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Introduction



How to pass Higher Physics


This How to Pass book has been written to help you achieve the best possible grade in your Higher Physics exam. It is written around the information given in the SQA National Course Specification and Course Assessment Schedule. The National Course Specification states that as a result of following a Higher Physics course, candidates should:




*•  develop and apply knowledge and understanding of physics



•  develop an understanding of the role of physics in scientific issues and relevant applications of physics



•  develop scientific inquiry and investigative skills



•  develop scientific analytical thinking skills, including scientific evaluation, in a physics context



•  develop the skills to use technology, equipment and materials safely, in practical scientific activities



•  develop planning skills



•  develop problem-solving skills in a physics context



•  use and understand scientific literacy to communicate ideas and issues and to make scientifically informed choices



•  develop the knowledge and skills for more advanced learning in physics



•  develop skills of independent working.





This book will assist you in acquiring the skills, knowledge and understanding required for the course. It has been divided into 15 chapters, each of which will open with the ‘what you should know’ statements for that topic. It is intended that the book will help you optimise what you have already been taught in class and will assist in your revision and preparation for your final examinations.


In a problem-solving context, the book will present the required relationships in order to answer the range of questions in the examination and will show in detail the steps required for you to achieve the correct answer. It will not derive or show where the formulae or equations came from, rather it will justify what relationship should be used and show how to use it in the most productive way so that you maximise your mark.


There will be two open-ended questions in the exam. There are various types of open-ended questions. You could be asked to comment on an analogy, a situation or a quotation. When you answer the question, make that sure you refer to the question. It is not enough to recognise what the question is about and then write down everything you know about the subject. If you don’t comment on the analogy/situation, etc. you are in danger of not having answered the question and therefore of being awarded no marks.


Open-ended questions are worth 3 marks. They are marked holistically. A good answer is awarded 3 marks (it does not have to be perfect or complete), a reasonable answer is awarded 2 marks and a limited answer is awarded 1 mark.


Hints and tips boxes are scattered throughout the text to offer specific guidance on a particular topic. Each chapter concludes with a list of the key points covered in the chapter, the important vocabulary for the topic and a number of practice questions to test your understanding. When a question number is preceded by an asterisk (*), this indicates that the question is from an SQA past paper.


Marking principles


General points





•  Positive marking: marks will be awarded for correct physics; marks will not be lost for errors or omissions (i.e. there is no deduction from marks you have already gained. This does not mean that you will gain marks for wrong or missing physics, however). The unit will form part of the answer.



•  Unless working is specifically asked for, a correct final answer (including unit) will receive full marks. If a question asks you to ‘show’ how you achieved the value, the marks are for the working.



•  In ‘show’ questions you must always start with an equation (unless there is a unit conversion prior to the equation, for example). If you do not include the correct equation in a ‘show’ question, you cannot obtain the marks.



•  Marks will be awarded regardless of spelling, as long as meaning is unambiguous. However, the spelling of words such as fusion/fission or refraction/defraction/diffraction needs to be clear.



•  Rounding: the significant figure(s) of the final answer can have one figure less or two figures more than the expected answer.





Standard numerical questions


There are techniques you can follow in setting out your answer which will minimise the possibility of simplistic errors. When setting out your working, allow the marker to give marks for correct physics. Arithmetical errors will be penalised but an incorrect formula could be interpreted as wrong physics and in these cases the answer will be deemed to be ‘wrong’ and the marker will stop marking.


Read the question carefully and gather the data from the question on one side of the page. Ensure you are using standard symbols as this will reduce the possibility of selecting an incorrect relationship.


When faced with a standard numerical question, it can help to work through the following steps:





•  Check the unit and prefixes. Convert numbers to the correct unit, i.e. mm to m, minutes to seconds, etc.



•  Look at the data you have been given and see what you are being asked to do. When you are confident with this, you can select the appropriate relationship from the required list.



•  Write down the relationship and then substitute in the figures that you have.



•  Carry out the calculation OR rearrange the equation then carry out the calculation (whatever is more comfortable for you).



•  Give your final answer as symbol = number unit, such as F = 156 N. Ensure you have selected the correct unit and that your final answer has the appropriate number of significant figures.





Descriptive, extended-response and open-ended questions


Traditionally, physics candidates are competent in answering numerical questions and dealing with supplied formulae. In contrast, where there has been a requirement to write a paragraph or to explain phenomena using a physics principle, candidates have often struggled. In such questions there may be more than one correct response; marks will be awarded to candidates who understand and can explain the concepts rather than just substituting values into an equation blindly. The following example will illustrate this idea.


Question: A student throws a basketball into a ring from a distance of 9 m as shown in the diagram.
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He then throws a football of smaller mass with the same velocity and angle. Explain whether or not the ball will go into the ring. (You may ignore air resistance.)


