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Introduction






Welcome to How to Pass SQA Advanced Higher Physics. This book has been written to help you achieve the highest possible grade in your Advanced Higher Physics examination. It is written around the information given in the SQA Advanced Higher course specification: www.sqa.org.uk/files_ccc/AHPhysicsCourseSpec.pdf




How to use this book


The content of this book is designed to help you prepare for the SQA Advanced Higher Physics exam. It contains a summary of the Advanced Higher course, with the following features to support your understanding and recall of important points.




Summary notes


These are concise, illustrated notes that explain and expand on the key points for each topic. You should read and review these several times.






[image: ]


Key points [image: ]


There is a key points list at the start of each topic, detailing the knowledge and skills that will be assessed in the exam. Once you have worked through each topic and completed the Study questions, review the key points to ensure you have gained the knowledge you need of the topic.
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Hints & tips [image: ]


These tips help you achieve the best marks by highlighting important points to remember and pitfalls to avoid.
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Example [image: ]


Worked examples show how to answer exam-style questions. Before reading through the solution provided, attempt to answer the question yourself, using the information in the topic. Then check your answer against the worked example.
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Key terms


Key terms are technical terms that you should be familiar with for the topic. They appear in the list of key points and are further defined in key term boxes. You should study these key terms and their definitions carefully and review them at the end of a topic.
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Study questions [image: ]


At the end of each topic you will find Study questions. These questions have been modelled on those in previous SQA Advanced Higher exams and should be used to test your knowledge and understanding of the topic. You should try to answer these yourself before checking the answers provided.
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Answers


Answers to Study questions are provided at the end of the book. Mark breakdowns show where marks are awarded in the exam.











The Advanced Higher Physics course


The Advanced Higher Physics course comprises four areas, which are covered in the four sections of this How to Pass guide.








	Rotational motion and astrophysics

	Quanta and waves

	Electromagnetism

	Units, prefixes and uncertainties










	Kinematic relationships

Angular motion


Rotational dynamics


Gravitation


General relativity


Stellar physics



	Introduction to quantum theory

Particles from space


Simple harmonic motion


Waves


Interference


Polarisation of light



	Fields

Circuits


Electromagnetic radiation



	Units, prefixes and scientific notation

Uncertainties


Data analysis


Evaluation and significance of experimental uncertainties
















Advanced Higher Physics assessment


There are two parts to the Advanced Higher Physics assessment:




	
•  the examination question paper


	
•  the project.







Examination question paper


The question paper has 155 marks. This is scaled by SQA to 120 marks, to represent 75% of the overall marks for the course assessment. The question paper contains restricted-response and extended-response questions. A data sheet and a relationships sheet will be provided. This written exam lasts for 3 hours.







Project


The project has 30 marks. This is scaled by SQA to 40 marks, to represent 25% of the overall marks for the course assessment. The project allows you to plan and carry out an in-depth investigation of a physics topic of your choice. You are required to produce a project report of between 2500 and 4500 words.


For more detailed information and advice on the project and exam, see Appendices 1 and 2 on pages 104–109.


More information about the course and the exam is available on the SQA website – www.sqa.org.uk











Relationships required for Advanced Higher Physics


A data sheet and a relationships sheet are provided in the exam – see Appendix 3 on pages 110–115.




Derivations


You are required to recreate the following derivations:




	
•  Derivation of the equations of motion v = u + at and [image: ] using calculus methods


	
•  Derivation of the relationship for escape velocity [image: ]



	
•  Derivation of the relationships for velocity and kinetic energy for simple harmonic motion [image: ]



	
•  Derivation of the thin film interference relationship [image: ]



	
•  Derivation of the relationship for Brewster’s angle n = tan iP






















Area 1 Rotational motion and astrophysics



Topic 1


Kinematic relationships
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Key points [image: ]




	
•  Knowledge that differential calculus notation is used to represent rate of change.

[image: ]




	
•  Knowledge that velocity is the rate of change of displacement with time, acceleration is the rate of change of velocity with time, and acceleration is the second differential of displacement with time.

[image: ]




	
•  Use of calculus methods to calculate instantaneous displacement, velocity and acceleration for straight line motion with a constant or varying acceleration.

