	F.4 Physics

Summer Holiday Homework 2

Marking Scheme

	
	
	


Short Question
 1.

	Solutions
	Marks

	(a)
By W = Fs,



= (500 ( 10 ( 1.3 = (6500 J
	1M

1A

	
The platform has done (6500 J of work. (The negative sign means that the work done decreases the total energy of the goods.)
	

	(b)
An inclined plane can be used instead of the platform to unload goods.
	1A

	
If an inclined plane is used, more space is needed to accommodate the plane because the plane cannot be too steep.
	1A

	
(or other methods and the corresponding disadvantage)
	


 2.

	Solutions
	Marks

	(a)
By W = Fs,



= 2 ( 1 = 2 J


The work done on the trolley by the force is 2 J.
	1M

1A

	(b)
Since the trolley's weight component down the runway is used to oppose friction, the work done on the trolley by the applied force increases the kinetic energy of the trolley.
	1M

	
Gain in kinetic energy = work done by the force = 2 J
	1A

	(c)
By KE = 
[image: image115.png]


mv2,
	1M

	

2 = 
[image: image2.wmf]2

1

( 1 ( v2


v = 2 m s(1
	1A

	
The velocity of the trolley is 2 m s(1.
	


3.

	Solutions
	Marks

	(a)
Assume that the potential energy of the falling hammer is entirely changed to kinetic energy.

Let h be the maximum height from which the hammer falls.
	1A

	
Potential energy of falling hammer = mgh = 50 J


(
0.5 ( 10 ( h = 50



h = 10 m
	1M

1A

	
The maximum height at which the hammer falls is 10 m (above the hat).
	

	(b)
The height of 10 m is roughly 3-storey high.


Since objects may fall at a height much higher than 10 m in construction sites of high-rise buildings,


the impact energy of the falling objects would be much larger than 50 J.
	1A

1A

1A

	
Therefore, even safety hats comply with international standard, their protection may not be adequate for construction workers in construction sites of high-rise buildings.
	


4.

	Solutions
	Marks

	(a)
Let f be the air resistance.

Work done by air resistance = kinetic energy loss of the car


f ( 50 = 
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	1M

1A

	
(Alternative method:


 F = ma,



f = m ( 
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The average air resistance acting on the parachute and the racing car is 18 000 N.
	

	(b)
(i)
Let h be the height of the plane.



By the conservation of energy,




(KE = PE + work done against resistance
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h = 100 m
	1A

	

The height of the plane is 100 m.
	

	
(ii)
I will use parachute to stop the car.



It is because from (i) such inclined plane should be 100 m high and 173 m across, where 100 m is roughly the height of a 28-storey building. It is not very practical to use this method. 



In addition, such inclined plane can only slow down the car, but not stopping the car.
	1A

1A

1A


 5.

	Solutions
	Marks

	(a)
When all the energy provided by the engine is converted to the kinetic energy of the boat, the time required to attain the speed is the shortest.


By E = Pt,
	1M

	

t = 
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	1A

	
The shortest time that the boat can attain the speed of 31.3 m s(1 is 3.61 s.
	

	(b)
Let f be the friction acting on the boat.


By P = Fv,



425 ( 746 = f ( 31.3



 f = 10 100 N


The friction acting on the boat when it travels at a constant speed of 31.3 m s(1 is 10 100 N.
	1M

1A


 6.

	Solutions
	Marks

	Suppose it takes several seconds (or even a minute) to walk up the stairs to the height of 2.45 m. The average power required to do so is not large.
	1A

	Unlike walking up the stairs, high jump takes just a second to finish the motion. The power required to do the same amount of work is huge.
	1A

	Since the power supplied by our muscles is usually small, breaking the world record of high jump is much harder than walking up the stairs.
	1A

	(for effective communication)
	1C


 7.

	Solution
	Marks

	(a) 
Speed v of the car after 4 s = at = 3 ( 4 = 12 m s-1

KE gained = 1/2 ( mv2 = 0.5 ( 2000 ( 122 = 144 000 J


Output power = KE/t = 144 000/4 = 36 000 kJ
	1M

1M

1A

	(b) 
Power to overcome friction between movable parts.


(accept other reasonable answers)
	1A


 8.

	Solutions
	Marks

	(a)

[image: image10.png]force by the racket
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(correct forces)
(correct labels)
	1A

1A

	(b)
Gain in kinetic energy of the ball


=
[image: image11.wmf]2
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	1M
1A


9.

	Solutions
	Marks

	(a)
PE = mgh
= 50 ( 10 ( 10
= 5000 J

     The potential energy of the diver is 5000 J.
	1M

1A

	(b)
By the conservation of energy,
loss in PE = gain in KE

mgh
=
[image: image15.wmf]2
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= 14.1 m s(1

The speed of the diver is 14.1 m s(1 when he reaches the water surface. 
	1M

1A


	(c)
Let s be the maximum depth the diver can reach.


