HKAL Exercise : Part 1 Mechanics

Chapter 6 Angular Momentum
6.1
Moment of Inertia

Definition

1.
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PQRS is a light, rigid rod with masses attached to it as shown in the diagram. The moment of inertia of the system about XY is



A.
7 ml2

B.
15 ml2


C.
75 ml2

D.
90 ml2
2.
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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 Z perpendicular to XYZ is




A.
12 Ma2.




B.
34 Ma2.




C.
50 Ma2.




D.
144 Ma2.

3.
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 4a, about a similar axis ?




A.
4I


B.
16I



C.
64I


D.
256I
4.
Three uniform wires, of same length and mass but with different shapes, are hinged to an axis passing through O and perpendicular to the plane of the paper as shown. Arrange their moments of inertia about O in ascending order of magnitude.


(1)


(2)

(3)
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A.
(1), (3), (2)


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



C.
(3), (1), (2)



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

(Derivation)

5.
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. Find an expression for the moment of inertia I’ of a ring, made from the same type of wire but with radius ka, about a similar axis.
Rotational Kinetic Energy

6.
A thin uniform rod of mass 0.2 kg and length 0.15 m is smoothly hinged at its lower end as shown. It is then released from rest from the vertical position. What is its angular speed, in radian per second, when it becomes horizontal ? (Moment of inertia of the rod about one end is 1.5 × 10-3 kg m2.)



[image: image6.wmf]



A.
10


B.
14


C.
20


D.
28

7.
A toy car has a lead flywheel of moment of inertia 0.003 kg m2 attached to the axle of its rear wheels. The flywheel is now accelerated to rotate at 120 revolutions per minute and the toy car is allowed to move on a table. If the effective decelerating force experienced by the car is 0.03 N, the car will stop after travelling a distance




A.
4.0 m.


B.
6.0 m.


C.
7.9 m.


D.
12.0 m.

(Structural question)

8.
A ball bearing of radius a is released from rest at the edge of the concave side of a cylindrical lens of radius R. The ball bearing rolls without slipping along the curved surface and shows the subsequent oscillatory motion. Neglect the effects of air resistance.
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(a)
What forces do A, B and C represent ? Which force(s) give(s) a torque on the bearing about the contact point P with the lens ?
 






(2 marks)

(b)
Explain why the motion of the ball bearing is confined to a vertical plane.

(2 marks)

(c)
The ball bearing is replaced by a hollow sphere having the same mass and same size, and is released from rest at the edge of the concave side of the lens. What is the difference in their speeds when passing the centre of the lens ? Briefly explain your answer.
(3 marks)

9.
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A wheel rolls horizontally along the ground without slipping. The speed of the center of mass of the wheel is v. The instantaneous speed of point P relative to the ground is



A.
zero.


B.
v.


C.
2 v.


D.
4 v
Pulley

10.
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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.
Wv2/2g + Iv2/2r2.


B.
Wv2/2g + Iv2/2.




C.
Wv2/2 + Iv2/2r2.


D.
Wv2/2 + Ir2/2.
6.2
Moment of Force

Torque and Angular acceleration

11.
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Point masses of 3 kg and 5 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.
1.1 rad s-2


B.
2.6 rad s-2



C.
3.7 rad s-2


D.
10.0 rad s-2
12.
A constant external torque X is applied to a flywheel which is initially at rest. The angular speed of the flywheel increases to a certain value after 30 s. If the external torque is now doubled, the flywheel will acquire the same angular speed after 5 s. Find the average frictional torque exerted at the bearings of the flywheel.




A.
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13.
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A turntable of moment of inertia 1.0 × 10-3 kg m2 is under the action of a torque. The variation of the torque τ acting about the axis of rotation with time t is as shown. If the turntable is at rest initially, what is its angular momentum at t = 20 s ?




A.
300 kg m2 s-1




B.
600 kg m2 s-1



C.
3 × 105 kg m2 s-1



D.
6 × 105 kg m2 s-1
Perpendicular Axes Theorem

14.
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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

I3

to the plane of the loop

Which of the following is correct ?




