
AS Level Physics

Chapter 3 – Forces and Motion 

3.2.2 Linear Motion and Projectile Motion

Worked Examples
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The graph represents the motion of two cars, A and B, as they move along a straight, horizontal road. 

(a) Describe the motion of each car as shown on the graph. 
(i) car A: 
(ii) car B: 
(b) Calculate the distance travelled by each car during the first 5.0 s. 
(i) car A:
(ii) car B: 
(c) At time t = 0, the two cars are level. Explain why car A is at its maximum distance ahead of B at t = 2.5 s

Question 1
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Question 1

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

b) Calculate the distance travelled by each car during the first 5.0s:
i) Car A:

Remember area under the speed time graph = distance

i) Car B:

c) Explain why Car A is at its maximum distance ahead of B at t = 2.5 seconds: 

• Car B is initially at 14 𝑚𝑠−1 and Car A is at 16 𝑚𝑠−1. So for the first 2.5 seconds car A is faster than 
car B.

• As Car A is faster than Car B for the first 2.5 seconds, the separation between car A and car B is 
increasing. Until 𝑡 = 2.5 𝑠 when car B reaches the same speed as car A and the separation between 
the cars is no longer increasing and is constant. 

• This means car A has reached its maximum distance ahead of car B at 𝑡 = 2.5 𝑠. 
• After 𝑡 = 2.5 𝑠 car B is slowly getting faster than car A and so the separation between the two cars 

decreases because car B is catching up to car A. 

Therefore the distance travelled by Car A is represented by the red  
rectangular area.

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑦 𝐶𝑎𝑟 𝐴 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑤𝑖𝑑𝑡ℎ(𝑤) × ℎ𝑒𝑖𝑔ℎ𝑡(ℎ)

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 5.0 𝑠 × 16 𝑚𝑠−1

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 80 𝑚
Therefore Car A travelled 80 m.

The distance travelled by Car B is represented by the blue trapezium 
area.

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑦 𝐶𝑎𝑟 𝐵 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑎𝑝𝑒𝑧𝑖𝑢𝑚

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
𝑎 + 𝑏

2
× ℎ

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
18 𝑚𝑠−1 + 14 𝑚𝑠−1

2
× 5 𝑠

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 80 𝑚
Therefore Car B travelled 80m.

a) Describe the motion of car A and Car B:
i) The graph for Car A shows that Car A is travelling at constant speed.
ii) Car B accelerates for the first 5 seconds up to 18 𝑚𝑠−1 and then travels at a constant speed.
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The diagram shows a velocity-time graph for a ball bouncing vertically on a hard surface. The ball was 
dropped at t = 0 s. 

a) At what time does the graph show the ball in contact with the ground for the third time? 
b) The downward sloping lines on the graph are straight and parallel with each other. Why? 

Question 2

a) At what time does the ball come in contact with the ground for the third time:

Therefore at t = 2.1 seconds is when the ball came into contact with the ground for the third time.

b) Why are the downward sloping lines straight and parallel to each other: 

The lines represent the acceleration of the ball and show that the acceleration on the ball is constant.

 

1) To make this 
question easier to 

answer I have labelled 
the diagram showing 

the motion of the 
bouncing ball.

4) The lines are 
decreasing in 

length each bounce 
because kinetic 

energy is lost with 
each bounce.

falling
falling falling

falling

rising rising rising

Max 
height

Max 
height

Max 
height

3) The blue line shows 
that the ball is falling 
down. Red lines show 

that the ball is rising. The 
green dots show that the 
ball has reached its max 
height. The purple dots 
mean that the ball hits 

the ground.
2) This graph shows 

that downwards 
(falling) is negative 

and upwards 
(rising) is positive.

5) If all the lines 
were the same 

length then there is 
no energy loss.

Hits the ground
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A ball is dropped from a high window onto a concrete floor. The velocity–time graph for part of its motion 
is shown. 

a) Calculate the gradient from the origin to A. 
b) Comment on the significance of your answer. 
c) What happened to the ball at point A? 
d) Calculate the height of the window above the ground.

