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HOW TO GET THE MOST FROM THIS BOOK


Welcome to the CCEA GCSE Physics Student Book.

This book covers all of the Foundation and Higher-tier content for the 2017 CCEA GCSE Physics specification.

The following features have been included to help you get the most from this book.


Specification points

Check that you are covering all the required content for your course, with specification references and a brief overview of each chapter.
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Tip

These highlight important facts, common misconceptions and signpost you towards other relevant chapters. They also offer useful ideas for remembering difficult topics.
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Show you can

Complete the Show you can tasks to prove that you are confident in your understanding of each topic.
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Test yourself

These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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Answers

Answers for all questions in this book can be found online at:

www.hoddereducation.co.uk/cceagcsephysics
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Examples

Examples of questions and calculations that feature full workings and sample answers.
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Practicals

These practical tasks contain full instructions on apparatus, method and results analysis and will help develop your practical skills.

CCEA’s prescribed practicals are clearly highlighted.
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Practice questions

You will find Practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and have marks allocated to each question part.
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Level coding

If you are taking GCSE Double Award Foundation-tier you need to study only the material with no bars.

If you are taking GCSE Double Award Higher-tier you need to study the material with no bars, plus: the material with the purple H bar and the material with the orange bar.

If you are taking GCSE Physics Foundation-tier you need to study the material with no bars, plus: the material with the light purple F bar and the material with the orange bar.

If you are taking GCSE Physics Higher-tier you need to study all material in the book, including the material marked with the light purple H bar.
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UNIT 1

1 Motion
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Specification points

This chapter covers sections 1.1.1 to 1.1.7 of the GCSE Physics specification and 1.1.1 to 1.1.6 of the Double Award specification. The relationships between distance, average speed, time and rate of change of speed through practical work are covered. It also introduces graphical methods of describing motion. At the higher tier, students are introduced to the concept of vectors and scalars, and they learn about the terms displacement, velocity and acceleration.
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Distance and displacement

Distance is the separation between two points. For example, the distance between Belfast and Coleraine is 75 km (see Figure 1.1).

We define displacement as distance in a specified direction. The displacement of Belfast from Coleraine is 75 km south-east. Displacement is represented by an arrow – the length of the arrow is proportional to the distance, and the direction of the arrow is in the same direction as the displacement (see Figure 1.2).


[image: ]

Figure 1.1 The distance between Coleraine and Belfast




[image: ]

Figure 1.2 The displacement of Belfast from Coleraine



The return journey from Coleraine to Belfast and then back again is a distance of 150 km, but the displacement is 0 km.

The addition of +75 km to –75 km = 0 km (see Figure 1.3).


[image: ]

Figure 1.3 The displacement on a return journey is 0 km



We say that distance is a scalar quantity – a quantity with size only – whereas displacement is a vector quantity because it has size and direction.
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Speed

If a car travels between two points on a road, its speed can be calculated using the formula:

[image: ]

If distance is measured in metres (m) and time in seconds (s), speed is measured in metres per second (m/s).

For example, if a car travels from Coleraine to Belfast in 2 hours, its speed is:

[image: ]

It is unlikely that the car travelled at exactly 37.5 km/h for the whole journey, so this is instead the average speed. The formula for average speed is:

[image: ]

To find the actual (or instantaneous) speed at a particular moment in time, we would need to know the distance travelled in a very short interval of time.


[image: ]

Figure 1.4 Calculating instantaneous speed at a moment in time
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Test yourself


1  A car travels 800 m in 40 s.




    a)  What is its average speed?

    b)  Why is its actual speed usually different from its average speed?




2  A car has a steady speed of 10 m/s.




    a)  How far does the car travel in 9 s?

    b)  How long does it take the car to travel 220 m?




3  Calculate the average speed of each of the objects shown in Figure 1.5.


[image: ]

Figure 1.5






    a)  a runner who travels 400 m in 44 s

    b)  a car that travels 210 km in 3 hours

    c)  a shuttle that travels 43 750 km in 2.5 hours.
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Example


1  Find the speed of a car that travels 60 m in 3 s (Figure 1.4).



Answer

[image: ]

It is also possible to calculate the average speed using the following formula:

[image: ]


2  A car’s speed is increased from 14 m/s to 24 m/s. Calculate the average speed of the car.



Answer

[image: ]
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Show you can

Explain the difference between:


a) distance and displacement

b) speed and velocity.
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Prescribed practical

Investigating how the average speed of an object moving down a runway depends on the slope of the runway

Aims


•  to measure average speed

•  to investigate how average speed varies with the height of the slope



Apparatus


•  Steel ball-bearing

•  runway

•  metre ruler

•  stopwatch




[image: ]

Figure 1.6 Diagram of apparatus



Method


1  Prepare a table for your results similar to Table 1.1.

2  Measure the length of the slope using the metre ruler.

3  Position the runway so that the ball-bearing is a vertical distance of 20 cm from the desk.

4  Release the ball-bearing and, using a stopwatch, measure the time taken for the ball to travel the length of the slope.

