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How to use these chapters to revise

Reading your book and trying to learn it all off will not get you a good grade in biology unless you are one of the few lucky people that have a photographic memory!

To be successful in an exam you need to know exactly what you are expected to learn. Then you need to find a way that you can study and learn the information successfully. Different people learn best in different ways.  Some of the ways you can learn are by listening, making mind maps, making notes. To be a successful learner you need to revise many times, practice using the information so that you will remember it and to focus on meaning and understanding. The following chapters will help you do this. The first part of each chapter has the Self-Assessment for the topic. This is followed by exam question practice for that topic. These are in short question format to make them easier to do.
All the chapters follow the same format. Remember success in your examination depends on hard work – not luck!

How to revise
· Choose the topic that you wish to revise.
· Learn the definitions and formulae associated with the topic
· Read the relevant chapter in your book. When you think that you have a good understanding of the topic

· Try to answer the “self-assessment questions” without using your text book.

· Use the traffic light code to mark yourself. 

Traffic Light Code
Green : 

I know it all

Orange : 

I have some idea – check the answers 

Red :

I need to start studying this section 

· Check your answers to see where your learning is at. Continue to revise until you think that all your traffic lights are green. 

· When you think that you know all the answers to these questions complete the practice exam questions. 

· Make sure that you understand why the answers given are correct and where you went wrong in your answer

· Go back through the assess your learning questions and use your book to fill in any gaps in your knowledge

· Repeat this process until all your traffic lights are green and you can answer all the practice exam questions correctly.

Then you are good to go for your exams!

Acknowledgement: The practice exam questions were adapted from the exam questions downloaded from the website www.thephysicsteacher.ie

Hints for answering the questions and boosting your grade
· Read the question carefully – make sure that you fully understand what is being asked. Underline the important parts.

· Stop, Think and plan your answer - Do not write the first thing that comes into your head, especially if a long answer is required.

· Use the mark allocations to guide you on the level of detail needed for each answer.

· Generally marks are awarded in multiples of three. If a question is given six marks then you will need two separate points.

· If more than one point is needed try to answer the question in bullet point form.

· Write each point of information in a separate sentence.

· You should make sure that you answer is easy to read and is clear and concise.

· Make sure that all your diagrams are large, are drawn on graph paper and are clearly labelled.

· If you use a formula to answer the question make sure to write it on the exam paper.

· Show all the calculations not just the final answer and remember to include units.

· Follow instructions given in the question exactly. If you are asked to select two correct answers – only select two, no more and no less. You can lose marks by having a wrong answer cancel out a correct answer.

· Attempt every part of the question – if you are not sure about the answer make an intelligent guess. Do not leave blank answers
· Questions such as question 5 10 parts – do 8. Attempt all parts once it doesn’t take a disproportionate amount of time

Learning Outcomes – Linear Motion
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
[image: image58.emf][image: image59.emf][image: image60.emf]Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	1.
	Define and give the units for mass, length and time
	
	
	

	2.
	Define and give the formula and units for speed,
velocity and acceleration
	
	
	

	3.
	Define and give the unit for displacement
	
	
	

	4.
	Describe how to measure velocity and acceleration
using any suitable named apparatus.
	
	
	

	5.
	Use distance –time to solve problems
	
	
	

	6.
	Calculate the slope of the graph to measure
speed/velocity
	
	
	

	7.
	Use the equations of motion to solve for speed,
distance, time and acceleration
	
	
	

	8.
	Derive the equations of motion
	
	
	

	9.
	Use and velocity time graphs to solve problems.
Calculate the slope to measure acceleration
	
	
	

	10.
	Define Acceleration Due to Gravity
	
	
	

	11.
	Measure g using suitable apparatus and know how
to do appropriate calculations to solve for g from graph
	
	
	


Past Exam Questions

1. Define velocity.

2. Define acceleration.

3. What is meant by the term ‘acceleration due to gravity’?
4. A car accelerates from 10 m s−1 to 30 m s−1 in 5 seconds. What is its acceleration? 

5. An aircraft was travelling at a speed of 60 m s-1 when it landed on a runway. It took two minutes to stop. Calculate the acceleration of the aircraft while coming to a stop.
6. A spacecraft of mass 800 kg is on the surface of the moon,where the acceleration due to gravity is 1.6 m s−2.  
The module of the spacecraft has a mass of 600 kg, when it is launched vertically from the surface of the moon with its engine exerting an upward force of 2000 N.

(i) Draw a diagram showing the forces acting on the module at lift-off. 
(ii) What is the resultant force on the module? 

(iii) Calculate the acceleration of the module during lift-off

(iv) Calculate the velocity of the module, 20 seconds after lift-off. 

(v) Would the engine of the module be able to lift it off the earth’s surface?

Justify your answer in terms of the forces acting on the module.
7. A cheetah can go from rest up to a velocity of 28 m s−1 in just 4 seconds and stay running at this velocity for a further 10 seconds.

(i) Sketch a velocity−time graph to show the variation of velocity with time for the cheetah during these 14 seconds. 

(ii) Calculate the acceleration of the cheetah during the first 4 seconds. 

8. In a pole-vaulting competition an athlete, whose centre of gravity is 1.1 m above the ground, sprints from rest and reaches a maximum velocity of 9.2 ms–1 after 3.0 seconds. He maintains this velocity for 2.0 seconds before jumping. 

(i) Draw a velocity-time graph to illustrate the athlete’s horizontal motion.

(ii) Use your graph to calculate the distance travelled by the athlete before jumping. 
9. A speedboat starts from rest and reaches a velocity of 20 m s−1 in 10 seconds.

It continues at this velocity for a further 5 seconds.

The speedboat then comes to a stop in the next 4 seconds.

(i) Draw a velocity-time graph to show the variation of velocity of the boat during its journey. 

(ii) Use your graph to estimate the velocity of the speedboat after 6 seconds.

(iii) Calculate the acceleration of the boat during the first 10 seconds. 

(iv) What was the distance travelled by the boat when it was moving at a constant velocity? 

10. A car is travelling at a velocity of 25 m s-1 when the engine is then turned off; calculate how far the car will travel before coming to rest if the deceleration is 1.47 ms-2?

11. A skateboarder starts from rest at the top of a ramp and accelerates down it. The ramp is 25 m long and the skateboarder has a velocity of 12.2 m s–1 at the bottom of the ramp.

Calculate the average acceleration of the skateboarder on the ramp.

12. A cyclist on a bike has a combined mass of 120 kg.
The cyclist starts from rest and by pedalling maintains an acceleration of the cyclist of 0.5 m s–2 along a horizontal road
(i) Calculate the maximum velocity of the cyclist after 15 seconds.

(ii)  Calculate the distance travelled by the cyclist during the first 15 seconds.

(iii) The cyclist stops peddling after 15 seconds and continues to freewheel for a further 80 m before coming to a stop. 

Calculate the time taken for the cyclist to travel the final 80 m?

13. A train started from a station and accelerated at 0.5 m s−2 to reach its top speed of 50 m s−1 and maintained this speed for 90 minutes.
As the train approached the next station the driver applied the brakes uniformly to bring the train to a stop in a distance of 500 m.

(i) Calculate how long it took the train to reach its top speed. 

(ii) Calculate how far it travelled at its top speed. 

(iii) Calculate the acceleration experienced by the train when the brakes were applied. 

14. The graph shown represents the motion of a cyclist on a journey.
Using the graph, calculate the distance travelled by the cyclist and the average speed for the journey
[image: image61.emf]
15. What is meant by the term acceleration due to gravity?
16. A basketball which was resting on a hoop falls to the ground 3.05 m below.

What is the maximum velocity of the ball as it falls?

17. An astronaut drops an object from a height of 1.6 m above the surface of the moon and the object takes 1.4 s to fall. Calculate the acceleration due to gravity on the surface of the moon.

(i) An astronaut is on the surface of the moon, where the acceleration due to gravity is 1.6 m s–2. The astronaut throws a stone straight up from the surface of the moon with an initial speed of 25 m s–1. Describe how the speed of the stone changes as it reaches its highest point.

(ii) Calculate the highest point reached by the stone. 


(iii) Calculate how high the astronaut can throw the same stone with the same initial speed of 25 m s–1 when on the surface of the earth, where the acceleration due to gravity is 9.8 m s–2.

18. A skydiver falls from an aircraft that is flying horizontally. He reaches a constant speed of 50 m s–1 after falling through a height of 1500 m. Calculate the average vertical acceleration of the skydiver.

19. [image: image62.emf]The student releases the ball when is it at A, which is 130 cm above the ground, and the ball travels vertically upwards at a velocity of 7 m s-1.
Calculate the maximum height, above the ground, the ball will reach.

.   

[image: image63.emf]
21. Cork and Sligo are about 330 km apart by road. Using the map of estimate the displacement of Sligo from Cork. The scale of the map is 1 cm to 37.5 km.

22: The European aerospace group EADS is developing a hypersonic jet aircraft that will fly at four times the speed of sound, 330 m s–1. Express the speed of the aircraft in kilometre per hour.
Mandatory experiments

1: Describe an experiment to measure the velocity of a moving object.

2: A student carried out an experiment to find the acceleration of a moving trolley.

The student measured the velocity of the trolley at different times and plotted a graph which was then used to find its acceleration. The table shows the data recorded.

	Velocity/  m s-1
	0.9
	1.7
	2.5
	3.3
	4.1
	4.9

	Time/s
	0
	2
	4
	6
	8
	10


(i) Describe, with the aid of a diagram, how the student measured the velocity of the trolley. 

(ii) Using the data in the table, draw a graph on graph paper of the trolley’s velocity against time. Put time on the horizontal axis (X-axis). 

(iii) Find the slope of your graph and hence determine the acceleration of the trolley. 

3: You have carried out an experiment to measure g, the acceleration due to gravity. 
(i) Draw a labelled diagram of the apparatus you used. 

(ii) Describe the procedure involved in measuring the time in this experiment.

(iii) As well as measuring time, what other measurement did you take? 

(iv) Outline how you got a value for g from your measurements.  

(v) Name one precaution you took to get an accurate result.

4: You carried out an experiment to measure g, the acceleration due to gravity
.
(i) Draw a labelled diagram of the apparatus you used. 

(ii) State what measurements you took during the experiment. 

(iii) Describe how you took one of these measurements. 

(iv) How did you calculate the value of g from your measurements? 

(v) Give one precaution that you took to get an accurate result.

5: In an experiment to measure the acceleration due to gravity, the time t for an object to fall from rest through a distance s was measured. The procedure was repeated for a series of values of the distance s. The table shows the recorded data.

	s/ cm
	30
	50
	70
	90
	110
	130
	150

	t/ms
	247
	310
	377
	435
	473
	514
	540


(i) Draw a labelled diagram of the apparatus used in the experiment.

(ii) Indicate the distance s on your diagram.

(iii) Describe how the time interval t was measured. 

(iv) Calculate a value for the acceleration due to gravity by drawing a suitable graph based on the recorded data. 

(v) Give two ways of minimising the effect of air resistance in the experiment. 

6: In an experiment to measure the acceleration due to gravity g by a free fall method, a student measured the time t for an object to fall from rest through a distance s. 

This procedure was repeated for a series of values of the distance s.
The table shows the data recorded by the student.

	s/cm
	30
	40
	50
	60
	70
	80
	90

	t/ms
	244
	291
	325
	342
	371
	409
	420


(i) Describe, with the aid of a diagram, how the student obtained the data. 

(ii) Calculate a value for g by drawing a suitable graph. 

(iii) Give two precautions that should be taken to ensure a more accurate result.

7: A student carried out an experiment to measure the acceleration of a moving trolley.

The student measured the initial velocity of the trolley and the final velocity of the

trolley, along with another measurement. The student used these measurements to

find the acceleration of the trolley.

(i) Draw a diagram to show how the student got the trolley to accelerate. 

(ii) Describe how the student measured the final velocity of the trolley. 

(iii) What other measurement did the student take? 

(iv) How did the student use the measurements to calculate the acceleration of the

trolley? 

(v) Give a precaution the student took to ensure an accurate result.

8: In an experiment to measure the acceleration due to gravity using a simple pendulum, a student obtained values for the length l of the pendulum and the corresponding values for the periodic time T. The student plotted the following points, based on the recorded data.

(i)Describe how the student obtained a value for the length of the pendulum and its

corresponding periodic time. 

(ii)Draw the appropriate graph on this examination paper and use it to calculate a value for g,

the acceleration due to gravity. 

(iii) Give two factors that affect the accuracy of the measurement of the periodic time.
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Learning Outcomes – Vectors and Scalars
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
[image: image64.emf][image: image65.emf][image: image66.emf]Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	1.
	Distinguish between vector and scalar quantities
	
	
	

	2.
	Identify everyday examples of vectors
	
	
	

	3.
	Identify the vector nature of physical quantities-
represent a vector quantity on a diagram
	
	
	

	4.
	Use the parallelogram and triangle law to find the
resultant of two vectors
	
	
	

	5.
	Find resultants experimentally using pulleys or
Newton Balances
	
	
	

	6.
	Resolve Co-planar forces
	
	
	


Past Exam Questions:

1. Give the difference between vector quantities and scalar quantities and give one example of each.

2. Force is a vector quantity. Explain what this means. 

[image: image67.emf]
3. A cyclist travels from A to B along the arc of a circle of radius 25 m as shown.

(i) Calculate the distance travelled by the cyclist.

(ii) Calculate the displacement undergone by the cyclist.

4. [image: image68.emf]Two forces are applied to a body, as shown. What is the magnitude of the resultant force acting on the body?

5. Describe an experiment to find the resultant of two vectors. 
6. Give an example of (i) a vector quantity, (ii) a scalar quantity.
Learning Outcomes – Force, Mass and Momentum
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
[image: image69.emf][image: image70.emf][image: image71.emf]Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	1.
	Define and give the unit of Force, Mass and
Momentum
	
	
	

	2.
	Discuss the vector nature of force
	
	
	

	3.
	Define the unit of Force – the Newton
	
	
	

	4.
	State Newton’s Three Laws and be able to
demonstrate these laws using either a ticker tape timer or an air track
	
	
	

	5.
	Discuss everyday examples of these laws such as seat
belts, rocket travel, sports and ball games
	
	
	

	6.
	Show that F = ma is a special case of Newton’s
Second Law
	
	
	

	7.
	Demonstrate that Friction is a force that opposes
motion
	
	
	

	8.
	Discuss the importance of friction as an everyday
force such as in walking and the use of lubricants
	
	
	

	9.
	State the principle of conservation of momentum
	
	
	

	10.
	Demonstrate the principle of conservation of
momentum
	
	
	

	11.
	Perform calculations demonstrating that momentum
in conserved such as in collisions in ball games, acceleration of spacecraft and jet aircraft.
	
	
	

	12.
	Perform an experiment to show that a is proportional
to F
	
	
	

	13.
	Discuss everyday examples of these laws such as seat
belts, rocket travel, sports and ball games
	
	
	

	14.
	Perform an experiment to verify the principle of
Conservation of Momentum
	
	
	


Past Exam Questions:

1. Define force.

2. Define the newton, the unit of force.

3. Copy and complete the following statement of Newton’s first law of motion. 
“An object stays at rest or moves with constant velocity _______________________________”.

4. A spacecraft carrying astronauts is on a straight line flight from the earth to the moon and after a while its engines are turned off. 

Explain why the spacecraft continues on its journey to the moon, even though the engines are turned off.

5. State Newton’s second law of motion. 

6. State Newton’s third law of motion. 

7. State Newton’s laws of motion. 

8. The cheetah is one of the fastest land animals. Calculate the resultant force acting on the cheetah while it is accelerating at a rate of 7 m s-2. The mass of the cheetah is 150 kg.

9. Name two forces acting on a cheetah while it is running. 
10. A tow-truck pulls a car with a net horizontal force of 500 N. Calculate the work done in towing the car a distance of 2 km to a garage
11. An astronaut of mass 120 kg is on the surface of the moon, where the acceleration due to gravity is 1.6 m s–2. What is the weight of the astronaut on the surface of the moon?

12. Why is the astronaut’s weight greater on earth than on the moon? 

13. The earth is surrounded by a layer of air, called its atmosphere. Explain why the moon does not have an atmosphere. 

14. A lunar buggy designed to travel on the surface of the moon (where acceleration due to gravity is1.6 m s-2) had a mass of 2000 kg when built on the earth.
(i) What is the weight of the buggy on earth?

(ii) What is the mass of the buggy on the moon?

(iii) What is the weight of the buggy on the moon?

(iv) A powerful rocket is required to leave the surface of the earth.

A less powerful rocket is required to leave the surface of the moon. Explain why. 
15. The diagram shows the forces acting on an aircraft travelling horizontally at a constant speed through the air.
[image: image72.emf]L is the upward force acting on the aircraft. W is the weight of the aircraft. 
T is the force due to the engines. R is the force due to air resistance.
(i) What happens to the aircraft when the force L is greater than the weight of the aircraft?

(ii) What happens to the aircraft when the force T is greater than the force R?

(iii) The aircraft was travelling at a speed of 60 m s-1 when it landed on the runway. It took two minutes to stop. Calculate the acceleration of the aircraft while coming to a stop.

(iv) The aircraft had a mass of 50 000 kg. What was the force required to stop the aircraft?

(v) Using Newton’s first law of motion, explain what would happen to the passengers if they were not wearing seatbelts while the aircraft was landing.  
[image: image73.png]N
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16. Draw a diagram to show the forces acting on the ball when it is at position A.

17. If the mass of a skydiver is 90 kg and his average vertical acceleration is 0.83 m s-2, calculate the magnitude and direction of the average resultant force acting on him?
[image: image74.emf]
18. Use a diagram to show the forces acting on the skydiver and explain why he reaches a constant speed. 

19. A block of mass 8.0 g moved 2.0 m along a bench at an initial velocity of 2.48 m s-1 before stopping. 

What was the average horizontal force exerted on the block while travelling this distance? 
[image: image75.emf]
20. A skateboarder with a total mass of 70 kg starts from rest at the top of a ramp and accelerates down it. The ramp is 25 m long and is at an angle of 200 to the horizontal. The skateboarder has a velocity of 12.2 m s–1 at the bottom of the ramp.

(i) Calculate the average acceleration of the skateboarder on the ramp.

(ii) Calculate the component of the skateboarder’s weight that is parallel to the ramp.

(iii) Calculate the force of friction acting on the skateboarder on the ramp.

(iv) What is the maximum height that the skateboarder can reach? (acceleration due to gravity = 9.8 m s–2)

(v) Sketch a velocity-time graph to illustrate his motion. 

21. A person in a wheelchair is moving up a ramp at a constant speed. Their total weight is 900 N. 

The ramp makes an angle of 10o with the horizontal.

Calculate the force required to keep the wheelchair moving at a constant speed up the ramp. (You may ignore the effects of friction.)
[image: image76.emf]
22. What is friction? 
23. The diagram shows the forces acting on a train which was travelling horizontally.
[image: image77.emf]
A train of mass 30000 kg started from a station and accelerated at 0.5 m s−2 to reach its top speed of 50 m s−1 and maintained this speed for 90 minutes.

As the train approached the next station the driver applied the brakes uniformly to bring the train to a stop in a distance of 500 m.

Calculate how long it took the train to reach its top speed. 

Calculate how far it travelled at its top speed. 

Calculate the acceleration experienced by the train when the brakes were applied. 

What was the force acting on the train when the brakes were applied? 

Name the force A and the force B acting on the train, as shown in the diagram. 

Describe the motion of the train when the force A is equal to the force T. 

Sketch a velocity-time graph of the train’s journey. 

(v = u + at , v2 = u2 + 2as , s = ut + ½at2 , Ek = ½mv2, F = ma )

24. A car of mass 750 kg is travelling east on a level road. Its engine exerts a constant force of 2.0 kN causing the car to accelerate at 1.2 m s–2 until it reaches a speed of 25 m s–1.

Calculate the net force acting on the car. 

Calculate the force of friction acting on the car.

If the engine is then turned off, calculate how far the car will travel before coming to rest?
25. On 16 August, 1960, Joseph Kittinger established a record for the highestaltitude parachute jump. This record remains unbroken.

Kittinger jumped from a height of 31 km. He fell for 13 seconds and then his 1.8-metre canopy parachute opened. This stabilised his fall. Only four minutes and 36 seconds more were needed to bring him down to 5 km, where his 8.5-metre parachute opened, allowing him to fall at constant

velocity, until he reached the surface of the earth

(i) Calculate the acceleration due to gravity at a height of 31 km above the surface of the earth

(ii) What was the downward force exerted on Kittinger and his equipment at 31 km,

taking their total mass to be 180 kg?

(iii) Estimate how far he fell during the first 13 seconds. What assumptions did you take in this calculation?

(iv) What was his average speed during the next 4 minutes and 36 seconds?

(v) Assuming that the atmospheric pressure remains constant, how much was the force on a

hemispherical parachute of diameter 8.5 m greater than that on a similar parachute of diameter 1.8m?

(vi) Calculate the upthrust that acted on Kittinger when he reached constant velocity in the last

stage of his descent (assume g = 9.81 m s–2 during this stage).

(radius of earth =6.36 × 106 m; mass of earth = 5.97 × 1024 kg)
Momentum

1. Define momentum. 

2. Give the unit of momentum. 

3. State the principle of conservation of momentum. 

4. Use Newton’s second law to establish the relationship: force = mass × acceleration. 

5. A rocket is launched by expelling gas from its engines. 

6. Use the principle of conservation of momentum to explain why a rocket rises. 

7. What is the momentum of an object with a mass of 5 kg travelling at 10 m s-1? 

8. Two shopping trolleys each of mass 12 kg are on a smooth level floor.

Trolley A moving at 3.5 m s−1 strikes trolley B, which is at rest.

After the collision both trolleys move together in the same direction.

(i) Calculate the initial momentum of trolley A 

(ii) Calculate the common velocity of the trolleys after the collision. 

9. [image: image78.emf]The diagram shows a child stepping out of a boat onto a pier. The child has a mass of 40 kg and steps out with an initial velocity of 2 m s−1 towards the pier. The boat, which was initially at rest, has a mass of 50 kg. 

Calculate the initial velocity of the boat immediately after the child steps out.

10. A spacecraft of mass 50 000 kg is approaching a space station at a constant speed of 2 m s-1. The spacecraft must slow to a speed of 0.5 m s-1 for it to lock onto the space station. 

(i) Calculate the mass of gas that the spacecraft must expel at a speed 50 m s-1 for the spacecraft to lock onto the space station. (The change in mass of the spacecraft may be ignored.)

(ii) In what direction should the gas be expelled? 

(iii) Explain how the principle of conservation of momentum is applied to changing the direction in which a spacecraft is travelling. 

[image: image79.emf]
11. A pendulum bob of mass 10 g was allowed to swing so that it collided with a block of mass 8.0 g at rest on a bench, as shown. The bob stopped on impact and the block subsequently moved along the bench.

The velocity of the bob just before the collision was 2 m s-1. 

Calculate the velocity of the block immediately after the collision. 

12. A force of 9 kN is applied to a golf ball by a golf club. The ball and club are in contact for 0.6 ms. 

Using Newton’s laws of motion, calculate the change in momentum of the ball.
[image: image80.emf]13: A cannon of mass 1500 kg containing a cannonball of mass 80 kg was at rest on a horizontal surface as shown. The cannonball was fired from the cannon with an initial horizontal velocity of 60 m s–1 and the cannon recoiled. 
Calculate

(i) the recoil velocity of the cannon

(ii) the kinetic energy of the cannon as it recoil?

Why did the cannon recoil? 

Why will the cannon come to a stop in a shorter distance that the cannonball?
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Define (a) momentum, (b) force. (12)


State the principle of conservation of momentum.

Explain how the principle of conservation of momentum applies in the case of a jet engine moving an aircraft. (12)

A truck of mass 5000 kg is moving with a velocity 10 m s−1 when it collides with a stationary car with a mass of 1000 kg. The truck and the car then move off together.
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(i) Calculate the momentum of the truck and the car before the collision. (6)

(ii) What is the momentum of the combined vehicles after the collision? (4)

(iii) Calculate the velocity of the combined vehicles after the collision. (6)

(iv) What is the momentum of the truck after the collision? (4)

(v) If the collision between the truck and the car takes 0.3 seconds, calculate the force exerted by the truck on the car. (6)

(vi) When the truck hits the back of the car the driver’s airbag inflates. The airbag deflates when it is hit by the driver’s head. Explain why the airbag reduces the risk of injury to the driver.

Mandatory experiments
1:A student carried out an experiment to investigate the relationship between the force applied to a body and the acceleration of the body. The table shows the measurements recorded by the student.

	Force /N
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8

	Acceleration /cm s–2
	8.4
	17.6
	25.4
	35.0
	43.9
	51.5
	60.4
	70.0




(i) Draw a labelled diagram of the apparatus used in the experiment.

(ii) How was the effect of friction reduced in the experiment?

(iii) Describe how the student measured the applied force.

(iv) Plot a graph, on graph paper, of the acceleration against the applied force. 

(v) What does your graph tell you about the relationship between the acceleration of the body and the force applied to it?

2:In an experiment to investigate the relationship between force and acceleration a student applied a force to a body and measured the resulting acceleration. The table shows the measurements recorded by the student.

	Force /N
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7

	acceleration /m s–2
	0.10
	0.22
	0.32
	0.44
	0.55
	0.65
	0.76


(i) Draw a labelled diagram of the apparatus used in the experiment.

(ii) Outline how the student measured the applied force. 

(iii) Plot a graph, on graph paper of the acceleration against the applied force. Put acceleration on the horizontal axis (X-axis). 

(iv) Calculate the slope of your graph and hence determine the mass of the body.

(v) Give one precaution that the student took during the experiment. 

3:In a report of an experiment to verify the principle of conservation of momentum, a student wrote the following:

I assembled the apparatus needed for the experiment. During the experiment I recorded the mass of the trolleys and I took measurements to calculate their velocities. I then used this data to verify the principle of conservation of momentum.

(i) Draw a labelled diagram of the apparatus used in the experiment. 

(ii) How did the student measure the mass of the trolleys? 

(iii) Explain how the student calculated the velocity of the trolleys.

(iv) How did the student determine the momentum of the trolleys? 

(v) How did the student verify the principle of conservation of momentum? 

4:In an experiment to verify the principle of conservation of momentum, a body A was set in motion with a constant velocity. It was then allowed to collide with a second body B, which was initially at rest and the bodies moved off together at constant velocity.

The following data was recorded.



Mass of body A = 520.1 g



Mass of body B = 490.0 g



Distance travelled by A for 0.2 s before the collision = 10.1 cm



Distance travelled by A and B together for 0.2 s after the collision = 5.1 cm

(iv) Draw a diagram of the apparatus used in the experiment. 
(v) Describe how the time interval of 0.2 s was measured. 
(vi) Using the data calculate the velocity of the body A before and after the collision.
(vii) Show how the experiment verifies the principle of conservation of momentum. 
(viii) How were the effects of friction and gravity minimised in the experiment? 
[image: image82.emf]
Learning Outcomes – Circular Motion
Where is your learning at?
Green:
I know it all
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I have some idea – check the answers
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	Can You
	Green
	Orange
	Red

	1.
	Know that angles are measured in radians and
𝒔
that
θ =
and that θ = ωt
𝒓
	
	
	

	2.
	Demonstrate circular motion
	
	
	

	3.
	Define centripetal force
	
	
	

	4.
	Define angular velocity
	
	
	

	5.
	Derive v= r ω
	
	
	

	6.
	Define centripetal acceleration
	
	
	

	7.
	Outline the factors on which centripetal force
depends
	
	
	

	8.
	Use a = rω2 and F = mrω2 to perform calculations
	
	
	


Past Exam Questions:

1. Define angular velocity. 

2. Derive the relationship between the velocity of a particle travelling in uniform circular motion and its angular velocity. 