Question 3
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Question 3

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

a) Calculate the gradient from the origin to point A:

𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 =
𝑦2 − 𝑦1

𝑥2 − 𝑥1

𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 =
30 − 0

3 − 0
𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 = 10

Therefore the gradient from the origin to point A is 10.

b) Comment on the significance of your answer:

The gradient of the graph represents the acceleration of the ball. The acceleration calculated is close to 
free fall or acceleration due to gravity.

c) What happened to the ball at point A:  

So at point A the ball hits the ground and the ball bounces.

d) Calculate the height of the window above the ground:

 

Point A has coordinates 
(𝑥2 , 𝑦2)= (3,30) and the 
origin has coordinates 

(x1, y1)=(0,0)

Acceleration due to gravity 
or free fall is 9.81 𝑚𝑠−2.

rising

falling

Max height

Hits the ground 1) This graph shows that downwards (falling) is positive and upwards (rising) is negative.

3) As all the lines are the same length that means no energy is lost.

2) The blue line shows that the ball is falling down. Red lines show that the ball is rising. The 
green dots show that the ball has reached its max height. The purple dots mean that the ball 

hits the ground.

Area under the graph = displacement 

Area = area of triangle = 
1

2
× 𝑏𝑎𝑠𝑒 × ℎ𝑒𝑖𝑔ℎ𝑡

𝐴𝑟𝑒𝑎 =
1

2
× 3 𝑠 × 30 𝑚

𝐴𝑟𝑒𝑎 = 45

Therefore the height of the window above the ground is 45 m.

Remember that the area 
under the velocity-time 

graph represents 
displacement. So to 

calculate the height of 
the window just 

calculate the orange 
area.
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a) Fig. 2.1 shows a graph of velocity against time for an object travelling in a straight line. 

The object has a constant acceleration a. In a time t its velocity increases from u to v. 

(a) Describe how the graph of Fig. 2.1 can be used to determine 
(i) the acceleration a of the object In your answer, you should use appropriate technical terms, spelled 

correctly. 
(ii) the displacement s of the object. 

(b) Use the graph of Fig. 2.1 to show that the displacement s of the object is given by the equation:

(c) In order to estimate the acceleration g of free fall, a student drops a large stone from a tall building. 
The height of the building is known to be 32 m. Using a stopwatch, the time taken for the stone to fall to 
the ground is 2.8 s. 
(i) Use this information to determine the acceleration of free fall. 
(ii) One possible reason why your answer to (c)(i) is smaller than the accepted value of 9.81 𝑚𝑠−2 is the 
reaction time of the student. State another reason why the answer is smaller than 9.81 𝑚𝑠−2.

Question 4

www.tutorpacks.co.uk @tutorpacks

© Tutor Packs 7

https://www.youtube.com/channel/UCf0Baa0__vg1XoNS0ay9Krw
https://www.tiktok.com/@tutorpacks?_d=secCgYIASAHKAESPgo8sbS3LTMUnDQsKSZIU8nyu2JwzZWl3EBCpBUyHxKe8zJbXrzndQJbwTomElO971WqtkSk%2BwTPTd5tvRwNGgA%3D&language=en&sec_uid=MS4wLjABAAAAwkQUt9LjNdX35m3dFWIqCEQOaIENwYDqOpHILTzaWbLyRAF7y1aKxSJzwxWPuoXa&sec_user_id=MS4wLjABAAAAwkQUt9LjNdX35m3dFWIqCEQOaIENwYDqOpHILTzaWbLyRAF7y1aKxSJzwxWPuoXa&share_app_id=1233&share_author_id=6996655590592988165&share_link_id=3e449414-f896-4d6c-a823-353aa918ade7&timestamp=1629743849&u_code=dk6448077med76&user_id=6996655590592988165&utm_campaign=client_share&utm_medium=android&utm_source=more&source=h5_m&_r=1
https://twitter.com/TutorPacks
https://www.instagram.com/tutorpacks/


Question 4

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

ai) How can the graph be used to determine the acceleration (a):
Acceleration (a) can be determined by calculating the gradient of the line.