[image: ]




	
•  Use of appropriate relationships to carry out calculations involving displacement, velocity, acceleration and time for straight line motion with constant or varying acceleration.

[image: ]




	
•  Knowledge that the gradient of a curve (or a straight line) on a motion–time graph represents instantaneous rate of change, and can be found by differentiation.

[image: ]




	
•  Knowledge that the gradient of a curve (or a straight line) on a displacement–time graph is the instantaneous velocity and that the gradient of a curve (or a straight line) on a velocity–time graph is the instantaneous acceleration.

[image: ]




	
•  Knowledge that the area under a line on a graph can be found by integration.

[image: ]




	
•  Knowledge that the area under an acceleration–time graph between limits is the change in velocity and that the area under a velocity–time graph between limits is the displacement.

[image: ]




	
•  Determination of displacement, velocity or acceleration by the calculation of the gradient of the line on a graph or the calculation of the area under the line between limits on a graph.

[image: ]
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Kinematic relationships and calculus methods


In order to explain more clearly the relationship between acceleration, velocity and displacement, we need to review our present understanding of certain concepts. In Advanced Higher we explore the ‘rate of change’ concept in a more mathematical way.


This involves the use of calculus in order to explain and describe the relationships. The level of calculus is comparable to that used in Higher Mathematics.


We use these relationships to derive the equations of motion we are familiar with.


[image: ]


The purpose of the derivations is to show that given a relationship between displacement or velocity with time, we can use calculus to calculate s, v or a at some point in that object’s motion. This mathematical analysis and representation is important in more advanced physics.


The gradient of a slope is often given as [image: ] and this relates to the rate of change of one variable with another. This represents the instantaneous rate of change, which can be the instantaneous velocity at a point or instantaneous acceleration at a point.


In Higher Physics you learned that the area under a velocity–time graph is equivalent to the displacement and the area under an acceleration–time graph is equivalent to the change in velocity.


These concepts can be applied to other areas of physics such as




	
•  area under a current/time graph


	
•  area under a charge/voltage graph.





The interpretation of gradient and area under a graph is treated slightly differently in advanced physics.


In Higher Physics you calculated the area (within certain limits) of a velocity–time graph in order to determine the displacement of a moving body. You also may have calculated the area (within limits) of an acceleration–time graph in order to determine the change in velocity of a body.


These ‘areas’ would be composed of triangles, squares and rectangles.


In Advanced Higher you may be given a formula for the displacement or velocity of a body (compared to a graph) with respect to time and you are expected to use calculus to answer the question.






[image: ]


Example [image: ]




	
1  An object, initially at rest, accelerates in a straight line and its velocity at time, t, is represented by the equation

v = 0·245t2 + 2·15t




	
a)  Determine its acceleration at 4·50 s.


	
b)  Determine its displacement from its original position after 6·75 s.









Solution




	
a)  [image: ]



	
b)  [image: ]






[image: ]
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Hints & tips [image: ]


Remember that there are only two questions to be asked about a graph:




	
[image: ]  What is the gradient? The units of the gradient are those of the y-axis divided by those of the x-axis and may give a clue to what the gradient tells us. For example, the gradient of a velocity–time graph has units of ms−2 and so is the acceleration.


	
[image: ]  What is the area of the graph? The units of the gradient are those of the y-axis multiplied by those of the x-axis and may give a clue to what the area tells us. For example, the area of a velocity–time graph has units of m and so is the displacement.
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Example




	
2  The acceleration of a particle is given by the expression a = 2·8t. At time t = 0 s the displacement of the particle is 0·0 m and its velocity is 3·6 m s−1.



	
a)  Show that the velocity of the particle at time, t, is given by v = 1·4t2 + 3·6.


	
b)  Calculate the displacement of the particle when its velocity is 5·0 m s−1.









Solution




	
a)  [image: ]



	
b)  [image: ]






[image: ]












[image: ]


Example




	
3  A train on a long straight track accelerates from rest. The train’s run begins at time t = 0. Its velocity, v, at time t, is given by the equation v = 0·18t2 + 0·75t.

Using calculus methods:




	
a)  determine the acceleration of the train at t = 10·0 s


	
b)  determine the displacement of the train from its original position at this time.









