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5 Motion

Practice 5.1 (p. 28)

1
B

2
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(a)
Average speed of a girl = 
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Average speed of a bullet = 
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Acceleration of the car = 
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5
Average acceleration = 
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6
No, the driver did not tell the truth. The separation of the oil marks was increasing as the car approached the traffic light. Since the time interval between two marks is constant, the car was accelerating instead of slowing down.

Practice 5.2 (p. 38)

1
D

2
D


For option B, the acceleration of the police car in the first 20 s
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5
(a)
The object moves with a constant velocity.


(b)
The object is stationary.


(c)
The object accelerates.


(d)
The object decelerates.


(e)
The object first moves with a constant velocity, is then stationary and finally moves with a smaller constant velocity again.


(f)
The object is stationary.


(g)
The object decelerates to rest, and then accelerates in reverse direction to return to its starting point.


(h)
The object moves with uniform velocity towards the origin (the zero displacement position), passes the origin, and continues to move away from the origin with the same uniform velocity.
6
(a)
The object moves with a constant velocity.


(b)
The object moves with a uniform acceleration from rest.


(c)
The object moves with a uniform acceleration, starting with a certain initial velocity.


(d)
The object moves with a uniform deceleration, starting with a certain initial velocity. Its velocity becomes zero finally.


(e)
The object first moves with a uniform acceleration from rest, then at a constant velocity, and finally moves with a smaller uniform acceleration again.


(f)
The object moves at a constant velocity and then suddenly moves at another constant velocity in the opposite direction.


(g)
The object moves with uniform deceleration from an initial velocity to rest, and continue to move with the same uniform acceleration in reverse direction.

7
(a)
The object moves with zero acceleration (with constant velocity or is stationary).


(b)
The object moves with a uniform acceleration of 5 m s–2.


(c)
The object moves with uniform deceleration of 2 m s–2.

8
(a)
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(b)
Total distance travelled = area under the graph = 
[image: image9.wmf]2
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(c)
Average speed of the car = 
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(d)
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[image: image11.wmf])

(

2

1

v

u

v

+

=




          
[image: image12.wmf]12)

(6

2

1

+

´

=




          = 9 m s–1


This is the same as the average speed calculated from (c).

Practice 5.3 (p. 44)

1
C

2
(a)
The girl moves towards the motion sensor. 


(b)
The highest speed is 3.6 m s–1. 


(c)
The greatest rate of change in speed 



= the greatest slope (first part of the graph)



=
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= 1.75 m s–2


(d)
The total distance travelled = area under the curve



                      = 
[image: image14.wmf]2
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3
The motion sensor is set so high that the ultrasound is reflected from the wall but not the trolley. The sensor should be set lower

4
C

5
The boy walks away from the motion sensor at a uniform velocity of 0.5 m s–1 for 5 s, then reverses his direction and walks towards the motion sensor at a uniform velocity of 0.7 m s–1 for another 5 s.


Distance travelled away from motion sensor = 0.5 m s–1 ( 5 s = 2.5 m 


Distance travelled towards motion sensor = 0.7 m s–1 ( 5 s = 3.5 m 


Displacement = (2.5 – 3.5) m = –1.0 m i.e. he is 1.0 m towards the sensor.

Practice 5.4 (p. 52)

1
B


Applying v2 = u2 + 2as
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Note: Ss should use v2 = u2 + 2as to find the length of the runway. They may make mistake if they don’t convert km h(1 to m s(1. However, the wrong answers do not make sense. Ss can also guess the answer by common sense.

2
C


The total displacement of the dog when catch the theft is s = 30 m at t = 5 s. The dog was sitting initially, u = 0


Applying s = ut + 
[image: image17.wmf]2
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3
B


Since the bullet start decelerates after fired into the wall, we could just consider the displacement of the bullet in the wall. To prevent the bullet from penetrating the wall, the bullet must stop in the wall.