𝑨𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝒂 = 𝒈𝒓𝒂𝒅𝒊𝒆𝒏𝒕 =
𝒗 − 𝒖

𝒕
aii) How can the graph be used to determine the displacement (s):

The area under the graph is equal to the displacement (s). 

b) Prove:

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝐵 = ℎ𝑒𝑖𝑔ℎ𝑡 × 𝑤𝑖𝑑𝑡ℎ = 𝑢𝑡

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑖𝑎𝑛𝑙𝑔𝑒(𝐴) =
1

2
× 𝑏𝑎𝑠𝑒 × ℎ𝑒𝑖𝑔ℎ𝑡 =

1

2
× 𝑡 × 𝑣 − 𝑢

𝑊𝑒 𝑘𝑛𝑜𝑤 𝑓𝑟𝑜𝑚 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1 𝑣 = 𝑢 + 𝑎𝑡 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑣 − 𝑢 = 𝑎𝑡 𝑠𝑜:

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 =
1

2
× 𝑡 × 𝑎𝑡 =

1

2
𝑎𝑡2

To get the total displacement we add the area of the triangle and the rectangle together to give:

𝑠 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 + 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒

𝒔 = 𝒖𝒕 +
𝟏

𝟐
𝒂𝒕𝟐

ci) Use the information to determine the the acceleration of free fall:
𝑠 = 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 = 32 𝑚

𝑢 = 𝑖𝑛𝑖𝑡𝑎𝑖𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 0 𝑚𝑠−1 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑡ℎ𝑒 𝑠𝑡𝑜𝑛𝑒 𝑖𝑠 ℎ𝑒𝑙𝑑 𝑎𝑡 𝑟𝑒𝑠𝑡 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑒𝑛𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑜𝑝𝑝𝑖𝑛𝑔 𝑖𝑡
𝑣 = 𝑓𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑤𝑒 ℎ𝑎𝑣𝑒𝑛′𝑡 𝑏𝑒𝑒𝑛 𝑔𝑖𝑣𝑒𝑛 𝑡ℎ𝑖𝑠 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛

𝑎 = 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = ? 𝑚𝑠−2 𝑤ℎ𝑎𝑡 𝑤𝑒 ℎ𝑎𝑣𝑒 𝑡𝑜 𝑓𝑖𝑛𝑑 𝑜𝑢𝑡
𝑡 = 𝑡𝑖𝑚𝑒 = 2.8 𝑠

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2

32 𝑚 = 0 𝑚𝑠−1 2.8 𝑠 +
1

2
𝑎 2.8 𝑠 2

𝑎 =
2 × 32

2.8 2

𝒂 = 𝟖. 𝟏𝟔 𝒎𝒔−𝟐

cii) State another reason why the answer is smaller than 9.81 𝒎𝒔−𝟐. 

The answer is smaller than 𝟗. 𝟖𝟏 𝒎𝒔−𝟐 because of air resistance/drag. 

𝑨

𝑩

Split the graph into two different areas:
A) Triangle 

B) Rectangle
And find the area and add them together.

Always fill out the SUVAT 
with the information you 
have from the question. 
This makes picking the 
correct formula easier.

We use 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 

because it doesn’t include v.
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a) According to Aristotle (384 – 322 B.C.) ‘heavier objects fall faster than lighter ones’. Explain how one 
experiment carried out by Galileo (1564 – 1642) overturned Aristotle’s ideas of motion. 

b) Fig. 2.1 shows an arrangement used in the laboratory to determine the acceleration g of free fall.

The steel ball is held at rest by an electromagnet. When the electromagnet is switched off, the electronic 
timer is started and the ball falls. The timer is stopped when the ball opens the trapdoor. The distance 
between the bottom of the ball and the top of the trapdoor is 0.600 m. The timer records a time of fall of 
0.356 s.
Bi) Show that the value for the acceleration g of free fall obtained from this experiment is 9.47 𝑚𝑠−2.
Bii) State one reason why the experimental value in (i) is less than 9.81 𝑚𝑠−2.
Biii) On Fig. 2.2 sketch a graph to show the variation of the vertical distance s fallen by the ball with time t.