Work done against water resistance = loss in PE and KE




Fs
= mgs +
[image: image19.wmf]2
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s
= 2.5 m

The maximum depth the diver can reach in the water is 2.5 m.
	1M

1A

1A



 10.

	Solutions
	Marks

	(a)
PE gained by the car and the passengers
= mgh
= 3500 ( 10 ( (80 ( 20)
= 2 100 000 J
	1M

1A

	(b)
(i)
Work done against friction



= Fs


= 2600 ( 450



= 1 170 000 J
	1M
1A

	
(ii)
Let v be the speed of the car when it reaches the ground.



Gain in KE + work done against frictional force = loss in PE





[image: image22.wmf]2
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[image: image23.wmf]2
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v
= 23.1 m s(1  


The speed of the car is 23.1 m s(1 when it reaches the ground.
	1M
1A

1A


 11.

	Solutions
	Marks

	(a)
Total KE of Ivan and the car


=
[image: image24.wmf]2
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=
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	1M

1A

	(b)

[image: image26.wmf]t
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The average output power of the car is 29 200 W.
	1M

1A

	(c)
Let h be the increase in height of the car.


Increase in PE + increase in KE = work done
                 mgh +
[image: image28.wmf]2

1

mv2 = Pt

       1750 ( 10 ( h + 350 000 = 29 200 ( 20

                            h = 13.4 m
The increase in height of the car is 13.4 m.
	1M

1A


 12.

	Solutions
	Marks

	(a)


[image: image29.png]air
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	(correct air resistance)
(correct weight)
	1A

1A

	(b)
Change in momentum = mv ( mu 


= 0.05 ( (30 ( ((30))


= 3 N s
	1M

1A


 13.

	Solutions
	Marks

	(a)
Let 


uw be the velocity of the white ball before collision,


vw be the velocity of the white ball after collision,


vc be the velocity of the coloured ball after collision, and


m be the mass of each ball.
	1M

	
By conservation of momentum,


muW + 0 = m ( (vw + vc)


uW = vw + vc
(1)
	1M

1A

	(b)
For elastic collision, the total kinetic energy before and after collision is unchanged
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	1M

	
( vw = 0
(vc ( 0)
	1A

	
Since the white ball would stop after it collides elastically with the coloured ball, it would not follow the coloured ball to fall into the pocket.
	1A


 14.

	Solutions
	Marks

	(a)
Let v be their common speed.


By conservation of momentum,


m1u1 + m2u2 = m1v1 + m2v2


60 ( 4 + 50 ( 3 = (60 + 50) ( v

 v = 3.55 m s(1
	1M

1A

	(b)
By Newton’s third law of motion, the force exerted by Glen on the ice acts in the opposite direction as the force exerted by ice on Glen.
	1M

	
By Newton’s second law of motion,
	

	
F = ma
	1M

	
= (60 + 50) ( 
[image: image33.wmf]1
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= 49.5 N
	1A


 15.

	Solutions
	Marks

	(a)
The collision occurs during 1.65–1.85 s.


The time of impact is about 0.2 s.
	1A

1A

	(b)
By average force = change in momentum / time of impact


Force on A: 
FA = 1 ( (0.36 – 0.05) / 0.2 = 0.155 N


Force on B: 
FB = 1 ( (–0.30 – 0) / 0.2 = –0.150 N


Therefore, they are about the same.
	1A

1A

1A

	(c)
Total KE before collision = 1/2 ( muA2

= 0.5 ( 0.5 ( 0.362

= 0.25 ( 0.130 J (or 0.0324 J)
	1M



	
Total KE after collision = 1/2 ( mvA2 + 1/2 ( mvB2 


= 0.5 ( 0.5 ( (0.052 + 0.32)


= 0.25 ( 0.0925 J (or 0.0231 J)
	1M

	
As the total KE is not conserved in this collision, it is not an elastic collision.
	1A

	(d)
This is very likely because both of the trolleys slow down along the runway after collision.
	1A


 16.

	Solutions
	Marks

	(a)
By



v2 ( u2 = 2as


v = 
[image: image34.wmf]0
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= 4.47 m s(1 (downward)
	1A

	
Change in momentum 


= m ( (v ( u)



= 0.05 ( (4.47 ( 0)



= 0.224 kg m s(1 (downward)
	1M

1A

	(b)
Air resistance is not the only external force.


Since only weight acts on the ball in the downward direction, by Newton's second law of motion, the downward acceleration of the ball is caused by the weight and the weight is the external force.
	1A

1A


 17.

	Solutions
	Marks

	(a)
'with a force equivalent to holding an object of several thousand kg.'