3. A particle travels at a constant speed of 10 m s-1 in a circle of radius 2 m. What is its angular velocity? 

(i) A student swings a ball in a circle of radius 70 cm in the vertical plane as shown. The angular velocity of the ball is 10 rad s–1. What is the velocity of the ball? 

(ii) How long does the ball take to complete one revolution? 

4. Define centripetal force.

5. Give an expression for centripetal force. 

(i) Centripetal force is required to keep the earth moving around the sun.

What provides this centripetal force?

(ii) In what direction does this centripetal force act?

6. A skateboarder of mass 70 kg maintains a speed of 10.5 m s–1 until he enters a circular ramp of radius 10 m.

What is the initial centripetal force acting on him?

7. The earth has a speed of 3.0 × 104 m s–1 as it orbits the sun. 

The distance between the earth and the sun is 1.5 × 1011 m. Calculate the mass of the sun. 

8. The moon orbits the earth. What is the relationship between the period of the moon and the radius of its orbit? 

9. Derive the relationship between the period of the ISS, the radius of its orbit and the mass of the earth.

12. A satellite is in a circular orbit around the planet Saturn. 

The period of the satellite is 380 hours. Calculate the radius of the satellite’s orbit around Saturn. 

13. The international space station (ISS) moves in a circular orbit around the equator at a height of 400 km.

(i) Calculate the period of an orbit of the ISS.
(ii) After an orbit, the ISS will be above a different point on the earth’s surface. Explain why. 
(iii) How many times does an astronaut on the ISS see the sun rise in a 24 hour period? 
[image: image86.emf][image: image87.emf]
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	Can You
	Green
	Orange
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	1.
	State Newton’s Law of Gravitation
	
	
	

	2.
	Compare the gravitational forces between the Earth
and the Sun and between the Earth and the Moon
	
	
	

	3.
	Know that weight(W) = mg
	
	
	

	4.
	[image: image91.emf]Recall that F = 𝐺M1𝑚2
𝑅2
	
	
	

	5.
	[image: image92.emf]Derive the formula g = 𝑮M
𝑹𝟐
	
	
	

	6.
	Calculate the value of g on other bodies in space for
example the moon.
	
	
	

	7.
	Discuss the effect of the presence of an atmosphere
on planets
	
	
	

	8.
	Discuss how satellites maintain orbit
	
	
	

	9.
	Define the period of an orbit
	
	
	

	10.
	Derive the relationship between the period, the
mass of the central body and radius of the orbit
	
	
	

	11.
	Discuss geostationary or parked orbits
	
	
	

	12.
	Explain why the moon has no atmosphere
	
	
	


Past Exam Questions:

1. What is meant by the term ‘acceleration due to gravity’?
2. State Newton’s law of universal gravitation. 

3. Give two factors which affect the size of the gravitational force between two bodies. 

4. What is the relationship between the acceleration due to gravity g and the distance from the centre of the earth? 

(iv) The international space station (ISS) moves in a circular orbit around the equator at a height of 400 km. What type of force is required to keep the ISS in orbit? 

(v) What is the direction of this force? 

5. Calculate the acceleration due to gravity on the moon.

The radius of the moon is 1.7 × 106 m and the mass of the moon is 7 × 1022 kg. 

6. Calculate the acceleration due to gravity at a point 400 km above the surface of the earth. 

The radius of the earth is 6.4 × 106 m and the mass of the earth is 6.0 × 1024 kg.
7. Calculate the acceleration due to gravity at a height above the surface of the earth, which is twice the radius of the earth.

8. An astronaut in the ISS appears weightless. 
Explain why. 
9. Describe the variation in the weight of the astronauts as they travel to the moon.

10. Why is the acceleration due to gravity on the moon less than the acceleration due to gravity on the earth?

11. The earth is covered with a layer of air called the atmosphere. 

What holds this layer of air close to the earth? 

12. The earth is surrounded by a layer of air, called its atmosphere. 

Explain why the moon does not have an atmosphere. 
13. At what height above the earth’s surface will the astronauts experience weightlessness?
Assume the mass of the earth is 81 times the mass of the moon.
14. The moon orbits the earth every 27.3 days. What is its velocity, expressed in metres per second?
15. A spacecraft of mass 800 kg is on the surface of the moon, where the acceleration due to gravity is 1.6 m s−2.

a. Compare the weight of the spacecraft on the surface of the moon with its weight on earth, where the acceleration due to gravity is 9.8 m s–2
15. (i) State Newton’s law of universal gravitation. (6)

(ii) Explain what is meant by angular velocity. Derive an equation for the angular velocity of an object in terms of its linear velocity when the object moves in a circle. (9)

The International Space Station (ISS), shown in the photograph, functions as a research laboratory and a location for testing of equipment required for trips to the moon and to Mars. The ISS orbits the earth at an altitude of 4.13 × 105 m every 92 minutes 50 seconds.

(iii) Calculate (a) the angular velocity, (b) the linear velocity, of the ISS. (12)

(iv)  Name the type of acceleration that the ISS experiences as it travels in a circular orbit around the earth. What force provides this acceleration? (6)

(v) Calculate the attractive force between the earth and the ISS. Hence or otherwise, calculate the mass of the earth. (15)

(vi)  If the value of the acceleration due to gravity on the ISS is 8.63 m s−2, why do occupants of the ISS experience apparent weightlessness? (3)

(vii) A geostationary communications satellite orbits the earth at a much higher altitude than the ISS. What is the period of a geostationary communications satellite? (5)

2013 Q1.

You carried out an experiment to measure g, the acceleration due to gravity.

(i) Draw a labelled diagram of the apparatus you used. (12)

(ii) State the measurements you took during the experiment. (6)

(iii) Describe how you took these measurements. (9)

(iv) How did you calculate a value for g from your measurements? (9)

(v) Give one precaution that you took to get an accurate result. (4)

Learning Outcomes – Pressure and Density
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
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	Green
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	1.
	Define and give the units for density and pressure in
liquids and gases
	
	
	

	2.
	Define the Pascal
	
	
	

	3.
	Recall that pressure is a scalar quantity
	
	
	

	4.
	Calculate pressure due to a liquid
	
	
	

	5.
	Define and give the units for Boyles Law,
Archimedes Principle and the Law of Flotation
	
	
	

	6.
	Demonstrate the effect of atmospheric pressure by
means of the collapsing can experiment or any other comparable method
	
	
	

	7.
	Recall that pressure in a liquid increases with depth
	
	
	

	8.
	Recall that pressure in a liquid acts perpendicular to
any surface
	
	
	

	9.
	Recall that pressure in a liquid at a given depth is the
same in all directions
	
	
	

	10.
	Be able to perform calculations to show the use of
Boyles Law
	
	
	

	11.
	Perform an experiment to verify Boyle’s Law
	
	
	

	12.
	Demonstrate Archimedes Principle and the Law of
Flotation
	
	
	

	13.
	Discuss the use of a Hydrometer
	
	
	

	14.
	Discuss the relationship between atmospheric
pressure and the weather
	
	
	


Past Exam Questions:

1. A concrete mixer delivered 50 m3 of concrete to a building site, what was the mass of the concrete delivered?
(Density of concrete = 2400 kg m−3)
2. Define pressure. 

3. Give the unit of pressure.
4. Is pressure a vector quantity or a scalar quantity? Justify your answer.

5. Name an instrument used to measure pressure.
6. Which one of the following instruments is used to measure atmospheric pressure?

hydrometer barometer thermometer joulemeter
7. The wind exerts a horizontal force of 1000 N on a wall of area 20 m2. Calculate the pressure at the wall.

8. [image: image96.emf]A solid block in the shape of a cube of length 120 cm rests on a table. The weight of the block is 25 N. Calculate the pressure it exerts on the table. 


9. A container contains 5.0 kg of water. If the area of the base of the container is 0.5 m2. 

Calculate the pressure at the base of the container due to the water. 
(i) The African elephant is the largest land animal.

An elephant weighs 40 000 N and is standing on all four feet each of area 0.2 m2. 

Calculate the pressure exerted on the ground by the elephant. 

(ii) Why would the pressure on the ground be greater if the elephant stood up on just two feet?

10. The head of a thumbtack has an area of 500 mm2. Its point has an area of 0.3 mm2. The pressure exerted at the head of the thumbtack is 12 Pa. What is the pressure exerted at the point of the thumbtack? 

11.  Describe an experiment to show that the atmosphere exerts pressure. 

[image: image97.emf]
12. When air is removed from the metal container shown in the diagram, it collapses. Explain why.
13. The earth is covered with a layer of air called the atmosphere. 

What holds this layer of air close to the earth? 

14. The type of weather we get depends on the atmospheric pressure. 

Describe the kind of weather we get when the atmospheric pressure is high.
15. Describe an experiment to show that the pressure in a liquid increases with depth. 

16.  Which one of the following instruments can be used to measure the density of a liquid?

Barometer 

hydrometer 

thermometer 

17. State Archimedes’ principle. 

18. [image: image98.emf]State the law of flotation. 
19. A can of height 10 cm is submerged in water. What is the difference in pressure between the top and bottom of the can? 

20. A diver is swimming at a depth of 5m. He then dives deeper until he reached a depth of 30 m. Calculate the increase in pressure on the diver at this new depth

21. State Boyle’s law

22. [image: image99.emf]
(i) A balloon rises through the atmosphere while the temperature remains constant.

The volume of the balloon is 2 m3 at ground level where the pressure is 1000 hPa.

Find the volume of the balloon when it has risen to a height where the atmospheric pressure is 500 hPa.

(ii) What will happen to the balloon as it continues to rise? 

(i) A small bubble of gas rises from the bottom of a lake. The volume of the bubble increases threefold when it reaches the surface of the lake where the atmospheric pressure is 1.01 × 105 Pa. The temperature of the lake is 4 oC. 
a. Calculate the pressure at the bottom of the lake.

b. Calculate the depth of the lake. 

25: Assuming that the atmospheric pressure remains constant, how much was the force on a

hemispherical parachute of diameter 8.5 m greater than that on a similar parachute of diameter 1.8 m?
2013

2. In an experiment to verify Boyle’s law, a student took the set of readings given in the table below.
[image: image3.png]X

120

160

200

240

280

320

52

39.1

311

259

222

19.6





What physical quantities do X and Y represent? (6)

Name the units used when measuring these quantities. (4)

Draw a labeled diagram of the apparatus that the student used in the experiment.

Describe the procedure he used to obtain these readings. (15)

Use the data in the table to draw an appropriate graph on graph paper.

Explain how your graph verifies Boyle’s law. (15)

Define pressure. (6)

Describe an experiment to show that the atmosphere exerts pressure. (9)

A diver swims upwards from a depth of 50 m to a depth of 20 m below the surface of the water.

Calculate the decrease in pressure on the diver as she swims upwards. (13)

(density of the water = 1000 kg m−3; acceleration due to gravity, g = 9.8 m s−2)
Learning Outcomes – Moments and Equilibrium
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
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	Can You
	Green
	Orange
	Red

	1.
	Demonstrate that the sum of the forces in any
direction equals the sum of the forces in the opposite direction
	
	
	

	2.
	Define the moment of a force
	
	
	

	3.
	Demonstrate that the sum of the moments about any
point is zero
	
	
	

	4.
	Define the conditions needed for equilibrium
	
	
	

	5.
	Perform calculations to show static and dynamic
equilibrium
	
	
	

	6.
	Define lever
	
	
	

	7.
	Define couple
	
	
	

	8.
	Give the formula for the moment of a couple
(Torque)
	
	
	


Past Exam Questions:

1. Define the moment of a force.

2. Why is it easier to turn a nut using a longer spanner than a shorter one? 

3. Explain why the handle on a door is on the opposite side to the hinges of the door.

4. A crane is an example of a lever. Give another example of a lever. 
5. What are the two conditions for the equilibrium of a set of co-planar forces?

6. [image: image103.emf]The diagram shows forces of 5 N applied to a water tap. Calculate the moment of the couple (torque) on the tap. 
7. The spanner shown in the diagram is used to turn a nut. Calculate the moment of the force applied by the spanner to the nut. 
[image: image104.emf]
(i) [image: image105.png]


A metre stick is suspended by a thread at the 20 cm mark as shown in the diagram. The weight W of the metre stick acts through the 50 cm mark. A weight of 2 N is placed at the 15 cm mark.

Calculate the moment of the 2 N weight about the 20 cm mark. 

(ii) What is the moment of W about the 20 cm mark?

(iii) If the metre stick is in equilibrium, find the value of W. 
[image: image106.emf]
8. A man opens a door by applying a force of 5 N to the door.
The distance from the point of application of the force to the fulcrum is 120 cm.

Calculate the moment of the applied force. (M = Fd)
8:
(i) [image: image107.emf]The diagram shows a crane in equilibrium.

Give one condition that is necessary for the crane to be in equilibrium. 

(ii) What is the moment of the 9000 N concrete slab about the axis of the crane? 

(iii) Calculate the value of the load marked X. 

Mandatory Experiments

Q1. 2013

The laws of equilibrium for a set of co-planar forces acting on a metre stick were investigated by a student. She first found the centre of gravity of the metre stick and then determined its weight as

1.3 N.

How did the student find the centre of gravity of the metre stick? The centre of gravity was at the

50.3 cm mark rather than the mid-point of the metre stick. Explain.

The metre stick was suspended from two spring balances graduated in newtons. The student made use of a set of three weights, which she hung from the metre stick. She adjusted them until the metre stick was at equilibrium. How did the student ensure that the system was at equilibrium?

Draw a diagram of the experimental arrangement that the student used. (18)

The student recorded the positions of the forces acting on the metre stick and the direction in which each force was acting.
[image: image4.png]Position of force

on metre stick/cm 114 218 303 054 800
Force/N 2.0 3.0 5.7 4.6 4.0
Direction downward | downward upward upward downward





Taking the moments of the forces about the mid-point of the metre stick (50 cm mark), use the student’s data to calculate

(i) the total of the clockwise moments

(ii) the total of the anti-clockwise moments.

Explain how these results verify the laws of equilibrium. (22)

9. [image: image108.emf]A student investigated the laws of equilibrium for a set of co-planar forces acting on a metre stick. The weight of the metre stick was 1.2 N and its centre of gravity was at the 50 cm mark.

The student applied the forces shown to the metre stick until it was in equilibrium.

(i) How did the student know the metre stick was in equilibrium? 

(ii) Copy the diagram and show all the forces acting on the metre stick. 

(iii) Find the total upward force acting on the metre stick.

(iv) Find the total downward force acting on the metre stick.

(v) Explain how these values verify one of the laws of equilibrium. 

(vi) Find the sum of the anticlockwise moments of the upward forces about the 0 mark.

(vii) Find the sum of the clockwise moments of the downward forces about the 0 mark.

(viii) Explain how these values verify the other law of equilibrium. 

10. A student investigated the laws of equilibrium for a set of co-planar forces acting on a metre stick.

The student found that the centre of gravity of the metre stick was at the 50.4 cm mark and its weight was 1.2 N.

(i) How did the student find the centre of gravity?
(ii) How did the student find the weight, of the metre stick?

(iii) Why is the centre of gravity of the metre stick not at the 50.0 cm mark?

(iv) The student applied vertical forces to the metre stick and adjusted them until the metre stick was in equilibrium.

How did the student know that the metre stick was in equilibrium? 

The student recorded the following data.

	position on metre stick/cm
	11.5
	26.2
	38.3
	70.4
	80.2

	magnitude of force/N
	2.0
	4.5
	3.0
	5.7
	4.0

	direction of force
	down
	up
	down
	up
	down


(v) Calculate the net force acting on the metre stick.

(vi) Calculate the total clockwise moment about a vertical axis of the metre stick.

(vii) Calculate the total anti-clockwise moment about a vertical axis of the metre stick.

(viii) Use these results to verify the laws of equilibrium

11. A student investigated the laws of equilibrium for a set of co-planar forces acting on a metre stick. 

The weight of the metre stick was 1 N and its centre of gravity was found to be at the 50.5 cm mark. 

Two spring balances and a number of weights were attached to the metre stick. 

Their positions were adjusted until the metre stick was in horizontal equilibrium, as indicated in the diagram. 

The reading on the spring balance attached at the 20 cm mark was 2 N and the reading on the other spring balance was 4 N. 

The other end of each spring balance was attached to a fixed support.

[image: image109.emf]
(i) Calculate the sum of the upward forces and the sum of the downward forces acting on the metre stick. 

(ii) Explain how these experimental values verify one of the laws of equilibrium for a set of co-planar forces.  

(iii) Calculate the sum of the clockwise moments and the sum of the anticlockwise moments about an axis through the 10 cm mark on the metre stick. 

(iv) Explain how these experimental values verify the second law of equilibrium for a set of co-planar forces. 

(v) Describe how the centre of gravity of the metre stick was found. 

(vi) Why was it important to have the spring balances hanging vertically?

Learning Outcomes – Simple Harmonic Motion and Hooke’s Law
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
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	Can You
	Green
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	1.
	Recall what is meant by the term elastic
	
	
	

	2.
	Define restoring force
	
	
	

	3.
	Define Hooke’s Law
	
	
	

	4.
	Perform calculations using the formula F = - ks
	
	
	

	5.
	Describe systems that obey Hooke’s such as the
simple pendulum which execute SHM
	
	
	

	6.
	Demonstrate SHM in a swinging pendulum or an
oscillating magnet.
	
	
	

	7.
	Define Simple Harmonic Motion
	
	
	

	8.
	Perform calculations using the formula a = -ω2s
	
	
	

	9.
	Define cycle, oscillation, period, frequency,
amplitude and hertz with respect to SHM
	
	
	

	10.
	Perform calculations using the formula T = 1/f
	
	
	

	11.
	Perform calculations using the formula T= 2π/ω
	
	
	

	12.
	Recall that the length of a pendulum l is the
distance from a fixed point of suspension to the centre of a body
	
	
	

	13.
	[image: image113.emf]Recall that
T = 2π
l  g
	
	
	

	14.
	Perform an experiment to investigate the relationship between period and length for a simple pendulum, and hence calculation of g.
	
	
	


Past Exam Questions:

1. State Hooke’s law. 

2. A mass at the end of a spring is an example of a system that obeys Hooke’s Law. 

Give two other examples of systems that obey this law. 

(i) The equation F = – ks, where k is a constant, is an expression for a law that governs the motion of a body. 
Name this law and give a statement of it.

(ii) Give the name for this type of motion and describe the motion. 

(i) When a sphere of mass 500 g is attached to a spring of length 300 mm, the length of the spring increases to 330 mm. Calculate the spring constant. 

(ii) The sphere is then pulled down until the spring’s length has increased to 350 mm and is then released.

Describe the motion of the sphere when it is released. 

(iii) What is the maximum acceleration of the sphere? 

(i) When a small sphere of mass 300 g is attached to a spring of length 200 mm, its length increases to 285 mm.

Calculate its spring constant. 

(ii) The sphere is pulled down until the length of the spring is 310 mm.

The sphere is then released and oscillates about a fixed point.

Derive the relationship between the acceleration of the sphere and its displacement from the fixed point.

(iii) Why does the sphere oscillate with simple harmonic motion? 

(iv) Calculate the period of oscillation of the sphere.

(v) Calculate the maximum acceleration of the sphere.

(vi) Calculate the length of the spring when the acceleration of the sphere is zero. 

6: 
(i) The springs of a mountain bike are compressed vertically by 5 mm when a cyclist of mass 60 kg sits on it. 

When the cyclist rides the bike over a bump on a track, the frame of the bike and the cyclist oscillate up and down.

Using the formula F = – ks, calculate the value of k, the constant for the springs of the bike.

(ii) The total mass of the frame of the bike and the cyclist is 80 kg. 

Calculate the period of oscillation of the cyclist.

(iii) Calculate the number of oscillations of the cyclist per second. 

7: A student investigated the relationship between the period and the length of a simple pendulum. The student measured the length l of the pendulum. 

The pendulum was then allowed to swing through a small angle and the time t for 30 oscillations was measured. 

This procedure was repeated for different values of the length of the pendulum. 

The student recorded the following data:

	l /cm 
	40.0 
	50.0 
	60.0 
	70.0 
	80.0 
	90.0 
	100.0 

	t /s 
	38.4 
	42.6 
	47.4 
	51.6 
	54.6 
	57.9 
	60.0 


(i) Why did the student measure the time for 30 oscillations instead of measuring the time for one? 
(ii) How did the student ensure that the length of the pendulum remained constant when the pendulum was swinging? 
(iii) Using the recorded data draw a suitable graph to show the relationship between the period and the length of a simple pendulum. 
(iv) What is this relationship? 
(v) Use your graph to calculate the acceleration due to gravity. 
8: In investigating the relationship between the period and the length of a simple pendulum, a pendulum was set up so that it could swing freely about a fixed point. 
The length l of the pendulum and the time t taken for 25 oscillations were recorded. 

This procedure was repeated for different values of the length.

The table shows the recorded data.

	l/cm
	40.0
	50.0
	60.0
	70.0
	80.0
	90.0
	100.0

	t/s
	31.3
	35.4
	39.1
	43.0
	45.5
	48.2
	50.1


The pendulum used consisted of a small heavy bob attached to a length of inextensible string.

(ix) Explain why a small heavy bob was used.
(x) Explain why the string was inextensible.
(xi) Describe how the pendulum was set up so that it swung freely about a fixed point.
(xii) Give one other precaution taken when allowing the pendulum to swing.
(xiii) Draw a suitable graph to investigate the relationship between the period of the simple pendulum and its length. 
(xiv) What is this relationship? 
(xv) Justify your answer.
Learning Outcomes – Work, Energy, Power
Where is your learning at?
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I know it all
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I have some idea – check the answers
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	Can You
	Green
	Orange
	Red

	1.
	Define and give the unit of work
	
	
	

	2.
	Define the joule
	
	
	

	3.
	Perform simple experiments to show that work is
done
	
	
	

	4.
	Give real life examples of work such as lifts and
escalators
	
	
	

	5.
	Perform simple calculations involving force and
displacement in the same direction only
	
	
	

	6.
	Define and give the units for energy.
	
	
	

	7.
	List, demonstrate and describe the different forms of
energy
	
	
	

	8.
	Outline sources of both renewable and non-
renewable energy
	
	
	

	9.
	Know that mass is a form of energy and that E = mc2
	
	
	

	10.
	State the principle of conservation of energy and
show how energy can be converted from one form into another
	
	
	

	11.
	State how mass is transformed to other forms of
energy in the sun
	
	
	

	12.
	Discuss the efficient use of energy in homes
	
	
	

	13.
	Define power as the rate of doing work and give the
appropriate unit
	
	
	

	14.
	Estimate the average power developed by a person
running upstairs or a person repeatedly lifting weights etc.
	
	
	

	15.
	Calculate the power of electrical devices such as
lights, bulbs. Motors, etc.
	
	
	

	16.
	Calculate % efficiency by using the formula
 PE = 𝑃𝑜𝑤e𝑟 𝑜𝑢t𝑝𝑢t ×100
                       Power Input
	
	
	


Past Exam Questions:

1. Define work and give the unit of measurement.

2. A person pushed a car a distance of 15 m with a force of 500 N. Calculate the work done by the person. 
3. The force T exerted by the engine in an aircraft is 20 000 N. Calculate the work done by the engines while the aircraft travels a distance of 500 km.

4. Define energy.
5. What is the main source of energy in the sun
6. Which of the following is the unit of energy; kilogram, watt, joule, ampere?

7. State the principle of conservation of energy. 

8. Define kinetic energy 

9. Name one method of producing electricity. 

10. What type of energy is associated with wind, waves and moving water? 

11. Which of the following is not a renewable source of energy: wind, nuclear, solar, hydroelectric?
12. Give one disadvantage of non-renewable energy sources. 

13. How does the sun produce heat and light? 

14. State one energy conversion that takes place in an electrical generator. 

15. What energy conversion takes place when a fuel is burnt? 

16. What energy conversion takes place in a solar panel?

17. Why is a fluorescent tube an efficient source of light?
18. Why is a filament light bulb not an efficient source of light? 

19. What is the difference between potential energy and kinetic energy? 
20. Give one factor on which the potential energy of a body depends
21. Give one factor on which the potential energy of a body depends. 

22. [image: image117.emf]A student holds a metal ball 2 m above the ground. The mass of the ball is 5 kg.

Calculate the potential energy of the ball. 

23. A car of mass 800 kg is travelling at 10 m s-1. What is its kinetic energy? 

24. A train of mass 30000 kg can reached a top speed of 50 m s−1.
As the train approached the next station the driver applied the brakes uniformly to bring the train to a stop.

(i) Calculate the kinetic energy lost by the train in stopping. 

(ii) What happened to the kinetic energy lost by the train? 

23. An ice skater of mass 50 kg was moving with a speed of 6 m s−1 then she collides with another skater of mass 70 kg who was standing still. The two skaters then moved off together at a speed of 2.5 m s−1.

(i) Calculate the kinetic energy of each skater before the collision. 

(ii)Calculate the kinetic energy of the pair of skaters after the collision.

(iii)Comment on the total kinetic energy values before and after the collision.

24.  In a pole-vaulting competition an athlete, whose centre of gravity is 1.1 m above the ground, sprints from rest and reaches a maximum velocity of 9.2 ms–1.

What is the maximum height above the ground that the athlete can raise his centre of gravity?

25.A pendulum bob was raised to a height of 20 cm and allowed to swing so that it collided with a block at rest on a bench, as shown. 

Calculate the velocity of the bob just before the collision.

[image: image118.emf]26.A basketball of mass 600 g which was resting on a hoop falls to the ground 3.05 m below.

(i) What is the maximum kinetic energy of the ball as it falls? 

(ii) On bouncing from the ground the ball loses 6 joules of energy. 

What happens to the energy lost by the ball? 

(iii) Calculate the height of the first bounce of the ball. 

27.Define power.

28. What is the unit of power?

29.  A toaster has a power rating of 1050 W when it is connected to the mains supply.

Calculate the heat generated by the toaster in 2 minutes if it has an efficiency of 96%. 

30.  A kettle uses 532 950 J to boil water. If it takes 4 minutes calculate the power of the kettle. 
31. During a ten-hour period the energy gained by the bricks in a storage heater is 34.2 MJ.
Calculate the power of the heating coil. 

32.  An empty lift has a weight of 7200 N and is powered by an electric motor. The lift takes a person up 25 m in 40 seconds. The person weighs 800 N.

(i) Calculate the total weight raised by the lift’s motor.

(ii) Calculate the work done by the lift’s motor. 

(iii) Calculate the power output of the motor.

(iv) Calculate the energy gained by the person in taking the lift. 

(v) If instead the person climbed the stairs to the same height in 2 minutes, calculate the power generated by the person in climbing the stairs. 