Question 5
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Question 5

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

a) How did Galileos experiment overturn Aristotles’s idea of motion:
Aristotle was an ancient Greek philosopher who was know for his famous theory that if two objects of 
different mass are dropped from the same height, the heavier object would always hit the ground 
before the lighter object. 

Galileo was a scientist who overturned Aristotles idea and thought all objects accelerate towards the 
ground at the same rate. This means that objects with different weights dropped from the same height 
should hit the ground at the same time. He reckoned that the reason why objects didn’t do this was due 
to the existence of air resistance. To test his theory he did the incline plane experiment and his theory 
was correct.

So the answer is:
• Galileo rolled objects with different masses down an incline plane.
• He found the objects had the same acceleration.
• So, because they have the same acceleration the objects should hit the ground at the same time.

bi) Show that the value of acceleration g is 9.47 𝒎𝒔−𝟐:
𝑠 = 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 = 0.600 𝑚

𝑢 = 𝑖𝑛𝑖𝑡𝑎𝑖𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 0 𝑚𝑠−1 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑡ℎ𝑒 𝑏𝑎𝑙𝑙 𝑖𝑠 ℎ𝑒𝑙𝑑 𝑎𝑡 𝑟𝑒𝑠𝑡
𝑣 = 𝑓𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑤𝑒 ℎ𝑎𝑣𝑒𝑛′𝑡 𝑏𝑒𝑒𝑛 𝑔𝑖𝑣𝑒𝑛 𝑡ℎ𝑖𝑠 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛

𝑎 = 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = ? 𝑚𝑠−2 𝑤ℎ𝑎𝑡 𝑤𝑒 ℎ𝑎𝑣𝑒 𝑡𝑜 𝑓𝑖𝑛𝑑 𝑜𝑢𝑡
𝑡 = 𝑡𝑖𝑚𝑒 = 0.356 𝑠

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2

0.600 𝑚 = 0 𝑚𝑠−1 0.365 𝑠 +
1

2
𝑎 0.356 𝑠 2

𝑎 =
2 × 0.600

0.356 2

𝒂 = 𝟗. 𝟒𝟕 𝒎𝒔−𝟐

bii) State one reason why the experimental value in (i) is less than 𝟗. 𝟖𝟏 𝒎𝒔−𝟐:
The experimental value of 𝟗. 𝟒𝟕 𝒎𝒔−𝟐 is less than 𝟗. 𝟖𝟏 𝒎𝒔−𝟐 because of air resistance or drag. It 
could also be due to the delay between switching off the current and the ball being released (sticky 
electromagnet) and it takes time to open the trapdoor. 

Biii) Sketch a graph to show the variation of the vertical distance s fallen by the ball with time t.

Always fill out the SUVAT 
with the information you 
have from the question. 
This makes picking the 
correct formula easier.

We use 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 

because it doesn’t include v.
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A small block of wood is held at a horizontal distance of 1.2 m from a metal ball. The metal ball is fired 
horizontally towards the block at a speed of 8.0 𝑚𝑠−1. At the same instant the ball is fired, the block is 
released and it falls vertically under gravity. 
Fig. 8.1 shows the paths of the metal ball and the block. The ball collides with the block. Air resistance is 
negligible. 

(a) Show that the time between firing the ball and it colliding with the block is 0.15 s. 
(b) Calculate the vertical distance h fallen by the wooden block when it collides with the metal ball. 
(c) Briefly explain why the metal ball will always collide with the wood block, even if the speed of the ball 

or the horizontal distance is changed.

Question 6

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

a) Show that the time is 0.15 s.

𝑠𝑝𝑒𝑒𝑑 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑡𝑖𝑚𝑒

8.0 𝑚𝑠−1 =
1.2𝑚

𝑡

𝑡 =
1.2 𝑚

8 𝑚𝑠−1

𝒕𝒊𝒎𝒆 = 𝟎. 𝟏𝟓 𝒔
b) Calculate the vertical distance h.

