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Introduction



Welcome to the Cambridge IGCSE® Physics Study and Revision Guide. This book has been written to help you revise everything you need to know for your Physics exam. Following the Physics syllabus, it covers all the key content and provides sample questions and answers, as well as practice questions, to help you learn how to answer questions and to check your understanding.


How to use this book
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Main points to revise


The key points covered in the chapter.
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Key terms


Definitions of the key terms you need to know.


Sample questions


Exam-style questions for you to think about.
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Examiner’s tips


Advice to help you give the perfect answer.
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Student’s answers
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Typical student answers to see how the question might have been answered.
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Examiner’s comments


Feedback from an examiner showing what was good, and what could be improved.


Answers


Answers to the Now try this questions are found on pages 117–120.




[image: ]


Now try this


Practice questions for you to answer so that you can see what you have learned.
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Extended


Content for the extended syllabus is shaded green.
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Tick boxes are provided in the contents page and next to headings so that you can tick off sections as you revise them.


Exam tips


This revision guide covers the content you need for both the multiple-choice and the written papers. For all questions in both papers, make sure you read the questions carefully and try to answer everything, as you won’t lose marks for incorrectly answered questions.


For the multiple-choice paper, work through each question as if it were a normal question – try to avoid guessing, as one of the options is likely to be a ‘distractor’ that is wrong but at first sight looks likely to be correct. If you cannot answer a question, leave it and return to it at the end when you have answered the other questions.


For the written paper, always make sure you show your working, as it will help you answer the question in a logical way. It will also show the examiner your method. Even if you get the answer wrong, you may still gain marks for using the right method. Always quote the units, label diagrams and give numerical answers to 2 significant figures (s.f.). Finally, use your time wisely. Do not spend too much time on questions that are worth only one mark or write only one line for questions worth a few marks. The Examiner’s tips on page 20 give further advice on time management and how much to write.





TOPIC 1 General physics
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Main points to revise





•  how to measure length, volume and time



•  the relationships between distance and speed and how to relate them to moving objects in a variety of situations



•  that mass is a measure of the amount of matter in an object



•  that weight is a force related to mass



•  what is meant by density and how it can be determined



•  the effects of forces and how to apply this knowledge to practical situations
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•  how to describe and carry out an experiment to find the centre of mass of an irregular, flat object



•  how to explain the relationship between energy, work and power



•  to work out momentum, you need to use the following equation: momentum = mass × velocity (p = mv)



•  to work out impulse, use the following equation: impulse = force × time = change of momentum (Ft = mv − mu)



•  the principle of conservation of momentum: when two bodies act on one another, total momentum is conserved



•  how pressure is related to force and area



•  the relationships between distance, speed, velocity and acceleration and how to relate them to moving objects in a variety of situations



•  how to explain the distinction between scalars and vectors



•  how to draw vector diagrams.
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Key terms






	Speed
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	Density
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	Weight

	A force exerted by gravity






	Moment

	The turning effect of a force






	Resultant force

	Gives an acceleration to an object






	Centre of mass

	The point where all the mass of an object can be considered to be concentrated






	Stability

	The ability of an object to return to its original position when disturbed






	Momentum

	mass × velocity






	Impulse

	force × time = change of momentum






	Renewable

	Sources that use energy that can be replaced by natural processes within 50 years






	Non-renewable

	Sources that use energy that cannot be replaced by natural processes within 50 years






	Pollution

	The introduction of contaminants into the natural environment






	Pressure
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	Velocity

	Speed in a specified direction






	Acceleration
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	Scalar

	A quantity with magnitude (size) only






	Vector

	A quantity with magnitude (size) and direction






	Work

	force × distance moved in direction of force






	Power
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Measuring length, volume and time



Length
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Examiner’s tips





•  Quote all answers to two significant figures (s.f.), but keep the exact values for intermediate results.



•  An answer that is exactly 2 must be written 2.0 to show 2 s.f.










•  You must be able to explain how to use a micrometer to measure a very small distance.











