[image: image1.png]0.004

kinetic énefgyﬂ '

0.002 - =

0.05




[image: image2.wmf]dt

dx

b



[image: image3.png]


HKAL '90 

I-7 

A.  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 2.0 s and hidden behind the wall for 6.0 s. The maximum height reached by the object relative to the top of the wall is 0.30 m. The amplitude of the motion is

B.  0.18 m.     B.  0.51 m.     C.  0.60 m.     D.  1.02 m.

E.  1.20 m.

HKAL '91 

I-5 

(1)  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

(2)  the amplitude of oscillation.

(3)  the total energy of the system.

A.  the maximum potential energy of the system.

B.  (1), 2) and (3)     B.  (1) and (2) only    

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

I-8 
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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?

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

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

A.  The period increases after the landing of the load.

B.  (1), 2) and (3)     B.  (1) and (2) only    

C.   (2) and (3) only     D.  (1) only      E.  (3) only
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I-3 

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.
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A.  An object is placed on a horizontal platform vibrating vertically in S.H.M. with a period of 0.2 s. The maximum amplitude of oscillation which will allow the object to remain in contact with the platform throughout the motion is

B.  1 cm     B.  5 cm     C.  10 cm     

D.  100 cm     E.  indeterminate
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A.  A small mass is hung vertically from a light spring fixed at its upper end. When the mass is pulled down 1 cm from its equilibrium position and released from rest, it takes 0.3 s to rise back to its equilibrium position. If the mass is pulled down 2 cm from its equilibrium position and released from rest, how long does it take for the mass to rise to 1 cm? (Assume that the spring obeys Hooke’s law.)

B.  0.30 s     B.  0.25 s     C.  0.20 s     

D.  0.15 s     E.  0.10 s
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(1)  A simple pendulum is displaced an angle ( 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?

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

(3)  The restoring force of the harmonic motion is T sin (.

A.  The period of oscillation is independent of ( when ( is small.

B.  (1) only     B.  (3) only     C.  (1) and (2) only

D.  (2) and (3) only     E.  (1), (2) and (3)
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A.  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 3.5 cm and a maximum speed of 1.0 m s-1. What is the frequency of vibration of the rule?

D. 3.0 Hz     B.  3.5 Hz     C.  4.0 Hz     

E.  4.5 Hz     E.  5.0 Hz

HKAL '97
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A 50-g mass suspended from a light helical spring oscillates with vertical simple harmonic motion of amplitude 2.5 cm. If the maximum kinetic energy of the mass is 3.0 ( 10-3 J, its frequency of oscillation is 

A. 0.4 Hz    B. 0.8 Hz    C. 1.1 Hz    D. 1.9 Hz    E. 2.2 Hz

II-9 

(1) When a body performs a simple harmonic motion, which of the following is/are correct?

(2) Displacement from the equilibrium position is (/2 out of phase with the velocity.

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

(4) Displacement from the equilibrium position is in phase with the acceleration.

A. 1 only   B. 3 only   C. 1 & 2 only  

D. 2 & 3 only    E. 1, 2 & 3
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(b)  Describe simple harmonic motion (s.h.m.)

(c)  A simple pendulum consisting of a weight suspended vertically by a string of length l, attached to a fixed point is set in motion in a vertical plane, the amplitude of oscillations being small. Show that the motion is simple harmonic and write down expressions for the displacement, velocity and acceleration of the weight after a time t. Sketch the variations of potential and kinetic energies with time.
(d)  Describe an experiment to verify that such a pendulum undergoes s.h.m.
(e)  A student decides to use the oscillation of such a pendulum to obtain a value for the free-fall acceleration due to gravity. Without describing this experiment, critically discuss TWO possible sources of error in your measurement.
HKAL '92 

a) II-6a 

b) Define simple harmonic motion (s.h.m.) and give one example of motion approximating to s.h.m. which may be observed during our daily lives.

c) i) A long spiral spring of force constant k hangs vertically from a fixed support with a weight of mass m attached to its bottom end. If the weight is pulled downwards and then released show that the subsequent motion is s.h.m., with the displacement from the equilibrium position at any time t given by 

x = ( cos (o t, 

where ( is a constant and (o the natural angular frequency of oscillation.

   ii) If the weight now moves in a viscous liquid, there will be an additional retardation force acting of 

Write down the new equation of motion. Assume a solution, x = Ae-(t cos (t and by substitution derive an expression for ( and show that the new angular frequency of oscillation, ( = ((02 - (2)1/2. (Hint: consider particular times t = 0, (/2(.)
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a)  II-6 

i)  An ideal spring of force constant k is mounted horizontally with one end fixed and the other end attached to a block of mass m (as shown). The block is set to oscillate with amplitude A on a level, frictionless surface.

ii)  Sketch a graph of elastic potential energy U against x for the spring-mass system, where x is the distance of the block from the fixed end. Mark on the graph the position xo of the central point of the oscillatory motion.
b)  On the same graph in (i), use a dotted line to sketch the graph of kinetic energy of the system against x. Briefly explain your graph by using energy-based arguments.
i)  In (a), the spring is assumed to have negligible mass. However, no spring is completely massless. To find the effect of the spring’s mass, consider a spring of mass M and force constant k. When the spring is stretched or compressed by an amount e, the elastic potential energy is 

.

Suppose at a certain instant, the speed of the block is v and the length of the spring is L. For each spring element, its speed is proportional to its distance l from the fixed end. Show that the kinetic energy of the spring is Mv2/6. (Assume uniform mass distribution of the spring.)
ii)  (Hint: find the mass and the speed of each spring element of length dl.)
c)  Find the extension of the spring in terms of x and write down the expression for the total energy of such an oscillating spring-mass system. Take the time derivative of the expression and find the period of the subsequent motion.
d)  How does the motion change if the oscillating system is immersed in water?

HKAL '94 

a)  I-1 

In order to measure the acceleration of a train moving on a horizontal track, the mass-spring system in the figure is placed securely in that train.

i)  The system consists of an empty trolley of mass 2 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 24 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)
ii)  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?
iii)  When the pointer is at position A (6 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.
b)  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.
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.

i)  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.
ii)  Suggest a situation in which beam balances fail to measure mass.
iii)  Calculate the period of oscillation for the empty trolley of the mass-spring system in (a).
iv)  Sketch a calibration graph for this system showing how the period of oscillation (T) varies with the mass (m) placed inside the trolley.
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a)  Figure 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 0.1 kg is placed on the pan, a compression of 5 cm is observed after the pan settles. Assume the spring obeys Hooke’s law and damping can be neglected.

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

ii)  i) If the block and the pan are pushed slightly downwards and released, calculate the period of oscillation of the system.
iii)  Find the maximum amplitude of oscillation for which the block would not leave the pan.
I)  Figure 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.)
II)  Find the amplitude of oscillation of the block.
III)  If the total energy of the system remains constant at 0.109 J, find the maximum elastic potential energy stored in the spring.
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.
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where dx/dt is the instantaneous velocity 
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