(vi) Give two disadvantages of using a lift.
33. A person in a wheelchair is moving up a ramp. The force required to keep the wheelchair moving at a constant speed up the ramp is 156.3 N. The ramp is 5 m long. Calculate the power exerted by the person in the wheelchair if it takes her 10 s to travel up the ramp. 

[image: image119.emf]
34.A large number of solar cells are joined together in series and cover an area of 20 m2.

The efficiency of the solar cells is 20%. If the solar constant is 1400 W m–2, what is the maximum power generated by the solar cells? 

35.The solar constant is 1.35 kW m-2. What is the average amount of energy falling normally on each square metre of the earth’s atmosphere in one year? (one year = 3.16 × 10 7s)

36.What is the max energy that can fall on an area of 8 m2 in one hour if the solar constant is 1350 W m–2? 
37.The average value for the solar constant in Ireland is 1.2 × 102 W m–2. What is the average energy falling normally on an area of 5 m2 of ground in Ireland in 1 minute?
38.Nuclear power generates three hundred gigawatts of energy worldwide.

How much energy is generated worldwide every minute by nuclear power today? 

[image: image120.emf]
39.
(a) State two uses of energy in the home. 

(b) Give two ways to reduce energy needs in the home. 

(c) List the main sources of renewable energy. 

(d) What are the main parts of a solar heating system? 

(e) Why does a solar panel need to face south? 

(f) What is the function of the backup heater? 

(g) Why are parts of the solar panel painted black? 

(h) What is the name given to the tendency of water to circulate as it is heated? 

[image: image121.emf]
40. State the law of conservation of energy. (4)

The pendulum in the diagram is 8 m long with a small bob of mass 6 kg at its end. It is displaced through an angle of 30° from the vertical (position A) and is then held in position B, as shown. Calculate the height through which the bob has been raised and the potential energy that it has gained. (9)

The bob is then released and allowed to swing freely. What is the maximum velocity it attains? (9)

When the moving bob is at position A, a force is applied which brings the bob to a stop in a distance of 5 mm. Calculate the force applied. (6) 

Learning Outcomes - Temperature
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
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	Can You
	Green
	Orange
	Red

	1.
	Define temperature
	
	
	

	2.
	Give the SI unit of Temperature
	
	
	

	3.
	Recall that the Celsius scale is the practical scale of
temperature
	
	
	

	4.
	Know the relationship between the Celsius and the
Kelvin scale
	
	
	

	5.
	Define thermometric property
	
	
	

	6.
	Demonstrate thermometric properties
	
	
	

	7.
	Show how you can use a thermometric property to
measure temperature
	
	
	

	8.
	Discuss the differences between thermometers
	
	
	

	9.
	Graduate two thermometers at ice and steam points
and compare their readings at other temperatures
	
	
	

	10.
	Perform an experiment to plot the calibration curve
or a thermometer using a laboratory mercury thermometer as standard
	
	
	

	11.
	Discuss the use of practical thermometers including
clinical thermometers, oven thermometers, boiler thermometers and temperature gauges in cars.
	
	
	


Past Exam Questions:

1. What is meant by temperature?
2. What is the SI unit of temperature? 
3. The Celsius scale is the practical temperature scale.     How is the degree Celsius (C) related to the SI unit of temperature?
4.  What does a thermometer measure? 

5. What is the unit of temperature?

6. What is the difference between heat and temperature? 

7. To calibrate a thermometer, a thermometric property and two fixed points are needed.

What are the two fixed points on the Celsius scale? 

8. Name two scales that are used to measure temperature.

9. Give the equation that defines temperature on the Celsius scale.

10. What is the boiling point of water on the Celsius scale?

11. The SI unit is named in honour of Lord Kelvin. What is the temperature of the boiling point of water in kelvin? 

12. The temperature of a body is 300 K. What is its temperature in degrees Celsius? 

13. The temperature of a body is 34 °C. What is its temperature in kelvin? 

14. If the temperature of an object is 28 0C, what is its temperature in Kelvin?
15. Explain the term thermometric property. 

16. Name the thermometric property used in a mercury thermometer. 

17. What is the thermometric property of a thermocouple?

18. Name a thermometric property other than emf. 

19. Name one other type of thermometer and state its thermometric property. 

20. Explain why it is necessary to have a standard thermometer.
21. A student carried out an experiment to obtain the calibration curve of a thermometer.

The following is an extract from her report.
I placed the thermometer I was calibrating in a beaker of water along with a mercury thermometer which I used as the standard. I recorded the value of the thermometric property of my thermometer and the temperature of the water as shown on the mercury thermometer. I repeated this procedure at different temperatures. The following is the table of results that I obtained.
	Temperature/°C
	0
	20
	40
	60
	80
	100

	Value of thermometric property
	4
	12
	24
	40
	64
	150


(i) Draw a labelled diagram of the apparatus used in the experiment.

(ii) Using the data in the table, draw a graph on graph paper of the value of the thermometric property against its temperature. Put temperature on the horizontal axis (X-axis). 

(iii) Use your graph to estimate the temperature when the value of the thermometric property is 50.

(iv) Give an example of a thermometric property. 

(v) How was the value of this thermometric property measured? 
Learning Outcomes - Heat
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
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	Can You
	Green
	Orange
	Red

	1.
	List the three states of matter
	
	
	

	2.
	Discuss the concept of heat as form of energy which
causes a rise in temperature
	
	
	

	3.
	Define and give the units for heat capacity
	
	
	

	4.
	Define and give the units for specific heat capacity
	
	
	

	5.
	Perform simple calculations using the formula 
                           Q = mc ᅀθ
	
	
	

	6.
	Discuss the operation of storage heaters.
	
	
	

	7.
	Perform an experiment to measure the specific heat
capacity of water by an electrical method
	
	
	

	8.
	Define and give the units for latent heat
	
	
	

	9.
	Define specific latent heat of fusion and vaporisation
	
	
	

	10.
	Give the formula for Latent heat
	
	
	

	11.
	Discuss the use of a heat pump
	
	
	

	12.
	Perform an experiment to measure the specific latent
heat of fusion of ice
	
	
	

	13.
	Perform an experiment to measure the specific latent
heat of vaporisation of water
	
	
	

	14.
	Define conduction
	
	
	

	15.
	Qualitatively compare the rates of conduction
through solids
	
	
	


	16.
	Perform simple experiments to compare conduction
in various solids
	
	
	

	17.
	Define U values and discuss their use in domestic
situations
	
	
	

	18.
	Define convection
	
	
	

	19.
	Discuss convection in Domestic hot-water and heating
systems
	
	
	

	20.
	Perform experiments to show convection in liquids
	
	
	

	21.
	Define radiation and the solar constant
	
	
	

	22.
	Discuss radiation from the sun and the solar constant
	
	
	

	23.
	Discuss radiation in terms of Solar heating
	
	
	

	24.
	Perform experiments to show radiation
	
	
	

	.
	Mandatory Experiments
	
	
	

	1.
	 Calibration curve of a thermometer using the
laboratory mercury thermometer as a standard
	
	
	

	2
	Measurement of specific heat capacity, e.g. of
water or a metal by a mechanical or electrical method
	
	
	

	3
	Measurement of the specific latent heat of fusion
of ice
	
	
	

	4
	Measurement of the specific latent heat of
vaporisation of water
	
	
	


Past Exam Questions:

1. What is heat?

2. Name three methods by which heat can be transferred. 
3. What is meant by the change in state of a substance?
4. What is meant by conduction?
5. A person smokes a cigarette at the entrance to a building. Explain how a significant amount of the smoke from the cigarette can enter the building.
6. Explain how heat is transferred in a solid.
7. Describe an experiment to show how different solids conduct heat at different rates. 

8. Why are the pipes in the solar panel usually made from copper? 

9. Explain the term ‘U-value’.
10. A  building has a low U-value. What is the advantage of this?
11. What is the effect of increasing the U-value of a structure? 

12. The U-value of a house is a measure of the rate of heat loss to the surroundings.

Give two ways in which the U-value of a house can be reduced. 

13. [image: image128.emf]In an electric storage heater, bricks with a high specific heat capacity are heated overnight by passing an electric current through a heating coil in the bricks. The bricks are surrounded by insulation.

Why is insulation used to surround the bricks?

14. Name a material that could be used as insulation in a storage heater.

15. What is convection? 

16. Describe an experiment to demonstrate convection in a liquid. 

17. Why is the heating element of an electric kettle near the bottom?

18. Explain how the storage heater heats the air in a room. 

19. Why does warm water rise to the top of the solar panel?
20. An electric toaster heats bread by convection and radiation.

What is the difference between convection and radiation as a means of heat transfer?

21. Why are the pipes in the solar panel usually painted black?

22. Define specific heat capacity. 

23. Define specific latent heat. 
24. 20 g of ice cubes at 0 C are added to a glass of warm water. All the ice melts quickly and cools the water to 5 C. Assuming no heat transfer to the surroundings or to the glass,

calculate: (i) The energy required to melt the ice. (ii) The energy required to warm the melted ice to 5 C

25. Why is it important to stir the mixture in the above experiment?
26. Storage heaters have a large heat capacity. Explain why. 

27. Why does the temperature of an athlete reduce when she perspires? 

28. Explain why snow is slow to melt as the day-time temperatures rises above 0 °C.
29. What is meant by the term thermometric property? (6)

This graph was obtained during an experiment where the resistance R of a thermistor was measured as its temperature θ was raised from 0 °C to 100 °C (as measured by a mercury-in-glass thermometer). 
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The thermistor is used in a circuit to keep the water in a tank at a constant temperature.

What is the temperature of the water when the resistance of the thermistor is 420 kΩ? (6)

A thermocouple thermometer has emf values of 0 μV at 0 °C and 815 μV at 100 °C.

When the thermocouple thermometer was placed in the tank of water, its emf was found to be 319 μV. What is the temperature of the water in the tank as measured by the thermocouple thermometer? (9)

Why do the thermistor and the thermocouple thermometer give different temperature readings for the water in the tank? (7)
When heat is transferred to or from an object the temperature of the object changes.

(i) What is heat? (6)

(ii) Name the three ways in which heat can be transferred. (9)

(iii) Describe an experiment to show how heat is transferred in a liquid. (9)

The water in an electric kettle is heated by the element and its handle is made from an insulating material.

(iv) How does the method of heat transfer in a liquid affect the positioning of the heating element in a kettle? (6)

(v) Why is the handle of a kettle made of an insulating material? (4)

(vi) Name an insulator suitable for use in the handle of a kettle. (4)

A kettle contains 1.3 kg of water with a specific heat capacity of 4200 J kg−1 K–1. The temperature of the water rises from 10 °C to 80 °C during a three-minute period.

Calculate

(vii) the energy gained by the water (9)

(viii) the power rating of the kettle, assuming all of the electrical energy is used to heat the water. (9)
Mandatory Experiments
1:
(i) The total mass of the bricks in a storage heater is 80 kg and their specific heat capacity is 1500 J kg–1 K–1.

During a ten-hour period the temperature of the bricks rose from 15 oC to 300 oC.

Calculate the energy gained by the bricks.

(ii) Calculate the power of the heating coil. 

2: How much energy is required to raise the temperature of 500 litres of water from 20 0C to 50 0C?

 (specific heat capacity of water = 4200 J kg–1 K–1; density of water = 1000 kg m–3; 1 litre = 10–3 m3)
(i) An electric kettle contains 1.5 kg of water. The specific heat capacity of water is 4180 J kg-1 K-1. 
Calculate the amount of energy required to raise the temperature of the water from 15 0C to 100 0C. 
(ii) The kettle takes 4 minutes to heat the water from 15 0C to 100 0C. Calculate the power of the kettle. 
(Assume all the energy supplied is used to heat the water).
3: 400 g of water at a temperature of 15 oC is placed in an electric kettle. The power rating of the kettle is 3.0 kW. Calculate the energy required to raise the temperature of the water to 100 oC.

(i) Calculate the energy supplied by the kettle per second.

(ii) Calculate the least amount of time it would take to heat the water to 100 oC. 

(iii) In reality, the time taken to heat the water will be greater. Explain why. 

4: A saucepan containing 500 g of water at a temperature of 20 °C is left on a 2 kW ring of an electric cooker until it reaches a temperature of 100 °C.

(i) Calculate the rise in temperature of the water.

(ii) Calculate the energy required to heat the water to 100 °C.

(iii) Calculate the amount of energy the ring supplies every second.

(iv) Calculate the time it will take to heat the water to 100 °C. 
5:   500 g of water at a temperature of 15 0C is placed in a freezer. 

The freezer has a power rating of 100 W and is 80% efficient.

Calculate the energy required to convert the water into ice at a temperature of –20 oC.

(i) How much energy is removed every second from the air in the freezer?

(ii) How long will it take the water to reach a temperature of –20 oC? 

(iii) Allowing a liquid to evaporate in a closed pipe inside the freezer cools the air in the freezer. The vapour is then pumped through the pipe to the outside of the freezer, where it condenses again.

Explain how this process cools the air in the freezer. 

(iv) The freezer causes the room temperature to rise. Explain why. 

6: Read the following passage and answer the accompanying questions.

The sun is a major source of ‘green’ energy. In Ireland solar heating systems and geothermal systems are used to get energy from the sun.

There are two main types of solar heating systems, flat-plate collectors and vacuum-tube collectors.

1. A flat-plate collector is usually an aluminium box with a glass cover on top and a blackened plate on the bottom. A copper pipe is laid on the bottom of the box, like a hose on the ground; water is passed through the pipe and transfers the absorbed heat to the domestic hot water system.

2. In a vacuum-tube collector, each tube consists of an evacuated double-walled silvered glass tube in which there is a hollow copper pipe containing a liquid. The liquid inside the copper pipe is vaporised and expands into the heat tip. There the vapour liquefies and the latent heat released is transferred, using a heat exchanger, to the domestic hot water system. The condensed liquid returns to the copper pipe and the cycle is repeated.

In a geothermal heating system a heat pump is used to extract solar energy stored in the ground and transfer it to the domestic hot water system.

(a) Why is the bottom of a flat-plate collector blackened?

(b) The liquid in a vacuum-tube solar collector has a large specific latent heat of vaporisation. Explain why.

(c) How is the sun’s energy trapped in a vacuum-tube solar collector? 

(d) Describe, in terms of heat transfer, the operation of a heat pump. 

(e) Give an advantage of a geothermal heating system over a solar heating system.

[image: image129.emf]7: The diagram shows a solar heating system.
(i) How is the sun’s energy transferred to the solar collector? 

(ii) Why is the solar collector normally painted black? 

(iii) How is the heat transferred from the solar panel to the hot water tank?

(iv) The heating coil for the hot water tank are placed at the bottom, explain why.

(v) Give an advantage and a disadvantage of a solar heating system.

8: In a report of an experiment to measure the specific heat capacity of a substance (e.g. water or a metal), a student wrote the following.

“I assembled the apparatus needed for the experiment.

During the experiment I took a number of measurements of mass and temperature.

I used these measurements to calculate the specific heat capacity of the substance.”

(i) Draw a labelled diagram of the apparatus used. 

(ii) What measurements of mass did the student take during the experiment?

(iii) What temperature measurements did the student take during the experiment?

(iv) Give a formula used to calculate the specific heat capacity of the substance. 

(v) Give one precaution that the student took to get an accurate result. 
9: A student carried out an experiment to measure the specific latent heat of fusion of ice.
The following is an extract from her report.
“In my experiment, I prepared ice which was at 0 0C and I added it to warm water in a calorimeter. I waited for all the ice to melt before taking more measurements.
I used my measurements to calculate the specific latent heat of fusion of ice.”
(i) Draw a labelled diagram of the apparatus used in the experiment. 

(ii) What measurements did the student take in the experiment? 

(iii) How did the student prepare the ice for the experiment? 

(iv) How did the student know the ice was at 0 0C?

(v) Why did the student use warm water in the experiment?

10: In a report of an experiment to measure the specific latent heat of fusion of ice, a student wrote the following.

“Ice at 0 0C was added to water in a calorimeter.

When the ice had melted measurements were taken.

The specific latent heat of fusion of ice was then calculated.”

(i) Draw a labelled diagram of the apparatus used.

(ii) What  measurements did the student take before adding the ice to the water?

(iii) What did the student do with the ice before adding it to the water?

(iv) How did the student find the mass of the ice?

(v) Give one precaution that the student took to get an accurate result.
11: In an experiment to measure the specific latent heat of fusion of ice, warm water was placed in a copper calorimeter. Dried, melting ice was added to the warm water and the following data was recorded. 


Mass of calorimeter 60.5 g 



Mass of calorimeter + water 118.8 g 



Temperature of warm water 30.5 oC 



Mass of ice 15.1 g 



Temperature of water after adding ice 10.2 oC 

i. Explain why warm water was used. 
ii. Why was dried ice used?
iii. Why was melting ice used? 
iv. Describe how the mass of the ice was found.
v. What should be the approximate room temperature to minimise experimental error? 
vi. Calculate the energy lost by the calorimeter and the warm water.
vii. Calculate the specific latent heat of fusion of ice. 
12: The specific heat capacity of water was found by adding hot copper to water in a copper calorimeter
The following data was recorded.
	mass of calorimeter 55.7 g

	mass of calorimeter + water 101.2 g

	mass of copper + calorimeter + water 131.4 g

	initial temperature of water 16.5 oC

	temperature of hot copper 99.5 oC

	final temperature of water 21.0 oC


(i) Describe how the copper was heated and how its temperature was measured. 

(ii) Using the data, calculate the energy lost by the hot copper

(iii) Using the data, calculate the specific heat capacity of water. 

(iv) Give two precautions that were taken to minimise heat loss to the surroundings.

(v) Explain why adding a larger mass of copper would improve the accuracy of the experiment.

13: In an experiment to measure the specific latent heat of fusion of ice, warm water was placed in an aluminium calorimeter. Crushed dried ice was added to the water. 

The following results were obtained. 



Mass of calorimeter…....................................= 77.2 g



Mass of water…..............................................= 92.5 g



Initial temperature of water…........................= 29.4 0C



Temperature of ice ….....................................= 0 0C



Mass of ice…..................................................= 19.2 g



Final temperature of water…..........................= 13.2 0C



Room temperature was 21 0C. 

(i) What was the advantage of having the room temperature approximately halfway between the initial temperature of the water and the final temperature of the water? 

(ii) Describe how the mass of the ice was found.  

(iii) Calculate a value for the specific latent heat of fusion of ice

(iv) The accepted value for the specific latent heat of fusion of ice is 3.3 × 105 J kg-1; suggest two reasons why your answer is not this value.
14: In a report of an experiment to measure the specific latent heat of vaporisation of water, a student wrote the following.

“Steam at 100 oC was added to cold water in a calorimeter.

When the steam had condensed, measurements were taken.

The specific latent heat of vaporisation of water was then calculated.”

(i) Draw a labelled diagram of the apparatus used. 

(ii) List two measurements that the student took before adding the steam to the water.

(iii) How did the student find the mass of steam that was added to the water?

(iv) How did the student make sure that only steam, and not hot water, was added to the calorimeter?

(v) Give one precaution that the student took to prevent heat loss from the calorimeter.

15: In an experiment to measure the specific latent heat of vaporisation of water, cold water was placed in a copper calorimeter. Steam was passed into the cold water until a suitable rise in temperature was achieved. 
The following results were obtained:


Mass of the calorimeter........................... = 73.4 g



Mass of cold water .................................. = 67.5 g



Initial temperature of water..................... = 10 °C



Temperature of the steam........................ = 100 °C



Mass of steam added ............................... = 1.1 g



Final temperature of water ...................... = 19 °C

(i) Describe how the mass of the steam was found.

(ii) Using the data, calculate a value for the specific latent heat of vaporisation of water. 

(iii) Why is the rise in temperature the least accurate value? 

(iv) Give two ways of improving the accuracy of this value. 

16: In an experiment to measure the specific latent heat of vaporisation of water, a student used a copper calorimeter containing water and a sensitive thermometer. The water was cooled below room temperature before adding dry steam to it. The following measurements were recorded.


Mass of copper calorimeter = 34.6 g


Initial mass of calorimeter and water = 96.4 g


Mass of dry steam added = 1.2 g


Initial temperature of calorimeter and cooled water = 8.2 °C


Final temperature of calorimeter and water = 20.0 °C
(i) How was the water cooled below room temperature?

(ii) How was the steam dried?

(iii) Describe how the mass of the steam was determined.

(iv) Why was a sensitive thermometer used?

(v) Using the data, calculate the specific latent heat of vaporisation of water.

17: In an experiment to measure the specific latent heat of vaporisation of water, cool water was placed in an insulated copper calorimeter. Dry steam was added to the calorimeter. The following data was recorded.

Mass of calorimeter = 50.5 g


Mass of calorimeter + water = 91.2 g


Initial temperature of water = 10 oC


Temperature of steam = 100 oC


Mass of calorimeter + water + steam = 92.3 g


Final temperature of water = 25 oC

(i) Calculate a value for the specific latent heat of vaporisation of water. 
(ii) Why was dry steam used? 
(iii) How was the steam dried? 
(iv) A thermometer with a low heat capacity was used to ensure accuracy. Explain why. 
18: You carried out an experiment to establish the calibration curve of a thermometer.

(i) Describe, with the aid of a diagram, the procedure you used in the experiment

(ii) Name the thermometric property of the thermometer you calibrated and describe how the value of this property was measured. 

The following table shows the data obtained in an experiment to establish the calibration curve of a thermometer.
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(iii) Using the data in the table, draw a graph on graph paper to establish the calibration curve. Put temperature on the horizontal axis. 

(iv) Use your calibration curve to determine the temperature when the value of the thermometric property is 60.
A student carried out an experiment to measure the specific latent heat of fusion of ice.

The following is an extract from her report.

“I first set up the apparatus for this experiment. I prepared the ice. I added the ice which was at 0 °C to the warm water. I found the mass of the ice. When all the ice was melted I took a temperature reading. I was then able to calculate the specific latent heat of fusion of ice.”

(i) Draw a labelled diagram of the apparatus used in the experiment. (12)

(ii) How did the student prepare the ice for the experiment? (6)

(iii) How did the student know that the ice was at 0 °C? (3)

(iv) How did the student find the mass of the ice? (9)

(v) Why did the student use warm water in the experiment? (6)

(vi) What precaution did the student take when adding the ice to the water? (4)

Learning Outcomes – Waves and Wave Motion
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
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	Can You
	Green
	Orange
	Red

	1.
	Distinguish between mechanical and electromagnetic
waves
	
	
	

	2.
	Define longitudinal and transverse waves
	
	
	

	3.
	Give examples of longitudinal and transverse waves
including radio waves, seismic waves and waves at sea
	
	
	

	4.
	Define and give the units for the frequency,
amplitude, wavelength and velocity of a wave
	
	
	

	5.
	Perform calculations using the formula c = f λ
	
	
	

	6.
	Define Reflection, Refraction, Diffraction,
Interference and Polarisation.
	
	
	

	7.
	Perform simple demonstrations using slinky, ripple
tank, microwaves, or other suitable methods to show wave phenomenon
	
	
	

	8.
	Distinguish between constructive and destructive
interference
	
	
	

	9.
	Define coherent sources
	
	
	

	10.
	Define stationary waves and describe how they occur
	
	
	

	11.
	Give the frequency and wavelength of a stationary
wave
	
	
	

	12.
	Stationary waves; give the relationship between
inter-node distance and wavelength
	
	
	

	13.
	Discuss Diffraction effects at an obstacle and  at a slit
with reference to significance of the wavelength
	
	
	

	14.
	Discuss the Doppler effect using a simple
quantitative treatment for moving source and stationary observer
	
	
	


	[image: image133.emf]
15.
	Perform appropriate calculations using the formula
f ′ =
fc
without deriving formula for a sound
c ± u
from a moving source.
	
	
	

	16.
	Use the Doppler effect to explain the Red shift of
stars, ultrasound, weather forecasting and Speed traps
	
	
	


Past Exam Questions:

Exam questions

Speed of sound = 336 m s-1
Speed of light = 3 × 108 m s-1
1. Distinguish between interference and diffraction.
2. Light travels as a transverse wave. Name another type of wave motion and give two differences between these two types of wave motion
3. [image: image134.png]


Thee diagram shows the waveform of a musical note.

[image: image135.emf]What is the name given to (i) the distance A, (ii) height B? 

4. Explain what is meant by the frequency of a wave. 

5. What is meant by the amplitude of a wave? 

6. Explain the difference between longitudinal and transverse waves.

7. A wave motion has a frequency of 5 hz and a wavelength of 200 m. Calculate the speed of the wave. 

8. A tin-whistle produces a note of 256 Hz. Calculate the wavelength of this note.
9. If the natural frequency of a string is 250 Hz calculate the wavelength of the sound wave produced. 
10. A mobile phone transmits at 1200 MHz from its antenna.
Calculate the length of its antenna, which is one quarter of the wavelength that it transmits.

11. A ship detects the seabed by reflecting a pulse of high frequency sound from the seabed. The sound pulse is detected 0.4 s after it was sent out and the speed of sound in water is 1500 m s–1.

     Calculate the time taken for the pulse to reach the seabed.

     Calculate the depth of water under the ship.

Calculate the wavelength of the sound pulse when its frequency    is 50 000 Hz. 
12. Explain the term diffraction.

13. Explain the term interference.

14. Why does diffraction not occur when light passes through a window? 

15. A sound wave is diffracted as it passes through a doorway but a light wave is not. Explain why. 
16. Explain the term constructive interference.

17. Explain the term coherent sources.

18. What is the condition necessary for destructive interference to take place when waves from two coherent sources meet? 

19. The diagram shows a stationary wave (standing wave) on a vibrating stretched string.

What is the name given to the points on the string marked (i) X, (ii) Y?

[image: image136.emf]How many wavelengths are contained in the distance marked L? 

20. A note of wavelength 1.4 m is produced from a stretched string. If the speed of sound in air is 340 m s−1, calculate the frequency of the note.

21. A stretched string of length 80 cm has a fundamental frequency of vibration of 400 Hz.
What is the speed of the sound wave in the stretched string? 
22. [image: image137.emf]The diagram shows a guitar string stretched between supports 0.65 m apart. 

The string is vibrating at its first harmonic. The speed of sound in the string is 500 m s–1. 

What is the frequency of vibration of the string? 

Draw a diagram of the string when it vibrates at its second harmonic. 

What is the frequency of the second harmonic? 

23. Radio waves of frequency 30 kHz are received at a location 1500 km from a transmitter.

[image: image138.emf]The radio reception temporarily “fades” due to destructive interference between the waves travelling parallel to the ground and the waves reflected from a layer (ionosphere) of the earth’s atmosphere, as indicated in the diagram.

Calculate the wavelength of the radio waves.

What is the minimum distance that the reflected waves should travel for destructive interference to occur at the receiver? 

The layer at which the waves are reflected is at a height h above the ground. 

Calculate the minimum height of this layer for destructive interference to occur at the receiver. 

The Doppler Effect
1. The pitch of the sound emitted by the siren of a moving fire engine appears to change as it passes a stationary observer.
(ii) Explain, with the aid of a diagram, how this phenomenon occurs. 

(iii) Will the crew in the fire engine notice this phenomenon? Give a reason for your answer. 

      (iv) Give an application of this phenomenon. 
2. The pitch of a note emitted by the siren of a fast moving ambulance appears to change as it passes a stationary observer. Name this phenomenon.