(or 'with a force equivalent to the weight of an object of several thousand kg')
	2A

	
(1 mark for 'with a force of several 10 000 N' because it is not easily understood by the general public)
	

	(b)
By



Ft = m (v ( u)



t = 
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= 0.028 s
	1A


 18.

	Solution
	Marks

	(a) 
By Newton's third law of motion,


ratio of the force of impact on A to that on B = 1:1 (magnitude)
	1A

	(b) 
By conservation of momentum,


ratio of the momentum of A to that of B = 1:1 (magnitude)
	1A

	(c) 
let vA and vB be the speed of A and B.


By (a), the momentum of A is equal to that of B in magnitude,


1000vA = 4000vB 

( vA : vB = 4:1
	1M

1A

	(d) 
Note that KE = 1/2 ( mv2 = 1/2 ( (mv) ( v 




=1/2 ( (magnitude of momentum) ( speed

As the momentum of A is equal to that of B in magnitude,


KEA : KEB 


= vA : vB  


= 4:1
	1M

1A


 19.

	Solutions
	Marks

	(a)
Take the direction towards the north as positive.
Let vL be the velocity of the lorry and vC be the velocity of the car.


By conservation of momentum,


       mLuL + mCuC = mLvL + mCvC
4000 ( 17 + 1500 ( ((20) = 4000 ( vL + 1500 ( 10 


                 vL = 5.75 m s(1
     The velocity of the lorry is 5.75 m s(1 towards the north.
	1M

1A

	(b)
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 20.

	Solutions
	Marks

	(a)
Let v be the speed of the truck.
By conservation of momentum,

2500 ( 18 = (2500 + 60)v 

         v = 17.6 m s(1

The speed of the truck is 17.6 m s(1.
	1M

1A

	(b)
Force acting on the truck
=
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 21.

	Solutions
	Marks

	(a)
Take the upward direction as positive.
Change in momentum of the volleyball
= mv ( mu
= 0.3 ( 9 ( 0.3 ( ((14.1)
= 6.93 kg m s(1
	1M

1A

	(b)
          Ft = mv ( mu
    F ( 0.14 = 6.93
           F = 49.5 N
The force acting on the volleyball by the ground is 49.5 N.
	1M
1A




 22.

	Solutions
	Marks

	(a)
Take the direction towards the right as positive.
Let v be the velocity of the balls.

By conservation of momentum,


  mAuA + mLuL = (mA + mB)v
3 ( 4 + 5 ( ((8) = (3 + 5)v

         v = (3.5 m s(1
     The velocity of the balls is 3.5 m s(1 towards the left.
	1M

1A

	(b)
Change in momentum of ball A
= mAv ( mAuA
= 3 ( ((3.5) ( 3 ( 4
= (22.5 kg m s(1
	1M
1A

	(c) Total kinetic energy before collision
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Total kinetic energy after collision
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 23.

	Solutions
	Marks

	(a)

[image: image1.wmf]2

1



	2A

	(b)
Accelearation of the car = 
[image: image42.wmf]3
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= 0.2 m s–2

Let f be the friction acting on the car.


By
net force = ma

           800 – f =1500 ( 0.2


                f = 500 N


Friction acting on the car is 500 N.
	1M + 1A

1M

1A


 24.

	Solutions
	Marks

	(a)
Let


F be the net force acting on the passenger,


m be the mass of the passenger and 


a be the upward acceleration of the lift respectively.
	

	
F = ma

0.1 ( mg = ma

a = 1 m s(2
	1M

1A

	(b)
The area under v-t curve is the displacement of the object.
	

	
From (a), the max. acceleration of the lift = 1 m s(2
	

	
Time for the lift to accelerate to/decelerate from 2 m s(1 from/to rest


= 2/1 = 2 s
	1A

	
Displacement when the lift accelerates/decelerates 


= area under v-t graph


= 
[image: image43.wmf]2

1

( 2 ( 2 = 2 m
	1A

	
Time required for the lift to travel 96 m at 2 m s(1 =
[image: image44.wmf]2

96

= 48 s
	1A

	
Hence, total time required to rise 100 m = 2 + 48 + 2 = 52 s
	1A


25.

	Solutions
	Marks

	(a)

[image: image45.jpg]



	

	
(correct magnitude and sign of readings)
	1A + 1A

	(b)
Let


a be the acceleration of the lift,


g be the acceleration due to gravity,


m be the mass of the object, and


W be the reading of the balance.
	

	
By F = ma, W = m ( (a + g). 


For the same acceleration of the lift, the change in balance reading increases with the mass of the object. 
	1A

1A

	
Therefore, if a more massive object is used, the set-up will be more sensitive to the acceleration of the lift. 
	1A

	
(or solutions of the same idea) 
	


 26.