•  To measure a small thickness, you should measure a number of thicknesses and then divide the total thickness by the number of thicknesses.
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Length is the distance from one end of an object to the other. You measure length by looking perpendicularly to the ruler to avoid parallax (see Figure 1.1a).
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Volume


Volume is the amount of space occupied. Figure 1.2 shows how to measure volume using a measuring cylinder. You measure the volume of a liquid by looking at the level of the bottom of the meniscus (see Figure 1.2). (For mercury, you should look at the level of the top of the meniscus.)
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Common error





[image: ] Measuring the volume of a liquid from the top of the meniscus.





Time


You need to be able to use analogue and digital stopwatches or clocks to measure time intervals. A short repeated time interval is measured by timing a number of cycles and then dividing the total time by the number of cycles.
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Examiner’s tip


Time at least ten cycles and repeat the measurement.
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Common error





[image: ] Doing the division the wrong way around, that is, calculating the repeated





time interval as [image: ]
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Now try this


The answers are given on p. 117.





1 A student uses a stopwatch to time the swing of a pendulum. He forgets to zero the timer, which reads 0.5 s when he starts. He starts the stopwatch at the end of the first swing of the pendulum and stops the watch at the end of the tenth swing. The final reading on the timer is 5.9 s. Work out:







    a the number of swings he has timed


    b the time taken for these swings


    c the time for each swing.
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Speed, velocity and acceleration



Speed


Average speed is calculated using the equation [image: ]


Sample question


A runner completes an 800 m race in 2 min 30 s after completing the first lap of 400 m in 1 min 10 s. Find her speed for the last 400 m.


[3 marks]


Student’s answer
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[2 marks]
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Examiner’s tips





•  The equation usually applies only to constant acceleration, as it gives the average acceleration.



•  You must be able to recognise motion for which acceleration is not constant.
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Examiner’s comments


The student used the correct equation and the correct distance, but used the time for the whole race instead of the time for the last 400 m. The answer is quoted to 3 s.f.


Correct answer


Time = 2 min 30 s − 1 min 10 s = 1 min 20 s = 80 s


[1 mark]


[image: ]


[2 marks]
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Velocity is speed in a specified direction. You need to know and be able to use the following equation: acceleration [image: ].


Deceleration is negative acceleration.
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Examiner’s tips
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•  You must be able to recognise linear motion, for which acceleration is constant.
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Distance–time graphs show how an object’s distance changes with time. The steeper the gradient of a distance–time graph, the greater the speed.
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Speed = the gradient of a distance–time graph
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Speed–time graphs show the speed of an object over time. The area under the speed–time graph is the distance covered.


Acceleration occurs when speed changes. The steeper the gradient of a speed–time graph, the greater the acceleration.


A body in free fall near the Earth has constant acceleration, which is often called g.
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Acceleration = the gradient of a speed–time graph




[image: ]




In the atmosphere there is air resistance. At point A in Figure 1.5, the speed is slow so there is negligible air resistance and the body has free fall acceleration. At point B, the speed is higher and there is some air resistance, so acceleration is less than free fall. At point C, the body has high speed and high air resistance, which is equal to its weight. Therefore, there is no acceleration – this constant speed is called terminal velocity.
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Common error





[image: ] A body in free fall is weightless.








[image: ] A body in free fall may feel weightless, but weight is the force of the Earth’s gravitational field, which still acts on the body.





Sample question


A car is moving in traffic and its motion is shown in Figure 1.6.
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1 Choose from the following terms to describe the motion in parts A, B and C: acceleration, deceleration, steady speed.


[3 marks]



2 Work out the total distance covered.


[5 marks]
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3 Work out the acceleration in part C.


[2 marks]
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Student’s answer
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1 Part A: acceleration; part B: deceleration; part C: steady speed


[1 mark]


2 Distance = speed × time = 18 × 45 = 810 m


[0 mark]
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3 [image: ]


[1 mark]
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Examiner’s comments





1 The answers to parts B and C are the wrong way around.




2 The equation used is distance = average speed × time, but this is not appropriate, as the average speed is unknown. The student should have worked out the area under the graph, which equals the distance covered.
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3 The calculation is correct but the student should have specified a negative acceleration.