5  Record your result in your table to 2 d.p. in the column headed ‘1’.

6  Repeat this measurement and record your new result in the column headed ‘2’.

7  Repeat this process for slope heights of 30 cm, 40 cm and 50 cm.

8  Record all your times in the appropriate column in Table 1.1 to 2 d.p.

9  Calculate an average time and speed for each slope height.



Results


[image: ]


Conclusion

Comment on the relationship between the height of the slope and the average speed of the ball-bearing.
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Rate of change of speed

If the speed changes over a period of time (t) it is possible to calculate the rate of change of speed with respect to time, using the formula:

[image: ]

This rate of change of speed is a scalar quantity and its units are m/s2.
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Example

A car moves from 10 m/s to 30 m/s in a time of 5 seconds. Calculate its rate of change of speed.

Answer

[image: ]
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Velocity

Whereas speed is the distance travelled in unit time, velocity is the distance travelled in unit time in a specified direction.


[image: ]

Figure 1.7 These two cars have the same speed, but different velocities
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Show you can

Prove that 72 km/h is equivalent to 20 m/s.

[image: ]




In Figure 1.7, car A has the same speed as car B, but a different velocity. Car A’s velocity is 30 m/s due west, while car B has a velocity of 30 m/s due east.

Speed is a scalar quantity but velocity is a vector quantity.

Since displacement is the distance travelled in a specified direction, we can rewrite the formula for velocity as:

[image: ]

The units for speed and velocity are the same, metres per second (m/s). Occasionally, you will see the units of kilometres per hour (km/h).

The car in Figure 1.8 is moving at a steady, or constant, speed of 20 m/s as it goes around a bend.


[image: ]

Figure 1.8 The velocity of the car changes as it goes around the bend



The speed of the car at A, B and C is 20 m/s, but the velocity changes as it travels from A to B to C. This is because velocity is a vector quantity, and although the size of the velocity may be constant at 20 m/s, its direction is constantly changing, so its velocity is constantly changing.

Another formula for average velocity is:

[image: ]
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Example

A stone is thrown vertically downwards so that its velocity increases from 2 m/s to 24 m/s. Calculate the average velocity of the stone.

Answer

[image: ]
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Acceleration

When the velocity of a body increases or decreases, we say it accelerates. Consider the example in Figure 1.9.


[image: ]

Figure 1.9 This car is accelerating



The car starts from rest (initial velocity = 0 m/s), but after 1 second its velocity has increased to 3 m /s. After 2 seconds its velocity has increased by 3 m/s to 6 m/s. We say that the car’s velocity increases by 3 m/s in 1 second due east – i.e. its acceleration is 3 m/s2 due east.

We can define acceleration as the change in velocity in unit time:

[image: ]

Acceleration is measured in metres per second squared, written as m/s2. Since acceleration is a vector quantity, it can be shown using an arrow of appropriate length and direction.

Most importantly, a ‘+’ or ‘–’ sign can be used to indicate whether the velocity is increasing or decreasing. For example:

+3 m /s2 (velocity increasing by 3 m/s every second)

–3 m /s2 (velocity decreasing by 3 m/s every second)

A negative acceleration is called a deceleration.

A uniform acceleration means a constant (steady) acceleration.

If v = final velocity, u = initial velocity, and t = time taken, then v – u = change in velocity.

So acceleration, a, can be found using [image: ], which rearranges to give v = u + at.
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Example


1  A car starts from rest. After 10 seconds, it is moving with a velocity of 15 m/s. Calculate its acceleration.



Answer

[image: ]


2  A ball is dropped and accelerates downwards at a rate of 10 m/s2 for 5 seconds. By how much will the ball’s velocity increase?



