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Force and motion

Practice 6.1
(p. 85)

1
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2
C

3
C

4
B

5
Inertia is the tendency of a body to maintain its state of rest or of constant speed along a straight line.


Example: If a car travelling at a high speed stops suddenly, the driver and the passengers inside will continue to move forwards. 

6
Newton's first law of motion states that objects remain in a state of rest or uniform speed along a straight line unless acted on by a net force.


(a)
By Newton's first law, I remain in a state of rest when the bus moves from rest. Hence, I would move backwards relative to the bus.


(b)
By Newton's first law, I remain in a state of uniform speed along a straight line when the bus turns a corner. Hence, I seem to move outwards. 

7
(a)
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(b)
If the forces balance each other, there is no net force acting on the raindrop. By Newton's first law of motion, it falls at constant velocity (terminal speed). 

8
(a)
Yes, there is friction acting on her. 


(b)
Yes, there is friction acting on her. 


(c)
Yes, there is friction acting on her. 

9
No, the inertia of the motorcycle does not change whether it is at rest or moving at high speed. It is because inertia of an object depends on its mass only, not on its state of motion.

10
Friction is needed to turn the handle of a tap. Since a tap is usually wet, if it is smooth and round in shape, the friction provided may not be large enough for people to turn the tap. 

Practice 6.2
(p. 94)

1
C

2
C

3
C


Given: m = 1.2 kg, s = 20 m, v = 0


By v2 = u2 + 2as,


   0 = u2 + 2 ( a ( 20


   a = (0.025u2

By F = ma, 


 f = 1.2 ( ((0.025u2) = (0.03u2
4
Given: m = 400 000 kg, F = 800 000 N


By F = ma,
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The acceleration of the Tristar is 2 m s(2.

5
Given: m = 1000 kg, u = 0, t = 8 s, v = 100 km h(1 = 27.8 m s(1

By v = u + at,
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The acceleration of the car is 3.48 m s(2.


By F = ma,



F = 1000 ( 3.48 = 3480 N


The accelerating force is 3480 N.

6
Given: u = 108 km h(1 = 30 m s(1, v = 0, m = 1000 kg, F = (6000 N


(a)
By F = ma,
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The deceleration of the car is (6 m s(2.



By v = u + at, 
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It takes 5 s to stop the car. 


(b)
By s = ut +
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s = 30 ( 5 + 
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The braking distance is 75 m. 

7
(a)
When the block moves up the slope, 



deceleration of the block = 
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Time to reach the maximum height = 
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Hence it will change direction after 2 s. 


(b)
In the upward journey: u = 5 m s(1, v = 0, a = (3 m s(2



By v2 = u2 + 2as



 s = 
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The distance travelled by the block before it changes direction is 4.17 m.



For the whole journey, by s = ut +
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the displacement of the block after 2 s 



= 5 ( 2 + 
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Hence, the total distance travelled = 4 + 2 ( 0.17 = 4.34 m



(Alternative method:



In the upward journey: u = 5 m s(1, t = 
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 s, a = (3 m s(2


Distance travelled by the block 



= ut +
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In the downward journey: u = 0, t = 
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 s, a = (3 m s(2


distance travelled by the block 



= ut +
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Total distance travelled by the block = 4.17 + 0.167 




= 4.33 m)

Practice 6.3
(p. 106) 

1
A
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4
B

5
'A bag of sugar weighs 10 N.' or 'A bag of sugar has a mass of 1 kg.'

6
(a)
W = mg



 = 8 ( 105 (10 = 8 ( 106 N



The weight of the rocket is 8 ( 106 N.


(b)
Take upward as positive. 



Net force = thrust ( weight of the rocket




 = 1.62 ( 107 ( 8 ( 106 = 8.2 ( 106 N



The net force acting on the rocket at lift-off is 8.2 ( 106 N.


(c)
By F = ma
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The acceleration of the rocket at lift-off is 10.25 m s(2.