	Solutions
	Marks

	(a)
Let T and f be the tension in the rope and the friction acting on the rowing boat respectively.


By
	

	

F = ma


T ( f = 300 ( 0.5 N



T = 150 N + f > 150 N
	1M

1A

	(b)
If the tow-truck stops, owing to the inertia of the car, 


the car will continue to move forwards until

it is stopped by the friction acting on it or
	1A

1A

1A

	
hitting the tow-truck.
	1A


 27.

	Solutions
	Marks

	(a)
By



v2 ( u2 = 2as
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	1M



	

a = (0.694 m s(2
	1A

	(b)
By



F = ma


= 1000 ( 0.694



= 694 N
	1M

1A

	
The force comes from the friction by the break and also 


the air resistance.


(or other sources of resistance)
	1A

1A


 28.

	Solutions
	Marks

	(a)
Let T be the force each of them uses to hold the bucket.


By Newton’s second law of motion, at equilibrium, the vertical component of forces should be balanced. Therefore,
	

	
Weight of the bucket = the vertical component of the force exerted by Mark and Jennifer



50 = 2 ( T ( cos 40( 



T = 32.6 N
	1M

1M

1A

	(b)
They can use less force to hold the bucket if they reduce the angles between their arms and bodies.
	1A


 29.

	Solutions
	Marks

	(a)
Let 



B be the blowing force,



T be tension of the tread, 



W be the weight of the ball and 



( be the angle between the tread and the vertical.
	

	
From the force diagram below, 
	

	

B = T sin ( 
(1)



W = T cos ( 
(2)
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B = W tan (
	1A

1A

	[image: image48.jpg]



	

	[image: image113.png]



When switch ‘1’ is pressed, blowing force B1 = W tan 28(

When switch ‘2’ is pressed, blowing force B2 = W tan 56(
	1A

	[image: image114.png]
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Therefore, the girl should not conclude that the blowing force becomes double.
	1A

	(b)
(i)
A heavier ball makes ( smaller.
	1A

	
(ii)
A larger area makes ( bigger.
	1A


 30.

	Solution
	Marks

	Let x and y be the horizontal component of the tension in BA and BC.

From horizontal equilibrium,

       x = y

From vertical equilibrium,

          (3x + y = 400

    (   x ((3 + 1) = 400

              x = 400/(1 + (3)

Therefore,  

tension in BA = 2x = 800/(1 + (3) = 293 N

tension in BC = (2y =(2x = 400(2/(1 + (3) = 207 N


	1M

1M

1M + 1A

1M + 1A


 31.

	Solutions
	Marks

	(a)

[image: image50.png]normal reaction
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(correct normal reaction)
(correct friction)
(correct weight)
	1A

1A

1A

	(b)
Normal reaction
= mg cos (
= (20)(10) cos40(
= 153 N
	1M

1A

	(c)
Friction
= mg sin (
= (20)(10) sin 40(
= 129 N
	1M

1A

	(d)
Acceleration a
=
[image: image51.wmf]m

F


=
[image: image52.wmf]20

129


= 6.45 m s–2
	1M

1A


Long Question
 1.

	Solutions
	Marks

	(a)
By PE = mgh,



= 75 ( 10 ( 3 = 2250 J


The diver needs 2250 J to climb to the springboard.
	1M

1A

	(b)
(i)
By conservation of energy,



energy stored in the springboard = PE gained by the diver




= mgh 




= 75 ( 10 ( 1 = 750 J



Elastic potential energy of 750 J is stored in the springboard.
	1M

1A

	
(ii)
By the conservation of energy,




KE = PE
	1M

	


[image: image53.wmf]2

1

mv2 = mgh
	

	


[image: image54.wmf]2

1

( v2 = 10 ( 1
	

	


v = 4.47 m s(1


The take-off velocity of the diver is 4.47 m s(1.
	1A

	(c)
Take the upward direction as positive.


For the whole journey,


By s = ut +
[image: image55.wmf]2

1

at2,
	1M

	

(3 = 4.47 ( t +
[image: image56.wmf]2

1

( ((10) ( t2


t = 1.34 s or (0.447 s (rejected)
	1A

	
The time period between the diver taking off and entering water is 1.34 s.
	

	
(Alternative solution:



Let v be the velocity at which the diver enters water.



Take the upward direction as positive.



By v2 = u2 + 2as,




v2 = 4.472 + 2 ( ((10) ( ((3)




v = (8.94 m s(1 or 8.94 m s(1 (rejected)



By t = 
[image: image57.wmf]a
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= 
[image: image58.wmf](
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The whole journey takes 1.34 s.)
	1A

1A

	(d)
The diver can step on the springboard harder, so that more elastic potential energy is stored in the springboard.
	1A

	
Then by the conservation of energy, the diver can jump higher and he will have longer time to finish his motion.
	1A


 2.