𝑈𝑠𝑒 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2

𝑠 = 0 0.15 +
1

2
9.81 0.15 2

𝑠 = 0.11 𝑚
𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆 𝒕𝒉𝒆 𝒉𝒐𝒓𝒊𝒛𝒐𝒏𝒕𝒂𝒍 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒉 = 𝟎. 𝟏𝟏𝒎

c) Explain why the metal ball will always collide with the wood block, even if the speed of the ball or 
the horizontal distance is changed. 

The ball will always collide with the wooden block even if the speed of the ball or the horizontal 
distance is changed because they both have the same vertical acceleration of 𝟗. 𝟖𝟏 𝒎𝒔−𝟐. 

This is the time taken for the metal 
block to travel a horizontal distance of 

1.2m. Therefore there is no 
acceleration of free fall acting on the 

metal ball. So you can just use 
speed=distance/time.

𝑠 =?  𝑚
𝑢 = 0 𝑚𝑠−1

𝑣 = 𝑛𝑜𝑡 𝑔𝑖𝑣𝑒𝑛
𝑎 = 9.81 𝑚𝑠−2

𝑡 = 0.15 𝑠
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Fig. 2.1 shows the path of water from a hose pipe. 

The end of the horizontal hose pipe is at a height of 1.3 m from the ground. The initial horizontal velocity 
of the water is 7.0 𝑚𝑠−1. The horizontal distance from the end of the hose pipe to the point where the 
water hits the ground is 3.6 m. You may assume that air resistance has negligible effect on the motion of 
the water jet. 
(a) On Fig. 2.1, draw an arrow to show the direction of the acceleration of the water at point P. (Mark this 

arrow A). 
(b) Explain why the horizontal component of the velocity remains constant at 7.0 𝑚𝑠−1. 
(c) Show that the water takes about 0.5 s to travel from the end of the pipe to the ground. 
(d) Show that the speed of the water when it hits the ground is 8.6 𝑚𝑠−1.

Question 7

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

a) Draw an arrow showing the direction of acceleration of the water:

b) Why is the horizontal component not affected?:

In the horizontal direction the acceleration of free fall is zero. Also the weight and the acceleration of 
free fall are at right angles to the motion and therefore have no effect on the horizontal component 
(or velocity). 

Arrow A is the acceleration of free fall 
(9.81 𝑚𝑠−1). This is the acceleration that 

causes the water particles to follow a 
projectile (curved) motion. The acceleration 
of free fall always act directly downwards.
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Question 7

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

c) Show that the water takes 0.5 s to travel from the end of the pipe to the ground.

𝑈𝑠𝑒 𝑠𝑝𝑒𝑒𝑑 =
𝑑𝑖𝑠𝑡𝑎𝑎𝑛𝑐𝑒

𝑡𝑖𝑚𝑒

𝑡𝑖𝑚𝑒 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑠𝑝𝑒𝑒𝑑

𝑡𝑖𝑚𝑒 =
3.6 𝑚

7.0 𝑚𝑠−1

𝒕𝒊𝒎𝒆 = 𝟎. 𝟓𝟏𝟒 𝒔

d) Show that the speed of the water when it hits the ground is 𝟖. 𝟔 𝒎𝒔−𝟏:

𝑢𝑠𝑒 𝑣 = 𝑢 + 𝑎𝑡
𝑣𝑣 = 0 + 9.81 0.5

𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 5.0 𝑚𝑠−1 

𝑢𝑠𝑒 𝑃𝑦𝑡ℎ𝑎𝑔𝑜𝑟𝑎𝑠 𝑡ℎ𝑒𝑜𝑟𝑒𝑚 𝑡𝑜 𝑓𝑖𝑛𝑑 𝑡ℎ𝑒 𝑟𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦:
𝑣2 = 7.0 2 + 5.0 2

𝑣 = (7.02 + 5.0 2

𝑣 = 8.6 𝑚𝑠−1

Therefore the speed of the water before it hits the ground is 𝟖. 𝟔 𝒎𝒔−𝟏. 

This is the time taken for the 
water to travel a horizontal 
distance of 3.6m. Therefore 
there is no acceleration of 

free fall acting on the water 
particles. So you can just use 

speed=distance/time.