7
Take downward as positive. 


Let R be the reading of the balance.


(a)
By F = ma, 



R ( mg = 0



( R = 10 N



The reading of the balance is 10 N.


(b)
By F = ma,



mg ( R = ma


10 ( R = 1 ( 1.5



    R = 8.5 N



The reading of the balance is 8.5 N.


(c)
By F = ma, 



R ( mg = 0



( R = 10 N



The reading of the balance is 10 N.


(d)
Take downward as positive.



Let R be the reading of the balance.



By F = ma,



mg ( R = ma


10 ( R = 1 ( ((1)



    R = 11 N



The reading of the balance is 11 N.

8
(a)
(i)
Weight, air resistance



(ii)
Weight



(iii)
Weight, air resistance



In the above 3 cases, the net force acts downwards.


(b)
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Practice 6.4
(p. 116)
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For the 2-kg mass: 
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( T = 20 N


For the mass m: 
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   2T cos 45( = mg

2 ( 20 ( 
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(a)
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Resultant's magnitude is 67.5 N and the angle between the resultant and the horizontal is 13(.


(b)
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Resultant's magnitude is 65 N and the angle between the resultant and the horizontal is 19(.


(c)
Horizontal component = 40 + 30 cos 60( = 55 N



Vertical component = 30 sin 60( = 26.0 N



Resultant = 
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Let ( be the angle between the resultant and the horizontal.
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Resultant's magnitude is 60.8 N and the angle between the resultant and the horizontal is 25.3(.


(d)
Resultant = 
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Let ( be the angle between the resultant and the horizontal.
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Resultant's magnitude is 50 N and the angle between the resultant and the horizontal is 36.9(.

6



[image: image35.jpg]5cosO N=——






Vertical component = 5 sin ( N


Horizontal component = 5 ( 5 cos ( = 5 ( (1 ( cos () N


(magnitude of the resultant)2 = (vertical component)2 + (horizontal component)2


 52 = (5 sin ()2 + [5 ( (1 ( cos ()]2 



1 = sin2( + 1 ( 2 cos ( + cos2( 



 cos ( = 0.5


(
( = 60(

Hence, the angle between the two 5-N forces is 120(.


(Alternative method:


By tip-to-tail method, the two 5-N forces and the resultant 5-N force form an equilateral triangle. It is known that each angle of an equilateral triangle is 60(. Therefore, the angle between the two 5-N forces is 120(.)

7
(a)
Friction f = mg sin 




= 2 ( 10 ( sin 10( = 3.47 N



The friction acting on the trolley is 3.47 N.


(b)
By F = ma,




 mg sin ( f = ma


2 ( 10 ( sin 30( (3.47 = 2a



 a = 3.27 m s(2


The acceleration of the trolley will be 3.27 m s(2 when the runway is set at 30(.

8
(a)
2T sin 10( = 500




T = 1440 N



The tension of the string is 1440 N


(b)
Component of force = T cos 10(



=1440 ( cos 10( = 1420 N



The component of the force that pulls the car is 1420 N.

Practice 6.5 (p. 122)

1
C

2
(a)
50 N


(b)
0 N

3
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Weight of the ball w and the attractive force w' on the Earth by the ball are action-and-reaction pair.


Weight of the table W and the attractive force W' on the Earth by the ball are action-and-reaction pair.


Normal force acting on the ball R and force R' on the table by the ball are action-and-reaction pair.


The action by the table to the Earth a and the reaction by the Earth on the table b are action-and-reaction pair.

4
(a)
When the roller skater exerts a force on the wall, the wall also exerts an equal but opposite force on the skater. Thus the skater moves backwards. 


(b)
When the runner exerts a force on the standing block, the block exerts an equal but opposite force on the runner. Thus the runner moves forwards. 


(c)
When the girl pushes against the side of the pool, the pool exerts an equal but opposite force on the girl. Thus the girl accelerates forwards. 

5
(a)
By F = ma, 




 = 1 ( 1 = 1 N (towards the right) 



The net force acting on B is 1 N towards the right.