	Solutions
	Marks

	(a)
(i)



	

	

(correct normal reaction)



(correct applied force F)



(correct friction)



(correct weight)
	1A
1A
1A
1A

	
(ii)
Since the speed of M is constant, the net force along the path is 0.



F 
= mg sin ( + friction




= 1 ( 10 ( sin 30( + 2.6 = 7.6 N



The applied force F is 7.6 N.
	1M

1A

	
(iii)
By W = Fs,
	1M

	


= 7.6 ( 
[image: image59.wmf]°

30

 

sin

10

 = 152 J
	1A

	

The work done by F on the block is 152 J.
	

	(b)
(i)



	

	

F = mg sin ( ( friction




= 1 ( 10 ( sin 30( ( 2.6 




= 2.4 N (up and parallel to the inclined plane)



Applied force F is 2.4 N. It is parallel to the inclined plane and opposite to the travelling direction of the block M.
	1A+1A

	
(ii)
By W = Fs,
	

	


= (2.4 ( 
[image: image60.wmf]°

30

 

sin

10

 = (48 J
	1A

	

The work done by F on block M is (48 J, i.e. the energy of block M decreases.
	

	(c)
When block M moves from A to B, the work done by F on M is used to overcome the friction and to increase the potential energy of M.
	1A

	
When block M moves from B to C, the work done by F prevents the potential energy of M from converting into the kinetic energy.
	1A

	
The total work done by F is not zero. The student is not correct.
	1A


 3.

	Solutions
	Marks

	(a)
The resistance acting on the car comes from 


the friction between the wheels and the road and


air resistance.
	1A

1A

	(b)
(i)
PE loss = mgh

= 750 ( 10 ( 36 = 270 000 J 



The loss in potential energy is 270 000 J.
	1M

1A

	
(ii)
KE gain = 
[image: image61.wmf]2

1

m(v2 ( u2)
	1M

	


= 
[image: image62.wmf]2

1

( 750 ( (122 ( 22) = 52 500 J
	1A

	

The gain in kinetic energy is 52 500 J.
	

	
(iii)
By conservation of energy,



work done against resistance = PE loss ( KE gain




= 270 000 ( 52 500 




= 218 000 J



The work done against resistance is 218 000 J.
	1M

1A

	
(iv)
By W = fs,



218 000 = 720 ( s



s = 303 m



The distance between A and B is 303 m.
	1M

1A

	(c)
KE at B = 
[image: image63.wmf]2

1

mv2
	

	


= 
[image: image64.wmf]2

1

( 750 ( 122 = 54 000 J
	1A

	
The minimum energy required for the car to go from B to C

= PE gain + work done against resistance 


= mgh + fs 


= 750 ( 10 ( 28 + 720 ( 120 = 296 000 J


Since the minimum energy required for the car to go from B to C is more than the total energy of the car at B, the car cannot reach C.
	1A

1A

	(d)
By P = 
[image: image65.wmf]t

E

,
	1M

	

= 
[image: image66.wmf]5

7

000

 

296

.

 = 39 500 W
	1A

	
The average power supplied by the engine is 39 500 W.
	


 4.

	Solutions
	Marks

	(a)
The component of the weight along the plane


= mg sin (

= 5 ( 10 ( sin 30(

= 25 N
	1M



	
There is a net force of (25 ( 10) = 15 N acting on the block down the inclined plane.
	1A

	
The block slides down the inclined plane with uniform acceleration.
	1A

	(b)
KE gain = PE loss ( work done against friction (f)


= mgh ( fs
	1M

	
= 5 ( 10 ( 1 ( 10 ( 
[image: image67.wmf]o

30

 

sin

1


	

	
= 30 J
	1A

	(c)

[image: image68.wmf]2
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	1M
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v = 3.46 m s(1
	1A

	(d)


(i)
The frictional force and the motion are in opposite directions.
	1A

	 (ii)
The work done by normal reaction is zero.


This is because the normal reaction and the direction of motion are perpendicular to each other.
	1A

1A

	(e) 
Advantages:


A smaller force (or less power) is needed than lift the load up vertically.


The worker can have a rest during the process (force is needed).


Disadvantage:


A considerable amount of energy is wasted.


(accept other reasonable answers)
	3A


-- ans end –

 5.

	Solution
	Marks

	(a)
KE of the boy = 1/2 ( mv2 


= 0.5 ( 40 ( 52 = 500 J
	1M 

1A

	(b) 
(i) 
Loss in PE = mgh


= 40 ( 10 ( 10 sin 20( = 1368 J
	1M

1A

	
(ii) 
Let v be the speed of the boy at B.