3. What is the Doppler Effect? 
4. Describe a laboratory experiment to demonstrate the Doppler effect.

5. Explain, with the aid of labelled diagrams, how the Doppler Effect occurs. 

6. Give an example of the Doppler Effect. 

7. Give two applications of the Doppler Effect. 
8. What causes the red shift in the spectrum of a distant star?

9. It is noticed that the frequency of the received radio signal changes as the satellite orbits Saturn. Explain why. 

10. A rally car travelling at 55 m s–1 approaches a stationary observer. As the car passes, its engine is emitting a note with a pitch of 1520 Hz. What is the change in pitch observed as the car moves away? 
11. Bats use high frequency waves to detect obstacles. A bat emits a wave of frequency 68 kHz and wavelength 5.0 mm towards the wall of a cave. It detects the reflected wave 20 ms later. Calculate the speed of the wave. If the frequency of the reflected wave is 70 kHz, what is the speed of the bat towards the wall? 
12. The yellow line emitted by a helium discharge tube in the laboratory has a wavelength of 587 nm.
The same yellow line in the helium spectrum of a star has a measured wavelength of 590 nm.

(i) What can you deduce about the motion of the star?

(ii) Calculate the speed of the moving star.

13. The red line emitted by a hydrogen discharge tube in the laboratory has a wavelength of 656 nm. 

The same red line in the hydrogen spectrum of a moving star has a wavelength of 720 nm.

Is the star approaching the earth? Justify your answer. 

(i) Calculate the frequency of the red line in the star’s spectrum
(ii)  Calculate the speed of the moving star
Learning Outcomes – Vibrations and Sound
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
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	Can You
	Green
	Orange
	Red

	1.
	Define reflection, refraction, diffraction and
interference
	
	
	

	2.
	Recall that sound is a longitudinal wave
	
	
	

	3.
	Perform simple demonstrations of interference for
example using a signal generator and two loudspeakers
	
	
	

	4.
	Calculate the speed of sound in various media
	
	
	

	5.
	Demonstrate that the speed of sound requires a
medium
	
	
	

	6.
	Discuss acoustics and the reduction of noise using
destructive interference
	
	
	

	7.
	Discuss noise pollution
	
	
	

	8.
	Define amplitude, loudness, frequency, pitch, quality
and overtones.
	
	
	

	9.
	Discuss the frequency limits of audibility and its use
in devices such as a dog whistle
	
	
	

	10.
	Define resonance. Demonstrate resonance using
tuning forks or any other suitable method
	
	
	

	11.
	Give everyday examples of resonance such as person
on a swing and Barton’s Pendulum
	
	
	

	12.
	Describe how your vocal chords resonate in your
larynx.
	
	
	

	13.
	Define natural frequency and fundamental frequency
	
	
	

	14.
	Discuss vibrations as the cause of sound in musical
instruments
	
	
	

	15.
	Define and give the formula for the fundamental
frequency of a string
	
	
	


[image: image142.emf]
	16.
	Give the relationship between frequency and length
on a stretched string
	
	
	

	
	
	
	
	

	17.
	Describe and draw the node and antinode on a
stretched string
	
	
	

	18.
	Define harmonics
	
	
	

	19.
	Perform an experiment to measure the variation
of the fundamental frequency of a stretched string with length
	
	
	

	20.
	Describe the use of a sonometer to verify f ∝ 1/l
where T and µ are fixed
	
	
	

	21.
	Perform calculations using the formula
f  =  1
T
2l
µ
	
	
	

	22.
	Describe harmonics in closed pipes
	
	
	

	23.
	Draw diagrams to shown harmonics in closed
pipes
	
	
	

	24.
	Describe and draw a diagram of a stationary wave in
a pipe closed at both ends
	
	
	

	25.
	Define and give units for sound intensity
	
	
	

	26.
	Define the threshold of hearing
	
	
	

	27.
	Know the upper and lower limits of the thresholds of
audibility
	
	
	

	28.
	Know that doubling the sound intensity increases the sound intensity level by 3dB
	
	
	

	29.
	Describe how sound intensity level is measured  and
the use of a sound level meter
	
	
	

	30.
	Discuss noise pollution and the need for ear
protection
	
	
	

	31.
	Discuss why the dB(A) scale is used
	
	
	

	32.
	Define resonance. Demonstrate resonance using
tuning forks or any other suitable method
	
	
	

	33.
	Give everyday examples of resonance such as person
on a swing and Barton’s Pendulum
	
	
	

	34.
	Describe how your vocal chords resonate in your
larynx
	
	
	

	35.
	Define natural frequency and fundamental frequency
	
	
	

	36.
	Discuss vibrations as the cause of sound in musical
instruments
	
	
	

	37.
	Define and give the formula for the fundamental
frequency of a string
	
	
	

	38.
	Give the relationship between frequency and length
on a stretched string
	
	
	

	39.
	Describe and draw the node and antinode on a
stretched string
	
	
	


Past Exam Questions Sound

1. What is meant by the term resonance? How would resonance be demonstrated in the laboratory? (15)

A set of wind chimes, as shown in the diagram, is made from different lengths of hollow metal tubing that are open at both ends. When the wind blows, the wind chimes are struck by a clapper and emit sounds.

The sound from one of the tubes was analysed. The following frequencies were identified in the sound: 550 Hz, 1100 Hz and 1651 Hz.

What name is given to this set of frequencies? (5)

Draw labelled diagrams to show how the tube produces each of these frequencies.

The length of the metal tube is 30 cm. Use any of the above frequencies to calculate a value for the speed of sound in air. (24)

A sample of wire, of length 12 m and mass 48 g, was being tested for use as a guitar string.

A 64 cm length of the wire was fixed at both ends and plucked. The fundamental frequency of the sound produced was found to be 173 Hz. Calculate the tension in the wire. (12)
2.The speed of sound depends on the medium through which the sound is travelling.

Explain how sound travels through a medium. 

(i) Why is the speed of sound greater in water than in air? 

2. [image: image143.emf]Describe an experiment to demonstrate that sound requires a medium to travel. 

3. The diagram shows a signal generator connected to two loudspeakers emitting the same note.

A person walks slowly along the line AB.

(i) What will the person notice?

(ii) Why does this effect occur?

(iii) What does this tell us about sound? 

4. In an experiment, a signal generator was connected to two loudspeakers, as shown in the diagram. Both speakers are emitting a note of the same frequency and same amplitude.

A person walks along the line XY. 

Describe what the person hears.

(i) What does this experiment demonstrate about the nature of sound? 

5. Describe an experiment to show that sound is a wave motion. 
6. Describe an experiment to demonstrate the interference of sound.
7. Explain the term natural frequency.

8.  The Tacoma bridge collapsed soon after construction due to resonance. What is resonance?      
9. Describe an experiment to demonstrate resonance. 

10. How does resonance occur in an acoustic guitar? 
11. An opera singer, singing a high pitched note, can shatter a glass. Explain why. 
12. What is the relationship between the frequency of a vibrating stretched string and its length? 
13. What is the relationship between frequency and tension for a stretched string? 
14. The frequency of a stretched string depends on its length.
Give two other factors that affect the frequency of a stretched string. 
15. Name the property on which the pitch of a musical note depends.

16. State the wave property on which the loudness of a note depends.

17. State the physical property on which the quality of a note depends.

18. Explain why a musical tune does not sound the same when played on different instruments.

19. A mobile phone converts the received radio frequency waves to sound waves.

What are the audible frequency limits for sound waves?
(a) What is meant by the frequency of a wave?

Give the relationship between the frequency and the wavelength of a wave. (12)

The diagram shows a student walking in front of two loudspeakers along the path between A and B. A signal generator set at 500 Hz is connected to the loudspeakers.

[image: image7.png]



(i) What will the student notice as he moves from A to B? (6)

(ii) Name this phenomenon. (4)

(iii) Explain with the aid of a diagram how this phenomenon occurs. (9)
(iv) Why should this phenomenon be taken into account in the placing of speakers in theatres or auditoriums? (6)

The note produced by a guitar string depends on the fundamental frequency of the string. The quality of the note depends on the number of overtones produced. The loudness of a note is increased by resonance in the body of a guitar.

(i) Explain the underlined terms. (9)

(ii) How can the note produced by a guitar string be changed? (4)

(iii) What is resonance? (6)

Sound intensity and Sound Intensity Level
1: Many people are concerned about the noise associated with wind turbines. Better blade construction has led to reduced noise. At about 150 m from a turbine, typical sound intensity levels are 45 dB. This reduces to 42 dB at about 200 m away. These values compare favourably with values of around 60 dB in a busy office.

Estimate the factor by which the sound intensity changes when you move from a position which is about 200 m away to a position which is about 150 m away from a typical wind turbine

2: Define sound intensity.
3: The sound intensity doubles as a person approaches a loudspeaker. 

What is the increase in the sound intensity level? 

4: The sound intensity level at a concert increases from 85 dB to 94 dB when the concert begins. 

 By what factor has the sound intensity increased?

5: A loudspeaker has a power rating of 25 mW. 

What is the sound intensity at a distance of 3 m from the loudspeaker?

The loudspeaker is replaced by a speaker with a power rating of 50 mW. 

What is the change in the sound intensity?

What is the change in the sound intensity level? 

6: What physical quantity is measured in decibels? 

7: Sound intensity level can be measured in dB or dB(A). 

What is the difference between the two scales? 

8: The human ear is more sensitive to certain frequencies of sound.

How is this taken into account when measuring sound intensity levels? 

Mandatory Experiments

1: In an experiment to investigate the variation of the fundamental frequency f of a stretched string with its length l, the following data were recorded
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How was the data obtained? 

Using the data, draw a suitable graph on graph paper to show the relationship between the fundamental frequency of the stretched string and its length. 

The fundamental frequency of a stretched string depends on factors other than its length.

Name one of these factors and give its relationship with the fundamental frequency.

If you were doing an experiment to establish the relationship between the fundamental frequency of a stretched string and this other factor, how would you obtain the relevant data?
2:  You carried out an experiment to find the speed of sound in air, in which you measured the frequency and the wavelength of a sound wave.

(i) With the aid of a diagram describe the adjustments you carried out during the experiment. 

(ii) How did you find the frequency of the sound wave? 

(iii) How did you measure the wavelength of the sound wave? 

(iv) How did you calculate the speed of sound in air? 

(v) Give one precaution you took to get an accurate result. 
3: In an experiment to measure the speed of sound in air, a student found the frequency and the wavelength of a sound wave.

(i) Draw a labelled diagram of the apparatus used in the experiment. 

(ii) Describe how the student found the wavelength of the sound wave.

(iii) How did the student find the frequency of the sound wave?

(iv) How did the student calculate the speed of sound in air?

(v) Give one precaution that the student took to get an accurate result.

4: A cylindrical column of air closed at one end and three different tuning forks were used in an experiment to measure the speed of sound in air. A tuning fork of frequency f was set vibrating and held over the column of air.
The length of the column of air was adjusted until it was vibrating at its first harmonic and its length l was then measured. This procedure was repeated for each tuning fork.
Finally, the diameter of the column of air was measured.
The following data was recorded.
	f/Hz
	512
	480
	426

	l/cm
	16.0
	17.2
	19.4


Diameter of column of air = 2.05 cm.
(i) Describe how the length of the column of air was adjusted.

(ii) Describe how the frequency of the column of air was measured.

(iii) Describe how the diameter of the column of air was measured. 

(iv) How was it known that the air column was vibrating at its first harmonic?

(v) Using all of the data, calculate the speed of sound in air. 

5: A student carried out an experiment to investigate how the fundamental frequency of a stretched string varied with its length. The following is an extract from her report.

I set the string vibrating and adjusted its length until it was vibrating at its fundamental frequency. I then recorded the length of the vibrating string and its fundamental frequency. I repeated this procedure for different lengths of the stretched string.

Finally, I plotted a graph of the fundamental frequency of the vibrating string against the inverse of its length.

(i) Draw a labelled diagram of the apparatus used in the experiment. 

Indicate on your diagram the length of the string that was measured. 

(ii) Describe how the student set the string vibrating.

(iii) How did the student know that the string was vibrating at its fundamental frequency?

(iv) Draw a sketch of the graph expected in this experiment.

6:In a report of an experiment to investigate the variation of fundamental frequency of a stretched string with length, a student wrote the following. 

“The wire was set vibrating at a known frequency. The length of the wire was adjusted until it vibrated at its fundamental frequency. The length was recorded. A different frequency was applied to the wire and new measurements were taken. This procedure was repeated a few times.” 
(i) How was the wire set vibrating? 

(ii) How was the length adjusted? 
The table shows the measurements recorded by the student.

	Fundamental frequency (Hz)
	650
	395
	290
	260
	192
	174
	163

	length/ (m)
	0.20
	0.33
	0.45
	0.50
	0.66
	0.75
	0.80

	1/length (m-1)
	
	
	
	
	
	
	


(iii) Copy the table and complete the last row by calculating 1/ length1for each measurement. 

(iv) Plot a graph on graph paper of fundamental frequency against 1/ length. Put fundamental frequency on the vertical axis. 

(v) What does the graph tell you about the relationship between fundamental frequency and length?
7: In an experiment, a student investigated the variation of the fundamental frequency f of a stretched string with its length l. During the experiment the student kept the tension in the string constant. The table shows the data recorded by the student.
	f/Hz
	100
	150
	200
	250
	300
	350
	400

	l/m
	0.50
	0.33
	0.25
	0.20
	0.166
	0.142
	0.125

	1/l (m− 1)
	
	
	
	
	
	7.04
	


(i)      Describe, with the aid of a diagram, how the student obtained the data. 

(ii)      Why was the tension in the string kept constant during the experiment?

(iii) Copy this table and fill in the last row by calculating 1/l for each measurement. 

(iv)     Plot a graph on graph paper to show the relationship between the fundamental frequency and the length of the stretched string (put 1/l on the X-axis). 

(v)     What does your graph tell you about the relationship between the fundamental frequency of a stretched string and its length?

8: A student investigated the variation of the fundamental frequency f of a stretched string with its length l.

(i) [image: image144.png]ﬂForce =50N
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Draw a labelled diagram of the apparatus used in this experiment. Indicate on the diagram the points between which the length of the wire was measured. 

The student drew a graph, as shown, using the data recorded in the experiment, to illustrate the relationship between the fundamental frequency of the string and its length.

(ii) State this relationship and explain how the graph verifies it.

(iii) The student then investigated the variation of the fundamental frequency f of the stretched string with its tension T. The length was kept constant throughout this investigation.

How was the tension measured? 

(iv) What relationship did the student discover? 

(v) Why was it necessary to keep the length constant? 

(vi) How did the student know that the string was vibrating at its fundamental frequency? 

9: A student investigated the variation of the fundamental frequency f of a stretched string with its tension T. 

The following is an extract of the student’s account of the experiment.

“I fixed the length of the string at 40 cm. I set a tuning fork of frequency 256 Hz vibrating and placed it by the string. 

I adjusted the tension of the string until resonance occurred. I recorded the tension in the string. I repeated the experiment using different tuning forks.”

(i) How was the tension measured? 

(ii) How did the student know that resonance occurred? 

	f /Hz
	256
	288
	320
	341
	384
	480
	512

	T /N
	2.4
	3.3
	3.9
	4.3
	5.7
	8.5
	9.8


The following data were recorded.

(iii) Draw a suitable graph to show the relationship between the fundamental frequency of a stretched string and its tension. 

(iv) State this relationship and explain how your graph verifies it.

(v) Use your graph to estimate the fundamental frequency of the string when its tension is 11 N

(vi) Use your graph to calculate the mass per unit length of the string. 
10: 
A student obtained the following data during an investigation of the variation of the fundamental frequency f of a stretched string with its tension T.
	T/N
	15
	20
	25
	30
	35
	40
	45

	f /Hz
	264
	304
	342
	371
	402
	431
	456


The length of the string was kept constant. 

(i) Describe, with the aid of a diagram, how the student obtained the data.

(ii) Why was the length of the string kept constant during the investigation? 

(iii) Plot a suitable graph on graph paper to show the relationship between fundamental frequency and tension for the stretched string. 

(iv) From your graph, estimate the tension in the string when its fundamental frequency is 380 Hz.
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	Can You
	Green
	Orange
	Red

	
	Laws of Reflection
	
	
	

	1.
	Recall that light is a form of energy
	
	
	

	2.
	Differentiate between luminous and non-luminous
objects
	
	
	

	3.
	Define reflection
	
	
	

	4.
	State the Laws of reflection
	
	
	

	5.
	Be able to represent the angle of incidence, the angle
of reflection and the normal ray on a diagram
	
	
	

	6.
	Perform an experiment to demonstrate the Laws of
Reflection
	
	
	

	
	Mirrors
	
	
	

	7.
	Describe how an image is formed by plane and
spherical mirrors
	
	
	

	8.
	Recall that real is positive sign convention
	
	
	

	9.
	Describe how a virtual image is formed
	
	
	

	10.
	Perform simple exercises on mirrors by ray tracing or use
1
1
1
of formula
=
+
and
f
u
v
Magnification =        [image: image10.png]


       or          [image: image12.png]



	
	
	

	11.
	Give practical uses of both concave and convex
[image: image153.emf]spherical mirrors
	
	
	

	12.
	Describe how to locate an image in a plane mirror by method of no parallax
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	13.
	Draw diagrams of images formed in concave and
convex mirrors
	
	
	

	14.
	Perform an experiment to measure the focal length of
a concave mirror
	
	
	

	
	Laws of Refraction
	
	
	

	15.
	Define Refraction
	
	
	

	16.
	State the Laws of Refraction
	
	
	

	17.
	Demonstrate refraction using a ray box or laser
	
	
	

	18.
	Be able to represent the angle of incidence, the
refracted ray and the normal ray on a diagram
	
	
	

	19.
	Describe what happens when a light ray travels form
one medium through another
	
	
	

	20.
	Define the Refractive Index
	
	
	

	21.
	Perform calculations to determine the refractive
index of various substances
	
	
	

	22.
	Perform an experiment to verify Snell’s Law and
hence measure the refractive index of Glass
	
	
	

	23.
	Give practical examples of refraction eg: real and
apparent depth of fish in water
	
	
	

	24.
	Define and calculate refractive index in terms of
relative speed
	
	
	

	
	Total Internal Reflection
	
	
	

	25.
	Demonstrate Total Internal Reflection
	
	
	

	26.
	Define critical angle
	
	
	

	27.
	State the relationship between the critical angle and the
refractive index
	
	
	

	28.
	Discuss the transmission of light through optical
fibres
	
	
	

	29.
	Discuss the use of total internal reflection in road
signs, mirages, prism reflector
	
	
	

	30.
	Discuss the use of optical fibres in medicine in
telecommunications and medicine
	
	
	

	
	Lenses
	
	
	

	31.
	Show how images are formed by single thin lenses
both convex and concave
	
	
	

	32.
	Show using diagrams how the image changes as the
position of the object changes
	
	
	

	33.
	Perform simple exercises on lenses by ray tracing or use
1
1
1
of formula
=
+
and
f
u
v
Magnification       =  𝐻e𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑚𝑎g𝑒       or
𝑀=  𝑣
Height of Object                                               u
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	34.
	Recall that the power of a lens is 𝑃=  1
𝑓
	
	
	

	35.
	Perform calculations where two lenses are in contact
using the formula PTotal = P1 + P2   

	
	
	

	   36
	Perform calculations where two lenses are in contact using the formula 
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	37.
	Discuss the eye as an optical structure and the defects
of long and short sightedness
	
	
	

	38.
	Discuss how light is controlled when entering the eye
and how images are formed on the retina
	
	
	

	39.
	Define the power of accommodation
	
	
	

	40.
	Discuss the use of spectacles to correct long and sort
sightedness
	
	
	

	41.
	Perform an experiment to measure the focal length of
a convex lens
	
	
	


Past Exam Questions:

1. What is the focal length of a lens which has a power of –2 m–1?
2. List three conditions necessary for an observer to see a rainbow
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3. The photograph shows Polaroid sunglasses which reduce glare caused by sunlight. Explain the term ‘polarisation’. 

4. Describe an experiment to demonstrate the polarisation of light. 

             What type of wave motion does light have as indicated by this experiment 

5. Why are Polaroid sunglasses more effective than non-Polaroid sunglasses at reducing glare?

6. State the laws of reflection of light

7. How would you estimate the focal length of a concave mirror?                                    
8. The diagram shows an object O in front of a concave mirror, whose focus is at F.
The diagram shows a beam of white light undergoing refraction and dispersion as it passes through a prism.
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(i) What is meant by dispersion? (6)

(ii) What is observed on the screen between X and Y? (6)

(iii) What information does dispersion give about the nature of white light? (4)

(iv) Give another method for the dispersion of light. (6)

(v) Give an everyday example of the dispersion of light. (6)
3. The following is part of a student’s report on an experiment to measure the focal length of a concave mirror.

“I started with the object 6 cm from the mirror but couldn’t get an image to form on the screen. I moved the object back a few centimetres and tried again, but I couldn’t get an image to form on the screen until the object was 24 cm from the mirror. From then on I moved the object back 8 cm each time and measured the corresponding image distances.

I wrote my results in the table.”

[image: image20.png]u/cm

24.0

320

40.0

48.0

v/em

725

403

33.0

279





Draw a labelled diagram of the apparatus used. (9)

Give two precautions that should be taken when measuring the image distance. (6)

Explain why the student was unable to form an image on the screen when the object was close to the mirror. (6)

Use all of the data in the table to calculate a value for the focal length of the mirror. (15)

Describe how the student could have found an approximate value for the focal length of the mirror before starting the experiment. (4)
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            Copy and complete the diagram to show the formation of the image of the object O. 
9.       Give one use for a concave mirror.
10. An object O is placed 30 cm in front of a concave mirror of focal length 10 cm. How far from the mirror is the image formed?
11. A concave mirror has a focal length of 20 cm. An object is placed 30 cm in front of the mirror. How far from the mirror will the image be formed?
12. Use a ray diagram to show the formation of a real image by a concave mirror
13. Copy and complete in your answer-book the following diagram to show how a concave mirror forms an image of an object O, which is placed outside the focus F of the mirror.

14. Describe the image that is formed in a concave mirror when an object is placed inside the focus

. 
15. Draw a ray diagram to show the formation of an image in a convex mirror

. 

16. A concave mirror can produce a real or a virtual image, depending on the position of the object.

17. Give one difference between a real image and a virtual image
18. Give two uses for a concave mirror
Refraction

1. What is meant by the reflection of light?

State the laws of reflection of light.

Describe an experiment to demonstrate one of the laws of reflection of light. 

2. Which of these scientists is associated with the law of refraction of light? 

Rutherford ,Snell, Joule, Einstein

3. What is meant by refraction of light?

4. State Snell’s law of refraction

. 

5. State the laws of refraction of light.
6. What is meant by the refractive index of a material?
7. Light is refracted as it enters the cornea from air as shown in the diagram. 

Calculate the refractive index of the cornea. 

Draw a diagram to show the path of a ray of light as it passes from water of refractive index 1.33 into the cornea.
8. What special name is given to the angle of incidence i, when the effect shown in the diagram occurs?

In the diagram the value of the angle i is 41.80. Calculate a value for the refractive index of the glass.

Draw a diagram to show what happens to the ray of light when the angle of incidence i is increased to 450.

9. Explain, with the aid of a labelled diagram (i) critical angle, (ii) total internal reflection
10. When will total internal reflection occur?
11. Define the critical angle.
12. The refractive index of a liquid is 1.35, what is the critical angle of the liquid?
13. The critical angle for the glass is 42o. Calculate the refractive index of the glass.

14. Calculate the critical angle for diamond. The refractive index of diamond is 2.4.

15. What is the critical angle of a sample of glass whose refractive index is 1.46?

16. The diagram shows a 45o prism made of glass and a ray of light entering the prism from air. Copy the diagram and show the path of the ray through the prism and back into the air.

Explain why the ray follows the path that you have shown.
17. Give two uses of total internal reflection
18. Draw a diagram to show the path of a ray of light travelling through an optical fibre. 

19. Explain how a signal is transmitted along an optical fibre.

20. How is the escape of light from the sides of an optical fibre prevented?
21. An optical fibre has an outer less dense layer of glass. What is the role of this layer of glass?

22. Give one use for optical fibres.
23. Give two reasons why the telecommunications industry uses optical fibres instead of copper conductors to transmit signals

.
24. Impurities in glass reduce the power transmitted in an optic fibre by half every 2 km.

The initial power being transmitted by the light is 10 W.

What is the power being transmitted by the light after it has travelled 8 km through the fibre?

25. Information is transmitted over long distances using optical fibres with a refractive index of 1.55.
What is the speed of the light as it passes through the fibre?
26. An optical fibre is manufactured using glass of refractive index of 1.5. 

Calculate the speed of light travelling through the optical fibre.

27. Name a material that is used in the manufacture of optical fibres.

28. The diagram shows a ray of light as it leaves a rectangular block of glass. As the ray of light leaves the block of glass, it makes an angle θ with the inside surface of the glass block and an angle of 30o when it is in the air, as shown.
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(i) If the refractive index of the glass is 1.5, calculate the value of θ. 

(ii) What would be the value of the angle θ so that the ray of light emerges parallel to the side of the glass block? 

(ii) Calculate the speed of light as it passes through the glass.

An experiment to measure the refractive index of a substance was carried out by a student. When the apparatus had been set up the student made a series of measurements.

The student repeated the experiment a number of times.

(i) Draw a labelled diagram of the apparatus that the student used in the experiment. (12)

(ii) What measurements did the student take? (12)

(iii) How were these measurements used to calculate the refractive index of the substance? (10)

(iv) Why did the student repeat the experiment? (6)
Exam questions - Lenses

1. A converging lens is used as a magnifying glass.
Draw a ray diagram to show how an erect image is formed by a magnifying glass. 

2. A diverging lens cannot be used as a magnifying glass. Explain why.

3. A converging lens has a focal length of 8 cm. 

Determine the two positions that an object can be placed to produce an image that is four times the size of the object? 

4. A concave lens has a power of 0.1 cm−1. What is the focal length of the lens?

5. A lens has a power of +50 m-1. What type of lens is it and what is its focal length? 

6. Two converging lenses, each with a focal length of 10 cm, are placed in contact. What is the power of the lens combination? 

(i) The power of a normal eye is +60 m-1. A short-sighted person’s eye has a power of +65 m-1. 

Calculate the power of the contact lens required to correct the person’s short-sightedness.

(ii) Calculate the focal length of the contact lens required to correct the person’s short-sightedness. 

7. The power of an eye when looking at a distant object should be 60 m–1. A person with defective vision has a minimum power of 64 m–1.

  (i) Calculate the focal length of the lens required to correct this defect. 

 (ii) What type of lens is used? 
 (iii) Name the defect.

8. Draw a labelled diagram showing the optical structure of the eye. 

9. How does the eye bring objects at different distances into focus? 

(i) An eye contains a lens system and a retina, which is 2.0 cm from the lens system. The lens system consists of the cornea, which acts as a fixed lens of power 38 m–1, and a variable internal lens just behind the cornea. The maximum power of the eye is 64 m–1.
Calculate how near an object can be placed in front of the eye and still be in focus.

(ii) Calculate the maximum power of the internal lens. 

(iii) Light is refracted as it enters the cornea from air as shown in the diagram. 

Calculate the refractive index of the cornea. 