Solution




	
a)  [image: ]



	
b)  [image: ]






[image: ]
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Study questions [image: ]




	
1  a)  The acceleration of a particle moving in a straight line is given by

[image: ]


where the symbols have their usual meaning.




	
(i)  Show, by integration, that when a is constant v = u + at.

3




	
(ii)  Show that when a is constant v2 = u2 + 2as.

2









	
b)  The path taken by a short track speed skater is shown in the figure below. The path consists of two straights each of length 29·8 m and two semicircles each of radius 8·20 m.



[image: ]



Figure 1.1 Speed skating track








Starting at point X, half way along the straight, the skater accelerates uniformly from rest. She reaches a speed of 9·64 m s−1 at point Y, the end of the straight.




	
(i)   Calculate the acceleration of the skater.

4




	
(ii)  The skater exits the curve at point Z with a speed of 10·9 m s−1. Calculate the change in velocity of the skater between Y and Z.

2











[image: ]





















Topic 2



Angular motion









[image: ]


Key points [image: ]




	
•  Use of the radian as a measure of angular displacement. Conversion between degrees and radians.

[image: ]




	
•  Use of appropriate relationships to carry out calculations involving angular displacement, angular velocity, angular acceleration and time.

[image: ]




	
•  Use of appropriate relationships to carry out calculations involving angular and tangential motion.

[image: ]




	
•  Use of appropriate relationships to carry out calculations involving constant angular velocity, period and frequency.

[image: ]




	
•  Knowledge that a centripetal (radial or central) force acting on an object is necessary to maintain circular motion, and results in centripetal (radial or central) acceleration of the object.

[image: ]




	
•  Use of appropriate relationships to carry out calculations involving centripetal acceleration and centripetal force.

[image: ]







[image: ]










Angular motion and radians


Angular motion considers objects that travel in a curve or a circle, for example, a planet orbiting a star, a vehicle following a curving road or a person on a park roundabout. In these cases, we are concerned with how an object travels along the perimeter of a path or how many rotations it makes.


Angles are measured in degrees typically, but this is an arbitrary unit.


In physics, a radian is a better measure of an angle as radians are dimensionless. In a circle, radians are related to the radius of that circle. Radians link the arc of a circle to the radius of the circle and their use also allows the linear displacement to be calculated more easily.






[image: ]


Key term


Radian: An alternative unit of measurement for angles. 2π radians is equivalent to 360°. The radian is used as a measure of angular displacement.


[image: ]








In Figure 1.2, the angle θ (theta) is given by the ratio of the length of the arc to the radius.




[image: ]



Figure 1.2 Angle θ shown as the ratio of length of arc, s, to the radius, r








[image: ]


The circumference of a circle is 2πr. Therefore, the number of radians in a complete circle is [image: ]


2π radians is equivalent to 360 degrees. You may be asked to convert between radians and degrees.


Radian measure also makes it simpler to convert from angular displacement to linear displacement.






[image: ]


Hints & tips [image: ]


We must use radians in our calculations as they are dimensionless. Make sure your calculator is set to radians!


[image: ]













[image: ]


Example




	
1  An object follows a circular path of radius 25·7 m. It travels 94·2 m. Calculate its angular displacement in degrees.





Solution


Circumference of circle of radius 25·7 m = 2 × π × 25·7 = 161·5 m.


[image: ]


0·583 × 360 = 209·88 = 210°.


To calculate the angular displacement in radians is


[image: ]


[image: ]








Angular motion can be treated in the same way as linear motion. Linear displacement, velocity and acceleration have angular equivalents.






	Linear displacement, s, in m

	Angular displacement, θ, in radians






	Linear velocity, v, in m s−1


	Angular velocity, ω, in rad s−1







	Linear acceleration, a, in m s−2


	Angular acceleration, α, in rad s−2








As with linear motion this leads to


[image: ]


Applying calculus methods, as we did earlier with linear motion, we arrive at


[image: ]






[image: ]


Example




	
2  A rotor is accelerated from rest to 12 500 rpm in 25 s. Its acceleration is constant.



	
a)  Calculate its angular acceleration.


	
b)  How many revolutions has it turned to reach this velocity?