KE gain at point B 


= PE loss at point B = 1368 J
	1M

	

Total KE of the boy at B


= 500 + 1368 = 1868 J
	1M

	

Since 1/2 ( mv2 = 1868



0.5 ( 40 ( v2 = 1868



v = 9.67 m s-1
	1A

	

The speed of the boy at B is 9.67 m s-1.
	

	(c)
Power 
= 30 ( 9.67



= 290 W
	1M

1A

	(d)
(i)
In order to prevent knocking down the lady, the boy should stop in 10 m.



Let F be the braking force applied.



Work done by the deceleration force = loss in KE



F( 10 = 1/2 ( 40 ( 9.672


F = 187 N



The minimum braking force the boy should apply is 187 N.
	1M

1M

1A

	
(ii)
The statement is false.



Energy is always conserved. 


In this case, the KE of the boy lost during the brake is converted to other energy such as the internal energy of the roller-bikes.
	1A

1A




 6.

	Solutions
	Marks

	(a)
(i)
KE =
[image: image70.wmf]2

1

mv2 



=
[image: image71.wmf]2
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= 4.86 (105 J


The kinetic energy of the lorry is 4.86 (105 J.
	1M

1A

	
(ii)
Take the moving direction of the lorry as positive.



By the conservation of energy,



work done by the braking force = change in KE of the lorry



Fs
= 0 ( 
[image: image72.wmf]2

1

mv2 



(8000 ( s
= (4.86 (105 




s
= 60.75 m



The braking distance is 60.75 m.
	1M

1A

	
(iii)
The kinetic energy of the car is converted to the internal energy of the road surface and the tyres.
	1A

	(b)
(i)
Let v be the speed of the car.



Change in KE of the car




= frictional force ( length of the skid mark




0 (
[image: image73.wmf]2

1

mv2
= Fs


0 (
[image: image74.wmf]2
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v
= 19.8 m s(1


The speed of the car is 19.8 m s(1.
	1M

1M

1A

	
(ii)
19.8 m s(1 = 19.8 (3.6 = 71.3 km h(1


The car driver exceeds the limit.
	1M

1A


 7.

	Solutions
	Marks

	(a)
(i)
The total distance taken for the driver to come to a stop,



s = 0.6 + 0.4 = 1 m
	1A

	
(ii)
By v2 – u2 = 2as


0 – 202 = 2a ( 1




 a = –200 m s–2


The average deceleration is 200 m s–2.
	1M

1A

	(b)
By v = u + at

0 = 20 + (–200) ( t

(t = 20/200 = 0.1 s


The time for the driver to come to a stop is 0.1 s.
	1M

1A

	(c) 
By Ft = (mv – mu) 


F ( 0.1 = (0 – 50 ( 20) 


( F = –1000 / 0.1 = –10 000 N
	1M

1A

	
Alternative solution:


By F = ma


F = 50 ( –200 = –10 000 N
	(1M)

(1A)

	
The force exerted on the driver is 10 000 N.
	

	(d) 
KE = 
[image: image75.wmf]2

1

 mcv2 = 0.5 ( 1500 ( 202 = 300 000 J
	1M

	
As all KE goes into increasing the internal energy of the brakes,



KE = mbcb (T


300 000 = 20 ( 500 ( (T


( (T = 30 (C


The temperature rise is 30 (C.
	1M

1A

	(e) 
(i) 
There was no other opposing force to stop him from moving forwards.



Because of his inertia / According to Newton's 1st law of motion,



he would continue moving until he bumped into something.
	1A

1A

	
(ii) 
20 m s–1
	1A


 8.

	Solutions
	Marks

	(a) 


(i)
By the law of conservation of momentum, the wall should acquire some momentum after the collision.
	

	
As the wall is fixed to the ground (or earth), and since the mass of the earth is extremely large,
	1A

	
the wall in fact acquires an extremely small velocity that is not observable.
	2A

	(ii)
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= (7000 N ((ve means towards the right)
	1A

	(iii)
The force of impact on the driver is reduced 


because the time of impact is increased.
	1A

1A

	(b)

(i)
By conservation of momentum,


m1u1 + m2u2 = (m1 + m2) v

5000 ( 20 + 0 = (5000 + 1000) v

v = 16.7 m s(1
	1M

1A

	(ii)
Total kinetic energy of the vehicles before the collision
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	1A

	
Total kinetic energy of the vehicles after the collision
	

	

[image: image80.wmf]2
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= 8.37 ( 105 J  < 1 ( 106 J
	1A

	
There is energy loss because kinetic energy is being transferred into energy that bends metal, creates sound and is lost as heat.
	1A

	(iii) 
Let d be the distance travelled.

Loss in kinetic energy = work done against friction


8.37 ( 105 = 25 000 ( d

d = 33.5 m
	1M

1A


 9.