Given u = 500 m s–1, a = (80 000 m s–2, v = 0


Applying equation v2 = u2 + 2as

       0 = 5002 + 2 ( ((800 000) ( s

       s = 0.156 m = 15.6 cm < 15.8 cm

4
B


X is moving at constant speed.


Time for X to reach finish line = 
[image: image19.wmf]s
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For Y: u = 5 m s–1, s = 250 m, a = 2 m s–2

Applying equation s = ut + 
[image: image20.wmf]2
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Y needs 13.5 s to reach finish line.


Hence Y will win the race.


Note: Students may first calculate the time for X to finish the game. Then they use this result to calculate the distance traveled by Y and see whether it is longer or shorter than 250 m.

5
Given u = 36 km h–1 = 10 m s–1, v = 90 km h–1 = 25 m s–1 and t = 10 s


Applying equation v = u + at

a = 
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Applying equation v2 = u2 + 2as

s = 
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6
Given u = 0, v = 20 m s–1, s = 100 m


Applying equation v2 = u2 + 2as

a = 
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Applying equation v = u +at

t = 
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7
(a)
Given speed = 108 km h–1 = 30 m s–1, v = 0, reaction time = 0.8 s



Thinking distance = speed ( reaction time



               = 30 ( 0.8



               = 24 m


(b)
Since the car decelerates uniformly, 



braking distance = 
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(c)
Stopping distance = thinking distance + braking distance



= 24 + 33 = 57 m

8
(a)
Given the football: u = 0, a = 20 m s–2


Applying equation v = u + at


= 0 + 20 ( 0.3 = 6 m s(1

(b)
Applying equation v2 = u2 + 2as



a = 
[image: image32.wmf]0.8
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Practice 5.5 (p. 60)

1
C

2
C


For both fireworks, apply equation v2 = u2 – 2gs

v = 0 when they explode, 


(u = 
[image: image33.wmf]gs

2



Since sX > sY, 


uX > uY

Applying v = u – gt, 


t = u/g

Since uX > uY, 


tX > tY

Hence firework X is projected at a higher speed and goes first.

3
D

4
C


For option A, apply equation v2 = u2 – 2gs and take s = 0 (the ball returns to the second floor), 


v = –u = –10 m s–1 (vertically downwards)


This is the same velocity as the initial velocity of option B.


Hence both ways produce the same vertical speed when the ball reaches the ground.

5
(a)
Given u =0, a = 10 m s–2


Applying equation v = u + at


for t = 1 s, v = 0 + 10 ( 1 = 10 m s–1



for t = 2 s, v = 0 + 10 ( 2 = 20 m s–1


for t = 3 s, v = 0 + 10 ( 3 = 30 m s–1


for t = 4 s, v = 0 + 10 ( 4 = 40 m s–1

(b)
Applying equation s = ut + 
[image: image34.wmf]2
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for t = 1 s, s = 0 + 1/2 ( 10 ( 12 = 5 m



for t = 2 s, s = 0 + 1/2 ( 10 ( 22 = 20 m



for t = 3 s, s = 0 + 1/2 ( 10 ( 32 = 45 m



for t = 4 s, s = 0 + 1/2 ( 10 ( 42 = 80 m

6
Given u = 0, a = 10 m s–2, s = 10 m


Applying equation s = ut + 
[image: image35.wmf]2
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Applying equation v2 = u2 + 2as

v = 
[image: image37.wmf]10
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It takes her 1.4 s to drop and she enters the water at 14 m s–1.

7
(a)
Given u = 0, a = 10 m s–2, s = 120 m



Applying equation s = ut + 
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(b)
Applying equation v = u + at


                 = 10 + 10 ( 4



                 = 50 m s–1
8
Given s = 0, a = (10 m s–2 (take upward as positive), t = 30 s


Applying equation s = ut + 
[image: image40.wmf]2
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i.e. The bullet is shot up at 150 m s–1.