A.
I2 > I1 > I3



B.
I2 > I3 > I1



C.
I3 > I1 > I2



D.
I3 > I2 > I1
(Structural question)

15
A light inextensible string is wound round the periphery of a thick uniform disc of mass m and radius r. One end of the string is fixed at a point on the ceiling as shown in Figure 15. When the disc is released from rest, it falls while rotating about the horizontal axis through its centre without slipping. Neglect air resistance.


[image: image18.wmf]axis of rotation


Figure 15
(a)
Mark on Figure 1 the force(s) acting on the disc and its sense of rotation during its fall.








 







(1 mark)

(b)
Prove that the linear acceleration a of the disc equals to 
[image: image19.wmf]3

2

g. (Given : the moment of inertia of the uniform disc above its axis equals to 
[image: image20.wmf]2

1

mr2.)




(3 marks)


(c)
Find the tension of the string in terms of m and g.






(1 mark)

16.
A ball bearing of mass 0.5 kg and radius 5 cm is released from rest on an inclined plane with inclination θ = 20∘. The ball bearing rolls without slipping along the inclined plane. (The moment of inertia of the ball bearing about its axis is equaled to 
[image: image21.wmf]5

2

mr2.)


(a)
Calculate the moment of inertia of the ball bearing.





(2 marks)


(b)
Find the fiction acting on the ball bearing.







(3 marks)


(c)
Find the linear acceleration of the ball bearing.






(1 mark)
17.
A light inextensible string is wound round the periphery of a thick non-uniform disc of mass m and radius r. One end of the string is fixed at a point on the ceiling as shown in Figure 16. When the disc is released from rest, it falls while rotating about the horizontal axis through its centre without slipping. Neglect air resistance.
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Figure 16
(a)
(i)
Mark on Figure 2 the force(s) acting on the disc and its sense of rotation during 

its fall.








 




(1 mark)

(ii)
It is known that the linear acceleration a of the disc is given by 
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. By considering the total mechanical energy of the disc, show that two-fifth of the loss in gravitational potential energy of the disc is converted to its rotational kinetic energy during the fall.
 











(3 marks)

(iii)
Explain why the string keeps vertical instead of leaning to one side when the disc falls.








 





(1 mark)

(b)
To determine the linear acceleration of the disc, a student uses a stroboscope to take a photograph of its downward motion. The result, drawn to scale, is as shown. The time interval between successive exposures is 0.1 s and the first exposure is at t = 0 s when the disc is released.

	time t / s
	0
	0.1
	0.2
	0.3
	0.4
	0.5

	position s / m
	0
	0.03
	0.13
	0.28
	0.47
	0.75


(i)
Plot a linear graph of position s against a suitable power of time t. (Hint : Find the relation between s and t first.)


 






(3 marks)


[image: image24.wmf]
(ii)
Use the graph to find the value of the gravitational acceleration. Show your working.









 





(3 marks)

6.3
Rolling

Typical Examples of rolling - the Yo-yo

18.
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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/R.


D.
2g/R.

Rolling down an inclined plane

19.
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 cylinder has a greater moment of inertia.

(2)
The angular acceleration of each is the same.

(3)
The cylinder has a greater rotational kinetic energy at the bottom.


A.
(2) only

B.
(3) only

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

20.
A solid cylinder and a hollow cylinder, each having the same mass and external radius, are released together from rest, side by side, at the top of a rough inclined plane. Both cylinders roll down the inclined plane without slipping. Which of the following statements is INCORRECT ?




A.
The solid cylinder has a greater moment of inertia about its axis.

B.
The total kinetic energy of each cylinder is the same at the bottom of the incline.

C.
The solid cylinder has smaller rotational kinetic energy at the bottom of the incline.

D.
There is no work done by each cylinder against the friction due to the incline.

21.
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A sphere of mass 3 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 traveling a distance of 6 m along the plane.




gain in kinetic
work done against

gain in kinetic
work done against




  energy/J

friction/J


  energy/J

friction/J



A.

