(Essay)

1.
Describe simple harmonic motion (s.h.m.).








(2 marks)

Displacement

2.





Diagram NOT to scale



[image: image1.wmf]40 cm



An object performs simple harmonic motion. A ticker-tape stuck to it records its positions at 0.020 s intervals for the first half cycle. The maximum speed of the object is




A.
3.14 m/s




B.
6.28 m/s




C.
15.7 m/s




D.
49.35 m/s

3.
A particle performs S.H.M. between two points A and B with period T. If O is the center of oscillation, the shortest time for the particle to move from point B to the mid-point of OB is




A.
T / 2.




B.
T / 6.




C.
T / 8.




D.
T / 12.

4.
An object moves vertically with simple harmonic motion just behind a wall. From the other side of the wall the object is visible in each cycle for 3.0 s and hidden behind the wall for 11.0 s. The maximum height reached by the object relative to the top of the wall is 0.50 m. The amplitude of the motion is



A.
1.00 m.




B.
1.15 m.




C.
2.00 m.




D.
2.29 m.

(Derivation)

5.
An object moves vertically with simple harmonic motion just behind a wall. From the other side of the wall the object is visible in each cycle for time T1 and hidden behind the wall for time T2. The maximum height reached by the object relative to the top of the wall is x. Find an expression for the amplitude of the motion, A.

6.
The velocity of an object changes with time but the magnitude of its acceleration remains unchanged. The motion of the object can be


(1)
parabolic motion of a projectile.


(2)
simple harmonic motion.


(3)
free fall motion.


A.
(1) only

B.
(3) only

C.
(1) and (3) only
D.
(1), (2) and (3)

Phase

7.
A body is moving with simple harmonic motion about point O. Which of the following graphs represents the variation of its velocity v from O, with its acceleration a?


A.



B.
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8.
Which of the following statements is true of the acceleration of a particle oscillating with S.H.M.?

A.
It has its greatest magnitude when the speed of the particle is greatest.

B.
It is always in the opposite sense to the displacement of the particle.

C.
It decreases as the potential energy increases.

D.
Its magnitude is a minimum when the displacement of the particle is a maximum.

9.
When a body performs a simple harmonic motion, which of the following is/are correct ?


(1)
Acceleration is π/ 2 out of phase with the velocity.

(2)
Displacement from the equilibrium position is in phase with the velocity.

(3)
Displacement from the equilibrium position is π out of phase with the acceleration.



A.
(1) only



B.
(3) only



C.
(1) and (3) only



D.
(1), (2) and (3)

10.
An object is placed on a horizontal platform vibrating vertically in S.H.M. with a period of 0.5 s. The maximum amplitude of oscillation which will allow the object to remain in contact with the platform throughout the motion is



A.
0.63 cm



B.
6.3 cm



C.
63 cm



D.
indeterminate
5.2
The Dynamics of SHM

Horizontal Block-spring system

11.
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A block of mass m is attached to two identical springs S1 and S2 as shown. The force constant of the springs is k. If the block is made to executes simple harmonic motion, the period will be



A.
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C.
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D.
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12.
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A trolley attached to two fixed supports S1 and S2 by identical springs is displaced from the equilibrium position along the direction X and set into oscillation. A load is dropped onto and is retained by the trolley when it passes through its equilibrium position P. Which of the following statements is/are correct ?

(1)
The amplitude of oscillation decreases after the landing of the load.

(2)
The period decreases after the landing of the load.

(3)
Linear momentum in the horizontal direction is conserved just before and after the load lands on the trolley.


A.
(2) only

B.
(3) only


C.
(1) and (3) only


D.
(1), (2) and (3)

13.
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The waveforms in the figure show the time variation of two physical quantities P and Q. What is the phase relationship between P and Q ?