Answer

[image: ]
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Show you can


a) A train has an acceleration of 3 m/s2. What does this tell you about the velocity of the train?

b) A bus has a deceleration of 2 m/s2. What does this tell you about the velocity of the bus?
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Test yourself


4  A car takes 8 s to increase its velocity from 3 m/s to 30 m/s. What is its acceleration?

5  A motorbike, travelling at 25 m/s, takes 5 s to come to a halt. What is its deceleration?

6  An aircraft on take-off has a uniform acceleration of 4 m/s2.




    a)  What velocity does the aircraft gain in 5 s?

    b)  If the aircraft passes a point on the runway at a velocity of 28 m/s, what will its velocity be 8 s later?




7  A ball is thrown vertically upwards in the air, leaving the hand at 30 m/s. The acceleration due to gravity is 10 m/s2. Figure 1.10 shows the positions of the ball over time and a data table.




[image: ]

Figure 1.10 The changing velocity of a ball thrown into the air



Draw a graph to show the motion of the ball. Plot velocity on the y-axis and time on the x-axis.

[image: ]





Graphs and motion

Graphs are a very useful way of displaying the motion of objects. There are two main types of graphs used:


•  distance–time graph

•  speed–time graph.




Distance–time graphs

A distance–time graph is a plot of distance on the y-axis versus time on the x-axis.

The simplest type of distance–time graph is shown in Figure 1.11.


[image: ]

Figure 1.11 A distance–time graph



This graph illustrates that although the time increases steadily, the distance travelled does not change. The body must be stationary.

A horizontal line on a distance–time graph means that the body is stationary.


[image: ]

Figure 1.12 A distance–time graph showing uniform speed



In contrast, the graph in Figure 1.12 shows that the distance is increasing by 5 m every second, i.e. the body is travelling with uniform speed, covering an equal distance in equal units of time.

The slope or gradient of a distance–time graph represents the speed.

The speed of the body in Figure 1.12 is 5 m/s.

[image: ]

When the speed is changing, the slope of the distance–time graph changes. In Figure 1.13, the slope is increasing, which means that the body is accelerating.


[image: ]

Figure 1.13 A distance–time graph showing acceleration





Speed–time graphs

A speed–time graph is a plot of speed on the y-axis versus time on the x-axis.

An example of a speed–time graph for a bicycle is shown in Figure 1.14.


[image: ]

Figure 1.14 Speed–time graph for a bicycle



In the first 4 seconds of its motion, the speed of the bicycle increases steadily. The gradient of the line OA is the rate of change of speed.

[image: ]

From time t = 4 seconds to time t = 10 seconds, the speed of the bicycle remains constant (steady) at 8 m/s. There is no rate of change of speed for the bicycle. The area under a speed–time graph represents the distance travelled.

For example, in Figure 1.14 from time t = 4 s to time t = 10 s:

[image: ]

The distance travelled by the bicycle during this time is 48 m.



[image: ]

Show you can

Calculate the distance travelled in the first 4 seconds of the motion of the bicycle.
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Displacement–time graphs

A displacement–time graph is a plot of displacement on the y-axis versus time on the x-axis.

This type of graph is very similar to a distance–time graph. The similarity is that a horizontal line on a displacement–time graph means that the body is stationary.

In contrast, the slope or gradient of a displacement–time graph represents velocity and not speed.

Consider Figure 1.15, which represents the movement of a toy car.


[image: ]

Figure 1.15 Displacement–time graph for a toy car



From time t = 0 s to time t = 20 s, the displacement of the toy car increases steadily at a rate of 25 cm in 20 s, which is 1.25 cm/s. The velocity is 1.25 cm/s.

From time t = 20 s onwards, the displacement is 25 cm. The toy car is stationary during this time.



Velocity–time graphs

A velocity–time graph is a plot of velocity on the y-axis versus time on the x-axis.

The simplest type of velocity–time graph is shown in Figure 1.16.

This graph illustrates that while time is increasing, the velocity remains at a constant (steady) 30 m/s. The car is not accelerating.

In addition, the area under a velocity–time graph represents the displacement travelled.



[image: ]

Tips

As soon as you see a velocity–time graph, two thoughts should spring to mind:


•  The gradient is the acceleration.

•  The area between the line and the time axis is the displacement.
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For example, in Figure 1.16:


[image: ]

Figure 1.16 A velocity–time graph showing uniform velocity



[image: ]

The displacement travelled by the car is 160 m in a specified direction.

In Figure 1.17, OD is the velocity–time graph for a body accelerating uniformly from rest.

[image: ]
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Figure 1.17 A velocity–time graph showing uniform acceleration



The slope or gradient represents the acceleration of the body.

