

HKAL '82 

I-6 

X and Y are dumbbell shaped objects comprising two equal small masses rigidly joined together by a light rod. I1 and I2 are the moments of inertia of X and Y respectively about the axis PQ. I2/I1 is equal to 

A.  9 .     B.  15.     C.  25 m.     D.  45 m.     E. 75

HKAL '83 

I-6 

XYZ is a rigid framework of rods of negligible mass. Three small bodies, each of mass M, are attached to the framework, one at each of the points X, Y and Z. The moment of inertia of the framework about an axis through X perpendicular to XYZ is 

A.  12 Ma2     B.  25 Ma2     C. 27 Ma2     D. 98 Ma2         

E. 144 Ma2 

I-9 

A man pulls with force F on a rope passing over a pulley of radius r and moment of inertia I and raises a weight W at constant speed v. The kinetic energy of the system shown is

A.  

.     B. 

.    

 C.   

.     D. 

      

E. 

.


HKAL (84 
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A circular loop, of mass M and radius r, is hung over a peg, and makes small oscillations in its own plane of period 2 s. If the moment of inertia of the loop about the axis of oscillation is 2Mr2 and the gravitational acceleration g = 10 m s-2, then the value of r is

A. 0.51 m    B. 0.68 m    C. 0.76 m    D. 1.01 m    E. 2.03 m

I-39 

An ice-skater spinning on one foot brings her arms as close as possible to her body. In doing so which of the following quantities must have increased?

(1)  The angular velocity of rotation of the skater.

(2)  The moment of inertia of the skater.

(3)  The angular momentum of the skater.

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

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

HKAL '85 

I-5 

A string wraps around a uniform cylinder of radius R and mass m. A constant tension F = mg is maintained in the string causing the cylinder to rotate about its cylindrical axis. Given that the moment of inertia of the cylinder about its axis is mR2/2, the angular acceleration of the cylinder is

A.  0     B.  gR     C.  g/(2R)     D. g/R     E. 2g/R     

HKAL '86 

I-7 

The moments of inertia of a circular loop, when rotated in turn about 3 different axes, are shown in the following table:

	axis
	moment of inertia

	XY
	I1

	PQ
	I2

	an axis through Y and perpendicular to the plane of the loop
	I3 


Which of the following is correct?

A.  I1 > I2 >I3     B. I2 > I1 >I3     C. I2 > I3 >I1
D. I3 > I1 >I2      E. I3 > I2 >I1
HKAL '87 

I-7 

A toy car has a lead flywheel of moment of inertia 0.001 kg m2 attached to the axle of its rear wheels. The flywheel is now accelerated to rotate at 150 revolutions per minute and the toy car is allowed to move on a table. If the effective decelerating force experienced by the car is 0.025 N, the car will stop after travelling a distance

A.  1.23 m     B.  2.47 m     C.  3.00 m     D. 4.93 m     

E.  6.00 m

I-8 

A sphere and a cylinder, each having the same mass and radius, are released together, side by side, at the top of an inclined plane and roll down along lines of greatest slope, without slipping. It is observed that the sphere reaches the bottom first. Which of the following statements is/are correct?

(1)  The angular acceleration of each is the same.

(2)  The cylinder has a greater moment of inertia.

(3)  The kinetic energy of each is the same at the bottom.

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

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

HKAL '89 

I-13 

A ball rolls down an inclined plane. The ball is first released from rest from P and then later from Q. Which of the following statements is/are correct?

(1)  The ball takes twice as much time to roll from Q to O as it does to roll from P to O.

(2)  The acceleration of the ball at Q is twice as large as the acceleration at P.

(3)  The ball has twice as much K.E. at O when rolling from Q as it does when rolling from P.

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

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

HKAL '90  


I-5 

A wheel rolls horizontally along the ground without slipping. The instantaneous speed of point P relative to the ground is 

A.  zero     B. v     C. 

     D. 2v     E. 4v 
HKAL '91  

The turntable of a gramophone rotates at a steady angular speed (. A record is dropped from rest on the turntable. Initially, the record slips but it undergoes uniform angular acceleration and eventually moves with the same angular speed as the turntable. The turntable turns through an angle ( while the record is slipping on its surface. Find the angular acceleration of the record and the angle which it turns through before it attains the steady speed of the turntable.

	
	Angular acceleration
	Angle

	A. 
	(2/(2()
	(/2

	B.
	(2/(2()
	(

	C.
	(2/(2()
	2(

	D. 
	(2/(
	(/2

	E.
	(2/(
	(


HKAL '92  


I-6 

Two objects are moving with instantaneous velocities as shown in the diagram. The total angular momentum about the point O at this instant is

A.  4 kg m2 s-1     B. 6 kg m2 s-1     C. 10 kg m2 s-1  

D.  20 kg m2 s-1     E. 30 kg m2 s-1 

I-7 

A gymnast on a trampoline is performing a somersault and draws his knees to his chest. Which of the following quantities (about a horizontal axis through his centre of mass) will be increased?

(1)  His angular momentum.

(2)  His moment of inertia.

(3)  His rotation speed.

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

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

HKAL '93  

I-2 

A sphere of mass 1 kg is released from rest on an inclined plane of inclination 30( to the horizontal (as shown). If the sphere rolls without slipping, find the gain in kinetic energy and the work done against friction by the sphere after travelling a distance of 5 m along the plane.