𝑠 = 𝑑𝑜𝑛′𝑡 𝑛𝑒𝑒𝑑
𝑢 = 0 𝑚𝑠−1

𝑣𝑣 = 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =?
𝑎 = 9.81 𝑚𝑠−2

𝑡 = 0.5 𝑠
The information we have 

been given and worked out 
is just the horizontal and 
vertical velocities of the 

water particles (P). But the 
speed of the water when it 

hits the ground is the 
resultant velocity (v) of the 

horizontal and vertical 
components.

𝒗𝒗 = 𝟓. 𝟎 𝒎𝒔−𝟏

𝒗𝑯 = 𝟕. 𝟎 𝒎𝒔−𝟏
P

𝒗
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A student measures the acceleration due to gravity, g, using the apparatus shown in the figure below. A 
plastic card of known length is released from rest at a height of 0.50m above a light gate. A computer 
calculates the velocity of the card at this point, using the time for the card to pass through the light gate.

(a) The computer calculated a value of 3.10 𝑚𝑠−1 for the velocity of the card as it travelled through the 
light gate. Calculate a value for the acceleration due to gravity, g, from these data.

(b) State and explain one reason why the card would give more reliable results than a table tennis ball for 
this experiment. 

Question 8

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

a) Calculate the value of acceleration due to gravity (or free fall):
𝑈𝑠𝑒 𝑣2 = 𝑢2 + 2𝑎𝑠

3.10 2 = 0 2 + 2𝑎 0.50

𝑎 =
(3.10)2

2 × 0.50
𝑎 = 9.61 𝑚𝑠−2

𝐒𝐨 𝐭𝐡𝐞 𝐚𝐜𝐜𝐞𝐥𝐞𝐫𝐚𝐭𝐢𝐨𝐧 𝐝𝐮𝐞 𝐭𝐨 𝐠𝐫𝐚𝐯𝐢𝐭𝐲 𝐢𝐬 𝟗. 𝟔𝟏 𝐦𝐬−𝟐.

b) Give one reason why using a card gives more reliable results compared to using a table tennis ball:

The card will have almost constant acceleration where as the table tennis ball won’t because the air 
resistance affects the card less. 

This experiment is similar to the 
trapdoor and electromagnet 

experiment shown in Question 1. 
𝑠 = 0.50 𝑚
𝑢 = 0 𝑚𝑠−1

𝑣 = 3.10 𝑚𝑠−1

𝑎 =?
𝑡 = 𝑛𝑜𝑡 𝑔𝑖𝑣𝑒𝑛

The reason why air resistance affects 
the card less is because the card is 

more streamline (how easily an object 
can cut through the air) compared to 
the tennis ball so the card cuts right 
through the air whereas the ball will 

slow down due to air resistance.
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A digital camera was used to obtain a sequence of images of a tennis ball being struck by a tennis racket. 
The camera was set to take an image every 5.0 ms. The successive positions of the racket and ball are 
shown in the diagram below. 

(a) The ball has a horizontal velocity of zero at A and reaches a constant horizontal velocity at D as it 
leaves the racket. The ball travels a horizontal distance of 0.68 m between D and G. 

(i) Show that the horizontal velocity of the ball between positions D and G in the diagram above is about 
45 𝑚𝑠−1 . 

(ii) Calculate the horizontal acceleration of the ball between A and D. 
(b) At D, the ball was projected horizontally from a height of 2.3 m above level ground. 
(i) Show that the ball would fall to the ground in about 0.7 s. 
(ii) Calculate the horizontal distance that the ball will travel after it leaves the racket before hitting the 
ground. Assume that only gravity acts on the ball as it falls. 
(iii) Explain why, in practice, the ball will not travel this far before hitting the ground.