[1 mark given]
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Correct answers





1 Part A: acceleration; part B: steady speed; part C: deceleration


[3 marks]



2 Distance = area under graph


[1 mark]





Part A area [image: ]


[1 mark]


Part B area = 18 × 20 = 360 m


[1 mark]


Part C area [image: ]


[1 mark]


Distance = total area = 90 + 360 + 135 = 585 m = 590 m to 2 s.f.
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3 Acceleration [image: ]



[2 marks]
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Now try this


The answers are given on p. 117.





2 A bus accelerates at a constant rate from standstill to 15 m/s in 12 s. It continues at a constant speed of 15 m/s for 8 s.







    a Show this information on a speed–time graph.


    b Use the graph to find the total distance covered.


    c Work out the average speed.
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Mass and weight



Weight is the force of gravity acting on an object: W = mg.


Mass is the amount of matter in an object.
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[image: ]


Examiner’s tip





•  You must be clear about the difference between mass and weight. Be very careful in your answers to use the correct term.
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•  The greater the mass of a body, the greater is the inertia, or resistance to change of motion.
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A balance actually compares two weights. As mass determines weight, the balance also compares masses.


In Figure 1.7, mass 1 = mass 2 because weight 1 = weight 2.


Experiments to measure density


In order to measure density, you must determine the mass and volume of the material. You need to use the following


[image: ]


For a regularly shaped solid, measure the dimensions and work out the volume, then find the mass on a balance.


For an irregularly shaped solid, submerge the object in liquid in a large measuring cylinder. The volume of the solid is the increase in the reading (see Figure 1.8). Alternatively, use a displacement can. In this case, the volume of the solid is the volume of liquid displaced.
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For a liquid, measure the volume in a measuring cylinder. To find the mass of the liquid, first find the mass of an empty beaker, pour the liquid into the beaker and then find the total mass of the beaker and the liquid. Work out the mass of the liquid by subtraction of the mass of the beaker from the mass of the total.
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Examiner’s tip


A solid will float on a liquid only if its density is less than the density of the liquid.
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Sample question


The mass of an empty measuring cylinder is 185 g. When the measuring cylinder contains 400 cm3 of a liquid, the total mass is 465 g. Find the density of the liquid.


[4 marks]



Student’s answer
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[2 marks]
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Examiner’s comments


The student put the appropriate quantities into the correct equation and gave the correct units, but used the total mass instead of working out and using the mass of the liquid itself.


Correct answer


Mass of liquid = 465 − 185 = 280 g


[image: ]


[4 marks]
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Now try this


The answers are given on p. 117.





3 A measuring cylinder containing 20 cm3 of liquid is placed on a top pan balance, which reads 150 g. More liquid is poured into the cylinder up to the 140 cm3 mark and the top pan balance now reads 246 g. A solid is gently lowered into the cylinder; the liquid rises to the 200 cm3 mark and the top pan balance reads to 411 g. Work out:







    a the density of the liquid


    b the density of the solid.
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Forces and change of size and shape



Forces


Forces can change the size and shape of a body. You must be able to describe an experiment to measure the extension of a spring, a piece of rubber or another object with increasing load.


Figure 1.9 is an extension–load graph showing the results of such an experiment.




[image: ]


You need to be able to identify and use the term ‘limit of proportionality’ in extension–load graphs (see Figure 1.9).
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Hooke’s law states that, for the region up to the limit of proportionality, extension is proportional to load. So the graph is a straight line.


You need to be able to recall, understand and use the equation for Hooke’s law: F = kx.
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Forces and change of motion


A resultant force gives an acceleration to an object. If the object is stationary, it will gain speed. If the object is moving, it will gain or lose speed depending on the direction of the force.


Friction is a force opposing one surface that is moving or trying to move over another. Air resistance is a form of friction. Friction results in heating.
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Common error






[image: ] If no forward force acts on a moving body, it will slow down.