(iv) Draw a diagram to show th path of a ray of light as it passes from water of refractive index 1.33 into the cornea. 

(v) A swimmer cannot see properly when she opens her eyes underwater. 

When underwater why does the cornea not act as a lens? 

(vi) What is the maximum power of the eye when underwater? 

(vii) Why do objects appear blurred when underwater? 

(viii) Explain how wearing goggles allows objects to be seen clearly. 

Mandatory Experiments

1. An experiment was carried out to measure the refractive index of a substance.
The experiment was repeated a number of times.
i) Draw a labelled diagram of the apparatus that could be used in this experiment. 

ii) What measurements were taken during the experiment? 

iii) How was the refractive index of the substance calculated? 

iv) Why was the experiment repeated?

2: A student carried out an experiment to verify Snell’s law of refraction by measuring the angle of incidence i and the angle of refraction r for a ray of light entering a glass block. The student repeated this procedure two more times. The data recorded by the student is shown in the table
.

(i) Draw a labelled diagram of the apparatus used in the experiment. 

(ii) Describe how the student found the position of the refracted ray. 

(iii) How did the student measure the angle of refraction? 

(iv) Copy this table and complete it in your answer-book.  

	angle of incidence i
	angle of refraction r
	sin i
	sin i
	sin i/sin r

	30o
	19o
	
	
	

	45o
	28o
	
	
	

	65o
	37o
	
	
	


(v) Use the data to verify Snell’s law of refraction. 

29. In an experiment to verify Snell’s law, a student recorded the following data
.
	i / °
	30
	40
	50
	55
	60
	65
	70

	r / °
	19
	26
	30
	33
	36
	38
	40


(i) Draw a labelled diagram of the apparatus used. 

On your diagram, indicate an angle i and its corresponding angle r.

(ii) Using the recorded data, draw a suitable graph 

(iii) Explain how your graph verifies Snell’s law.

(iv) Using your graph, find the refractive index

(v) The student did not record any values of i below 30°, give two reasons why?

3: In an experiment to verify Snell’s law, a student measured the angle of incidence i and the angle of refraction r for a ray of light entering a substance. This was repeated for different values of the angle of incidence. The following data was recorded.
	i/degrees
	20
	30
	40
	50
	60
	70

	r/degrees
	14
	19
	26
	30
	36
	40


(i) Describe, with the aid of a diagram, how the student obtained the angle of refraction. 

(ii) Draw a suitable graph on graph paper and explain how your graph verifies Snell’s law. 

(iii) From your graph, calculate the refractive index of the substance. 

(iv) The smallest angle of incidence chosen was 200. 

Why would smaller values lead to a less accurate result?

4: 
1: In an experiment to measure the focal length of a converging lens, a student measured the image distance v for each of four different values of the object distance u.

The table shows the data recorded by the student
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Describe, with the aid of a labelled diagram, how the student obtained the data. 

Why is it difficult to measure the image distance accurately? 

Using all the data in the table, find the value for the focal length of the lens. 

Why is it difficult to measure the image distance when the object distance is less than 10 cm? 
2: A student carried out an experiment to verify Snell’s law of refraction. The student measured the angle of incidence i and the corresponding angle of refraction r for a ray of light passing through a glass block. The student repeated this procedure for different values of the angle i.

The data recorded by the student are shown in the table.

(i) Draw a labelled diagram of the apparatus used in the experiment. 

(ii) Describe how the student found the path of the ray of light passing through

the glass block. 

(iii) Indicate on the diagram the angles i and r. 

(iv) Copy this table into your answer book and complete it.
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(v) How does the data in the completed table verify Snell’s law of refraction?

5: A student carried out an experiment to measure the focal length of a concave mirror. 
The student placed an object at different positions in front of the mirror so that a real image was formed in each case. 
The table shows the measurements recorded by the student for the object distance u and the image distance v.

	u/cm
	20
	30
	40
	50

	v/cm
	64
	43
	41
	35


(i) Draw a labelled diagram showing how the apparatus was arranged. 

(ii) Describe how the student found the position of the image. 

(iii) Show on your diagram the object distance u and the image distance v. 

(iv) Using the formula or otherwise and the above data,

                    find an average value for the focal length f of the mirror.

6: In an experiment to measure the focal length of a concave mirror, an approximate value for the focal length was found. The image distance v was then found for a range of values of the object distance u. 
The following data was recorded.
	u/cm
	15.0
	20.0
	25.0
	30.0
	35.0 
	40.0

	v/cm
	60.5
	30.0
	23.0
	20.5
	18.0
	16.5


(i) How was an approximate value for the focal length found?

(ii) What was the advantage of finding the approximate value for the focal length? 

(iii) Describe, with the aid of a labelled diagram, how the position of the image was found. 

(iv) Calculate the focal length of the concave mirror by drawing a suitable graph based on the recorded data. 

7: You carried out an experiment to measure the focal length of a converging lens.

(i) Draw a labelled diagram of the apparatus that you used in the experiment. 

(ii) Describe how you found the position of the image formed by the lens.

(iii) What measurements did you take?

(iv) How did you get a value for the focal length of the converging lens from your measurements?

(v) Give one precaution that you took to get an accurate result.

8: A student was asked to measure the focal length of a converging lens. The student measured the image distance v for each of three different object distances u. The student recorded the following data.
	u/cm
	20.0
	30.0
	40.0

	v/cm
	65.2
	33.3
	25.1


(i) Describe how the image distance was measured.

(ii) Give two precautions that should be taken when measuring the image distance.

(iii) Use all of the data to calculate the focal length of the converging lens. 

(iv) What difficulty would arise if the student placed the object 10 cm from the lens?

9: The following is part of a student’s report of an experiment to measure the focal length of a converging lens.
“I found the approximate focal length of the lens to be 15 cm. 
I then placed an object at different positions in front of the lens so that a real image was formed in each case.”
The table shows the measurements recorded by the student for the object distance u and the image distance v.
	u/cm
	20.0
	25.0
	35.0
	45.0

	v/cm
	66.4
	40.6
	27.6
	23.2


(i) How did the student find an approximate value for the focal length of the lens? 

(ii) Describe, with the aid of a labelled diagram, how the student found the position of the image. 

(iii) Using the data in the table, find an average value for the focal length of the lens. 

(iv) Give two sources of error in measuring the image distance and state how one of these errors can be reduced.

10: In an experiment to measure the focal length of a converging lens, a student measured the

image distance v for each of four different values of the object distance u.

The table shows the data recorded by the student.
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i. Describe, with the aid of a labelled diagram, how the student obtained the data. 

ii. Why is it difficult to measure the image distance accurately? 

iii. Using all the data in the table, find the value for the focal length of the lens. 

iv. Why is it difficult to measure the image distance when the object distance is less than 10 cm?
Learning Outcomes – Wave Nature of Light
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	
	Diffraction and Interference
	
	
	

	1.
	Define diffraction and interference
	
	
	

	2.
	Use a suitable method of demonstrating the wave
nature of light
	
	
	

	3.
	Perform calculations using the formula nλ = d Sin θ
	
	
	

	4.
	Discuss how colours can be produced by interference
such as on petrol film and soap bubbles
	
	
	

	5.
	Derive the formula nλ = d Sin θ
	
	
	

	6.
	Describe a diffraction grating
	
	
	

	7.
	Define the grating constant
	
	
	

	8.
	Perform an experiment to measure the wavelength of
light
	
	
	

	
	Light as A Transverse Wave Motion
	
	
	

	9.
	Define polarisation
	
	
	

	10.
	Demonstrate polarisation
	
	
	

	11.
	Discuss stress polarisation and the use of polaroid
sunglasses
	
	
	

	
	Dispersion
	
	
	

	12.
	Define dispersion
	
	
	

	13.
	Demonstrate dispersion by the use of a diffraction
grating and a prism
	
	
	

	
	
	
	
	


	14.
	Demonstrate and describe how light from a prism
may be recombined  using a second prism to form white light
	
	
	

	
	Colours
	
	
	

	15.
	State the primary, secondary and complimentary
colours
	
	
	

	16.
	Describe how colours can be combined and mixed
together
	
	
	

	17.
	Discuss how these effects are used in television and
stage lighting
	
	
	

	
	The Electromagnetic Spectrum
	
	
	

	18.
	Describe the electromagnetic spectrum
	
	
	

	19.
	State the relative positions of radiations in terms of
wavelength and frequency
	
	
	

	20.
	Describe  and demonstrate how UV and IR may be
detected
	
	
	

	21.
	Discuss the effect of electromagnetic radiation and
the greenhouse effect, IR and its use in night visors
	
	
	

	
	The Spectrometer
	
	
	

	22.
	Describe and demonstrate the use of the
spectrometer
	
	
	

	23.
	Give the function of each of its parts
	
	
	


Past Exam Questions
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The diagram shows a simplified version of the electromagnetic spectrum.

Name the sections labelled A and B in the diagram.

Describe how to detect each of these radiations. 

An electromagnetic radiation has a wavelength of 4 m.

Name the section of the electromagnetic spectrum in which this radiation is located. 

Distinguish between interference and diffraction.

Can a diffraction grating which diffracts light also diffract X-rays? Justify your answer. 

Light travels as a transverse wave. Name another type of wave motion and give two differences between these two types of wave motion.
1. Describe an experiment that demonstrates the wave nature of light. 

2. A student used a laser, as shown, to demonstrate that light is a wave motion. Name the two phenomena that occur when the light passes through the pair of narrow slits. 

3. A student used a laser, as shown, to demonstrate that light is a wave motion.  A pattern is formed on the screen. Explain how the pattern is formed. 

What is the effect on the pattern when the wavelength of the light is increased?

What is the effect on the pattern when the distance between the slits is increased?

4. In an experiment a beam of monochromatic light passes through a diffraction grating and strikes a screen.
Describe what is observed on the screen. 

Explain, with the aid of a diagram, how this phenomenon occurs. 

What does this experiment tell us about the nature of light?

Name the property of light that can be determined in this experiment. 

What measurements must be taken to determine the property you named? 

5. Why does diffraction not occur when light passes through a window? 

6. A sound wave is diffracted as it passes through a doorway but a light wave is not. Explain why. 
7. What is a diffraction grating?

8. Explain the term monochromatic light.

9. A diffraction grating has 200 lines per mm. What is the value of d in the diffraction grating formula  nλ = d sin θ ?

10. Derive the diffraction grating formula
11. Sound travels as longitudinal waves while light travels as transverse waves. 

Explain the difference between longitudinal and transverse waves.

12. What is meant by polarisation of waves? 
13. Which wave phenomenon can be used to distinguish between transverse waves and longitudinal waves? 

14. Describe an experiment to demonstrate that light waves are transverse waves. 

15. Give one difference between light waves and sound waves. 

16. What is meant by the term dispersion? 
17. Give an example of the dispersion of light occurring in nature.

18. What is meant by the term spectrum? 
19. Describe an experiment to demonstrate the dispersion of white light.


20. What happens to the white light when it enters the prism at Z? 

Name the invisible radiation formed on the screen at (i) region X, (ii) region Y. 

21. Name two primary colours.

22. Only red, green and blue lights are needed to create most lighting effects. Explain why

23. How is a secondary colour (e.g. yellow) produced on a TV screen? 

24. What are complementary colours?

25. Name two radiations in sunlight that the eye cannot detect. 

26. The table shows the relative positions of electromagnetic radiations in terms of their wavelength.
	Gamma rays
	A
	UV
	light
	IR
	microwaves
	B


Name the radiations marked A and B. 

Which one of the radiations has the shortest wavelength? 

27. The diagram shows a simple form of the electromagnetic spectrum, with wavelength increasing from left to right. Copy this diagram and indicate on it the positions of the following:

microwaves; infrared; ultraviolet;  X-rays:

	short wavelength                     →                    long wavelength

	gamma rays                      light                  radio waves


28. Give one property which is common to all electromagnetic radiations. 

29. Name three different electromagnetic radiations.
30. Which one of the following is not part of the electromagnetic spectrum?

sound waves 
microwaves 
ultraviolet radiation 
31. Give two properties of radio waves.

32. How is infra-red radiation detected? 

33. How is ultra violet radiation detected? 

34. Give two uses of microwaves.

35. Give a use for infra red radiation.

36. Give a use for ultra violet radiation.

37. Give one use of X-rays.

38. State two properties of X-rays. 

39. Name an electromagnetic wave which may induce cancer. Justify your answer.

40. A satellite transmits radio signals to earth. At a particular time the satellite is 1.2 × 1012 m from earth. How long does it take the signal to travel to earth? 

41. What is the frequency of the radio waves? The speed of light is 3 × 108 m s-1.

42. Why are radio frequency waves not very penetrating?
43. Calculate the wavelength of a radio wave whose frequency is 252 kHz. (c = f λ , c = 3.0 × 108 m s−1 )


44. Name the parts labelled A and B of the spectrometer shown in the diagram.
45. Give one use of a spectrometer. 

46. Read the following passage and answer the accompanying questions.
A person’s exposure to radiation when using a mobile phone is measured in terms of the Specific Absorption Rate (SAR). This is a measure of the rate at which radio frequency energy is absorbed by a person’s body during a phone call and is expressed in watts per kilogram.
A radio frequency wave penetrates the body to a depth that depends on its frequency. At mobile phone frequencies the wave energy is absorbed by about one centimetre of body tissue. The energy absorbed is converted into heat and is carried away by the body. Any adverse health effects from radio frequency waves are due to heating. Current scientific evidence indicates that exposure to radiation from mobile phones is unlikely to induce cancer.
(Adapted from a Dept. of Communications, Energy and Natural Resources Press Release of 22 March 2007.)

In a three-minute phone call, 10 g of head tissue absorbs 0.36 J of radio frequency energy.

Calculate the SAR value.

What happens to the radio frequency energy absorbed by the body?

Why are radio frequency waves not very penetrating?

Give two safety precautions you should take when using a mobile phone.

A narrow beam of light undergoes dispersion when it passes through either a prism or a diffraction grating.

What is meant by dispersion? (6)

Give two differences between what is observed when a narrow beam of light undergoes dispersion as it passes through a prism, and what is observed when a narrow beam of light undergoes dispersion as it passes through a diffraction grating. (6)

Give another example of light undergoing dispersion. (4)

Yellow light of wavelength 589 nm is produced in a low-pressure sodium vapour lamp.

What causes the sodium atoms to emit this light? (3)

Calculate the highest order image that could be produced when a beam of light of this wavelength is incident perpendicularly on a diffraction grating that has 300 lines per mm. (9)
Mandatory Experiments

1:

An interference pattern is formed on a screen when green light from a laser passes normally through a diffraction grating. The grating has 80 lines per mm and the distance from the grating to the screen is 90 cm. The distance between the third order images is 23.8 cm.

Calculate the wavelength of the green light.

(i) Calculate the maximum number of images that are formed on the screen. 

(ii) The laser is replaced with a source of white light and a series of spectra are formed on the screen.

Explain how the diffraction grating produces a spectrum.

(iii) Explain why a spectrum is not formed at the central (zero order) image. 

2:
You carried out an experiment to measure the wavelength of a monochromatic light source using a diffraction grating. The diffraction grating had 600 lines per mm.
(i) Draw a labelled diagram of the apparatus you used. 

(ii) Name a source of monochromatic light. 

(iii) State what measurements you took during the experiment. 

(iv) What is the distance between each line on the diffraction grating? 

(v) How did you determine the wavelength of the light? 

(vi) Give one precaution that you took to get an accurate result.

3:
You carried out an experiment to measure the wavelength of a monochromatic light source.

(i) Name a monochromatic light source. 

(ii) Draw a labelled diagram of the apparatus that you used in the experiment. 

(iii) What readings did you take during the experiment?

(iv) What formula did you use to calculate the wavelength of the light?

(v) Give one precaution that you took to get an accurate result.
4:

In an experiment to measure the wavelength of monochromatic light, a diffraction pattern was produced using a diffraction grating with 500 lines per mm. The angle between the first order images was measured. This was repeated for the second and the third order images. 
The table shows the recorded data:
	Angle between first order images
	Angle between second order images
	Angle between third order images

	34.20
	71.60
	121.60


(i) Draw a labelled diagram of the apparatus used in the experiment. 
(ii) Explain how the first order images were identified. 
(iii) Describe how the angle between the first order images was measured. 
(iv) Use the data to calculate the wavelength of the monochromatic light. 
5:
In an experiment to measure the wavelength of monochromatic light, the angle θ between a central bright image (n = 0) and the first and second order images to the left and the right was measured. 
A diffraction grating with 500 lines per mm was used.

The table shows the recorded data.

	n
	2
	1
	0
	1
	2

	θ /degrees
	36.2
	17.1
	0
	17.2
	36.3


(i) Describe, with the aid of a diagram, how the student obtained the data. 

(ii) Use all of the data to calculate a value for the wavelength of the light. 

(iii) Explain how using a diffraction grating with 100 lines per mm leads to a less accurate result.

(iv) The values for the angles on the left of the central image are smaller than the corresponding ones on the right. Suggest a possible reason for this. 

6:

In an experiment to measure the wavelength of monochromatic light, a narrow beam of the light fell normally on a diffraction grating. The grating had 300 lines per millimetre. A diffraction pattern was produced. The angle between the second order image to the left and the second order image to the right of the central bright image in the pattern was measured.
The angle measured was 40.60.
(i) Describe, with the aid of a labelled diagram, how the data was obtained. 

(ii) How was a narrow beam of light produced? 

(iii) Use the data to calculate the wavelength of the monochromatic light. 

(iv) Explain how using a diffraction grating of 500 lines per mm leads to a more accurate result. 

(v) Give another way of improving the accuracy of this experiment. 

Learning Outcomes - Electrostatics
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	
	Electrification by contact
	
	
	

	1. 
	Define static electricity
	
	
	

	2. 
	Demonstrate charging by rubbing together dissimilar
materials
	
	
	

	3. 
	Demonstrate the forces between charges
	
	
	

	4. 
	State and the unit of electric charge the coulomb
	
	
	

	5. 
	Define conductor and insulator
	
	
	

	6. 
	Discuss the domestic applications of static charge for
example, dust on television and static on clothes
	
	
	

	7. 
	Discuss the industrial hazards associated with static
electricity such as in flour mills and fuelling aircraft
	
	
	

	
	Electrification by Contact
	
	
	

	8. 
	Demonstrate using an insulated conductor and a
nearby charged object
	
	
	

	9. 
	Describe how charges can be separated by induction
	
	
	

	
	Distribution of charge on Conductors
	
	
	

	10. 
	Recall that total charge resides on the outside of a
metal object
	
	
	

	11. 
	Recall that charges tend to accumulate at points
	
	
	

	12. 
	Describe point discharge
	
	
	

	13. 
	Demonstrate charges on metal objects and point
discharges using a van der Graff generator
	
	
	

	14. 
	Discuss the flow of charge in lightning and in

lightning conductors
	
	
	

	15. 
	Describe the use and action Electroscope
	
	
	

	16. 
	Discuss and describe the use of a gold leaf

electroscope to detect and determine if a charge is positive or negative
	
	
	


Past Exam Questions:

(permittivity of free space = 8.9 × 10-12  Fm-1; charge on the electron = 1.6 × 10-19 C)

1. Give one effect of static electricity? 

2. Identify two hazards caused by static electricity. 

3. The build-up of electric charge can lead to explosions. Give two examples where this could happen.

4. How can the build-up of electric charge on an object be reduced?

5. How would you detect the presence of an electric field?

6. Name the instrument shown in the diagram. 
7. 
The diagram shows a gold leaf electroscope.

Name the parts labelled A and B. 

8. Explain why the gold leaf on the electroscope diverges when a positively charged rod is brought close to the metal cap. 
(i) The positively charged rod is held close to the electroscope and the metal cap is then earthed. 

Explain why the gold leaf collapses.

9. The diagram shows a positively charged gold leaf electroscope.
Describe how an electroscope is given a positive charge.

(i) What is observed when the cap of an electroscope is earthed? 

(ii) Why does this happen?

(iii) How is the cap of the electroscope earthed? 

10. Describe how an electroscope can be charged by induction 

11. Describe, with the aid of a labelled diagram, how you would charge a conductor by induction.

12. Give one use of an electroscope.
13. What is the unit of electric charge? 

14. State Coulomb’s law of force between electric charges. 
15. Why is Coulomb’s law an example of an inverse square law? 

16. Give two differences between the gravitational force and the electrostatic force between two electrons. 

17. Define electric field strength.
18. Give the unit of electric field strength

19. The diagram shows a negative charge – Q at a point X. 

Copy the diagram and show on it the direction of the electric field strength at Y. 

20. Describe an experiment to show an electric field pattern. 

21. What is the force exerted on an electron when it is in an electric field of strength 5 N C–1? 
(i) Copy the diagram into your answer-book and show on it the direction of the electric field at point P.
(ii) Calculate the electric field strength at P.


(i) Calculate the electric field strength at the point B, which is 10 mm from an electron.

(ii) What is the direction of the electric field strength at B?

(iii) A charge of 5 μC is placed at B. Calculate the electrostatic force exerted on this charge. 

(i) The dome of a Van de Graff generator is charged. The dome has a diameter of 30 cm and its charge is 4 C. 

A 5 μC point charge is placed 7 cm from the surface of the dome.

Calculate the electric field strength at a point 7 cm from the dome.

(ii) Calculate the electrostatic force exerted on the 5 μC point charge.


22. A pear-shaped conductor is placed on an insulated stand as shown. Copy the diagram and show how the charge is distributed over the conductor when it is positively charged.

23. All the charge resides on the surface of a Van de Graff generator’s dome. Explain why.

24. Describe an experiment to demonstrate that total charge resides on the outside of a conductor.

25. Give an application of the fact that all charge resides on the outside of a conductor. 
26. Under what circumstances will point discharge occur?

30. How does a lightning conductor  prevent damage to the building?
31.    Suggest a suitable material for a lightning conductor.
32. Why is a lightning conductor made of copper?

33. Define the unit of charge, the coulomb. State Coulomb’s law. (9)
Calculate the force of repulsion between two small spheres when they are held 8 cm apart in a vacuum. Each sphere has a positive charge of +3 μC. (9)
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Copy the diagram above and show on it the electric field generated by the charges.

Mark on your diagram a place where the electric field strength is zero. (10)

State Coulomb’s law of force between electric charges. (6)

The diagram shows a positively-charged electroscope.

(i) Give a use for an electroscope. (6)

(ii) How can an electroscope be given a positive charge? (6)

(iii) What is observed if you touch the cap of the electroscope with your finger? (4)

(iv) Explain why this happens. (6)

Learning Outcomes – Electric Fields
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	
	Forces Between Charges
	
	
	

	1.
	Define Coulomb’s Law
	
	
	

	2.
	Know that this is an example of an inverse square
law
	
	
	

	3.
	Use Coulomb’s law to calculate the size of the
force between co-linear charges
	
	
	

	
	Electric Fields
	
	
	

	4.
	Define electric field
	
	
	

	5.
	Discuss the ideas of lines of force
	
	
	

	6.
	Describe the vector nature of an electric field
	
	
	

	7.
	Demonstrate electric field patterns using oil and
semolina
	
	
	

	8.
	Define line of force
	
	
	

	9.
	Describe the applications of electric field including
precipitators, xerography and the effect of an electric field on integrated circuits
	
	
	

	10.
	Define and give the unit of electric field strength
	
	
	

	11.
	12. Perform calculations using the formula
F =
1
Q1Q2  ;   ε = ε  + ε ;
𝐸=   𝐹/𝑄
r
o
4πε
d 2
	
	
	

	
	
	
	
	

	
	Potential Difference
	
	
	

	13.
	Define potential difference
	
	
	

	14.
	Define the unit of potential difference the Volt
	
	
	

	15.
	Discuss the concept of zero potential
	
	
	

	16.
	Calculate voltage in series in a circuit
	
	
	



	17.
	Calculate voltage in parallel in a circuit
	
	
	

	18.
	Define EMF
	
	
	

	19.
	List some sources of EMF
	
	
	

	20.
	Perform calculations using the formula  𝑉= 𝑊
𝑄
and P = IV
	
	
	

	
	Capacitance
	
	
	

	21.
	Define and give the unit of capacitance
	
	
	

	22.
	Define the unit of capacitance the Farad
	
	
	

	23.
	Perform calculations using the formula c =  Q
V
	
	
	

	24.
	Describe the operation of a parallel plate capacitor
	
	
	

	25.
	Calculate the capacitance of a parallel plate capacitor
	
	
	

	26.
	Describe how to charge a capacitor
	
	
	

	27.
	Perform an experiment to show that capacitance
depends on the common area , the distance between the plates and the nature of the dielectric
	
	
	

	28.
	Perform calculations using the formula  c =  𝑨∈𝒐
𝒅
	
	
	

	29.
	Describe the common use of capacitors including
· Tuning radios
· Flash guns
· Smoothing circuits
Filtering
	
	
	

	30.
	Know that the energy stored in a capacitor W=[image: image29.png]


CV2
	
	
	


Past Exam Questions: 

27. Define potential difference.

28. Name an instrument used to measure potential difference. 
29. Define capacitance. 

30. Name the electrical component represented in the diagram. 

31. Give one use of a capacitor. 

32. Which of the following devices is adjusted when tuning into a radio station?
Transformer, diode, capacitor, rheostat 
33. List the factors that affect the capacitance of a parallel plate capacitor. 
34. How would you demonstrate that the capacitance of a parallel plate capacitor depends on the distance between its plates? 
35. What is the positive charge stored on a 5 μF capacitor when connected to 120 V d.c. supply?
(i) The plates of an air filled parallel plate capacitor have a common area of 40 cm2 and are 1 cm apart. The capacitor is connected to a 12 V d.c. supply. Calculate the capacitance of the capacitor.
(Permittivity of free space = 8.85 × 10-12 F m-1)
(ii) Calculate the magnitude of the charge on each plate. 

(iii) What is the net charge on the capacitor?

36. Describe an experiment to demonstrate that a capacitor can store energy. 


37. A capacitor is connected to a switch, a battery and a bulb as shown in the diagram. When the switch is moved from position A to position B, the bulb lights briefly.

(i) What happens to the capacitor when the switch is in position A?
(ii) Why does the bulb light when the switch is in position B? 
(iii) When the switch is in position A the capacitor has a charge of 0.6 C, calculate its capacitance. 
38. Calculate the energy stored in a 5 μF capacitor when a potential difference of 20 V is applied to it. 

39. A capacitor of capacitance 100 μF is charged to a potential difference of 20 V. What is the energy stored in the capacitor? 

40. How much energy is stored in a 100 μF capacitor when it is charged to a potential difference of 12 V?

41. The ability of a capacitor to store energy is the basis of a defibrillator. During a heart attack the chambers of the heart fail to pump blood because their muscle fibres contract and relax randomly. To save the victim, the heart muscle must be shocked to re-establish its normal rhythm. 
A defibrillator is used to shock the heart muscle.
A 64 μF capacitor in a defibrillator is charged to a potential difference of 2500 V.
The capacitor is discharged in 10 milliseconds through electrodes attached to the chest of a heart attack victim.
(i) Calculate the charge stored on each plate of the capacitor.

(ii) Calculate the energy stored in the capacitor.

(iii) Calculate the average power generated as the capacitor discharges. 
42. 
(i) The circuit diagram shows a 50 μF capacitor connected in series with a resistor, a 6 V battery and a switch. 