Question 9

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

ai) Show that the balls horizontal velocity is 𝟒𝟓 𝒎𝒔−𝟏 positions D and G:

𝑈𝑠𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝑡𝑖𝑚𝑒
𝑡𝑖𝑚𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐷 𝑡𝑜 𝐺 = 15 𝑚𝑠 = 0.015 𝑠

𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
0.68 𝑚

0.015 𝑠
𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 45 𝑚𝑠−1

Therefore the horizontal velocity is 𝟒𝟓 𝒎𝒔−𝟏.
aii) Calculate the horizontal acceleration of the ball between A and D:

𝑎 =
∆𝑣

∆𝑡
=

𝑣 − 𝑢

∆𝑡

𝑎 =
45.3 − 0

0.015
𝑎 = 3000 𝑚𝑠−2

Therefore the horizontal acceleration is 𝟑𝟎𝟐𝟐 𝒎𝒔−𝟐.

The time is 15 milliseconds 
(ms) because the camera 
takes images every 5 ms 

and there are three images 
between D and G

The final velocity is 45.3 m/s because 
at point D the ball leaves the racket 
and travels at a constant horizontal 
velocity which we calculated in part 

(ai). The initial velocity at point A is 0 
m/s.
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Question 9

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

Bi) Show that the ball would fall to the ground in about 0.7 s if it is projected at D:

𝑈𝑠𝑒 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2

2.3 = 0 𝑡 +
1

2
9.81 𝑡 2

2.3 =
1

2
9.81 𝑡2

2.3 × 2

9.81
= 𝑡2

𝑡 =
2.3 × 2

9.81

𝑡 = 0.68 seconds 

Therefore the time it takes the ball to fall to the ground is 0.68 seconds.

Bii) Calculate the horizontal distance the ball will travel after it leaves the racket:

𝑠𝑝𝑒𝑒𝑑 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑡𝑖𝑚𝑒
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑠𝑝𝑒𝑒𝑑 × 𝑡𝑖𝑚𝑒
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 45.3 × 0.685

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 30.6 𝑚

Therefore the horizontal distance the ball will travel is 30.6 m.

Biii) Why will the ball not travel this far before hitting the ground:

When calculating the answer in (bii) we neglect the effects of air resistance. Therefore:

Air resistance will cause horizontal deceleration and so the ball will not travel as far before hitting 
the ground.

There is no constant acceleration 
due to gravity acting on the 

horizontal component of the ball 
and so has no effect. Therefore you 

can just use the basic formula  
speed=distance/time.

𝑠 = 2.3 𝑚
𝑢 = 0 𝑚𝑠−1

𝑣 = 𝑛𝑜𝑡 𝑛𝑒𝑒𝑑𝑒𝑑
𝑎 = 9.81 𝑚𝑠−2

𝑡 =?
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In a castle, overlooking a river, a cannon was once employed to fire at enemy ships. One ship was hit by a 
cannonball at a horizontal distance of 150 m from the cannon as shown in the figure below. The height of 
the cannon above the river was 67 m and the cannonball was fired horizontally. 

(a) (i) Show that the time taken for the cannonball to reach the water surface after being fired from the 
cannon was 3.7 s. Assume the air resistance was negligible. 

(ii) Calculate the velocity at which the cannonball was fired. Give your answer to an appropriate number 
of significant figures. 
(iii) Calculate the vertical component of velocity just before the cannonball hit the ship. 
(iv) By calculation or scale drawing, find the magnitude and direction of the velocity of the cannonball just 
before it hit the ship. 

Question 10
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Question 10

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

ai) Show that the time taken for the cannonball to reach the water surface after being fired from the 
cannon was 3.7 s:

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2

6.7 = 0 𝑡 +
1

2
9.81 𝑡2

𝑡2 =
6.7 × 2

9.81

𝑡 =
6.7 × 2

9.81

𝑡 = 3.696 𝑠
Therefore the time taken for the cannonball to reach the water surface is 3.7s.

aii) Calculate the velocity at which the cannonball was fired:

𝑣 =
𝑠

𝑡
=

150 𝑚

3.696 𝑠
= 40.586

𝑣 = 41 𝑚𝑠−1

Therefore the cannonball was fired at 𝟒𝟏 𝒎𝒔−𝟏.

Aiii) Calculate the vertical component of velocity just before the cannonball hits the ship:
𝑈𝑠𝑒 𝑣 = 𝑢 + 𝑎𝑡

𝑣 = 0 + 9.81 3.696 = 36.257

𝑣 = 36 𝑚𝑠−1

Therefore the vertical component just before the cannonball hits the ship is 𝟑𝟔 𝒎𝒔−𝟏.