	Solutions
	Marks

	(a) (i)


[image: image81.emf] 

force acting on the   

force acting on the   

trolley by the spring  

spring by the trolley  


	2A

	(ii)
They act on the different bodies.
	1A

	(iii)
Rockets, jets, friction between shoes and the ground.


 (Any one of the above. Accept other reasonable applications.)
	1A

	(b)



[image: image82.emf] 

momentum / kg m s1 

time / s  
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(correct labelling axes with units)


(correct shape)
	1A

1A

	(c)
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= 80 N
	1A

	(d)

[image: image85.wmf]2
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= 100 J
	1A

	(e)
John is not correct.


(There is an impact force acting on the trolley.)


The velocities of the trolley before and after the collision are in opposite directions.
	1A

	
Thus, the momentum of the trolley has been changed.
	1A

	
Peter is not correct.


During the collision, the kinetic energy of the trolley is converted into the elastic potential energy of the spring.
	1A

	
The energy of the system (trolley + spring) is conserved at this moment.
	1A

	
(for effective communication)
	1C


 10.

	Solutions
	Marks

	(a)
(i)
Take the direction towards the right as positive.
Change in momentum 
= mv ( mu
= 3 ( 2 ( 3 ( ((2)
= 12 kg m s(1

	1M

1A

	
(ii)
Change in kinetic energy
=
[image: image87.wmf]2

1

mv2 (
[image: image88.wmf]2

1

mu2
=
[image: image89.wmf]2

1

( 3 ( 22 (
[image: image90.wmf]2

1

( 3 ( ((2)2
= 0
	1M

1A

	
(iii)
Average force acting on the trolley during the collision
=
[image: image91.wmf]impact

of

time

momentum

in

change

 
=
[image: image92.wmf]0.15

12


= 80 N
	1M

1A

	(b)
(i)
Take the direction towards the right as positive.
Change in momentum 
= mv ( mu
= 3 ( 0 ( 3 ( ((2)
= 6 kg m s(1

	1A

	
(ii)
Change in kinetic energy
=
[image: image93.wmf]2

1

mv2 (
[image: image94.wmf]2

1

mu2
=
[image: image95.wmf]2

1

( 3 ( 02 (
[image: image96.wmf]2

1

( 3 ( ((2)2
= (6 J
	1A

	
(iii)
Average force acting on the trolley during collision
=
[image: image97.wmf]impact

of

time

momentum

in

change

 
=
[image: image98.wmf]0.45

6


= 13.3 N
	1A

	(c)
The momentum of the trolley-box system is not conserved in both (a)
and (b).
The heavy box is fixed on the ground, so the ground exerts a force on the heavy box during the collisions. The momentum of the trolley-box system is not conserved.
	1A

1A

1A

	(d)
The collision in (a) is elastic and 
the collision in (b) is inelastic.
It is because there is no loss in kinetic energy during the collision in (a) while there is loss in kinetic energy during the collision in (b).
	1A

1A

1A


 11.

	Solutions
	Marks

	(a)
(i)
The block moves at a constant velocity.


( frictional force = applied force = 5 N
	1A

	
(ii)
By Newton’s second law of motion,


F = ma

 10 ( 5 = 5a

a = 1 m s(2
	1M

1A

	(b)
(i)
Acceleration of the blocks
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	= 5 m s(2
	1A

	(1)
Net force acting on the 5-kg block 

= ma
= 5 ( 5

= 25 N
	1A

	(2)
Net force acting on the 10-kg block 

= ma
= 10 ( 5

= 50 N
	1A

	(ii)
The forces are a pair of action-and-reaction.
	1A

	
By Newton’s third law of motion, the magnitudes of these forces are the same,
	1A

	
but they are in different directions.
	1A

	(c)
(i)
Let T be the tension of the string.

For the 5-kg block:
50 ( T = 5a 
(1)

For the 10-kg block:
T = 10a 
(2)

Solving (1) and (2), a = 3.33 m s(2
	1A

1A

1A

	(ii)
In (c)(i), the weight of the 5-kg block (50 N) is used to accelerate both blocks.
	1A

	
Now the 50-N force is used to accelerate the 10-kg block only.
	1A

	
The acceleration of the 10-kg block is greater than that in (c)(i).
	1A


 12.

	Solutions
	Marks

	(a)
(i)
From 0 to 5 s: 
[image: image101.wmf]2
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	1A

	(ii)
From 5 to 20 s: a = 0 m s(2
	1A

	(iii)
From 20 to 25 s: 
[image: image102.wmf]2
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	1A

	
[image: image103.emf] 
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(for labelled axes with units)


(for correct lines)
	1A

1A

	(b)
Apply Newton’s second law of motion, net force = ma.