A.
P leads Q by 
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B.
P leads Q by 
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C.
Q leads P by 
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D.
Q leads P by 
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(Structural question)

14.
(a)
In order to measure the acceleration of a train moving on a horizontal track, the 

mass-spring system in Figure 1 is placed securely in that train.
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Figure 14.1

The system consists of an empty trolley of mass 3 kg which can move to the left or to the right but is constrained by two identical stretched light springs. The force constant (force per unit extension) of each spring is 16 N m-1. A light pointer is attached to the trolley to show its position on a scale with 1 cm intervals, placed alongside the trolley. When the trolley is in equilibrium, the pointer points at the zero mark as shown. (Friction can be neglected)

(i)
When the train is moving at a steady speed of 10 m s-1 to the left, to what position on the scale will the pointer point ?








(1 mark)

(ii)
When the pointer is at position A (4 cm mark on the left), determine the net force acting on the trolley. Hence deduce, in magnitude and direction, the acceleration of the train at this instant.










(3 marks)

(iii)
Even when the train is accelerating uniformly, the pointer will not come to rest quickly to the final position. Suggest a method which could be used to bring the pointer quickly to rest without changing the reading obtained. Briefly explain your answer.













(2 marks)

(b)
On earth, beam balances can measure mass by comparing weights. However, there are situations in which they fail to measure mass, whereas the mass-spring system in (a) still works.

The mass to be measured is placed securely inside the trolley which is then displaced slightly from its equilibrium position and released, the period of oscillation being measured. The procedure is repeated for different standard masses so as to calibrate the instrument.



(i)
Suggest a situation in which beam balances fail to measure mass.

(1 mark)

(ii)
Calculate the period of oscillation for the empty trolley of the mass-spring system in (a).














(2 marks)

(iii)
Sketch a calibration graph for this system showing how the period of oscillation (T) varies with the mass (m) placed inside the trolley.





(2 marks)
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Vertical Block-spring system

15.
Figure 15.1 shows a light spring fixed vertically to the ground at its lower end and with a small aluminium pan of negligible weight attached to its upper end. When a small block of mass 0.2 kg is placed on the pan, a compression of 8 cm is observed after the pan settles. Assume the spring obeys Hooke’s law and damping can be neglected.


[image: image19.wmf]
Figure 15.1

(a)
Find the force constant (i.e. force per unit extension or compression) of the spring.



















(1 mark)

(b)
(i)
If the block and the pan are pushed slightly downwards and released, calculate the period of oscillation of the system.









(2 marks)


(ii)
Find the maximum amplitude for which the block would not leave the pan.
(3 marks)

(iii)
Figure 15.2 shows the variation of kinetic energy of the block with its height above the ground. (The gravitational potential energy of the block is taken to be zero at the ground.)
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Figure 15.2



(I)
Find the amplitude of oscillation of the block.




(1 mark)

(II)
If the total energy of the system remains constant at 0.123 J, find the maximum elastic potential energy stored in the spring.





(2 marks)

(c)
The system is now brought to a planet with a smaller gravitational field strength than that of the earth. How would the answers to (b)(i) and (b)(ii) be affected ? Explain briefly.



















(2 marks)

16.
Figure 4 shows a small bead of mass m connected by two identical elastic light strings to points A and B respectively, with A vertically above B. The separation between A and B is 2.0 m. The bead is at rest when it is 0.8 m above B and both strings are taut.
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Figure 16.1
(a)
(i)
Write down an equation relating the tensions in the strings with the weight of the 

bead.









 



(1 mark)

(ii)
If each string has an unstretched length of 0.7 m and a force constant of 1.5 N m-1, find m.







 





(2 marks)

(b)
The bead is now displaced vertically a small distance y from its equilibrium position and is then released from rest. (Neglect air resistance and assume that both strings are always taut.)

(i)
What is the maximum allowed value of y such that the strings remain taut when the bead oscillates ?





 





(1 mark)

(ii)
Show that the restoring force is given by –3.0 y and calculate the period of oscillation of the bead.





 




(3 marks)


(c)
With the bead resting at its equilibrium position, the lower string is cut. Find



(i)
the initial acceleration of the bead;





 


(2 marks)

(ii)
the new equilibrium position of the bead and its maximum speed in the subsequent motion.