180


 90


B.

90


 90


C.

180


 0


D.

90


 0

Conditions for Equilibrium

22.
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A uniform metre rule of mass 0.2 kg is hinged to a wall at P and the other end R is connected by a wire attached to the wall at Q, vertically above P. A block X of mass 0.1 kg is hung from the rule 15 cm from R. The metre rule is horizontal. Find the moment about P produced by the tension in the wire.




A.
0.9 Nm


B.
1.0 Nm


C.
1.2 Nm


D.
1.9 Nm

23.
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A light rigid rod PQ is hinged smoothly to the wall at one end while the other end is connected by an inextensible string to a point R directly above P. A weight W is suspended from a point on the rod. If the rod remains horizontal, which of the following change(s) would increase the horizontal compression force in the beam ?

(1)
Replacing the string with a longer one and connecting it to a point higher than R

(2)
Shifting the weight towards Q
(3)
Replacing the string with a shorter one and connecting it to the mid-point of PQ and PR


A.
(1) only

B.
(3) only

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

24.
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For safety reasons, a vehicle should be so designed that no sideways toppling occurs before reaching an angle of inclination of 35∘. If the centre of gravity of that vehicle is 2.3 m above the ground, what is the minimum separation x between its wheels ?




A.
2.1 m

B.
2.3 m

C.
2.3 m

D.
3.2 m

6.4
Angular Momentum

Definition

25.
Which of the following is/are vector quantities ?


(1)
moment of inertia


(2)
angular speed


(3)
angular momentum



A.
(1) only



B.
(3) only



C.
(2) and (3) only



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

26.
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Two objects are moving with instantaneous velocities as shown in the above diagram. The total angular momentum about the point O at this instant is




A.
4 kg m2 s-1.
B.
80 kg m2 s-1.



C.
84 kg m2 s-1.
D.
96 kg m2 s-1.

Typical examples of second law

27.
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 decreased?

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


(2)
The angular momentum of the skater.


(3)
The moment of inertia of the skater.


A.
(1) only

B.
(3) only

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

Illustrations of the conservation law

28.
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 decreased ?


(1)
His angular momentum.


(2)
His rotation speed.

(3)
His moment of inertia.


A.
(1) only

B.
(3) only

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

29.
With his arms and legs outstretched, a diver leaves a high-diving board with some initial angular velocity. Before he enters the water, which of the following statements is INCORRECT ? (Neglect air resistance.)

A.
His angular momentum about the centre of gravity remains constant.



B.
No external torque acts on him.

C.
He can increase his moment of inertia by pulling his arms and legs to his chest.

D.
He can make more turns before reaching the water surface by coiling up his body.

Energy and Conservation of Angular Momentum

30.
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A light, rigid rod of length 2 m is hinged smoothly at P at one end. Two small masses m and 3m are fixed to the mid-point and the other end of the rod respectively. The rod is held vertically above P and is released from rest. What is the total rotational energy of the system when the rod rotates to the position vertically below P ? (Neglect air resistance)




A.
7 mg


B.
8 mg


C.
14 mg


D.
28 mg
(Structural question)

31.
An ice-skater is spinning about a vertical axis through his body at a speed of 0.4 revolutions per second. He extends his arms horizontally with a weight of mass 1.5 kg in each hand. Assume that the moment of inertia of the skater himself remains constant at 1.2 kg m2.


(a)
If the distance of the weights from the axis of rotation is 0.8 m, find



(i)
the total moment of inertia of the skater and the weights about the vertical axis,



















(2 marks)



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


















(2 marks)

(b)
(i)
If the skater pulls his hands to his sides so that the two weights are at a distance of 0.15 m from the axis of rotation, calculate his final rotational speed. Friction on ice can be neglected.













(2 marks)

(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 ?















(4 marks)

(Structural question)

32.
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Figure 32
A heavy uniform flywheel is mounted vertically at its centre on a horizontal cylindrical axle of radius 0.03 m and of negligible mass. The flywheel is free to rotate about the axle in a vertical plane as shown in Figure 32. A 4-kg weight is hanging from a light inextensible string wound round the axle. The system is then released from rest. Assume that the frictional force acting on the axle is negligible and there is no slipping between the string and the axle.