The potential difference across the capacitor is 2.24 V initially when the current is 80 μA.

Calculate the charge on the capacitor at this instant.

(ii) Calculate the energy stored in the capacitor when it is fully charged.

(iii) Describe what happens in the circuit when the 6 V d.c. supply is replaced with a 6 V a.c. supply. 

43. Diagram A shows a capacitor connected to a bulb and a 12 V a.c. supply. 

Diagram B shows the same capacitor connected to the bulb, but connected to a 12 V d.c. supply. 

What happens in each case when the switch is closed? Explain your answer.

48: A capacitor is connected to a switch, a battery and a bulb as shown in the diagram.

When the switch is changed from position A to position B, the bulb lights briefly
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(i) What happens to the capacitor when the switch is in position A? 

(ii) Why does the bulb light when the switch is in position B? 

(iii) Why does the bulb light only briefly? 

(iv) The capacitor has a capacitance of 200 F. Calculate its charge whenconnected to a 6 V battery. 

(v) Give a use for a capacitor.
An electric current is the flow of charge in a conductor when there is a potential difference between its ends.

(i) Name the unit of current. (6)

(ii) Give an example of a conductor. (3)

(iii) Name a source of potential difference. (6)

(iv) What are the charge carriers in semiconductors? (8)

(v) What type of conductor does the I-V graph in the diagram represent? (6) 

(b) A magnetic field exists about a current-carrying conductor.

(i) What is a magnetic field? (6)

(ii) Describe an experiment to show that a long straight wire carrying a current

has a magnetic field. Sketch the magnetic field. (15)

(iii) Give an application of the magnetic field due to a current. (6)


Learning Outcomes – Current Electricity
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	
	Electric Current
	
	
	

	1.
	Define and give the unit of electric current
	
	
	

	2.
	Define the Ampere
	
	
	

	3.
	Recall that I = [image: image32.png]


 or Q = It

	
	
	

	4.
	Define conductor and insulator
	
	
	

	
	Sources of EMF and Electric Current
	
	
	

	5.
	Recall that PD and voltage are the same
	
	
	

	6.
	Recall that a voltage applied to a circuit is called
EMF
	
	
	

	7.
	List some sources of EMF
	
	
	

	
	Conduction in Materials
	
	
	

	8.
	Discuss with reference to charge carriers
conduction in
a. Metals
b. Ionic solutions (active and inactive electrodes)
c. Gases
d. Vacuum
e.
Semiconductors
	
	
	

	9.
	Perform an experiment to verify Joule’s Law
	
	
	

	10.
	Read and interpret I versus V graphs
	
	
	

	11.
	Investigate the variation of I with V for
a.   Metallic conductor
	
	
	



	
	b. Filament bulb
c. Copper sulphate solution with copper electrodes
d.   Semi-conductor diode
	
	
	

	12.
	Perform an experiment to investigate the variation of
the resistance of a metallic conductor with temperature
	
	
	

	13.
	Perform an experiment to investigate the variation of
the resistance of a thermistor with temperature
	
	
	

	14.
	Describe conduction in semiconductors
	
	
	

	15.
	Describe the difference between intrinsic and
extrinsic conduction
	
	
	

	16.
	Describe the difference between conduction in p and
n type conductors
	
	
	

	17.
	Describe conduction across the p-n junction
	
	
	

	18.
	Demonstrate the current flow across the p-n junction
in forward and reverse bias
	
	
	

	19.
	Demonstrate and describe rectification in an AC
circuit
	
	
	

	20.
	Discuss the use of semiconductor devices in LEDs,
computers and integrated circuits
	
	
	

	
	Resistance
	
	
	

	21.
	Define and give the unit of resistance
	
	
	

	22.
	State Ohm’s Law
	
	
	

	23.
	Perform calculations using the formula V = IR
	
	
	

	24.
	Demonstrate that resistance varies with length, cross
sectional area and temperature
	
	
	

	25.
	Perform an experiment to measure the resistivity of a
wire
	
	
	

	26.
	Describe how to use an Ohmmeter
	
	
	

	27.
	Describe how to use a metre bridge
	
	
	

	28.
	Define resistivity
	
	
	

	29.
	Perform calculations using the formula ρ = RA
l
	
	
	

	30.
	Describe resistors in series and in parallel
	
	
	

	31.
	Derive the formula RTotal = R1 + R2
	
	
	

	32.
	Derive the formula
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	33.
	Describe a wheatstone bridge
	
	
	

	34.
	Give practical uses of a wheatstone bridge for
temperature control and fail safe devices
	
	
	


	35.
	Perform calculations to find the value of an
unknown resistance using a wheatstone bridge
	
	
	

	36.
	Describe how resistance varies in an LDR
	
	
	

	37.
	Describe how resistance varies in a thermistor
	
	
	

	38.
	Demonstrate the use of an LDR in a circuit
	
	
	

	39.
	Demonstrate the use of a thermistor in a circuit
	
	
	

	
	Potential
	
	
	

	40.
	Describe and demonstrate the use of a potential
divider circuit
	
	
	

	41.
	Describe the use of a potentiometer as a variable
potential divider
	
	
	

	
	Effects on an Electric Circuit
	
	
	

	42.
	Describe the heating, chemical and electrical effects
of an electric current
	
	
	

	43.
	Define an ion and describe the electrolysis of water
	
	
	

	44.
	Perform calculations using the formula W = I2RT and
P = I2R
	
	
	

	45.
	Demonstrate the magnetic effect of an electric
current
	
	
	

	46.
	Give everyday examples of the chemical, electrical
and magnetic effects of an electric current such as the advantage of EHT transmission electrical energy
	
	
	

	
	Domestic Circuits
	
	
	

	47.
	Describe the action of a fuse, plug MCB
	
	
	

	48.
	Describe using a diagram how to wire a plug
	
	
	

	49.
	Perform simple fuse calculations
	
	
	

	50.
	Discuss electrical safety in the home including the
use of the fuse box and a meter box
	
	
	

	51.
	Describe the arrangement of ring and radial circuits,
bonding, earthing and general safety precautions
	
	
	

	52.
	Describe RCDs
	
	
	

	53.
	Define the KW Hour
	
	
	

	54.
	Give the use of the KW hour
	
	
	

	55.
	Perform calculations using the KW hour
	
	
	


Past Exam Questions:

1. What is an electric current? 

2. What is the unit of electric charge?

3. Calculate the average current that flows through the victim when the capacitor in a defibrillator containing a charge of 0.16 C discharges in a time of 10 ms.

4. Describe an experiment to investigate if a substance is a conductor or an insulator.
5. Explain the term emf
6. Name a source of potential difference. 

7. The ESB supplies electrical energy at a rate of 2 MW to an industrial park from a local power station, whose output voltage is 10 kV. 

8. A table lamp has a power rating of 100 W. What is the most suitable fuse for the lamp? 

9. The fuse in the plug of an electric kettle was replaced with a 5 A fuse. The kettle has a power rating of 2 kW when connected to the ESB mains voltage of 230 V.

Calculate the current that flows when the kettle is first plugged in.

10. An electric heater has a power rating of 2 kW when connected to the ESB mains supply of 230 V. 

Calculate the current that flows through the heater.

11. This current in the previous question will only flow for a very short time. Explain why.
12. Define resistance

13. State Ohm’s Law


14. Name the electrical component represented in the diagram. 


15. Give two uses for the instrument shown
. 


16. The circuit diagram shows two resistors connected in series with a 6 V battery.

(i) Calculate the total resistance of the circuit.

(ii) Calculate the current in the circuit.

(iii) Calculate the potential difference across the 9 Ω resistor. 
17. The circuit diagram shows a 100 Ω resistor and a thermistor connected in series with a 6 V battery. 

At a certain temperature the resistance of the thermistor is 500 Ω.

(i) Calculate the total resistance of the circuit.

(ii) Calculate the current flowing in the circuit.

(iii) Calculate the potential difference across the 100 Ω resistor.

(iv) As the thermistor is heated, what happens to the resistance of the circuit?

(v) As the thermistor is heated, what happens to the potential difference across the 100 Ω resistor?


(i) A circuit consists of a 3 Ω resistor and a 6 Ω resistor connected in parallel to a 1.5 V d.c. supply as shown. Calculate the total resistance of the two resistors.

(ii) Calculate the current flowing in the circuit. 

(iii) What is the current in the 3 Ω resistor?


(i) The diagram shows a number of resistors connected to a 12 V battery and a bulb whose resistance is 4 Ω.

Calculate the combined resistance of the 15 Ω and 30 Ω resistors in parallel. 

(ii) Calculate the total resistance of the circuit 

(iii) Calculate the current flowing in the circuit
(i) The two headlights of a truck are connected in parallel to a 24 V supply. Draw a circuit diagram to show how the headlights are connected to the supply.

(ii) What is the advantage of connecting them in parallel? 

(iii) Why should a fuse be included in such a circuit?

(iv) The resistance of each headlight is 20 Ω. Calculate the total resistance in the circuit.

(v) Calculate the current flowing in the circuit.


(i) Two resistors, of resistance R1 and R2 respectively, are connected in parallel. 

Derive an expression for the effective resistance of the two resistors in terms of R1 and R2.

(ii) In the circuit diagram, the resistance of the thermistor at room temperature is 500 Ω.

At room temperature calculate the total resistance of the circuit.

(iii) At room temperature calculate the current flowing through the 750 Ω resistor. 

(iv) As the temperature of the room increases, explain why the potential at A increases. 
18. Explain why the resistance of the bulb is different when it is not connected to the mains. 

19. 
(i) The graphs show how current (I ) varies with potential difference (V) for (a) a metal, (b) a filament bulb.

Which conductor obeys Ohm’s law? 

(ii) Explain your answer. 

20. Draw a graph to show the relationship between current and voltage for a metal at constant temperature.

21. Define resistivity.
22. Give the unit of resistivity. 

23. The total length of the cables connecting the industrial park to the power station is 15 km. The cables have a diameter of 10 mm and are made from a material of resistivity 5.0 × 10-8 Ω m. 
Calculate the total resistance of the cables.

24. A toaster has a heating coil made of nichrome which it has a resistance of 12 Ω.
The coil is 40 m long and it has a circular cross-section of diameter 2.2 mm.
Calculate the resistivity of nichrome.
25. A hair dryer with a plastic casing uses a coiled wire as a heat source. When an electric current flows through the coiled wire, the air around it heats up and a  motorised fan blows the hot air out.

(i) The diagram shows a basic electrical circuit for a hair dryer.

Describe what happens when switch A is closed and the rheostat is adjusted

(ii) Describe what happens when switch A and switch B are closed.

Current flows through coil and the coil gets hot.

(vi) Calculate the current that flows through the coil when the dryer is turned on.

(iii) The maximum power generated in the heating coil is 2 kW.

 What is the initial resistance of the coil?

(vii) A length of nichrome wire of diameter 0.17 mm is used for the coil.

Calculate the length of the coil of wire.

(viii) Explain why the current through the coil would decrease if the fan developed a fault and stopped working.
26. A metre bridge was used to measure the resistance of a sample of nichrome wire.

The diagram indicates the readings taken when the metre bridge was balanced.

The nichrome wire has a length of 220 mm and a radius of 0.11 mm.

(i)  Calculate the resistance of the nichrome wire

(ii) Calculate the resistivity of nichrome 
(iii) Sketch a graph to show the relationship between the temperature and the resistance of the nichrome wire as its temperature is increased.

(iv) What happens to the resistance of the wire as its temperature falls below 0oC?

(v) What happens to the resistance of the wire as its length is increased?
(vi) What happens to the resistance of the wire if its diameter is increased?
(vii) Name another device, apart from a metre bridge, that can be used to measure resistance. 
(viii) Give one advantage and one disadvantage of using this device instead of a metre bridge.
27.  The diagram shows the circuit used by a student to investigate the variation of current with potential difference for a filament bulb.

(i) Name the apparatus X. What does it measure? 

(ii) Name the apparatus Y. What does it do? 

The table shows the values obtained for the current and the potential difference during the experiment.

	Potential difference /V
	2.0
	3.0
	4.0
	5.0
	6.0
	7.0
	8.0
	9.0

	Current /A
	1.0
	1.5
	1.9
	2.3
	2.6
	2.9
	3.2
	3.5


(iii) Draw a graph, on graph paper, of the current against the potential difference. 

(iv) Use your graph to find the resistance of the bulb when the current is 3 A. 

(v) The resistance of the bulb is 2.0 Ω when the current is 1.5 A

Explain why the resistance of the bulb when the current is 1.5 A is different from its resistance when the current is 3 A. 

28. A student investigated the variation of the current I flowing through a filament bulb for a range of different values of potential difference V.

(i) Draw a suitable circuit diagram used by the student. 

(ii) Describe how the student varied the potential difference. 

(iii) The student drew a graph, as shown, using data recorded in the experiment.

With reference to the graph, explain why the current is not proportional to the potential difference.

(iv) With reference to the graph, calculate the change in resistance of the filament bulb as the potential difference increases from 1 V to 5 V. 

(v)  Give a reason why the resistance of the filament bulb changes. 

29. In an experiment to measure the resistivity of the material of a wire, a student measured the length, diameter and the resistance of a sample of nichrome wire.

The table shows the measurements recorded by the student.

(i) Describe how the student measured the resistance of the wire.

(ii) Name the instrument used to measure the diameter of the wire.

	(iii) Why did the student measure the diameter of the wire in three different places? 

resistance of the wire/ Ω
	26.4

	length of the wire /mm
	685

	diameter of the wire /mm
	0.20
	0.19
	0.21


(iv)  Using the data, calculate the diameter of the wire.

(v) Hence calculate the cross-sectional area of the wire. (A = πr2) 

(vi) Calculate the resistivity of nichrome using the formula ρ = RA/L

(vii) Give one precaution that the student took when measuring the length of the wire.
	R/Ω
	20.2
	

	l/cm
	48.8
	

	d/mm
	0.21
	0.20
	0.18


30. In an experiment to determine the resistivity of the material of a wire, a student measured the length, diameter and resistance of a sample of nichrome wire.

The table shows the data recorded by the student.

(i) Describe how the student measured the resistance of the wire.

(ii) Describe how the length of the wire was measured. 

(iii) What instrument did the student use to measure the diameter of the wire? 

(iv) Why did the student measure the diameter of the wire at different places?

(v) Using the data, calculate the cross-sectional area of the wire. 

(vi) Find the resistivity of nichrome. 

31. In an experiment to measure the resistivity of nichrome, the resistance, the diameter and appropriate length of a sample of nichrome wire were measured.

The following data were recorded:

Resistance of wire = 7.9 Ω
Length of wire = 54.6 cm

Average diameter of wire = 0.31 mm

(i) Describe the procedure used in measuring the length of the sample of wire. 

(ii) Describe the steps involved in finding the average diameter of the wire. 

(iii) Use the data to calculate the resistivity of nichrome. 

(iv) The experiment was repeated on a warmer day. What effect did this have on the measurements?
36.  The following is part of a student’s report of an experiment to measure the resistivity of nichrome wire.

“The resistance and length of the nichrome wire were found. The diameter of the wire was then measured at several points along its length.”

The following data was recorded.



Resistance of wire = 32.1 Ω



Length of wire = 90.1 cm



Diameter of wire = 0.19 mm, 0.21 mm, 0.20 mm, 0.21 mm, 0.20 mm

(i) Name an instrument to measure the diameter of the wire and describe how it is used. 

(ii) Why was the diameter of the wire measured at several points along its length? 

(iii) Using the data, calculate a value for the resistivity of nichrome. 

(iv) Give two precautions that should be taken when measuring the length of the wire.

37. In an experiment to investigate the variation of resistance with temperature for a metallic conductor in the form of a wire, a student measured the resistance of the conductor at different temperatures. The table shows the measurements recorded by the student.

	Temperature / oC
	20
	30
	40
	50
	60
	70
	80

	Resistance / Ω
	45.6
	49.2
	52.8
	57.6
	60.0
	63.6
	68.4


(i) How did the student measure the resistance of the wire? 

(ii) Describe, with the aid of a diagram, how the student varied the temperature of the wire. 

(iii) Using the data in the table, draw a graph on graph paper of the resistance of the conductor against its temperature. Put temperature on the horizontal axis (X-axis). 

(iv) Use the graph to estimate the temperature of the conductor when its resistance is 50 Ω.

(v) What does your graph tell you about the relationship between the resistance of a metallic conductor and its temperature?

38. A student investigated the variation of the resistance R of a metallic conductor with its temperature θ. 

	θ/oC 
	20 
	30 
	40 
	50 
	60 
	70 
	80 

	R/Ω 
	4.6 
	4.9 
	5.1 
	5.4 
	5.6 
	5.9 
	6.1 


The student recorded the following data.
(i) Describe, with the aid of a labelled diagram, how the data was obtained. 

(ii) Draw a suitable graph to show the relationship between the resistance of the metal conductor and its temperature. 

(iii) Use your graph to estimate the resistance of the metal conductor at a temperature of –20 oC.

(iv) Use your graph to estimate the change in resistance for a temperature increase of 80 oC.

Use your graph to explain why the relationship between the resistance of a metallic conductor and its temperature
39.Give one use for electricity in the home. 

40. List three effects of an electric current.

41. Describe an experiment that demonstrates the heating effect of an electric current. 

42. State two factors on which the heating effect of an electric current depends. 

43. Hans Oersted discovered the magnetic effect of an electric current in 1820 while demonstrating electricity to his students. Describe how you would demonstrate the magnetic effect of an electric current.

44. Explain why high voltages are used in the transmission of electrical energy. 

45. Suggest a method of reducing the energy “lost” in ESB power lines.

46. The ESB supplies electrical energy to an industrial park from a local power station
Total resistance of the cables = 9.6 (. Current flowing in the cables= 200 A

Calculate the rate at which energy is “lost” in the cables.

47. What is the resistance of the filament of a light bulb, rated 40 W, when it is connected to the mains?
48. Name two safety devices that are used in domestic electric circuits.

49. What is the colour of the earth wire in an electric cable? 

50. What is the colour of the wire that should be connected to the fuse in a plug? 

51. Give the standard colour of the insulation on the wires connected to each of the terminals L, N and E on the plug in the diagram. 

52. What is the purpose of the wire connected to the terminal E on the plug?

53. Name and give the colour of the wire that should be connected to the fuse in a standard three-pin plug.

54. Give one safety precaution that should be taken when wiring a plug.
55. Explain why a fuse is used in a plug.
56. Explain how a fuse works. 

57. What will happen when a current of 20 A flows through a fuse marked 13 A? 

58. Why would it be dangerous to use a fuse with too high a rating? 

59. Explain why replacing a fuse with a piece of aluminium foil is dangerous. 

60. Name a common material used to conduct electricity in electric cables.

61. A table lamp has a power rating of 100 W. What is the most suitable fuse for the lamp? 

62. Plugs are used to connect electrical appliances in the home to the 230 volt ESB supply.

Modern plugs contain a small fuse which comes with a rating of 1A, 2A, 3A, 5A or 13A.
A coffee maker has a power rating of 800 W.

What is the most suitable fuse to use in the plug of the coffee maker? 

63. A kettle has a power rating of  2 kW when connected to the ESB mains voltage of 230 V.

Calculate the current that flows when the kettle is first plugged in.

64. The fuse in the plug of the kettle in the previous question was replaced with a 5 A fuse 

This current will only flow for a very short time. Explain why. 

65. Some electrical appliances are supplied with two-pin plugs. 

Why is an earth wire not required in these devices? 

66. Why is the coating on electric cables made from plastic? 

67. A toaster has exposed metal parts. How is the risk of electrocution minimised? 

68. Bonding is a safety precaution used in domestic electric circuits. 

How does bonding improve safety in the home?

69. Name another device with the same function as a fuse. 
70. A vacuum cleaner has a power rating of 900 W. What is the most suitable fuse to use in the plug of the vacuum cleaner? Why is a fuse of a lower rating unsuitable?
71. If the vacuum cleaner is used for 90 minutes, calculate  the number of units of electricity used;  and the cost of the energy used if the price of each unit of electricity is 22 cent.
72. What is the purpose of a miniature circuit breaker (MCB) in an electric circuit?

73. When will an RCD (residual current device) disconnect a circuit?

74. An RCD is rated 30 mA. Explain the significance of this current. 
75. What is the purpose of a residual current device (RCD) in an electrical circuit?

76. Name a device that is often used nowadays in domestic electric circuits instead of fuses.

77. Give one advantage of a Residual Current Device (RCD) over a Miniature Circuit Breaker (MCB).

78. What are the charge carriers when an electric current passes through an electrolyte? 
79. Draw a graph to show the relationship between current and voltage for a metal at constant temperature

80. How would the VI graph for a metal differ if its temperature were increasing? 

81. Draw a graph to show the relationship between current and voltage for an ionic solution with inactive electrodes

82. How would the graph for the ionic solution differ if its concentration were reduced? 

83. Draw a graph to show the relationship between current and voltage for a gas. 

84. What is the kilowatt-hour?

85. What is the function of the ESB meter?

86.  Calculate the cost of using a 2 kW electric heater for 3 hours at 10 cent per kilowatt-hour. 

87. The electrical energy supplied by ESB to the home is measured in kWh (kilowatt-hour).
(i) A coffee maker has a power rating of 800 W.

If the coffee maker was in use for 150 minutes calculate the number of units of electricity used by the coffee maker. 

(ii) Calculate the cost of the electricity used if each unit costs 15 cent. 

88. In an experiment to verify Joule’s law, a heating coil was placed in a fixed mass of water.

A current I was allowed to flow through the coil for a fixed length of time and the rise in temperature Δθ was recorded. This was repeated for different values of I.

The table shows the data recorded.
	I/A
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0

	I 2/A2
	
	
	4
	
	
	
	

	Δθ/°C
	2.2
	5.0
	8.8
	13.8
	20.0
	26.0
	35.2


(i) Draw a labelled diagram of the apparatus used. 

(ii) How was the current changed during the experiment? 

(iii) Copy the table and complete it in your answer book. 

(iv) Using the data in the completed table, draw a graph on graph paper of Δθ against I2.

Put I2 on the horizontal axis (X-axis). 

(v) Explain how your graph verifies Joule’s law (Δθ α I2).

89. In an experiment to verify Joule’s law a student passed a current through a heating coil in a calorimeter containing a fixed mass of water and measured the rise in temperature Δθ for a series of different values of the current  I. The student allowed the current to flow for three minutes in each case.
(i) Describe, with the aid of a labelled diagram, how the student arranged the apparatus. 

(ii) Why was a fixed mass of water used throughout the experiment?

(iii) The student drew a graph, as shown. Explain how this graph verifies Joule’s law.

(iv) Given that the mass of water in the calorimeter was 90 g in each case, and assuming that all of the electrical energy supplied was absorbed by the water, use the graph to determine the resistance of the heating coil. 

The specific heat capacity of water is 4200 J kg–1 K–1. 

90. In an experiment to verify Joule’s law, a heating coil was placed in a fixed mass of water.
The temperature rise Δθ produced for different values of the current I passed through the coil was recorded. 
In each case the current was allowed to flow for a fixed length of time.
The table shows the recorded data.
	I /A
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0
	4.5

	Δθ / °C
	3.5
	7.0
	10.8
	15.0
	21.2
	27.5
	33.0


(i) Describe, with the aid of a labelled diagram, how the apparatus was arranged in this experiment. 

(ii) Using the given data, draw a suitable graph on graph paper and explain how your graph verifies Joule’s law. 

(iii) Explain why the current was allowed to flow for a fixed length of time in each case. 

(iv) Apart from using insulation, give one other way of reducing heat losses in the experiment. 


91. The diagram shows a circuit used to investigate the variation of current with potential difference for a copper sulfate solution.
(i) Name the instrument used to measure the current.

(ii) How was the potential difference measured in the experiment?

(iii) Name the apparatus Y and give its function in the experiment.

(iv) The following table shows the values recorded for the current and the potential difference during the experiment.

	Potential Difference /V
	0
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0

	Current /A
	0
	0.3
	0.6
	0.9
	1.2
	1.5
	1.8


Using the data in the table, draw a graph on graph paper of the current against the potential difference. Put current on the horizontal axis. 

(v) Calculate the slope of your graph and hence determine the resistance of the copper sulphate solution.

	V /V
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0
	4.5
	5.0

	I /mA
	24
	48
	79
	102
	120
	143
	185
	195
	215
	263


92. In an experiment to investigate the variation of current I with potential difference V for a copper sulfate solution, the following results were obtained.

(i) Draw a diagram of the apparatus used in this experiment, identifying the anode and the cathode. 

(ii) Draw a suitable graph on graph paper to show how the current varies with the potential difference. 

(iii) Using your graph, calculate the resistance of the copper sulfate solution. (Assume the resistance of the electrodes is negligible.)

(iv) Draw a sketch of the graph that would be obtained if inactive electrodes were used in this experiment.
93. In an experiment to investigate the variation of current I with potential difference V for a copper sulfate solution, the following apparatus was used.
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(i) Name the instrument X. 

(ii) Name the apparatus Y and give its function in the experiment. 

(iii) How was the potential difference measured in the experiment? 

The following table shows the values recorded for the current I and the corresponding potential difference V during the experiment.
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Using the data in the table, draw a graph on graph paper to show the variation of current with potential difference. 

Calculate the slope of your graph.

Use this value to determine the resistance of the copper sulfate solution.
94. What is a semiconductor? 
95. Draw the electrical circuit symbol for an LDR
96. Name a material used in the manufacture of semiconductors.

97. Why is silicon a semiconductor? 
98. Give one difference between conduction in metals and conduction in semiconductors. 

99. As the temperature of a room increases, explain why the resistance of a thermistor decreases.

100. Give two uses of semiconductors. 

101. Give a use for a thermistor.

102. What is doping?

103. Distinguish between intrinsic conduction and extrinsic conduction in a semiconductor.
104. Semiconductors can be made p-type or n-type. How is a semiconductor made p-type?
105. Explain how the presence of phosphorus and boron makes silicon a better conductor.

106. Give one difference between a p-type semiconductor and an n-type semiconductor. 

107. What are the charge carriers when an electric current passes through a semiconductor? 
108.  What is a p-n junction? 

109. Draw a diagram showing a p-n junction connected in forward bias to a d.c. supply.

110. What happens at the boundary of the two adjacent layers?
111. A p-n junction is formed by taking a single crystal of silicon and doping separate but adjacent layers of it. A depletion layer is formed at the junction.

Explain how a depletion layer is formed at the junction. 
(i) Describe what happens at the boundary when the semiconductor diode is forward biased.

(ii) Describe what happens at the boundary when the semiconductor diode is reverse biased. 

112. Why does the p-n junction become a good conductor as the potential difference exceeds 0.6 Volts?
113. Sketch a graph to show the variation of current with potential difference for a semiconductor diode in forward bias. 

114. The graph shows the variation of current I with potential difference V for a p-n junction in forward bias. 

Explain, using the graph, how the current varies with the potential difference.

115. Name the electrical component represented in the diagram. 

116. What is a diode? 

117. Give a use of a semiconductor diode. 


118. Give an example of a device that contains a rectifier.

(i) The circuit diagram shows 2 semiconductor diodes and 2 bulbs, labelled A and B,connected to a 6 V d.c. supply. What is observed when the switch is closed? 

(ii) Explain why.