 




(5 marks)

17.
A body is suspended by a spring and allowed to swing as a simple pendulum. When it is moved from the north pole to the equator, its angular frequency will



A.
remain constant.




B.
decrease.




C.
decrease and then increase.




D.
increase and then decrease.

18.
A small mass is hung vertically from a light spring fixed at its upper end. When the mass is pulled down 3 cm from its equilibrium position and released from rest, it takes 0.5 s to rise back to its equilibrium position. If the mass is pulled down 4 cm from its equilibrium position and released from rest, how long does it take for the mass to rise 3 cm ? (Assume that the spring obeys Hooke’s law.)




A.
0.08 s




B.
0.23 s




C.
0.27 s




D.
0.42 s

19.
A bob of mass m supported by an elastic string performs simple harmonic oscillations in a vertical plane. The tension in the string

(1)
has its maximum value when the bob is at its highest point.

(2)
is independent of m.

(3)
is independent of the amplitude of the oscillations.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(1), (2) and (3)

Simple Pendulum

20.
The period of a simple pendulum undergoing simple harmonic motion may be increased by

A.
lengthening the string attached to the bob.




B.
using a heavier pendulum bob.

C.
increasing the amplitude of oscillation.

D.
placing the pendulum at the South pole.

21.



[image: image22.wmf]

A simple pendulum is swinging in a vertical plane. When it is at the position shown, which of the following diagrams best represents the forces acting on the bob ? Neglect air friction.


A.



B.
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D.
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22.
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The figure shows a small heavy bob P attached to a fixed point A on the ceiling by a light inextensible string. The bob is pulled aside with the string taut and then released from rest. Which of the following descriptions is/are true ?

(1)
The centripetal acceleration of the bob is constant.

(2)
When moving towards the lowest point of its path, the angular speed of the bob is increasing.

(3)
When the bob is at the lowest point, the tension in the string minus the gravitational force equals the centripetal force



A.
(1) only



B.
(3) only



C.
(2) and (3) only



D.
(1), (2) and (3)

23.



[image: image28.wmf]T

mg

q



A simple pendulum is displaced an angle θ and is released from rest. If T is the tension in the string and m is the mass of the bob, which of the following statements is/are correct ?

(1)
The restoring force of the harmonic motion is T cosθ.

(2)
At the moment when the bob is released, T = mg cosθ.

(3)
The period of oscillation is independent of θ when θ is small.


A.
(1) only



B.
(3) only


C.
(2) and (3) only


D.
(1), (2) and (3)

5.4
Energy in SHM

24.
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The above figure shows a uniform ring and a uniform disc, with equal mass and radius, smoothly hinged at points O and O’ on their respective circumferences. They are set into small oscillation of equal amplitude about axes through O and O’ perpendicular to the plane of the paper. Which of the following statements is/are correct ?

(1)
Both the ring and the disc have the same total kinetic energy when their centres are vertically below their respective axes.

(2)
The moment of inertia of the ring about the axis through O is greater than that of the disc about the axis through O’.


(3)
The period of oscillation of the ring is shorter.


A.
(2) only

B.
(3) only

C.
(1) and (2) only

D.
(1), (2) and (3)

25.
A circular loop, of mass M and radius r, is hung over a peg, and makes small oscillations in its own plane of period 3 s. If the moment of inertia of the loop about the axis of oscillation is 2 Mr2 and the gravitational acceleration g = 10 m/s2, then the value of r is




A.
1.14 m.


B.
1.52 m.




C.
2.28 m.


D.
4.56 m.

Energy versus displacement

26.
The tip of each prong of a tuning fork, emitting a sound wave of frequency 300 Hz, has an amplitude of 0.6 mm. What is the speed of each tip when its displacement is 0.5 mm?




A.
0.21 m/s




B.
0.42 m/s




C.
0.75 m/s




D.
7.50 m/s

27.
A particle of mass 0.6 kg moves with S.H.M. of amplitude 0.5 m. If the total energy of the particle is 1.2 J, then its period of motion is




A.
π/4 s.




B.
π/2 s.




C.
π s.




D.
2π s.

28.
An object undergoes a simple harmonic motion with an amplitude A, and its total energy is E. What is the displacement of the object from the equilibrium position when its kinetic energy is 
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A.