(a)
(i)
Would the tension in the string increase, decrease or remain unchanged when the system is released ? Explain briefly.








(2 marks)

(ii)
If T is the tension in the string, I is the moment of inertia of the flywheel about the axle, a and α are the linear and angular accelerations of the weight and the flywheel respectively, write down the relation a and α as well as the equations of motion of the weight and the flywheel.







(3 marks)

(b)
To measure the angle turned through by the flywheel in a certain time interval, a paper disc coated uniformly with fine powder is first attached to the flywheel. A vibration generator with a pointer moving up and down would leave a trace on the paper disc by scratching away the powder when the flywheel starts to rotate (as shown in Figure 6.2). Overlapping of the trace is avoided as the vibration generator is gradually raised by a gear system (not shown). The frequency of the vibration generator is 100 Hz.
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The angular displacements, Δθ,for every 20 periods of vibration are recorded as follows:

	
	1st
20 periods
	2nd
20 periods
	3rd

20 periods
	4th
20 periods
	5th
20 periods

	Δθ/ rad
	0.64
	0.75
	0.89
	0.99
	1.12

	ω/rad s-1
	
	
	
	
	


(i)
Complete the table for the average angular speed ω for each time interval of 20 periods.













(1 mark)



(ii)
Plot a graph of angular speed against time.






(3 marks)


[image: image34.wmf]
(iii)
Use the graph to find the angular acceleration of the flywheel. Hence calculate its moment of inertia about the axle by using the results in (a)(ii).


(3 marks)


(c)
Briefly explain why a flywheel is often found in the engine of a motor vehicle.
(2 marks)

HKAL Exercise (KEY) : Part 1 Mechanics

Chapter 6 Angular Momentum
1 – 4 : DBCC,

5.
I’ = I k3

6 – 7 : BC,

8.
(a)
A : frictional force, B : normal reaction, C : weight






1



Force C (weight)













1 2


(b)
The ball bearing is initially at rest and all the forces acting on it are on a



vertical plane.














2 2


(c)
The hollow sphere has a greater moment of inertia, so for the same loss in


1



potential energy, its speed of rotation and thus the linear speed when passing

1



the centre of the lens are smaller than those of the bearing.





1 3

9 – 10 : CA,
11 – 14 : BBAD,

15.
(a)

















1 1
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(b)
Applying Newton’s second law on the disc, we have :




 T – mg
= ma
--- (1)




 Tr
= Iα

--- (2)










1



From (2) : Tr
= Iα = 
[image: image36.wmf]2
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mr2
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´






  T
= 
[image: image38.wmf]2

1

ma
--- (3)










1



Sub (3) into (1) :



  
[image: image39.wmf]2

1

ma – mg
= ma




  a
= 
[image: image40.wmf]3

2

g
--- (4)










1 3


(c)
Sub (4) into (3) :




T = 
[image: image41.wmf]2
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m 
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1 1

16.
(a)
  I
= 
[image: image45.wmf]5

2

mr2 = 
[image: image46.wmf]5
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(0.5)(0.05)2










1




= 5 
[image: image47.wmf]´

 10-4 kg m2












1 2


(b)
Applying Newton’s second law onto the ball.




0.5 (10) sin20∘– f
= 0.5 a
--- (1)




 f (0.05)
= 5 
[image: image48.wmf]´

 10-4 α
--- (2)








1



From (2) : a = 5 f
--- (3)











1



Sub (3) into (1) :




5 sin20∘– f
= 0.5 (5 f)






 f
= 0.489 N










1 3


(c)
Sub (4) into (3) :




  a
= 5 (0.489)




  
= 2.45 m/s2












1 1

17.
(a)
(i)
















1 1
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(ii)
By 
v2 = u2 + 2as




v2 = 2(
[image: image50.wmf]g
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1





[image: image51.wmf]2

2

1

mv

 = 
[image: image52.wmf]mgs
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3

 -----(1)




So, loss in P.E.
= gain in linear K.E. + gain in rotational K.E.