[image: ] If a friction force acts on a moving body and there is no forward force, there is a resultant force backwards on the body and it will slow down.



[image: ] If no resultant force acts on a moving body, it will continue moving with the same speed.
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You need to know and be able to use the equation F = ma.


F is the resultant force.


Acceleration a is in the direction of the resultant force.


When the force is perpendicular to motion, the object follows a circular path. Some examples of this are shown below.






	Object

	Force

	Circular motion






	Planet in orbit

	Gravitational force towards the Sun

	Planet moves around the Sun






	Car turning a corner

	Friction force

	Car drives around the corner






	Ball on a length of string

	String tension

	Ball whirls around in a circle
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Examiner’s tips





•  You must be able to find the resultant of two or more forces acting in the same line.



•  You must state the direction of the resultant force.



•  In the exam, g = 10 m/s2 will be quoted on the front of the paper, not with each question.
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Sample question


An empty lift weighs 2000 N. Four people enter the lift and their total weight is 3000 N. After the button is pressed to move the lift, the tension in the cable pulling up from the top of the lift is 4000 N.





1 Work out the resultant force on the lift.


[2 marks]



2 State how the lift moves.


[2 marks]
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3 Work out the resultant acceleration (take the weight of 1 kg to be 10 N).


[4 marks]
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Student’s answer
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1 Resultant force = 3000 + 2000 − 4000 = 1000 N


[1 mark]


2 The lift will move down.


[1 mark]
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3 Mass of lift and people [image: ]



    Acceleration [image: ] downwards



[3 marks]





[image: ]
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Examiner’s comments





1 The student correctly worked out the size of the force but did not state the direction downwards.




2 The words ‘move down’ are too vague.








[image: ]





3 The student’s answer is correct in itself, but the correctly remembered exact value for g was used, not the approximate value quoted, thus making life harder!



    The answer is quoted to 4 s.f.
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Correct answers





1 Resultant force = 3000 + 2000 − 4000 = 1000 N downwards


[2 marks]



2 The lift will accelerate downwards.


[2 marks]
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3 Mass of lift and people [image: ]



    Acceleration [image: ]



[4 marks]
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Now try this


The answers are given on p. 117.





4 A rocket of weight 1000 N is propelled upwards by a thrust of 1800 N. The air resistance is 500 N.







    a Work out the resultant force on the rocket.


    b Describe with an appropriate calculation how this resultant force changes the motion of the rocket.
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Turning effect and equilibrium



The moment of a force is its turning effect.


Moment = force × perpendicular distance from pivot.


An object is in equilibrium if there is no resultant turning effect and no resultant force.
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Examiner’s tips





•  You must be able to give some everyday examples of moments or turning effects, e.g. spanner, lever, human arm.



•  You must be able to apply moments to the balancing of a beam.
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•  You must be able to apply moments to new and more complex situations.





[image: ]





[image: ]





Sample question


A student carries out an experiment to balance a regular 4 m long plank at its mid-point. A mass of 4 kg is placed 80 cm to the left of the pivot and a mass of 3.2 kg is placed 100 cm to the right of the pivot. Explain, by working out the moments, whether the plank is balanced.


[4 marks]
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Student’s answer




[image: ]


4 × 80 = 3.2 × 100, so the plank balances.


[2 marks]


[image: ]





Examiner’s comments


The student’s calculation and conclusion are entirely correct, but the instruction in italic to work out the moments was ignored.


Correct answer


Anticlockwise moment = 40 × 0.8 = 32 N m


[1 mark]


Clockwise moment = 32 × 1 = 32 N m


[1 mark]


Anticlockwise moment = clockwise moment, so the plank balances.


[2 marks]
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Now try this


The answer is given on p. 117.





5 A see-saw has a total length of 4 m and is pivoted in the middle. A child of weight 400 N sits 1.4 m from the pivot. A child of weight 300 N sits 1.8 m from the pivot on the other side. A parent holds the end of the see-saw on the same side as the lighter child. Work out the magnitude and direction of the force the parent must exert to hold the see-saw level.
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