[image: image31.wmf]4

A





B.
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29.
A point mass is attached to the lower end of a light spring fixed at the upper end. The mass is made to oscillate vertically. If the potential energy of the system is taken to be zero when the mass is at its equilibrium position, the speed of the mass at the equilibrium position is directly proportional to the square root of 

(1)
the maximum potential energy of the system.


(2)
the amplitude of oscillation.


(3)
the spring constant.



A.
(1) only


B.
(1) and (3) only


C.
(2) and (3) only


D.
(1), (2) and (3) 
30.
A metre rule is clamped horizontally to the edge of a bench so that most of its length overhangs and it is free to vibrate with vertical simple harmonic motion. The tip of the rule vibrates with an amplitude of 2.5 cm and a maximum speed of 0.5 m s-1. What is the frequency of vibration of the rule ?




A.
3.2 Hz




B.
3.7 Hz




C.
4.2 Hz




D.
4.7 Hz

31.
A body hanging on a light spring oscillates vertically between levels X and Z as shown below. Its static equilibrium position is at level Y.
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Which of the following statements is/are correct ?

(1)
The strain energy of the spring is zero when the body is at level Y.

(2)
The acceleration of the body is zero when it is at level Y.

(3)
The net downward force acting on the body is at its maximum when it is at level Z.

A.
(1) only


B.
(3) only

C.
(2) and (3) only
D.
(1), (2) and (3)

32.
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On a smooth horizontal surface, a block connected to the wall with a light spring performs simple harmonic motion of amplitude A as shown. If the amplitude is reduced to A/2, which of the following quantities would be unchanged ?


(1)
the period of oscillation of the block


(2)
the maximum velocity of the block

(3)
the maximum elastic potential energy stored in the spring

A.
(1) only


B.
(3) only

C.
(1) and (2) only
D.
(1), (2) and (3)

33.
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An object is attached to a light spring which does not obey Hooke’s law. The mass is set oscillating so that the system has a constant total mechanical energy E. The graph above shows the variation of the kinetic energy K of the mass with the extension x of the spring. The object will experience a force of maximum magnitude at




A.
x = a only.




B.
x = b only.




C.
x = (a + b)/2 only.



D.
both x = a and x = b.

34.
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The graph describes the motion of a simple harmonic oscillator. Which pair of physical quantities is most likely represented by variables y and x ?





y



 x


A.
Force


Displacement



B.
Kinetic energy

Displacement



C.
Speed


Displacement



D.
Speed


Acceleration

Energy versus time

(Structural question)

35.
Figure 35.1 shows a smooth box in which a small block of mass m is connected by two identical light springs to opposite sides, A and B, of the box.
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Figure 35.1

Initially both springs are stretched an equal amount e and the force constant is 5 N m-1 each. The block is now displaced a small distance along AB from the equilibrium position and is released from rest. (Assume that both springs are always in tension.)

(a)
When the block is at distance x from the equilibrium position, write down the expressions for the tensions, T1 and T2, in the springs. Show that the motion of the block is simple harmonic.





 







(4 marks)

(b)
Figure 35.2 shows the time variation of the potential energy of one of the springs.
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Figure 35.2

(i)
Using crosses, indicate on the graph the points corresponding to the time at which the block is at its extreme positions.

 





(1 marks)



(ii)
Find the period of oscillation and the mass of the block.
 


(4 marks)


(c)
State the change, if any, in the period of oscillation if



(i)
the box is tilted at a small angle to the horizontal;


 


(1 marks)



(ii)
a larger box with greater separation AB is used.


 


(1 marks)

5.5
Damped Oscillation

(Structural question)

36.
A spring of force constant 80 N/m is suspended vertically with its top end rigidly clamped. A mass of 0.2 kg is attached to the lower end of the unextended spring and then released. The system then oscillates – the oscillations slowly dying away until the mass achieves static equilibrium.


(a)
Calculate the frequency of the oscillations.







(2 marks)

(b)
When the mass has achieved static equilibrium, calculate the energy stored in the extended spring.