9
(a)
The clearance between Tammy and the ceiling is (6 – 2 – 1.2) = 2.8 m

(b)
When she jumps, let s be her vertical displacement.



As the maximum jumping speed is 8 m s–1, i.e. u = 8 m s–1



Applying equation v2 = u2 + 2gs


s = 
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s = 3.2 m > 2.8 m


Hence, the indoor playground is not safe for playing trampoline.

10
(a)
The displacement of his center of mass to reach the highest height:



s = 2.45 + 0.07 ( 1.2 = 1.32 m  (upwards is positive)


Applying equation v2 = u2 + 2as


u = 
[image: image44.wmf]1.32
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(b)
When he falls onto the cushion, his speed is the same as the initial speed, but in opposite direction, i.e. v = –5.14 m s–1


Applying equation v = u + at,




–5.14 = 5.14 + (–10)t




t = 1.03 s

Revision exercise 5

Multiple-choice (p. 64)

Section A

1
C


Average speed = 
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Magnitude of average velocity = 
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2
C

3
C


Take downward as positive.


u = 200 m s–1

v = 5 m s–1

a = (20 m s–2

Applying equation v = u + at

5 = 200 + ((20)t

t = 9.75 s 


The rockets should be fired for at least 9.75 s. Both C and D satisfy this requirement. But for D, after firing for 10.2 s, 


v = u + at = 200 + (–20)(10.2) = –4 m s–1

i.e. it flies away from the Moon with 4 m s–1 upwards. It cannot land on the Moon.


Hence the correct answer is C.

4
A


(1) is correct.


(2) is correct: acceleration during braking 
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, i.e. deceleration = 4 m s–2

(3) is incorrect: stopping distance = area under the graph = 
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< 27 m. The car will not pass the traffic light.

5
B


Consider the rock falls from 2nd floor.


Applying equation v2 = u2 + 2as

                v2 = 2as  (as u = 0)


Then consider the rock falls from the 8th floor.


              (v2)2 = 2as2


             now s2 = 4s, 

then v2 = 2v
6
D

7
(HKCEE 2000 Paper II Q4)

Section B

8
D

9
A


(1) is correct, the girl changes her direction at t = 4 s.


(2) is incorrect: 


The farthest distance travelled in the positive direction


= area of graph above the time axis


= 
[image: image49.wmf]10
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= 20 m > 18 m


She passes the post box in the journey.


(3) is incorrect. She moves with –5 m s–1After t = 5 s.

10
C

11
C


The stone returns to the ground with the same speed (but in opposite direction).


Applying equation v = u + at

–v = v – gt ( 2v = gt

If the stone is projected with a speed of 2v, let the new time of travel be t'.

(–2v) = (2v) – gt'

t' = 4v/g = 2t
12
(HKCEE 2002 Paper II Q3)

Conventional (p. 66)

Section A 

1
(a)
Initial velocity v = 90 km h–1 = 25 m s–1


Thinking distance = v ( t
(1M)



               = 25 ( 0.2



               = 5 m
(1A)


(b)
Applying equation v2 = u2 + 2as
(1M)



a = 
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  = (4.17 m s–2
(1A)



Hence, the deceleration of the car is 4.17 m s–2.


(c)
Applying equation v2 = u2 + 2as
(1M)



s = 
[image: image52.wmf]a
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  = 37.5 m
(1A)



Braking distance = 37.5 m


Stopping distance = 37.5 + 5 = 42.5 m
(1A)



The driver could not stop before the traffic light. So, his claim is incorrect.
(1M)

2
(a)
Take downward as positive.



Applying equation v2 = u2 + 2gs
(1M)


v = 
[image: image54.wmf]gs
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(1A)


The speed of the resident landing on the cushion is 27.2 m s(1.