Solution




	
a)  [image: ]



	
b)  [image: ]






[image: ]














Angular and tangential motion


In order to describe more fully the motion of a rotating body, we have to consider the relationship between its angular motion and the linear motion it experiences as it travels along the perimeter of the circle. This type of linear motion is referred to as tangential, as the object is always travelling at right angles to the centre of the circle or axis of rotation.






[image: ]


Key terms


Tangential: A line touching at one point. Acting at 90° to a particular point.


Centripetal: Moving towards or in a central direction.


[image: ]








In the example of a rotating object shown in Figure 1.3, the object is rotating around the centre of the circle at a constant angular velocity, ω. Its tangential velocity, v, is continually changing direction.




[image: ]



Figure 1.3 Rotating object with constant angular velocity, ω, and tangential velocity, v, with continually changing direction








The relationship between tangential motion and angular motion is represented by s = rθ. From this we get v = rω and at = rα where s is the tangential displacement, v is the tangential velocity and at is the tangential acceleration.


A key point here is that when a rotating object increases its angular velocity, this will increase the tangential velocity leading to a tangential acceleration.


When a rotating object is rotating at a steady angular velocity, the tangential velocity is also changing but due only to its change in direction. This change in direction is due to the centripetal force acting on the body in the direction of the centre. This is referred to as the centripetal (sometimes referred to as radial or central) acceleration, not tangential.






[image: ]


Example




	
3  A child is on a roundabout spinning with a steady rotation of 1 revolution every 6·5 seconds.

The child is 1·4 m from the centre of the roundabout.




	
a)  Calculate the angular velocity of the roundabout.


	
b)  Calculate the angular velocity of the child.


	
c)  Calculate the tangential velocity of the child.

The child moves out to the edge of the roundabout at a distance of 2·3 m from the centre.




	
d)  Determine the new angular velocity and tangential velocity.









Solution




	
a)  One rotation every 6·5 s equates to 2π every 6·5 s.

[image: ]




	
b)  As the child is on the roundabout, the angular velocity of the child will be 0·97 rad s−1.


	
c)  v = rω = 1·4 × 0·97 = 1·36 = 1·4 m s−1



	
d)  ω = 0·97 rad s−1. As the roundabout still rotates at the same angular velocity

v = rω = 2·3 × 0·97 = 2·2 m s−1








A key point here is that in these cases, the child has to be in good contact with the roundabout by holding on to a bar. It is the bar that provides the central force that keeps the child spinning. If the child loses contact, they will move off tangentially and appear to be thrown from the roundabout. This may cause the misconception that a ‘force’ is causing the child to slide off. It is not. This is just the direction the child would move if no forces acted upon them. The central force pulls them towards the centre in order to maintain the rotation.


[image: ]












[image: ]


Example




	
4  The Moon orbits the Earth once in 28·3 days. The Moon has a mass of 7·35 × 1022 kg and the mean radius of its orbit about the Earth is 3·84 × 108 m. Calculate the angular velocity of the Moon.





Solution


[image: ]


[image: ]












[image: ]


Example




	
5  A disc rotating at 180 rad s–1 decelerates at a rate of 3·5 rad s–2 for 7·0 s.



	
a)  Determine the angular velocity at the end of the seven seconds.


	
b)  What is the angular displacement in this time?









Solution




	
a)  [image: ]



	
b)  [image: ]






[image: ]













[image: ]


Example




	
6  The angular velocity of an engine is increased from 800 rpm to 3000 rpm in 8·0 s.



	
a)  Determine the angular acceleration. You may assume this is uniform.


	
b)  Find the total angular displacement.


	
c)  Calculate how many revolutions the engine makes during this 8·0 s.









Solution




	
a)  [image: ]



	
b)  [image: ]



	
c)  [image: ]






[image: ]












[image: ]


Example




	
7  A wheel accelerates uniformly from rest at 3·0 rad s−2 for 5·0 s.



	
a)  Find



	
(i)  the final angular velocity after 5·0 s


	
(ii)  the angular displacement after 5·0 s.







	
b)  The wheel has a radius of 1·50 m. Determine the linear velocity at a point on its rim at the end of the 5·0 s.
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