(3 marks)

(c)
Calculate the change in the gravitational potential energy of the mass from the beginning to the end of the motion. Why is this answer different from the answer to (b) above ?

















(2 marks)

(d)
Using a suitable sketch graph, describe how the amplitude of the oscillations varies with time.














(3 marks)

37.
Which of the following physical quantities will decrease with time in damped harmonic motion ?


(1)
Amplitude


(2)
Period

(3)
Maximum speed



A.
(1) only


B.
(3) only



C.
(1) and (3) only
D.
(1), (2) and (3)

5.6
Forced Oscillations

Resonance

38.
A system A oscillating at its natural frequency fA is coupled to a system B of natural frequency fB, and causes system B to oscillate. When the steady state is reached, which of the following statements is/are correct ?

(1)
System B oscillates at frequency fA.

(2)
The rate of transfer of energy from system A to B is high when fA is close to fB.

(3)
The amplitude of system B is independent of both fA and fB.


A.
(1) only


B.
(1) and (2) only


C.
(2) and (3) only


D.
(1), (2) and (3)

39.
A piece of iron is suspended from a vertical spring. The iron (but not the spring) is immersed in a jar of water, and oscillates with period T0. A vertical sinusoidal force of variable period T is now applied to the iron using an electromagnet. Which one of the following statements is NOT correct ?

A.
When the electromagnetic is switched off, the period of the oscillations changes from T to T0.

B.
If the electromagnetic is switched off, the water gains energy as the amplitude of the oscillations decreases.

C.
For T not close to T0, the forced oscillations has constant amplitude even with damping.

D.
The amplitude of the oscillations increases greatly when T is increased far away from T0.

40.
A mass is suspended by a light spring fixed to the ceiling. When the mass-spring system undergoes vertical oscillation freely, its frequency is fo . If the system is removed from the ceiling and forced to oscillate vertically by a periodic driving force of variable frequencies, which of the following graphs best represents the relationship between its frequency of oscillation, f, and the applied frequency, fa ?



A.


  B.
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C.


  D.
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Phase Relationship

(Essay)

41.

(a)
Explain the meaning of forced oscillation and resonance. State the phase relationship, in the case of resonance, between the driving force and the displacement of the system that is being driven.

(b)
Sketch graphs to show how the amplitude of forced oscillation depends on the driving frequency when the damping is (I) light and (II) heavy. State and explain TWO considerations in the design of the suspension of a car by referring to the graphs sketched.




















(8 marks)

Barton’s Pendulum

42.
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The figure shows a variation of Barton’s pendulum. A, B and C are three paper cone pendulums of different lengths suspended from the string. The heavy bob is pulled well aside and released so that it oscillates on a plane perpendicular to the paper. The paper cone pendulums are forced into oscillations. When the motion settles down after a short time, which of the following statements is/are correct ?


(1)
C has the largest amplitude among the three paper cone pendulums.


(2)
A and B are approximately in phase.


(3)
All the paper cone pendulums are oscillating with the same frequency.



A.
(1) only



B.
(3) only



C.
(2) and (3) only



D.
(1), (2) and (3)

HKAL Exercise (KEY) : Part 1 Mechanics

Chapter 5 Simple Harmonic Motion
1.
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Body oscillates in position about point P (extremities points A and B).
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At any location Q, the acceleration 

, k being a constant (or in words – the
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acceleration is proportional to the displacement from P and directed towards it).
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5.
A = 
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14.
(a)
(i)
At the zero mark.












1 1



(ii)
Net force F 
= 2 (kx)







= 2 (16 × 0.04)







= 1.28 N











1



Acceleration a
= 
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= 0.427 m s-1










1




Direction : to the right











1 3


(iii)

Attach a light cardboard to the trolley in a transverse direction to the

1





motion by using air damping.