(b)
(i)
Applying equation s = ut +
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40 – 3 = 0 + 
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t = 2.72 s



The time of travel in air is 2.72 s. 
(1A)


(ii)
s =
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[image: image59.wmf]v

u

s

+

2





  = 
[image: image60.wmf]0

2

27

3

2

+

´

.

t



  = 0.221 s


The time of contact is 0.221 s.
(1A)


(c)
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Correct sign.
(1A)



Correct shape.
(1A)



Correct values. 
(1A)

Section B

3
(a)
(i)
Average speed of the bus passing by the first traffic light
[image: image62.wmf]3
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(1A)


(ii)
Instantaneous speed equals the average speed at 2.5 s
(1A)


(b)
(i)
Average speed of the bus passing by the second traffic light
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(1A)


(ii)
Instantaneous speed equals the average speed at 15.5 s
(1A)


(c)
The acceleration of the bus moving between the two traffic lights



= 
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(1A)


(d)
Applying equation v2 = u2 + 2as
(1M)


s = 
[image: image66.wmf]a
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The distance between the two traffic lights is 117 m.

4
(a)
The mouse sees the cat at t = 6.5 s
(1A)


(b)
The mouse turn back at t = 7 s
(1A)


(c)
When the mouse runs towards the cake, the distance travelled 



= area under the curve from t = 0 s to t = 7 s
(1M)



= 
[image: image68.wmf]2
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= 9.5 m
(1A) 



< 12 m



Hence, the mouse does not reach the cake.
(1A)


(d)
Slope of the graph during t = 6.5 s to t = 7 s
(1M)



=
[image: image69.wmf]7
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Hence, the acceleration of the mouse is –10 m s(2.
(1A)


(e)
The distance travelled in the backward trip 



= area under the curve from t = 6.5 s to t = 10 s
(1M)



=
[image: image70.wmf]2
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= 11.3 m 
(1A)



> 8.5 m (distance travelled in the forwards trip)



Hence, the mouse can returns to its hole safely.
(1A)

5
(a)
The motion sensor is protruded outside the table to avoid the reflection of ultrasonic signal from table.
(1A)


(b)
The slope of the graph from t = 0 to t = 0.28 s



= 
[image: image71.wmf]0
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= 8.21 m s–2
(1A)



The acceleration of the ball due to gravity is 8.21 m s–2.

(c)
(i)
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Correct sign. 
(1A)




Correct shape. 
(1A)



(ii)
The method does not work
(1A)
since ultrasound will be reflected by the transparent plastic plate.
(1A)

6
(a)
(i)
Ball held 0.15 m from sensor before release; ball hits the ground which is 1.1 m from the sensor. Thus the ball drops a height of 0.95 m.
(1A)



(ii)
The ball rebounds to heights which are 0.45 m, 0.65 m and 0.755 m from the sensor in its first 3 rebounds.



At 1st rebound, the ball therefore rises up (1.1 ( 0.45) = 0.65 m
(1A)




At 2nd rebound, the ball therefore rises up (1.1 ( 0.65) = 0.45 m
(1A) 



At 3rd rebound, the ball therefore rises up (1.1 ( 0.775) = 0.325 m
(1A)


(b)
(i)
The ball hits the ground with velocities of 3.9 m s–1, 3.25 m s–1 and 2.75 m s–1 in its first 3 rebounds.
(3A)



(ii)
Acceleration = slope of graph ( 
[image: image73.wmf]0.55
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= 8.9 m s–2
(1A)

7
(a)
Applying equation v = u + at
(1M)



u = 0( ((10) ( 0.7  (upward as positive)



  = 7 m s–1
(1A)



The speed of the diver leaving the spring board is 7 m s–1.


(b)
She takes a total of (0.7 + 1.044) = 1.744 s from the spring board to the water.



Applying equation s = ut +
[image: image74.wmf]2
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(1M)


Take upward as positive.



s = 7 ( 1.744 + 
[image: image75.wmf]2

1

( (–10) ( 1.7442


  = –3.00 m (–ve means the water is below the spring board)



The spring board is 3.00 m above the water.
(1A)



Alternatively, consider the upward motion and downward motion separately.