(b)
By Newton’s third law of motion, the force acting on B by A has the same magnitude as that acting on A by B, however their directions are opposite. Thus the force acting on A by B is 1 N towards the left.

Revision exercise 6

Multiple-choice (p. 128)

Section A


1
A

2
C

3
D

4
C

5
C

6
D

7
(HKCEE 2001 Paper II Q4)

8
(HKCEE 2000 Paper II Q9)

Section B

9
D

10
(HKCEE 2002 Paper II Q6)

11
A

12
A

Conventional (p. 130)

Section A


1
(a)
W = mg
(1M) 



  = 0.5 ( 1.6 = 0.8 N
(1A)



The weight of the mass on the Moon is 0.8 N.


(b)
W = mg
(1M)



m = 
[image: image37.wmf]10

750

 = 75 kg
(1A)



The mass of the astronaut is 75 kg.



W = mg
(1M)



  = 75 ( 24.3 = 1820 N
(1A)



The astronaut weighs 1820 N on Jupiter.

2
(a)
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Weight of Joan.
(1A)



Reaction from the balance on Joan.
(1A)


(b)



Reading of the scale

(<, = or > 500 N)
Weight that Joan feels (heavier, lighter or normal weight)


Lift accelerates upwards
> 500 N
Heavier
(2A)

Lift moves up at constant speed
= 500 N
Normal weight


Lift slows down and stops
< 500 N
Lighter
(2 A)


(c)
Let R be the normal reaction acting on Joan by the balance (the reading of the scale) and W be the weight of Joan. 



Take upward as positive.



(i)
By F = ma,
(1M) 





 R ( W = ma



R ( 500 = 50 ( 3





 R = 650 N
(1A)




The reading of the scale is 650 N.



(ii)
Since acceleration is 0 and, by F = ma, the reading of the scale R = W = 500 N.
(1A) 



(iii)
By F = ma,
(1M) 





R ( W = ma



R ( 500 = 50 ( ((2)





 R = 400 N
(1A)




The reading of the scale is 400 N.

3
(a)
50 N is used to pull blocks of total mass 40 kg.



By F = ma, 
(1M) 




 50 = (10 + 30) ( a




a = 1.25 m s(2
(1A) 



The acceleration of the boxes is 1.25 m s(2.


(b)
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Correct forces
(1A) 



Correct labels
(1A)
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Correct forces
(1A) 



Correct labels
(1A)


(c)
Let T be the tension in the string. 



For the 30-kg box,



By F = ma,
(1M) 




T = 30 ( 1.25 = 37.5 N
(1A) 



The tension in the string is 37.5 N.


(d)
Net force F = 50 ( T = 12.5 N
(1A) 



The net force acting on the 10-kg block is 12.5 N.


(e)
Her worry is not necessary.
(1A) 



When the string breaks, the net force acting on the 30-kg block is zero.
(1A)



By Newton's first law of motion, the block will continue to move and its velocity will be constant.
(1A)

4
(a)




[image: image41.jpg]





Correct forces
(1A)



The pushing force Fmr and the reaction force Frm are an action-and-reaction pair. Their magnitudes are the same and their directions are opposite. 
(1A)



Since they act on different bodies, they cannot cancel each other.
(1A)


(b)
The pushing force on the rock is balanced by the friction acting on it. Therefore, the net force on the rock is zero and it does not move.
(1 A) 

5
(a)



[image: image42.jpg]m;






Correct forces
(1A) 



Correct labels
(1A)



[image: image43.jpg]





Correct forces
(1A) 



Correct labels
(1A)



The reaction of m1 (R) and the force acting on pan A by m1 (R') form an action-and-reaction pair.
(1A)


(b)
Since masses m1 and m2 are identical and pans A and B are identical, the net force acting on the system is zero.