1




or
Attach a light metal plate to the trolley along the direction of motion and
1




normal to a transverse magnetic field by using electromagnetic damping.
1 2


(b)
(i)
In place free from gravity










1



or
Inside a spacecraft orbiting the earth








1 1



(ii)
Period T
= 
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= 1.57 s












1 2


(iii)
“+” y-intercept













1




shape of curve correct











1 2
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15.
(a)
    0.2 × 10
= k × 0.08





  k
= 25 N m-1











1 1


(b)
(i)
  T
= 
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= 0.56 s













1 2



(ii)
Apply 
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Since downward acceleration of the pan should not exceed g,
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  A
= 0.08 m (or 8 cm)










1 3



(iii)
(I)
Amplitude, A
= 
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= 0.04 m (or 4 cm)








1 1




(II)
P.E.e + P.E.g + K.E. = 0.123 J









1





P.E.e + 0.2 × 10 × 0.03 – 0 = 0.123 J





P.E.e (max) = 0.063 J










1 2


(c)
The period remains at 0.56 s as T depends on m and k but not g.




1



The maximum amplitude becomes smaller as g is smaller.





1 2

16.
(a)
(i)
T1, T2 are tensions in the upper and lower strings respectively.




T1 = T2 + mg













1 1



(ii)
  (1.5) (0.5)
= (1.5) (0.1) + m (10)








1






 m
= 0.06 kg











1 2


(b)
(i)
0.1 m














1 1



(ii)
Suppose the bead is displaced downwards by a small distance y, the tension in




the upper string would increase by 1.5 y and the tension in the lower string

would decrease by 1.5 y, resulting in a restoring force of –3.0 y (upwards).

1





  -3.0 y
= m
[image: image65.wmf]y
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 T
= 2π
[image: image67.wmf]0
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m












1





  
= 2π
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= 0.89 s
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(c)
(i)


  F
= ma



  (1.5) (0.1)
= 0.06 a











1






  a
= 2.5 m s-2










1 2


(ii)


 mg
= ky0











1




  (0.06) (10)
= 1.5 y0





  y0
= 0.4 m (i.e. the new equilibrium position is at 1.1 m below A)
1




The s.h.m. towards the new equilibrium position therefore has an amplitude

of 0.1 m.






vmax
= ω’A’







= 
[image: image69.wmf]m
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= 
[image: image70.wmf]06
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 (0.1)









1







= 0.5 m s-1
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17 – 20 : ADBA,
21 – 30 : CCCCC BBCBA,
31 – 34 : CABA

35.
(a)
T1 = k (e + x) and T2 = k (e - x)










1



Equation of motion :
-(T1 – T2) = m
[image: image71.wmf]x
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m
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 + 2 kx = 0 or m
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 + 10 x = 0
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as 
[image: image74.wmf]x
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 S.H.M.
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(b)
(i)
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(ii)
T = 0.6 s














1




As
ω2 = 
[image: image78.wmf]m
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1





m = 0.046 kg
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(c)
(i)
unchanged













1



(ii)
unchanged
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36.
(a)
knows   T 
= 
[image: image83.wmf]k

m

p

2

 = 
[image: image84.wmf]80
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 = 0.31 s
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f 
= 1/T




f
= 3.2 Hz












1 2

(b)
kx0 
= 0.20 g ;
x0 = 
[image: image85.wmf]80
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(c)
E’ 
= mgh



= 
[image: image87.wmf]80
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energy lost as heat in damping process
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(d)
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envelope of amplitudes drop exponentially
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37 – 40 : CBDB

41.
(a)
A system of natural frequency fo is being driven by a driving force of frequency
 
1



f. The system, oscillating with frequency f, is said to perform forced oscillation.
 
1



If f is close to or equal to fo of the system is in resonance with the driving force.
 
1



And the amplitude of the system becomes very large.







[image: image89.wmf]2

1




The driving force and the displacement of the resonating system have a phase



difference of a quarter of an oscillation, i.e. 90∘or 
[image: image90.wmf]T

4

1

 (or close to 90∘)
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(accept graphical presentation).


(b)















  

1+1


[image: image92.wmf]Light damping
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Natural
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Driving
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The natural frequencies of (the suspension of) a car should not equal any that

1



may be produced by the forces experienced in its motion. Also there should

1



be sufficient damping so that no large amplitude vibration is produced.
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