119. Name the electrical component represented in the diagram. 

120.  In an experiment to investigate the variation of the resistance R of a thermistor with its temperature θ, a student measured its resistance at different temperatures.
 The table shows the measurements recorded.
	θ /°C
	20
	30
	40
	50
	60
	70
	80

	R/Ω
	2000
	1300
	800
	400
	200
	90
	40


(i) Draw a labelled diagram of the apparatus used.

(ii) How was the resistance measured?

(iii) Describe how the temperature was varied.

(iv) Using the recorded data, plot a graph to show the variation of the resistance of a thermistor with its temperature.

(v) Use your graph to estimate the average variation of resistance per Kelvin in the range 45 °C – 55 °C.

(vi) In this investigation, why is the thermistor usually immersed in oil rather than in water?

121. In an experiment to investigate the variation of the resistance R of a thermistor with its temperature θ, a student measured the resistance of the thermistor at different temperatures.
The table shows the measurements recorded by the student.
	θ/ 0C
	20
	30
	40
	50
	60
	70
	80

	R/Ω
	2000
	1300
	800
	400
	200
	90
	40


(i) Draw a labelled diagram of the apparatus used in this experiment. 

(ii) How did the student measure the resistance of the thermistor? 

(iii) Plot a graph on graph paper to show the relationship between the resistance R of the thermistor and its temperature θ (put θ on the X-axis). 

(iv) Use your graph to estimate the temperature of the thermistor when its resistance is 1000 Ω. 

(v) What does your graph tell you about the relationship between the resistance of a thermistor and its temperature? 


122. The circuit diagram shows a thermistor connected to a meter M. 

A student used the circuit to measure the resistance R of the thermistor at different temperatures θ. 

(i) Name the meter M used to measure the resistance of the thermistor. 

(ii) Explain, with the aid of a labelled diagram, how the student varied the temperature of the thermistor.

(iii) How did the student measure the temperature of the thermistor?

(iv) The table shows the measurements recorded by the student.
	(/ 0C
	20
	30
	40
	50
	60
	70
	80
	90

	R/ Ω
	1300
	900
	640
	460
	340
	260
	200
	150


Draw a graph on graph paper of resistance R against temperature θ. Put temperature on the horizontal axis.

(v) Using your graph, estimate the temperature of the thermistor when the meter M read 740 Ω.
123. The diagram shows a circuit used to investigate the variation of current with potential difference for a semiconductor diode in forward bias.

(i) Name the apparatus X. What does it measure?

(ii) Name the apparatus Y. What does it do?

(iii) What is the function of the 330 Ω resistor in this circuit? 

(iv) The table shows the values of the potential difference used and its corresponding current recorded during the experiment.

Using the data in the table, draw a graph on graph 
	potential difference/V
	0
	0.2
	0.4
	0.6
	0.8
	1.0

	current/mA
	0
	3
	6
	14
	50
	100


paper of the current against the potential difference. 

Put potential difference on the horizontal axis (X-axis). 

(v) What does the graph tell you about the variation of current with potential difference for a semiconductor diode? 
124. The following is part of a student’s report of an experiment to investigate of the variation of current I with potential difference V for a semiconductor diode.
I put the diode in forward bias as shown in the circuit diagram. I increased the potential difference across the diode until a current flowed. I measured the current flowing for different values of the potential difference.
I recorded the following data.
	V/V
	0.60
	0.64
	0.68
	0.72
	0.76
	0.80

	I /mA
	2
	4
	10
	18
	35
	120


(i) Draw a circuit diagram used by the student.

(ii) How did the student vary and measure the potential difference? 

(iii) Draw a graph to show how the current varies with the potential difference.

(iv) Estimate from your graph the junction voltage of the diode. 

(v) The student then put the diode in reverse bias and repeated the experiment.

What changes did the student make to the initial circuit?

(vi) Draw a sketch of the graph obtained for the diode in reverse bias. 
126: The following is part of a student’s report on an experiment to investigate the variation of

the current I with potential difference V for a semiconductor diode.

“I set up the apparatus as shown in the circuit diagram. I measured the current flowing through the diode for different values of the potential difference. I recorded the following data.”
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i. Draw a circuit diagram used by the student.

ii. How did the student vary and measure the potential difference? 

iii. Using the data, draw a graph to show how the current varies with the potential difference for the semiconductor diode.

iv. Does the resistance of the diode remain constant during the investigation? Justify your answer. 

v. The student continued the experiment with the connections to the semiconductor diode reversed.

vi. What adjustments should be made to the circuit to obtain valid readings?
4. A student was asked to investigate the variation of current with potential difference for a thin metallic conductor. The student set up a circuit using appropriate equipment. The student recorded the values of the current I passing through the conductor for the corresponding values of potential difference V. The recorded data are shown in the table.
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Draw and label the circuit diagram used by the student.

Name the device in the circuit that is used to vary the potential difference across the conductor.

Explain how the student used this device to vary the potential difference. (18)

Use the data in the table to draw a graph on graph paper to show the variation of current with potential difference. Use your graph to find the value of the resistance of the conductor when the current is 0.7 A. (15)

Explain the shape of your graph. (7)

(a) The diagram shows a circuit used in a charger for a mobile phone. 

Name the parts labelled F, G and H. (9)

Describe the function of G in this circuit. (6)

Sketch graphs to show how voltage varies with time for

(i) the input voltage

(ii) the output voltage, VXY. (12)

The photograph shows the device H used in the circuit. Use the data printed on the device to calculate the maximum energy that it can store. (9)


Electricity generating companies transmit electricity over large distances at high voltage.
Explain why high voltage is used. (6)

A 3 km length of aluminium wire is used to carry a current of 250 A. The wire has

a circular cross-section of diameter 18 mm.

(i) Calculate the resistance of the aluminium wire.

(ii) Calculate how much electrical energy is converted to heat energy in the wire in ten minutes. (14)

In an experiment to investigate the variation of the resistance R of a thermistor with temperature θ a student measured the resistance of a thermistor at different temperatures.

(i) Draw a labelled diagram of the apparatus used in the experiment. (12)

(ii) How did the student measure the resistance of the thermistor? (6)

The table shows the measurements recorded by the student.


(iii) Plot a graph on graph paper to show the relationship between resistance R of the thermistor and the temperature θ. (Put θ on the X-axis.) (12)

(iv) Use the graph to estimate the temperature of the thermistor when its resistance is

500 Ω. (4)

(v) What can you tell from the graph about the relationship between the resistance of a thermistor and its temperature? (6)

Learning Outcomes - Electromagnetism
Where is your learning at? 
Green:
I know it all
Orange:
I have some idea – check the answers
Red:
I need to start studying this section
	
	Can You
	Green


	Orange
	Red

	
	Magnetism
	
	
	

	1.
	State the laws of magnetism
	
	
	

	2.
	Describe the magnetic effects of an electric current
	
	
	

	3.
	Demonstrate the main properties of a magnet
	
	
	

	4.
	Demonstrate the magnetic effect of an electric

current
	
	
	

	5.
	Describe and electromagnet and its use
	
	
	

	
	Magnetic Fields
	
	
	

	6.
	Define magnetic field
	
	
	

	7.
	Define magnetic field line
	
	
	

	8.
	Plot the magnetic field due to

a. A magnet

b. A current in
i. A long straight wire
ii. A loop

iii. A solenoid
	
	
	

	9.
	Describe the vector nature of a magnetic field
	
	
	

	10.
	Discuss the earth’s magnetic field and its use in
navigation
	
	
	

	
	
	
	
	

	
	Current in a Magnetic Field
	
	
	

	
11.
	Recall that a current carrying conductor experiences a

force in a magnetic field
	
	
	

	12.
	Demonstrate the force on a conductor and a coil in a

magnetic field
	
	
	

	13.
	Recall that the force is always perpendicular to the

current and the magnetic field
	
	
	

	14.
	Describe how this principle is used in motors, meters and

loudspeakers by recalling Fleming’s left hand rule
	
	
	

	15.
	Describe the magnetic field due to a current in a circular
loop
	
	
	

	16.
	Describe the force on a current carrying coil in a magnetic
field
	
	
	

	17.
	18. Perform calculations using the formula F = I l B to

show that the force depends on

a. The current

b. The length of the wire

c. The strength of the magnetic field
	
	
	

	19.
	Define magnetic flux density
	
	
	

	20.
	Define the unit of magnetic flux density – the Tesla
	
	
	

	21.
	Perform calculations to find the magnetic flux density B

using the formula 

B = [image: image46.png]i




	
	
	

	22.
	Derive the formula F = qvB
	
	
	

	23.
	Perform calculations to find the force on a moving charge

in a magnetic field
	
	
	

	24.
	Perform calculations to find the force on a moving charge

in a magnetic field
	
	
	

	25.
	Describe the magnetic force between two current

carrying conductors
	
	
	

	26.
	Define the Ampere
	
	
	

	27.
	Define the Coulomb
	
	
	

	28.
	Electromagnetic Induction
	
	
	

	29.
	Define electromagnetic induction
	
	
	

	30.
	Demonstrate the principle and laws of electromagnetic

induction
	
	
	

	31.
	Define and give the unit of magnetic Flux
	
	
	

	32.
	Define the unit of magnetic flux, the Weber
	
	
	

	33.
	State Faraday’s Law of Electromagnetic Induction
	
	
	

	34.
	Explain induced EMF and Induced Current
	
	
	

	35.
	                                                                           
Perform calculations using the formula 
                                        E = [image: image48.png]


 
	
	
	

	36.
	State Lenz’s Law
	
	
	

	37.
	Demonstrate Faraday’s Law of Electromagnetic Induction
	
	
	

	38.
	Demonstrate Lenz’s Law
	
	
	

	39.
	Describe how mechanical energy is changed to electrical
energy in a generator
	
	
	

	
	Alternating Current
	
	
	

	40.
	Define Alternating Current
	
	
	

	41.
	Describe how an alternating current is produced using an

AC voltage
	
	
	

	42.
	Describe how you can use an oscilloscope to show a.c
	
	
	

	43.
	Calculate the peak and RMS values of alternating
current and voltages
	
	
	

	44.
	Compare peak and RMS values
	
	
	

	
	Concepts of Mutual and Self- Induction
	
	
	

	45.
	Define Mutual Induction
	
	
	

	46.
	Demonstrate  Mutual Induction
	
	
	

	47.
	Define Self Induction
	
	
	

	48.
	Demonstrate Self Induction
	
	
	

	49.
	Discuss induction in ac circuits
	
	
	

	50.
	Discuss induction in ac circuits with a coil
	
	
	

	51.
	Describe the use of inductors in tuning radios, smoothing

circuits and dimmer switches
	
	
	

	52.
	Describe the principle, structure and operation of a

transformer
	
	
	


Past Exam Questions:

1. What is a magnetic field?

2. Describe an experiment to show the magnetic field due to a current in a solenoid. 

3. Describe an experiment to show the shape of the magnetic field around a U-shaped magnet.

4. Draw a sketch of the magnetic field around a bar magnet. 

5. Draw a sketch of the magnetic field due to a long straight current-carrying conductor. 

Your diagram should show the direction of the current and the direction of the magnetic field.
6. The diagram shows a U-shaped magnet. Copy the diagram and show on it the magnetic field lines due to the magnet. 

7. Give one use of the earth’s magnetic field. 

8. Why does a magnet that is free to rotate point towards the North? 

9. A solenoid carrying a current and containing an iron core is known as an electromagnet.

Give one use of an electromagnet. 

10. State one advantage of an electromagnet over an ordinary magnet. 

11. The diagram shows an experiment to demonstrate that a current-carrying conductor experiences a force in a magnetic field. A strip of aluminium foil is placed at right angles to a U-shaped magnet. The foil is connected in series with a battery and a switch.
When the switch is closed the aluminium foil experiences an upward force.

(i) Describe what will happen if the current flows in the opposite direction.

(ii) Describe what will happen if a larger current flows through the aluminium foil.

(iii) Describe what will happen if the aluminium foil is placed parallel to the magnetic field. 
(i) In an experiment, a thin light conductor is placed between the poles of a U-shaped magnet as shown in the diagram. Describe what happens when a current flows through the conductor.

(ii) What would happen if a larger current flowed in the conductor?

(iii) What would happen if the current flowed in the opposite direction through the conductor?
12. The diagram shows a compass placed near a wire connected to a battery and a switch.
a. Why happens to the compass when the switch is closed?

b. What does this tell you about an electric current? 

c. What happens to the compass when the switch is opened? 

d. The wire is then placed between the poles of a U-shaped magnet, as shown in the diagram.

Describe what happens to the wire when a current flows through it. 

e. What would happen if the current flowed in the opposite direction?

f. Name two devices that are based on this effect. 
13. A current-carrying conductor experiences a force when placed in a magnetic field. Name two factors that affect the magnitude of the force. 

14. Name two devices that are based on the principle that a current-carrying conductor in a magnetic field experiences a force.

15. State the principle on which the definition of the ampere is based. 

16. Describe an experiment to demonstrate that a current-carrying conductor in a magnetic field experiences a force.

17.  Describe an experiment to demonstrate the principle on which the definition of the ampere is based.

18. Define the ampere, the SI unit of current. 

19. Calculate the force on the aluminium foil if its length is 10 cm and a current of 1.5 A flows through it when it is placed in a magnetic field of flux density 3.0 T. 

20. A conductor of length 50 cm is carrying a current of 5 A. It is placed at right angles to  a magnetic field of flux density 3 T. Calculate the force on the conductor.

21. Give an expression for the force acting on a charge q moving at a velocity v at right angles to a magnetic field of flux density B. 

(i) The electron travels at a constant speed of 3.75 × 107 m s-1 and enters a magnetic field at right angles, where it is deflected. The flux density of the magnetic field is 5 × 10–2 T.
Calculate the force acting on the electron.

(ii) Calculate the radius of the circular path followed by the electron, in the magnetic field.
22. Read this passage and answer the questions below.
In 1819 the Danish physicist Hans Christian Oersted discovered that an electric current flowing through a wire deflected a compass needle.
A year later the Frenchman François Arago found that a wire carrying an electric current acted as a magnet and could attract iron filings. Soon his compatriot André-Marie Ampère demonstrated that two parallel wires were attracted towards one another if each had a current flowing through it in the same direction. However, the wires repelled each other if the currents flowed in the opposite directions.
Intrigued by the fact that a flow of electricity could create magnetism, the great British experimentalist Michael Faraday decided to see if he could generate electricity using magnetism. He pushed a bar magnet in and out of a coil of wire and found an electric current being generated. The current stopped whenever the magnet was motionless within the coil.
(Adapted from ‘Quantum' by Manjit Kumar, Icon Books 2008)
(i) Who discovered that an electric current can deflect a compass needle?

(ii) What did Arago discover? 

(iii) What happens when currents flow in the same direction in two parallel wires?

(iv) How could two parallel wires be made to repel each other? 

23. Explain the term emf

24. What is electromagnetic induction?
25. A magnet and a coil can be used to produce electricity.

How would you demonstrate this? 

26. 
(i) A coil of wire is connected to a sensitive galvanometer as shown in the diagram.

What is observed when the magnet is moved towards the coil? 

(ii) Explain why this occurs.

(iii) Describe what happens when the speed of the magnet is increased. 

(v) Draw a sketch of the apparatus Michael Faraday used to generate electricity.

(vi) What name is given to the generation of electricity discovered by Michael Faraday?

(vii) What energy conversions takes place in Faraday’s experiment 

(viii) How does Faraday’s experiment show that a changing magnetic field is required to generate electricity? 

27. State Faraday’s law of electromagnetic induction. 

28. State Lenz’s law of electromagnetic induction. 

29. Describe an experiment to demonstrate electromagnetic induction. 
30. Describe an experiment to demonstrate Faraday’s law. 
31. Define magnetic flux. 

32. A coil has 5000 turns. 

What is the emf induced in the coil when the magnetic flux cutting the coil changes by 8 × 10–4 Wb in 0.1 s? 

33. What is the average emf induced in a coil of 20 turns when the magnetic flux cutting it decreases from 2.3 Wb to 1.4 Wb in 0.4 s? 

(i) A metal loop of wire in the shape of a square of side 5 cm enters a magnetic field of flux density 8T.

The loop is perpendicular to the field and is travelling at a speed of 5 m s–1.

How long does it take the loop to completely enter the field?

(ii) What is the magnetic flux cutting the loop when it is completely in the magnetic field?

(iii) What is the average emf induced in the loop as it enters the magnetic field?
(i) A square coil of side 5 cm lies perpendicular to a magnetic field of flux density 4.0 T. The coil consists of 200 turns of wire. What is the magnetic flux cutting the coil? 

(ii) The coil is rotated through an angle of 90o in 0.2 seconds. Calculate the magnitude of the average e.m.f. induced in the coil while it is being rotated. 
34. Read the following passage and answer the accompanying questions.
The growth of rock music in the 1960s was accompanied by a switch from acoustic guitars to electric guitars. The operation of each of these guitars is radically different.
The frequency of oscillation of the strings in both guitars can be adjusted by changing their tension. In the acoustic guitar the sound depends on the resonance produced in the hollow body of the instrument by the vibrations of the string. The electric guitar is a solid instrument and resonance does not occur.
Small bar magnets are placed under the steel strings of an electric guitar, as shown. Each magnet is placed inside a coil and it magnetises the steel guitar string immediately above it. When the string vibrates the magnetic flux cutting the coil changes, an emf is induced causing a varying current to flow in the coil. The signal is amplified and sent to a set of speakers.
Jimi Hendrix refined the electric guitar as an electronic instrument. He showed that further control over the music could be achieved by having coils of different turns.
(Adapted from Europhysics News (2001) Vol. 32 No. 4)
(a) Why must the strings in the electric guitar be made of steel? 

(b) Why does the current produced in a coil of the electric guitar vary? 

(c) What is the effect on the sound produced when the number of turns in a coil is increased? 
35. The peak voltage of the mains electricity is 325 V. Calculate the rms voltage of the mains.
36. Sketch a voltage-time graph of the 230 V supply. 

37. Electricity produced in a generating station is a.c. What is meant by a.c.? 

38. Sketch a graph to show the relationship between current and time for
(i) alternating current

(ii) direct current. 

39. What is a diode? 

40. Give an example of a device that contains a rectifier.

41. Name a device that is based on electromagnetic induction. 

42. 
(i) A bar magnet is attached to a string and allowed to swing as shown in the diagram. A copper sheet is then placed underneath the magnet. Explain why the amplitude of the swings decreases rapidly.

(ii) What is the main energy conversion that takes place as the magnet slows down? 

(i) In an experiment, a coil was connected in series with an ammeter and an a.c. power supply as shown in the diagram. Explain why the current was reduced when an iron core was inserted in the coil. 

(ii) Give an application of the principle shown by this experiment.


(i) A small magnet is attached to a spring as shown in the diagram. The magnet is set oscillating up and down. Describe the current flowing in the circuit. 

(ii) If the switch at A is open, the magnet will take longer to come to rest. Explain why. 


(i) A light aluminium ring is suspended from a long thread as shown in the diagram. 

When a strong magnet is moved away from it, the ring follows the magnet. 

Explain why.

(ii) What would happen if the magnet were moved towards the ring? 

(i) A resistor is connected in series with an ammeter and an ac power supply. A current flows in the circuit. The resistor is then replaced with a coil. The resistance of the circuit does not change. 

What is the effect on the current flowing in the circuit? 

(ii) Justify your answer 

43. What is a transformer used for?
44. A transformer is used to change the voltage of an electrical supply. Whatt is the principle of operation of a transformer?

45. The transformer is a device based on the principle of electromagnetic induction. 

Name two devices that use transformers. 

46. Name the parts of the transformer labelled A, B and C in the diagram. 

47. How is the iron core in a transformer designed to make the transformer more efficient? 

48. The efficiency of a transformer is 90%. What does this mean?
49. State one energy conversion that takes place in an electrical generator. 

50. The mains electricity supply (230 V) is connected to the input coil of a transformer which has 400 turns. The output coil has 100 turns. What is the reading on the voltmeter? 

51. The input coil of a transformer has 400 turns of wire and is connected to a 230 V a.c. supply while the output coil as 1200 turns.. What is the voltage across the output coil?

52. The input voltage is 230 V. The input coil has 4600 turns and the output coil has 120 turns.

Calculate the output voltage.

Learning Outcomes – Modern Physics
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	
	The Electron
	
	
	

	1.
	Give the history of the electron
	
	
	

	2.
	Define the electron
	
	
	

	3.
	State the mass and the charge of an electron
	
	
	

	4.
	State the location of an electron
	
	
	

	5.
	Define the units of energy the eV, the KeV, the MeV
and the GeV
	
	
	

	
	Thermionic Emission
	
	
	

	6.
	State the principle of thermionic emission
	
	
	

	7.
	Describe the cathode ray tube and how it functions
	
	
	

	8.
	Describe the deflection of a beam of electrons in an
electric field
	
	
	

	9.
	Discuss the applications of the cathode ray tube and
its use in a CRO,  television, ECG and EEG
	
	
	

	
	Photoelectric Emission
	
	
	

	10.
	State the photoelectric effect
	
	
	

	11.
	Demonstrate the photoelectric effect
	
	
	

	12.
	Perform calculations using the formula using the
equation E = hf
	
	
	

	13.
	Describe a photocell – its structure and operation
	
	
	

	14.
	Demonstrate the action of a photocell
	
	
	


	15.
	Define the threshold of frequency
	
	
	

	16.
	State Einstein’s photoelectric law
	
	
	

	17.
	Describe the applications of photoelectric sensing devices
in
a. Burglar alarms
b. Automatic doors
c. Control of burners in central heating
d. Sound track in films
	
	
	

	18.
	Perform calculations using the following formula
W = QV
eV = ½ MV2
E = hf
F = qvB
hf = Φ + ½ MV2 max
	
	
	

	
	X-Rays
	
	
	

	19.
	Define an X Ray
	
	
	

	20.
	Describe the hot cathode ray tube
	
	
	

	21.
	Describe X ray production as the inverse of the
photoelectric effect
	
	
	

	22.
	Discuss the penetrating power ,properties and uses of X
Rays
	
	
	


Past Exam Questions:

1. List two properties of the electron. 
2. Name another subatomic particle.
3. Name the Irishman who gave the electron its name in the nineteenth century. 

4. What is thermionic emission?
5. Give two ways of deflecting a beam of electrons. 
6.  What are cathode rays? 
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(i) The diagram shows a simple cathode ray tube.

Name the parts labelled A, B and C. 

(ii) Electrons are emitted from A, accelerated across the tube and strike the screen. Explain how the electrons are emitted from A.

(iii) Give the function of any two of these labelled parts
(iv) How can the beam of electrons be deflected?
(v) What happens at C when the electrons hit it?
(vi) Why is a vacuum needed in a cathode ray tube?
7. 
(i) The diagram shows a simple cathode ray tube. 

Name the parts labeled A, B, C and D in the diagram. 

(ii) Give the function of any two of these parts. 

8. Why is there a high voltage between A and B?
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9. Give a use of a cathode ray tube. 

10. How are electrons accelerated in a cathode ray tube? 
11. What happens when the electrons hit the screen?
12. What happens to the energy of the electron when it hits the screen of the CRT?

(iii) An electron is emitted from the cathode and accelerated through a potential difference of 4kV in a cathode ray tube (CRT) as shown in the diagram.

How much energy does the electron gain? 

(iv) What is the speed of the electron at the anode?  

(v) After leaving the anode, the electron travels at a constant speed and enters a magnetic field at right angles, where it is deflected. The flux density of the magnetic field is 5 × 10–2 T.

Calculate the force acting on the electron.

(vi) Calculate the radius of the circular path followed by the electron, in the magnetic field.
13. What is thermionic emission?
14. Which one of the following is emitted from a metal surface when suitable light shines on the metal?

protons 
neutrons 
electrons 
atoms

15. Distinguish between photoelectric emission and thermionic emission. 

16. What is the photoelectric effect? 
17. Give two applications of the photoelectric effect. 

18. What is a photon?

19. Why as the quantum theory of light revolutionary? 
20. Describe an experiment to demonstrate the photoelectric effect. 

21.  Outline Einstein’s explanation of the photoelectric effect. 

22. Write down an expression for Einstein’s photoelectric law. 

23. High-energy radiation of frequency 3.3 × 1014 Hz is used in medicine. 

What is the energy of a photon of this radiation? 
(i) Zinc metal is illuminated with ultraviolet light of wavelength 240 nm. The work function of zinc is 4.3 eV. Calculate the threshold frequency of zinc.

(ii) Calculate the maximum kinetic energy of an emitted electron. 

(i) A freshly cleaned piece of zinc metal is placed on the cap of a negatively charged gold leaf electroscope and illuminated with ultraviolet radiation. 

Explain why the leaves of the electroscope collapse. 

(ii) Explain why the leaves do not collapse when the zinc is covered by a piece of ordinary glass.

(iii) Explain why the leaves do not collapse when the zinc is illuminated with green light.

(iv) Explain why the leaves do not collapse when the electroscope is charged positively. 

24. In an experiment to demonstrate the photoelectric effect, a piece of zinc is placed on a gold leaf electroscope, as shown. The zinc is given a negative charge causing the gold leaf to deflect.
(i) Explain why the gold leaf deflects when the zinc is given a negative charge.

(ii) Ultraviolet radiation is then shone on the charged zinc and the gold leaf falls. Explain why. 

(iii) What is observed when the experiment is repeated using infrared radiation? 

(i) The diagram shows a photocell connected in series with a sensitive galvanometer and a battery. 

Name the parts labelled A and B.

(ii) What happens at A when light falls on it?

(iii) What happens in the circuit when the light falling on A gets brighter?

25. A photocell is connected to a sensitive galvanometer as shown in 
26. the diagram.

When light from the torch falls on the photocell, a current is detected by the galvanometer.

(i) Name the parts of the photocell labelled A and B. 

(ii) How can you vary the brightness of the light falling on the photocell?

(iii) How does the brightness of the light affect the current? 

27. An investigation was carried out to establish the relationship between the current flowing in a photocell and the frequency of the light incident on it. The graph illustrates the relationship.

(i) Draw a labelled diagram of the structure of a photocell. 

(ii) Using the graph, calculate the work function of the metal.

(iii) What is the maximum speed of an emitted electron when light of wavelength 550 nm is incident on the photocell?

(iv) Explain why a current does not flow in the photocell when the frequency of the light is less than 5.2 × 1014 Hz.
(v) The relationship between the current flowing in a photocell and the intensity of the light incident on the photocell was then investigated. Readings were taken and a graph was drawn to show the relationship.

Draw a sketch of the graph obtained. 

(vi) How was the intensity of the light varied?

(vii) What conclusion about the nature of light can be drawn from these investigations? 

28. Give two applications of a photocell. 

29. What are X-rays? 
30. Give three properties of X-rays

31. How do X-rays differ from light rays?
32. Give three uses of X-rays.

33. Who discovered X-rays?

34. Draw a labelled diagram of an X-ray tube.
35. Give one safety precaution taken by a radiographer when using an X-ray machine.
36. How are X-rays produced? 
37. How are the electrons emitted from the cathode?
38. How are the electrons accelerated? 

39. What is the function of the high voltage across the X-ray tube?
40. Name a suitable material for the target in the X-ray tube.
41. What happens when the electrons hit the target? 
42. Why is a lead-shield normally put around an X-ray tube?