Aiv) Find the magnitude and direction of the velocity of the cannonball just before it hits the ship:

When the cannonball is fired, it is 
fired horizontally. There is no 

constant acceleration due to gravity 
acting on the horizontal component 

of the ball and so has no effect. 
Therefore you can just use the basic 

formula  speed=distance/time.

𝑠 = 67 𝑚
𝑢 = 0 𝑚𝑠−1

𝑣 = 𝑛𝑜𝑡 𝑛𝑒𝑒𝑑𝑒𝑑
𝑎 = 9.81 𝑚𝑠−2

𝑡 =?

𝑠 = 𝑛𝑜𝑡 𝑛𝑒𝑒𝑑𝑒𝑑 
𝑢 = 0 𝑚𝑠−1

𝑣 =?
𝑎 = 9.81 𝑚𝑠−2

𝑡 = 3.696 𝑠

The information we have 
been given and worked out 

is just for the horizontal 
and vertical velocities of 

the cannonball just before 
it hits the ship. But the 

speed of the cannonball 
when it hits the ground is 

the resultant velocity (v) of 
the horizontal and vertical 

components.

𝒗𝒗 = 𝟑𝟔. 𝟐𝟓𝟕𝒎𝒔−𝟏

𝒗𝑯 = 𝟒𝟎. 𝟓𝟖𝟔 𝒎𝒔−𝟏

θ

𝒗

use Pythagoras theorem to find the magnitude of resultant 
velocity:

𝑣2 = 40.586 2 + 36.257 2

𝑣 = (40.586)2 + 36.257 2

𝑣 = 54 𝑚𝑠−1

Therefore the magnitude of the cannonball before it hits 
the ground is 54 𝒎𝒔−𝟏. 

Use trigonometry to find the direction of the resultant 
velocity:

𝑡𝑎𝑛𝜃 =
36.257

40.586

𝜃 = tan−1
36.257

40.586
= 42°

Therefore the direction of the cannonball is 42° from the 
horizontal. 
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The diagram below shows the path of a ball thrown horizontally from the top of a tower of height 24 m 
which is surrounded by level ground. 

(a) Using two labelled arrows, show on the diagram above the direction of the velocity, v, and the 
acceleration, a, of the ball when it is at point P. 

(b) (i) Calculate the time taken from when the ball is thrown to when it first hits the ground. Assume air 
resistance is negligible.
(ii) The ball hits the ground 27 m from the base of the tower. Calculate the speed at which the ball is 
thrown.

Question 11

Calculate the magnitude of the vertical component of F when the weight of the kite is 2.5N.

ai) Show on the diagram the velocity and acceleration:

bi) Calculate the time taken for the ball to hit the ground:

𝑈𝑠𝑒 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2

𝑡 =
2𝑠

𝑔
=

2 × 24

9.81

𝒕 = 𝟐. 𝟐𝟏 𝒔
Bii) Calculate the speed at which the ball is thrown:

𝑣 =
𝑠

𝑡

𝑣 =
27

2.21
𝒗 = 𝟏𝟐. 𝟐 𝒎𝒔−𝟏

𝑠 = 24 𝑚 
𝑢 = 0 𝑚𝑠−1

𝑣 = 𝑛𝑜𝑡 𝑛𝑒𝑒𝑑𝑒𝑑
𝑎 = 9.81 𝑚𝑠−2

𝑡 = ?

There is no constant acceleration 
due to gravity acting on the 

horizontal component of the ball 
and so has no effect. Therefore you 

can just use the basic formula  
speed=distance/time.

Velocity, v

Acceleration, a

The velocity vector always acts 
tangential to the path and the 

acceleration is due to gravity (free 
fall) and so acts vertically 

downwards. Both from the centre 
of mass of the object.
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Please see the ‘3.2.1 Linear Motion and Projectile 

Motion notes’ for revision notes. 

For revision notes, tutorials, worked examples and 

more help visit www.tutorpacks.co.uk.
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