24 000 = (60 + 740) ( a


a = 30 m s(2
	1M

1A

	(c)
(i)
Weight = 60 ( 10




= 600 N
	1A

	
(ii)
(1)
Apply Newton’s second law of motion, net force = ma.




Reaction force ( 600 = 60 ( 1 





Reaction force = 660 N
	

	
(The weighing scale measures the reaction 


force acting on the girl)
	

	


( weighing scale reading = 660 N
	1A

	
 
(2)
Weighing scale reading = 600 N
	1A

	
 
(3)
Reaction force ( 600 = 60 ( ((1) 




Reaction force = 540 N




( weighing scale reading = 540 N
	1A

	(d)
The weighing scale measures the reaction force acting on the girl.
	1A

	
When the girl undergoes free falling, the reaction force acting on her is zero.
	1A

	
But the weight of the girl which is the gravitational force acting on her, is still equal to 600 N (or mg).
	1A

	
(for effective communication)
	1C


 13.

	Solutions
	Marks

	(a)



[image: image104.emf] 

tension ( T )  

F  

weight ( W )  
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(correct tension)


(correct pulling force)

(correct weight)
	1A
1A

1A

	(b)
The resultant force on the mass is zero.
	1A


(c)
(i)


	F / N
	8
	10
	12
	14.5
	17

	1/tan (
	0.84
	1
	1.19
	1.43
	1.73


2M
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(for labelled axes with units)



(for correct points)



(for the best fitting straight line passing through the origin)
	1A

1A

1A

	(ii)
Slope = 
[image: image106.wmf]N
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	1M

	


 = 10 N
	1A

	(iii)
The slope represents the weight of the mass.
	2A

	
(The physical meaning of the slope of the graph can be derived as follows.


T cos ( = F
(1)


T sin ( = W
(2)
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( the slope is W.)
	

	(iv)
Since the mass is in equilibrium, the resultant force in the horizontal direction is zero.
	

	
T cos ( = F

When ( = 45(, F = 10 N


( T cos 45( = 10


 
T = 14.1 N
	1M

1A


 14.

	Solution
	Marks

	(a)



[image: image110.emf] 
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(correct normal force)


(correct friction)


(correct weight)
	1A
1A

1A

	(b)
Component of the weight perpendicular to the plane


= 4 ( 10 ( cos 30( = 34.6 N
	1M

	
Since the block does not move perpendicular to the plane, the net force in this direction is zero.


(OR normal reaction ( weight component normal to the plane = 0)
	1M

	
Therefore the normal reaction is 34.6 N.
	1A

	(c)
Component of the weight parallel to the plane


= 4 ( 10 ( sin 30( = 20 N
	1M

	
Since the block moves with uniform velocity along the plane, the net force in this direction is zero.


 (OR pushing force ( weight component along the plane = friction)
	1M

	
Therefore the friction is (45 ( 20) N = 25 N
	1A

	(d)
Since the friction and the component of the weight parallel to the plane are opposing the motion of the block,
	1A



	
The block will decelerate initially.
	1A

	
Then it will stop and remain at rest when it reaches its highest position,
	1A

	
At which the friction opposes and balances the component of the weight parallel to the plane.
	1A


 15.

	Solution
	Marks

	(a) 
Weight of the object = mg


= 1 ( 10 = 10 N
	1A

	(b) 
Acceleration = g = 10 m s-2
	1A

	(c) 
If the air resistance should be considered, the acceleration will become smaller.


It is because the air resistance acts in the opposite direction against the weight.
	1A

1A

	(d)
(i) 
The air resistance increases with the speed of the box. 


Eventually, it becomes big enough to offset the weight of the box.


When this happens, the net force acting on the box becomes zero.


According to Newton's first law, the box will fall with a constant speed.
	1A

1A

1A



	

(for effective communication) 
	1C

	
(ii) 
Air resistance = weight of the set-up (box and contents)



= 5 ( 10 = 50 N
	1A

	(e) 
In both cases, the spring balance reads 0 N. 


It is because the spring falls with the same speed as that of the object.


The object exerts no forces to the spring balance. 


Thus the balance reads 0 N.
	1A

1A

1A


 16.

	Solutions
	Marks

	(a) 

(correct normal reaction)

(correct tension)

(correct weight)
	1A

1A

1A

	

(correct tension)


(correct pulling force)

(correct normal reaction)

(correct weight)
	1A

1A

1A

1A

	(b) Let T be the tension of the string.
Consider block A
T = mAa 
(1)
Consider block B
50-T = mBa 
(2)
Solving (1) and (2),
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The tension of the string is 31.25 N.
	1M

1M

1M

1A

	(c) Consider the forces along the plane.

friction + mg sin
[image: image112.wmf]q
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friction = 10 N
	1M
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