(i) When electrons hit the target in an X-ray tube, only a small percentage of their energy is converted into X-rays. What happens to the rest of their energy?

(ii) How does this influence the type of target used?

43. Give one safety precaution when using X-rays. 

(i) Calculate the kinetic energy gained by an electron when it is accelerated through a potential difference of 50 kV in an X-ray tube.

(ii) Calculate the minimum wavelength of an X-ray emitted from the anode. 

(i) A potential difference (voltage) of 40 kV is applied across an X-ray tube.

Calculate the maximum energy of an electron as it hits the target.

(ii) Calculate the frequency of the most energetic X-ray produced.

44. Justify the statement “X-ray production may be considered as the inverse of the photoelectric effect.” 


45. The diagram shows a simple X-ray tube.
Name the parts labelled A, B and C. 
What process occurs at the filament A?
Name a substance commonly used as the target B 
State the function of the part marked C
X-rays are used to diagnose and treat medical conditions. The image shows an X-ray photograph.

(i) What are X-rays? (6)

(ii) State a property of X-rays that makes them suitable for medical use. (6)

(iii) Give a use, other than medical, for X-rays. (6)

In an X-ray tube a beam of electrons is used to produce X-rays.

(iv) Draw a labelled diagram showing the main parts of an X-ray tube. (12)

(v) How are electrons produced in an X-ray tube? (6)

(vi) What is the purpose of the high voltage in an X-ray tube? (6)

(vii) What happens when the electrons hit the target in an X-ray tube? (6)

(viii) Name a suitable material for use as the target. (4)

(ix) Give one safety precaution required when using X-rays. (4)

Nuclear fission occurs in the reactor of a nuclear power station like the one shown in the photograph.

(i) What is nuclear fission? (6)

(ii) Name a fuel used in a nuclear reactor. (6)

(iii) How can the reaction in a nuclear reactor be controlled? (6)

(iv) How is the energy produced in a reactor used to generate electricity? (6)

(v) State a hazard of nuclear reactors. (4)

Learning Outcomes – The Nucleus
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	
	Structure of the Atom
	
	
	

	1.
	State the principle of Rutherford’s experiment
	
	
	

	2.
	Describe Rutherford’s experiment
	
	
	

	3.
	Describe the Bohr model of the arrangement of
electrons in an atom
	
	
	

	4.
	Describe the emission spectrum
	
	
	

	5.
	Differentiate between a continuous and a line
spectrum
	
	
	

	6.
	Discuss the use of spectroscopy in science
	
	
	

	7.
	Describe what is meant by an energy level
	
	
	

	8.
	Know that hf = E2 – E1
	
	
	

	9.
	Describe how LASERS work
	
	
	

	
	Structure of the Nucleus
	
	
	

	10.
	Define Atomic number
	
	
	

	11.
	Define Atomic mass
	
	
	

	12.
	Define Isotope
	
	
	

	
	Radioactivity
	
	
	

	13.
	Define radioactivity
	
	
	

	14.
	Describe the 3 types of nuclear radiation
	
	
	

	
15.
	Describe the experimental evidence for the three
kinds of radiation
	
	
	

	16.
	Demonstrate the penetrating power of alpha, beta and
gamma rays
	
	
	

	17.
	Demonstrate the ionising effect of nuclear radiation
	
	
	

	18.
	Define α,β and γ radiation
	
	
	

	19.
	Give the properties of α,β and γ radiation
	
	
	

	20.
	Describe the change in mass and atomic number
because of radioactive decay
	
	
	

	21.
	Describe the use of radioisotopes in
a. Medical imaging
b. Medical therapy
c. Food irradiation
d. Agriculture
e. Radiocarbon dating
f. Smoke detectors
g. Industrial application
	
	
	

	22.
	Outline the principle of operation of a detector of
ionising radiation e.g. a Geiger Muller Tube
	
	
	

	23.
	Define a Becquerel
	
	
	

	24.
	State the law of radioactive decay
	
	
	

	25.
	Describe the half - life of an element
	
	
	

	26.
	State the relationship between the half - life and the
decay constant
	
	
	

	27.
	𝒍𝒏2
Calculate the half - life using the formula T ½ =   𝝀
	
	
	

	28.
	Calculate the rate of decay = λN
	
	
	

	
	Nuclear Energy
	
	
	

	29.
	State the principles of fission and fusion
	
	
	

	30.
	Discuss fusion as the source of the sun’s energy and in
nuclear weapons
	
	
	

	31.
	State the principle of mass energy conservation in
nuclear reactions
	
	
	

	32.
	Perform calculations using the formula E = mc2
	
	
	

	33.
	Describe the structure and function and function of a
nuclear reactor
	
	
	

	34.
	Discuss the environmental impact of fission reactors
	
	
	

	35.
	Discuss the development of fusion reactors
	
	
	

	36.
	State the advantages of fusion over fission as a source of power
	
	
	

	
	
	
	
	

	
	Ionising Power of Radiation and Health Hazards
	
	
	

	37.
	Discuss the general health hazards of ionising radiation
for example x rays and nuclear radiation
	
	
	

	38.
	Detail the precautions that should be taken when using
sources of ionising radiation
	
	
	

	39.
	Describe how background radiation can be measured
	
	
	

	40.
	Discuss the effect of radon in houses
	
	
	

	41.
	Discuss how nuclear waste should be disposed of
	
	
	

	42.
	Investigate environmental radiation and its effects on
humans
	
	
	


Past Exam Questions:

(i) The diagram shows a simplified arrangement of an experiment carried out early in the 20th century to investigate the structure of the atom. Name the scientist who carried out this experiment. 

(ii) Describe what was observed in this experiment. 

(iii) Why was it necessary to carry out this experiment in a vacuum? 

(iv) What conclusion did the scientist form about the structure of the atom? 

1. Rutherford had bombarded gold foil with alpha particles. What conclusion did he form about the structure of the atom?
2. What is the structure of an alpha particle? 

3. How are the electrons arranged in the atom? 

4. Describe the Bohr model of the atom. 
5. Describe how an emission line spectrum is produced. 

When the gas is heated the electrons in the gas are move up to higher orbital level and as they fall back down they emit electromagnetic radiation of a specific frequency.

6. When the toaster is on, the coil emits red light.
Explain, in terms of movement of electrons, why light is emitted when a metal is heated. 
7. What is an isotope? 

8. Give two examples of radioisotopes. 

9. How many neutrons are in a 14C nucleus? 

10. What is radioactive decay?
11. It takes 30 minutes for a 100 g sample of a radioactive isotope to decay to 12.5 g.What is the half-life of the radioisotope?
12. What is radioactivity?
(i) Name the three types of radiation.

(ii) Which radiation is negatively charged?

(iii) Which radiation has the shortest range?

(iv) Which radiation is not affected by electric fields? 
13. Name the French physicist who discovered radioactivity in 1896.

14. What is measured in Becquerels? 

15. Apart from “carbon dating”, give two other uses of radioactive isotopes.

16. Give two examples of radioisotopes. 

17. Name an instrument used to detect radiation/ alpha particles/ measure the activity of a sample.

18. What is the principle of operation of this instrument? 

19. Give two uses of a radioactive source.

20. Nuclear disintegrations occur in radioactivity and in fission.

Distinguish between radioactivity and fission. 

21. Radioactivity causes ionisation in materials. What is ionisation?

22. Describe an experiment to demonstrate the ionising effect of radioactivity. 


(i) The diagram illustrates that three types of radiation are emitted from a radioactive source. Name the radiations labelled (i) X, (ii) Y, (iii) Z, in the diagram.

(ii) Which one is the most ionising?

(i) The diagram shows a shielded radioactive source emitting nuclear radiation.

How do you know that the source is emitting three types of radiation?

Name the radiation blocked by each material 

23. Explain the term half-life. 

24. Na−25 is a radioactive isotope of sodium. It has a half life of 1 minute.

What fraction of a sample of Na−25 remains after 3 minutes?

25. The half- life of a radioactive element is 3 days. 

What fraction of a sample of the radioactive element will remain after 9 days?

26. The activity of a radioactive isotope decays to 1/16th of its original value after 36 years.

What is the half-life of the isotope?

27. An ancient wooden cup from an archaeological site has an activity of 2.1 Bq.

The corresponding activity for newly cut wood is 8.4 Bq.

If the half-life of carbon-14 is 5730 years, estimate the age of the cup. 

28. 14C is a radioactive isotope of carbon with a half-life of 5730 years.

How much of a 14C sample remains after 11 460 years? 

29. A neutral pion is unstable with a decay constant of 2.5 × 1012 s–1. What is the half-life of a neutral pion? 
30. Americium-241 has a decay constant of 5.1 × 10–11 s–1.

Calculate its half- life in years.

31. 14C is a radioactive isotope of carbon with a half-life of 5730 years.

Calculate the decay constant of 14C. 

(i) Cobalt−60 is a radioactive isotope with a half-life of 5.26 years.

Calculate the decay constant of cobalt−60.

(ii) Calculate the rate of decay of a sample of cobalt−60 when it has 2.5 × 1021 atoms. 

32.  When a tree is cut down the carbon-14 present in the wood at that time decays by beta emission.

Write a nuclear equation to represent the decay of carbon-14. 

33. 14C decays to 14N. Write an equation to represent this nuclear reaction. 

34. Cobalt−60 is a radioactive isotope and emits beta particles.

Write an equation to represent the decay of cobalt−60.

35. Read this passage and answer the questions below. Radon is a naturally occurring radioactive gas. It originates from the decay of uranium, which is present in small quantities in rocks and soils. Radon is colourless, odourless and tasteless and can only be detected using special equipment, like a Geiger-Müller tube, that can measure the radiation it releases. Because it is a gas, radon can move freely through the soil and enter the atmosphere. When radon reaches the open air, it is quickly diluted to harmless concentrations, but when it enters an enclosed space, such as a house, it can sometimes accumulate to unacceptably high concentrations. Radon can enter a building from the ground through small cracks in floors and through gaps around pipes and cables. Radon is drawn from the ground into a building because the indoor air pressure is usually lower than outdoors. Being radioactive, radon decays releasing radiation.When radon is inhaled into the lungs the radiation released can cause damage to the lung tissue.

(Adapted from Understanding Radon, A Householder’s Guide by the RPII.)

(a) What is the source of radon? 

(b) How does radon enter a building? 

(c) How can the build-up of radon in the home be prevented? 

(d) Why is radon dangerous? 

(e) Why is radon harmless in the open air? 

(f) Name a radioactive element other than radon. 

36. Why does the 12C in dead tissue remain “undisturbed”? 

37. What is meant by background radiation?

38. Name the naturally occurring radioactive gas which seeps into buildings from underground rocks and which can cause lung cancer.
39. Give two precautions that are taken when storing the plutonium / dealing with radioactive sources.

40. Give two effects of radiation on the human body. 

41. Smoke detectors use a very small quantity of the element americium-241. This element does not exist in nature and was discovered during the Manhattan Project in 1944.
Alpha particles are produced by the americium-241 in a smoke detector.
(i) How are the alpha particles produced?

(ii) Why do these alpha particles not pose a health risk?

(iii) Explain why americium-241 does not exist naturally. 

42. What is meant by nuclear fission? 

43.  Name a material in which fission occurs. 
44.  The following reaction occurs in a nuclear reactor:

Identify the element X.

45. In 1939 Lise Meitner discovered that the uranium isotope U–238 undergoes fission when struck by a slow neutron. Barium–139 and krypton–97 nuclei are emitted along with three neutrons. 
Write a nuclear reaction to represent the reaction.
46. What type of nuclear reaction occurs in a nuclear power station?
47. Name two parts of a nuclear fission reactor. 

48. The diagram shows the basic structure of a nuclear reactor.

A nuclear reactor contains (i) fuel rods, (ii) control rods, (iii) moderator, (iv) heat exchanger.

Give the function of any two of these.

49. Name a fuel used in a nuclear reactor. 
50. What is the function of the moderator in a fission reactor? 
51.  What is the role of neutrons in nuclear fission? 
52. In a nuclear fission reactor, neutrons are slowed down after being emitted.

Why are the neutrons slowed down?

53.  How are fast neutrons slowed down? 

54.  In a nuclear reactor, how can the fission be controlled or stopped? 
55.   How do cadmium rods control the rate of fission? 
56.  Describe what happens to the coolant when the reactor is working.

57.  What is the purpose of the shielding? 

58.  Name a material used as shielding in a nuclear reactor.

59.  What is a chain reaction?
60.  Give one condition necessary for a chain reaction to occur.
61. Describe how a chain reaction occurs in the fuel rods.

62. Explain how the chain reaction is controlled. 

63. How is the energy produced in a nuclear reactor used to generate electricity?
64. Give one advantage and one disadvantage of a nuclear reactor as a source of energy. 
65. Name three types of radiation that are present in a nuclear reactor.
66. Give one effect of a nuclear fission reactor on the environment. 
67. Fission reactors are being suggested as a partial solution to Ireland’s energy needs. 
Give one positive and one negative environmental impact of fission reactors. 
68. Distinguish between radioactivity and fission. 

69. Give an application of fission.

70. Give one precaution that should be taken when storing radioactive materials. 

71. In Einstein’s equation E = mc2, what does c represent?
72. 100 MJ of energy are released in a nuclear reaction. Calculate the loss of mass during the reaction.
73. The following reaction occurs in a nuclear reactor:
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Calculate the mass difference between the reactants and the products in the reaction
74. Nuclear power generation could increase from three hundred gigawatts today to one thousand gigawatts by the year 2050, saving the earth from 1.5 billion tonnes of carbon emissions a year.
(a) How much energy is generated worldwide every minute by nuclear power today? 

(b) At present, why is a fission reactor a more viable source of energy than a fusion reactor?

75. Distinguish between fission and fusion. 
76. Fusion can only take place at very high temperatures. Explain why
77. Calculate the force of repulsion between a deuterium and a tritium nucleus when they are 2 nm apart in free space.
78. What are the advantages of fusion over fission in terms of fuel sources and reaction products?
79. What is meant by nuclear fusion?

80. What is the source of the sun’s energy? 
81. How does the sun produce heat and light? 
82. How much energy is produced when a deuterium nucleus  combines with a tritium nucleus 
83. The core of our sun is extremely hot and acts as a fusion reactor. 

Why are large temperatures required for fusion to occur? 

84. In the sun a series of different fusion reactions take place. In one of the reactions, 2 isotopes of helium, each with a mass number of 3, combine to form another isotope of helium with the release of 2 protons.

Write an equation for this nuclear reaction. 

85. Give one benefit of a terrestrial fusion reactor under each of the following headings:
(a) fuel; (b) energy; (c) pollution.

(i) Controlled nuclear fusion has been achieved on earth using the following reaction.
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What condition is necessary for this reaction to take place on earth?

(ii) Calculate the energy released during this reaction. 

89. Read this passage and answer the questions below.

The Fukushima nuclear disaster

In March 2011, following a powerful earthquake, the Fukushima nuclear reactor in Japan was shut down

automatically. A nuclear reactor generates heat by splitting atoms of uranium in a process known as

nuclear fission. The uranium is contained in the reactor’s fuel rods. A chain reaction is set up by the

neutrons released during fission and these go on to split more atoms of uranium. The power output of the

reactor is adjusted by controlling the number of neutrons that are present. Control rods made of a neutron absorber capture neutrons. Absorbing more neutrons in a control rod means that there are fewer neutrons available to cause fission. Therefore, pushing the control rods deeper into the reactor will reduce its power output, and extracting the control rods will increase it.

The Fukushima nuclear reactor continued to generate heat even after the chain reaction was stopped because of the radioactive decay of the isotopes created during nuclear fission. This decay cannot be stopped and the resulting heat must be removed by circulating cooling water through the reactor core.

When the reactor was shut down due to the earthquake, the pumps to keep the cooling water circulating should have been powered by electricity from the national grid or diesel generators. However, connections to the grid were damaged by the earthquake and the diesel generators were destroyed by the tsunami wave that followed the earthquake. As a result, no cooling was available for the reactor core and this resulted in the explosions and subsequent release of radiation, consisting of radioactive isotopes such as caesium and iodine, into the environment.

(Adapted from ‘Wikipedia', June 2011)

(a) What is meant by nuclear fission?

(b) What is radioactivity?

(c) What is a nuclear chain reaction?

(d) What is the function of the control rods?

(e) What type of material are control rods made of?

(f) Why did the reactor still generate heat even though the chain reaction had stopped?

(g) Why is it important to remove the heat generated?

(h) Give one advantage of nuclear energy.
Define the becquerel. (6)

Name one device used to detect ionising radiations. (3)

Compare alpha, beta, and gamma emissions using the following headings: (a) penetrating ability, (b) deflection in a magnetic field. (9)

The photograph shows one of the nuclear reactors at Chernobyl, where there was a fire in April 1986 that released large quantities of radioactive contaminants. Among the contaminants were iodine–131 and caesium–137, which are two of the unstable isotopes formed by the fission of uranium–235.

Explain what happens during nuclear fission. (8)

Iodine–131 decays with the emission of a beta-particle and has a half-life of 8 days.

Write an equation for the beta-decay of iodine–131.

Estimate the fraction of the iodine–131 that remained after 40 days. (15)

Caesium–137 has a half-life of 30 years and it remains a significant contaminant in the region around Chernobyl. It is easily absorbed into the tissues of plants as they grow. Scientists collected a sample of berries growing near the abandoned power station. The activity of the sample was measured at 5000 Bq.

Calculate the decay constant of caesium–137. Hence calculate the number of caesium–137 atoms present in the sample. (You may assume that all of the activity was caused by caesium–137.) (15)
Which of the following scientists is associated with the discovery of the structure of the atom?

Einstein
 Rutherford Faraday Coulomb

Learning Outcomes – Option 1 - Particle Physics
Where is your learning at?
Green:
I know it all
Orange:
I have some idea – check the answers
Red:
I need to start studying this section
	
	Can You
	Green
	Orange
	Red

	
	Conservation of Energy and Momentum in
Nuclear Reactions
	
	
	

	1.
	Discuss the conservation of energy and momentum in
nuclear reaction
	
	
	

	2.
	Know that Radioactive decay results in two particles
	
	
	

	3.
	Know that if momentum is not conserved, a third
particle (neutrino) must be present
	
	
	

	4.
	Perform calculations to convey sizes and magnitudes
and relations between units
	
	
	

	
	Acceleration of Protons
	
	
	

	5.
	Describe the Cockcroft and Walton experiment
	
	
	

	6.
	Know that the proton energy approximately 1 MeV
	
	
	

	7.
	Discuss the historical nature of this experiment
	
	
	

	
	Converting Mass into other forms of Energy
	
	
	

	8.
	Describe the concept of "Splitting the nucleus"
	
	
	

	9.
	Know the energy gain in the equation
1𝐻+ 7𝐿i4𝐻𝑒+4𝐻𝑒+ Q
1
3    2          2
1MeV
17.3 MeV
	
	
	

	10.
	Know that this is Consistent with E = mc2
	
	
	

	
	Converting other forms of Energy into Mass
	
	
	

	11.
	Discuss particle accelerators with particular reference to
CERN
	
	
	


	12.
	Discuss with reference to circular accelerators  and progressively increasing energy available in :
a. proton-proton collisions
b. p + p + energy —» p + p + additional particles
	
	
	

	13.
	Discuss the historical search for the basic building
blocks of nature
	
	
	

	
	Fundamental Forces of Nature
	
	
	

	14.
	Describe gravitational force as an example of an
inverse square law
	
	
	

	15.
	Describe the Strong nuclear force
	
	
	

	16.
	Describe the Weak nuclear force
	
	
	

	17.
	Describe the Electromagnetic force
	
	
	

	
	Families of Particles
	
	
	

	18.
	Discuss families of particles
	
	
	

	19.
	Classify particles
	
	
	

	20.
	Discuss Leptons: indivisible point objects, not
subject to strong force, e.g. electron, positron, and neutrino
	
	
	

	21.
	Discuss Baryons: subject to all forces, e.g. protons,
neutrons, and heavier particles
	
	
	

	22.
	Discuss Mesons: subject to all forces
	
	
	

	23.
	Describe the mass between electron and proton
	
	
	

	
	Anti-Matter
	
	
	

	24.
	Discuss how Paul Dirac predicted anti matter
mathematically
	
	
	

	25.
	Describe e+ positron and  e- electron
	
	
	

	26.
	Describe how each particle has its own anti-particle
	
	
	

	27.
	Discuss Pair production: two particles produced from
energy
	
	
	

	28.
	Discuss the production of y rays —> e+ + e-
	
	
	

	29.
	Describe annihilation: Two y rays from annihilation of particles. e+ + e- —> 2hf (y rays) conserve charge, momentum
	
	
	

	
	Quark Model
	
	
	

	30.
	Describe the Quark: fundamental building block of
baryons and mesons
	
	
	

	31.
	Identify the nature and charge of a particle given a
combination of quarks
	
	
	


	32.
	Detail the Six quarks - called up, down, strange,
charmed, top, and bottom
	
	
	

	33.
	Outline the Charges on quarks: u+2/3 , d l/3 , s l/3 Anti-
quark has opposite charge to quark and same mass
	
	
	

	34.
	Know that Baryons composed of three quarks: p =
uud, n = udd, other baryons any three quarks
	
	
	

	35.
	Know that Mesons composed of any quark and an
anti-quark
	
	
	


Past Exam Questions:

1. In 1932 Cockcroft and Walton succeeded in splitting lithium nuclei by bombarding them with artificially accelerated protons using a linear accelerator.
Each time a lithium nucleus was split a pair of alpha particles was produced.
(i) How were the protons accelerated? 

(ii) How were the alpha particles detected? 

2. High voltages can be used to accelerate alpha particles and protons but not neutrons. 

Explain why.
3. Most of the accelerated protons did not split a lithium nucleus. Explain why.

4. In 1932, Cockcroft and Walton carried out an experiment in which they used high-energy protons to split a lithium nucleus. Outline this experiment. 

(i) Draw a labelled diagram to show how Cockcroft and Walton accelerated the protons. 

(ii) What is the velocity of a proton when it is accelerated from rest through a potential difference of 700 kV?

5. Write a nuclear equation to represent the splitting of a lithium nucleus by a proton.

6. Calculate the energy released in this reaction. 

7. Circular particle accelerators were later developed. 

Give an advantage of circular accelerators over linear accelerators. 
8. In beta decay, a neutron decays into a proton with the emission of an electron. 

Write a nuclear equation for this decay. 

9. Calculate the energy released during the decay of a neutron.

11. The existence of the neutrino was proposed in 1930 but it was not detected until 1956. 

Give two reasons why it is difficult to detect a neutrino. 
12.  In beta decay it appeared that momentum was not conserved. 

How did Fermi’s theory of radioactive decay resolve this?
13. Momentum and energy do not appear to be conserved in beta decay. 

Explain how the existence of the neutrino, which was first named by Enrico Fermi, resolved this. 
14. Compare the properties of an electron with that of a positron. 

15. What happens when an electron meets a positron? 

16. Give one contribution made to Physics by Paul Dirac.

17. In an accelerator, two high-speed protons collide and a series of new particles are produced, in addition to the two original protons. Explain why new particles are produced.
18. Cockcroft and Walton’s apparatus is now displayed at CERN in Switzerland, where very high energy protons are used in the Large Hadron Collider.
In the Large Hadron Collider, two beams of protons are accelerated to high energies in a circular accelerator. The two beams of protons then collide producing new particles. 
Each proton in the beams has a kinetic energy of 2.0 GeV.
(i) Explain why new particles are formed.

(ii) What is the maximum net mass of the new particles created per collision? 

(i) In a circular accelerator, two protons, each with a kinetic energy of 1 GeV, travelling in opposite directions, collide. After the collision two protons and three pions are emitted. 
What is the net charge of the three pions? Justify your answer. 

(ii) Calculate the combined kinetic energy of the particles after the collision.

(iii) Calculate the maximum number of pions that could have been created during the collision.

19. The following reaction represents pair production: γ → e+ + e–
Calculate the minimum frequency of the γ-ray photon required for this reaction to occur. 

20. What is the effect on the products of a pair production reaction if the frequency of the γ-ray photon exceeds the minimum value?

During a nuclear interaction an antiproton collides with a proton. 
Pair annihilation takes place and two gamma ray photons of the same frequency are produced.

(i) What is a photon? 

(ii) Calculate the frequency of a photon produced during the interaction.

(iii) Why are two photos produced? 

(iv) Describe the motion of the photons after the interaction. 

(v) How is charge conserved during this interaction? 

(vi) After the annihilation, pairs of negative and positive pions are produced. Explain why. 

22. Write a reaction that represents pair annihilation. 
23. Explain how the principle of conservation of charge and the principle of conservation of momentum apply in pair annihilation

24. Baryons and mesons are made up of quarks and experience the four fundamental forces of nature. 
List the four fundamental forces and state the range of each one.
25. List the fundamental forces of nature that pions experience. 

26. Name the fundamental force of nature that holds the nucleus together.

27. Beta decay is associated with the weak nuclear force.

List two other fundamental forces of nature and give one property of each force. 

28. Name the four fundamental forces of nature. 

29. Which force is responsible for binding the nucleus of an atom? 

30. Arrange the fundamental forces of nature in increasing order of strength. 

31. Give two properties of the strong force.

32. Name the three positively charged quarks. 
33. What is the difference in the quark composition of a baryon and a meson?
34. What is the quark composition of the proton? 
35. A kaon consists of a strange quark and an up anti-quark. What type of hadron is a kaon? 

36. Pions are mesons that consist of up and down quarks and their antiquarks. 

Give the quark composition of (i) a positive pion, (ii) a negative pion. 

37. Name the three negatively charged leptons.
38. Give the quark composition of the neutron.
39. A huge collection of new particles was produced using circular accelerators. The quark model was proposed to put order on the new particles. List the six flavours of quark. 
40. Give the quark composition of the proton. 
41. Leptons, baryons and mesons belong to the “particle zoo”.

Give (i) an example, (ii) a property, of each of these particles. 
42. What is a positron?

43.When a positron and an electron meet two photons are produced. Write an equation to represent this interaction. 

44. Why are photons produced in this interaction? Explain why two photons are produced.

45. Calculate the minimum frequency of the photons produced.

46. Explain why the photons produced usually have a greater frequency than your calculated minimum frequency value.

47.  Why must two positrons travel at high speeds so as to collide with each other?

48. How are charged particles given high speeds? 

49.  Explain why two positrons cannot annihilate each other in a collision.

50. In 1932 J.D. Cockroft and E.T.S. Walton accelerated protons to energies of up to 700 keV and used them to bombard a lithium target. They observed the production of alpha-particles from the collisions between the accelerated protons and the lithium nuclei.

How did Cockroft and Walton accelerate the protons?

How did they detect the alpha-particles? (12)

Write the nuclear equation for the reaction that occurred and indicate the historical significance of their observation. (12)

Calculate the speed of a proton that has a kinetic energy of 700 keV. (12)

Many modern particle accelerators, such as the Large Hadron Collider (LHC) in CERN, have a circular design. The diagram shows a simplified design of a circular accelerator.

Why is the tube evacuated? (3)

What is the purpose of accelerating the particles to high velocities? (4)

What is the purpose of the magnets? (4)

Give an advantage of a circular accelerator over a linear accelerator. (3)

Can an accelerator of this design be used to accelerate neutrons? Explain your answer. (6) 
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