	
	Gain in kinetic energy /J
	work done against fricion/J

	A.
	25
	0

	B.
	25
	25

	C.
	50
	cannot be determined

	D.
	50
	0

	E. 
	50
	25


I-5 





The above diagram shows a uniform hollow metal sphere with a small opening on top. O is the position of the centre of mass of the hollow sphere. What will happen to the position of the centre of mass of the system as the sphere is being slowly filled with oil from the opening?

A.  It will fall gradually, and its final position will be below O.

B.  It will fall gradually at first and then rise to its original position.

C.  It will rise gradually and its final position will be above O.

D.  It will rise gradually at first and then fall to its original position.

E.  It will remain unchanged throughout the process.

I-9 

A ring of radius a is made from thin wire. The moment of inertia of the ring about an axis through its centre and perpendicular to its plane is I. What would be the moment of inertia of a ring, made from the same type of wire but with radius 2a, about a similar axis?

A. I     B. 2I     C. 4I     D. 8I     E. 16I 
HKAL '94 

II-10 

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

(2)  The period of oscillation of the ring is longer.

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

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

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

HKAL '95 

II-9 

Point masses of 2 kg and 4 kg are attached to the ends of an L-shaped light frame ABC, with AB vertical and BC horizontal. The frame is pivoted at and free to rotate about point B in a vertical plane. What is the initial angular acceleration of the system when released from rest?

A.  4.4 rad s-2     B. 5.0 rad s-2     C. 5.6 rad s-2   

D.   8.0 rad s-2     E. 10.0 rad s-2 

HKAL '88 

II-7 

An ice-skater is spinning about a vertical axis through his body at a speed of 0.5 revolutions per second. He extends his arms horizontally with a weight of mass 2 kg in each hand. Assume that the moment of inertia of the skater himself remains constant at 0.8 kg m2.

a)  If the distance of the weights from the axis of rotation is 0.9 m, find

i)  the total moment of inertia of the skater and the weights about the vertical axis,
[4.04 kg m2]

ii)  the total angular momentum of the skater and the weights about the vertical axis.  

[12.7 kg m2s-1]

b)  i) If the skater pulls his hands to his sides so that the two weights are at a distance of 0.2 m from the axis of rotation, calculate his final rotational speed. Friction on ice can be neglected.
[13.2 rad s-1]

ii)  What is the change in the total kinetic energy of the skater and the weights? Has this kinetic energy been increased or decreased? How do you account for this change?


[63.7 J increase]

HKAL '89 

II-7 

A student wishes to deduce the internal diameter of a hollow spherical shell of uniform thickness (external diameter = 10 cm) using the following method:

The shell is suspended from a metal wire and then set into torsional oscillations.

a)  Indicate on the figure the directions of the torsional oscillations of the shell.

b)  If I = the moment of inertia of the shell about the axis of oscillation, and c = the torsional constant of the wire, find an expression for the period of oscillation of the shell.

[
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c)  It is found that the time for 20 torsional oscillations is 20.4 s. If the shell is now replaced by a uniform solid sphere, of the same material and the same external diameter, the time for 20 torsional oscillations becomes 24.2 s. Determine the ratio of the moment of inertia of the hollow shell to that of the solid sphere.


[0.711]

d)  If the moment of inertia of a solid sphere, of mass m and radius r about a diameter is 2mr2/5, deduce the internal diameter of the hollow shell.  [8.35 cm]

HKAL '91 

II-1 

a)  Derive an expression for the kinetic energy of a body of mass m, and hence explain its meaning, by considering the body to be linearly accelerated from rest to a velocity v.

b)  Show that an analogy exists for rotational motion and hence define the physical quantity “moment of inertia”.
c)  How would you differentiate experimentally between a hollow and a solid cylinder, which both have the same dimensions and mass? Give the theory of your method.
d)  Describe, and give the theory of, an experiment to measure the moment of inertia of a flywheel.
HKAL '92 

II-7 

A student wants to use an ‘inertia table’ to determine the moment of inertia of a cylinder about its central axis. The inertia table consists of a circular platform suspended by a wire, and can be set into torsional oscillations.

a)  Indicate on the figure the directions of the torsional oscillations of the table.

b)  Briefly explain the meaning of the moment of inertia of an object.
c)  If I = the moment of inertia of the table about the axis of oscillation, and c = the torsional constant of the wire, derive an expression for the period of oscillation of the table.
d)  If the cylinder is placed on the platform with its axis lying along the line AO, the period of oscillations changes from 2.96 s to 3.21 s. Determine the moment of inertia of the cylinder, assuming that the moment of inertia of the table is 2.2 ( 10-3 kg m2.
[3.87 ( 10-4]
e)  Mention two possible major sources of error in this experiment.
HKAL '94 


II-1 

a)  The figure show a car travelling over a hump which is an arc of a vertical circle. Compared with travelling on a level road, would a passenger feel heavier, lighter or the same as usual when the car passes the top of the hump? Briefly explain your answer. (Assume that the passenger remains in contact with the seat)

b)  State the factors on which the moment of inertia of a body depends. Compare the role of the moment of inertia in rotational motion with the role of mass in linear motion.
c)  A man, with his arms stretched out, is standing at the centre of a light, horizontal circular platform which can rotate freely about its vertical axis. He and the platform are then set into rotation. Explain what happens if he puts down his arms. Discuss whether there is a change in his kinetic energy.
d)  Two identical cylinders, A and B, are held with their axes horizontal and at the same height on slopes of the same inclination. When released from rest, cylinder A slides down a smooth slope which cylinder B rolls down a rough slope without slipping. By using the principle of conservation of energy, explain which cylinder has the greater linear speed when reaching the bottom of the slopes. (No mathematical derivation is required)
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