For the upward motion, she takes 0.7 s to reach the highest point from the spring board. Take upward as positive.



Applying equation s = ut +
[image: image76.wmf]2
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s1 = 7 ( 0.7 + 
[image: image77.wmf]2
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 ( (–10) ( 0.72 = 2.45 m



For the downward motion, she takes 1.044 s from the highest point to enter water. Take downward as positive.



Applying equation s = ut +
[image: image78.wmf]2
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gt2


s2 = 0 + 
[image: image79.wmf]2

1

( 10 ( 1.0442 = 5.45 m



Hence the height of the spring board above the water = s2 – s1


= 5.45 – 2.45 = 3.00 m


(c)
Applying equation v = u + at
(1M)



                 = 0 + ((10) ( 1.044



                 = (10.4 m s–1
(1A)



The speed of the diver entering the water is 10.4 m s–1.


(d)




[image: image80.jpg]vimst
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Correct shape. 
(1A)



Correct times. 
(1A)



Correct velocities. 
(1A)


(e)
(See the figure in (d).)



Correct slope (parallel to that in (d)). 
(1A)



Correct final speed (> 10.4 m s–1). 
(1A)
8
(a)
– The motion sensor is protruded outside the table for avoiding the reflection of ultrasonic signal from it. 



– The projector has to be aligned with the vertical direction.



– The motion sensor has to face vertically downwards. 



– The metre rule should be stable without vibration.



(1A for any one)


(b)
(i)
At 0.25 s, the ball bearing reaches its highest point and becomes stationary.
(1A)



(ii)
In the first 0.25 s, the ball bearing is moving towards the motion sensor. Therefore, its velocity is negative. 
(1A)




In next 0.25 s, the ball bearing falls down and moves away from the motion sensor. Therefore, its velocity is positive.
(1A)


(c)
(i)
The slope represents the acceleration of the ball bearing.
(1A)



(ii)
The area under the curve from t = 0 s to t = 0.25 s




=
[image: image81.wmf]2

1

( 0.25 ( 2.4
(1M)




= 0.3 m



The maximum height of the ball above the projector is 0.3 m.
(1A)

(d)
Displacement-time graph of the ball bearing (take the starting position of the bearing as zero displacement):


[image: image82.jpg]tl's







Correct shape. 
(1A)



Correct sign. 
(1A)



Correct values. 
(1A)



Correct indication of 0.3 m. 
(1A)

9
(HKCEE 2002 Paper I Q8)

10
(a)
Applying equation v = u + at
(1M)



v = 0 + 17.5 ( (8 ( 60)



 = 8400 m s–1 = 30 240 km h–1
(1A)


(b)
Applying equation s = ut +
[image: image83.wmf]2

1

at2
(1M)



s = 0 +
[image: image84.wmf]2

1

 ( 17.5 ( (8 ( 60)2


 = 2 016 000 m = 2016 km
(1A)

Physics in articles (p. 70)

(a)
(i)
Take downward as positive.



Applying equation v = u + at
(1M)



                 = 0 + 10 ( 30



                 = 300 m s–1 > 280 m s–1


The parachutist can attain a supersonic speed. 
(1A)


(ii)
( The air resistance is negligible.
(1A)



( The acceleration of gravity remains constant as 10 m s–2 throughout the fall.
(1A)

(b)
He then attain 1600 km h–1 (= 444.44 m s–1) at 60 s



Applying equation v = u + at
(1M)


Average acceleration a = 
[image: image85.wmf]t

u

v

-

= 
[image: image86.wmf]60

0

 

444.44

-




               = 7.41 m s–2
(1A)


As the dropping speed is so large, the air resistance becomes so larger that it cannot be neglected. Thus the value of gravity is less than 9.8 m s–2

(1A)
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