Furthermore, the area of the triangle OCD gives the displacement travelled.

[image: ]
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Test yourself


8  Copy and complete this table.
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Practice questions


  1  Paul and Jim set off at the same time from their separate houses to travel to a nearby shop.
This table shows the distances travelled by Paul to the shop.


[image: ]





      a)  Draw a graph of distance against time for Paul’s journey.

(3 marks)



The table below shows the distances travelled by Jim to the same shop.


[image: ]



      b)  Draw a graph of distance against time for Jim’s journey on the same axes.

(3 marks)

      c)  Use the graphs to answer the following questions.




            i)  Which person is going faster?

(1 mark)

            ii) How long does it take Paul and Jim to travel 11 m?

(1 mark)

            iii) How far apart are Paul and Jim after 2.5 s?

(2 marks)

            iv) Is Paul’s speed steady?

(1 mark)

            v) What is Jim’s average speed?

(3 marks)




  2  Study the velocity–time graph (Figure 1.18) and describe in words the motion of the object.

(6 marks)


[image: ]

Figure 1.18



  3  Figure 1.19 shows a velocity–time graph for a car accelerating away from a junction. Calculate:




      a)  the acceleration during the first 5 s

(3 marks)

      b)  the total displacement.

(4 marks)




[image: ]

Figure 1.19




  4  The graph in Figure 1.20 represents a journey in a lift in a hospital.


[image: ]

Figure 1.20






      a)  Briefly describe the motion represented by




            i)  OA

            ii) AB

            iii) BC.

(3 marks)




      b)  Use the graph to calculate:




            i)  the initial acceleration of the lift

(3 marks)

            ii) the total distance travelled by the lift

(4 marks)

            iii) the average speed of the lift for the whole journey.

(3 marks)



Use a graphical method or formula to answer questions 5–11.


  5  A car accelerates at 3 m/s2 for 10 seconds. It started with a velocity of 20 m/s. Calculate its final velocity.

(3 marks)

  6  An ice-skater moves off from rest (this means that u = 0 m/s) with a uniform acceleration of 3.0 m/s2. What is her speed and distance travelled after 10 s?

(5 marks)

  7  A stone is thrown vertically upwards with a velocity of 20 m/s. Find how high it will go and the time taken to reach this height (assume a = −10 m/s2).

(6 marks)

  8  A stone is dropped down an empty mine shaft. It takes 3 seconds to reach the bottom. Assuming that the stone falls from rest and accelerates at 10 m/s2, calculate:




      a)  the maximum speed reached by the stone before hitting the bottom

(3 marks)

      b)  the average speed of the stone in flight

(3 marks)

      c)  the depth of the mine shaft.

(3 marks)




  9  A helicopter at a height of 500 m drops a package which falls to the ground in a time of 10 s. Neglecting air resistance and assuming the acceleration is constant and equal to 10 m/s2, calculate:




      a)  the time taken for the package to reach the ground

(3 marks)

      b)  the average velocity of the package.

(3 marks)




10  A ball is thrown vertically upwards into the air with a velocity of 50 m/s. Neglecting air resistance and assuming the acceleration is constant and equal to –10 m/s2, calculate:




      a)  the time taken to reach maximum height

(3 marks)

      b)  the maximum height reached by the ball.

(3 marks)




11  A cyclist accelerates from rest at 3 m/s2.




      a)  What is his speed after 5 s?

(3 marks)



He then decelerates at 0.5 m/s2.


      b)  How long will it take for his speed to reach zero?

(3 marks)

      c)  Draw a velocity–time graph for this motion.

(3 marks)




12   John makes a return journey to his local shop to buy a newspaper. In Figure 1.21, Graph A is the distance–time graph and Graph B is the displacement–time graph for the journey.




      a)  Copy and complete Graph B.

(1 mark)

      b)  What is the average velocity for John’s journey?

(1 mark)




[image: ]

Figure 1.21




13  A sponge ball is allowed to drop from rest and hits the ground after 3.0 seconds. It rebounds to a new height after a further 1.5 seconds.
The velocity–time graph of the motion is shown in Figure 1.22.


[image: ]

Figure 1.22





The part of the graph AB represents the ball rebounding.


      a)  Why is this part of the graph drawn below the time axis?

(1 mark)

      b)  Use the graph to find the height of the rebound.

(3 marks)

      c)  When a ball falls freely under the force of gravity, its acceleration is known as the acceleration of free fall. Use the graph to calculate the acceleration of free fall.

(3 marks)
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