Therefore, the pans and masses would move up/down at constant speed
(1A)



or rest.
(1A)

6
(a)
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Correct forces
(1A)



Correct labels
(1A)


(b)
The weight of Jackie is constant.
(1A) 



The air resistance acting on her increases gradually from zero when she starts diving and her velocity increases. Then the air resistance becomes constant and it is equal to her weight.
(1A)


(c)
Jackie will fall with constant speed.
(1A)



When the air resistance is equal to her weight, the net force acting on her is zero.
(1A)



By the Newton’s second law, she will fall with constant speed.
(1A)

7
(a)
The statement is incorrect.
(1A) 



When the trolley runs down the friction-compensated runway, its weight component along the plane balances the friction acting on it.
(1A) 



Hence, the net force acting on the trolley is zero and it moves down the plane with constant velocity.
(1A) 



(For effective communication)
(1C)


(b)
The trolley accelerates for 0.05 s when the force acts on it.



Given: u = 0, v = 0.8 m s(1, t = 0.05 s



a = 
[image: image45.wmf]05
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(1A)



The acceleration of the trolley during that 0.05 s is 16 m s(2.



By F = ma,




F = 2 ( 16 = 32 N
(1A)



The initial push is 32 N.


(c)
Friction f = mg sin (
(1M) 




 = 2 ( 10 ( sin 30( = 10 N
(1A) 



The friction acting on the trolley is 10 N.


(d)
(i)
The net force acting on the trolley when it goes up the plane is the sum of its weight component along the plane and the friction. 




By F = ma,
(1M) 





a = 
[image: image46.wmf]2
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10

+

 = 10 m s(2
(1A) 



(ii)
v2 ( u2 = 2as
(1M) 




0 ( 62 = 2 ( ((10) ( s




    s = 1.8 m
(1A) 

Section B

8
(a) 



[image: image47.jpg]





Correct forces
(2A)



Correct labels
(2A)


(b)
Friction = horizontal component of tension T



4 = T sin 30(
(1M) 




T = 8 N
(1A) 



The tension in the string is 8 N.


(c)
 For the vertical components of the forces,



T cos 30( + R = W
(1M) 




R = 12 ( 8 ( cos 30( = 5.07 N
(1A)



The normal reaction of the block is 5.07 N.


(d)
If Victor pulls the box with a longer string, the string will make a larger angle with the vertical.
(1A) 



Hence, the tension component (T cos () becomes smaller 
(1A) 



and a larger normal reaction R will be required to balance the weight of the box.
(1A) 

9
(HKCEE 2001 Paper I Q8)

10
(a)
The size of the unbalanced force = 8000 ( 7650 = 350 N
(1A) 



The unbalanced force is upward.
(1A) 


(b)
By F = ma,
(1M)




350 = 765 ( a



a = 0.458 m s(2
(1A)



The initial acceleration of the balloon is 0.458 m s(2.


(c)
When the velocity of the balloon increases, the air resistance acting on it increases.
(1A)



Therefore, by F = ma, the acceleration of the balloon decreases gradually.
(1A)



When the air resistance is equal to the weight of the balloon, the acceleration of the balloon is zero.
(1A)


(d)
When some sand bags are thrown over the side, the total mass of the balloon decreases.
(1A)



By F = ma, the acceleration of the balloon increases.
(1A)

11
(a)
Acceleration of the trolley = slope of its v-t graph
(1M) 




= 0.615 m s(2
(1A) 



The acceleration of the trolley is 0.615 m s(2.


(b)
By F = ma,
(1M)




 = 0.615 ( 1 = 0.615 N
(1A) 



Elastic thread applies 0.615 N to the trolley.

Physics in articles (p. 133)

(a)
It repeatedly loosens and applies the brakes when drivers brake cars hard.

(1A) 


The cars would be more stable and drivers can control their cars while braking.
(1A)

(b)
No, cars with ABS do not decelerate uniformly in braking.

(1A) 


It is because brakes are applied and loosened repeatedly. The braking forces, and hence decelerations, are not uniform.

(1A)
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