1






mgs
= 
[image: image53.wmf]mgs

5

3

 + gain in rotational K.E. (by (1))




1




Thus gain in rotational K.E. = 
[image: image54.wmf]mgs
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  3



(iii)
All forces acting on the disc are vertical (i.e. no horizontal forces).


1 1


(b)
(i)
Axes labelled with appropriate scales








1




Points correctly plotted











1




Correct graph (best straight line)









1 3
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(ii)
s = 
[image: image56.wmf]2
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slope = 
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1





a = 6.0 m s-2



By (a) (ii), a = 
[image: image61.wmf]g
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[image: image62.wmf]Þ
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1 3

18 – 20 : DCA,
21 – 29 : DDDDB, CBCC,

30.
(a)
(i)
  I 
= I0 + 2mr2












1




= 1.2 + 2 ( (1.5 ( 0.8 ( 0.8) kgm2 = 3.12 kgm2





1


(ii)
answer 
= I(





= 3.12 ( (0.4 ( 2() Nms or Js = 7.84 Js




  
  1+1 4

(b)
(i)
   I1(1 
= I2(2












1



  7.84 
= (1.2 + 2 ( 1.5 ( 0.15 ( 0.15) ( 2( ( (2



answer 
= 0.98 rev.s-1 (6.19 rad s-1)








1


(ii)
change in K.E.
= 

 - 











1






= 

 ( 1.27 ( (0.98 ( 2()2 - 

( 3.12 ( (0.4 ( 2()2


1






= 14.2 J











1



K.E. increased because skater does work in pulling the weights inwards.

1 6
31.
(a)
(i)
Decrease.














1




Since the weight is greater than the tension so as to provide an unbalanced




force for the acceleration.










1 2



(ii)
a = rα 

(a = 0.03α) ----- (1)








1




mg – T = ma
(40 – T = 4a) ----- (2)








1




T r = Iα

(0.03 T = Iα) ----- (3)








1 3


(b)
(i)
















1 1

	
	1st
20 periods
	2nd
20 periods
	3rd

20 periods
	4th
20 periods
	5th
20 periods

	Δθ/ rad
	0.64
	0.75
	0.89
	0.99
	1.12

	ω/rad s-1
	3.20
	3.75
	4.45
	4.95
	5.60




(ii)
axis labelled with appropriate scales








1




points correctly plotted











1




correct graph (best straight line)









1 3
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(iii)
Slope = α = 
[image: image64.wmf]4
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1






  = 6.0 rad s-2
















As a = 0.03α = 0.18 m s-2 
(by (1))




& 40 – T
= 4 × 0.18

(by (2))





  T
= 39.3 N












1




&  0.03 × 39.3
= I × 6.0
(by (3))





 

 I 
= 0.197 kg m2









1 3


(c)
The flywheel ensures the smooth/steady running of the car as




1

it stores kinetic energy when explosion takes place inside a cylinder and releases



kinetic energy in between those explosions.








1 2
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_1111350778.unknown

_1111350694.unknown

_1111350338.bin

_1110909391.bin

_1111265662.bin

_1111342242.unknown

_1111347241.unknown

_1111176726.bin

_1110908617.unknown

_1110908622.unknown

_1110908568.unknown

_1109278958.bin

_1110719996.bin

_1110720271.bin

_1110907265.bin

_1110720335.bin

_1110720103.bin

_1110720146.bin

_1110720198.bin

_1110720025.bin

_1109281552.bin

_1110719926.bin

_1109280569.bin

_1107247745.unknown

_1109194027.bin

_1109194046.bin

_1109194069.bin

_1107279056.unknown

_1095074270.bin

_1095074687.bin

_1107024536.unknown

_1107174709.unknown

_1095079282.bin

_1095074679.bin

_902123539.unknown

_902123562.unknown

_902123589.unknown

_902123480.unknown