Possible response: The football will go into the ring. The path an object (projectile) follows depends upon the velocity and angle of launch, not the mass of the object. If we can ignore air resistance, the football will follow the same path as the basketball.


An answer like this would get three marks as it explains the physics clearly in a qualitative sense (no numbers or equations). Explanations involving the use of equations are perfectly acceptable, but given there are no indications of distance, height, etc. they may be more difficult.


How you will be assessed in Higher Physics


The course assessment has three components. A multiple-choice paper (worth 25 marks), a written paper (worth 130 marks) and an assignment (worth 20 marks).


The purpose of the question paper is to assess breadth of knowledge from across the sections, depth of understanding and application of this knowledge and understanding to solve problems. It will also test the skills you have acquired during the course.


The assignment requires learners to demonstrate aspects of challenge and application. It will assess the application of skills of scientific investigation/research and using related knowledge, by carrying out a meaningful and appropriately challenging task in physics and communicating findings.


The course assessment is graded A–D and comprises two question papers:





1  The multiple-choice paper has 25 questions each worth a single mark; 25 marks in total.



2  The written paper will contain restricted-and extended-response questions and will be worth 130 marks. (This mark of 130 will be scaled down to 95 marks.)





You will be expected to demonstrate that you have retained knowledge and can apply it to explain observations and phenomena. You will also be expected to demonstrate that you have developed physics skills. Questions assessing both knowledge and understanding and skills may be set in a problem-solving context.


The question paper will give learners an opportunity to:





•  integrate and apply physics knowledge and understanding



•  apply scientific inquiry skills



•  apply scientific analytical thinking skills



•  explain the impact of applications on society/the environment.





Approximately 40% of the marks will be assigned to questions related to Our dynamic Universe.


Approximately 40% of the marks will be assigned to questions related to Particles and waves.


Approximately 20% of the marks will be assigned to questions related to Electricity.


A data booklet or sheet containing relevant data and formulae will be provided.


The majority of marks will be awarded for applying knowledge and understanding. The other marks will be awarded for applying scientific inquiry and analytical thinking skills. In addition, around two-thirds of the total marks will be straightforward, while one-third will be at a more demanding level.


The question papers will be given in two sittings. The multiple-choice paper will be of 45 minutes, duration and the written paper will be of 2 hours and 15 minutes, duration. This will be under standard examination arrangements.


The question papers are set by SQA and conducted under a high degree of supervision and control. Evidence will be submitted to SQA for external marking. All marking will be quality assured by SQA.



Grade description for C


For the award of grade C, students will have demonstrated successful performance in all of the sections of the course. In the course assessment, candidates will generally have demonstrated the ability to:





•  retain knowledge and skills over an extended period of time



•  integrate the knowledge, understanding and skills of scientific inquiry acquired across component sections



•  apply the knowledge, understanding and skills of scientific inquiry in contexts similar to those in the component sections.





Grade description for A


For the award of grade A, students will have demonstrated successful performance in all of the sections of the course. In addition, candidates at grade A will generally have demonstrated the ability to:





•  retain an extensive range of knowledge and skills over an extended period of time



•  integrate an extensive range of knowledge, understanding and skills of scientific inquiry acquired across component sections



•  apply knowledge, understanding and skills of scientific inquiry in contexts less familiar and more complex than in the component sections.





Assignment


In the assignment you will need to develop the skills necessary to undertake research in physics and demonstrate the relevance of physics to everyday life by exploring the science behind a topical issue. The assignment offers opportunities for collaborative and independent learning set within the context of an evaluation of scientific issues. You will need to collect and synthesise information from a number of different sources.


You should be familiar with carrying out experiments correctly. You will need to plan and undertake a practical investigation related to the topical issue. You will need to prepare a scientific communication, presenting the aim, results and conclusions of the practical investigation.


Carrying out your research


You will be given a topic to investigate. It will be related to something you have covered in your studies, but it could be in an unfamiliar context. You will have to research the physics behind the topic.


Internet searching is preferred by most people these days as the various engines can trawl through all the available sites or articles very quickly, but you need to be careful about the validity of some sites. There are many sites which may appear scientifically valid but which are not as impressive or as accurate as they first seem. Check whether the site has a contact address. This is a good sign.


The URL can also give an indication of a website’s authority. For example, if the URL ends in ac.uk this means it is an accredited university or college and would generally be reliable. Reliable websites from America can end in:


.edu – education site


.gov – government site.


It is better if you can obtain evidence from a range of sources and this can be used to support your point. Using more than one source may also give you a better perspective on the topic and, if you can be critical in your use of the information, it will provide evidence of the skills the assignment is hoping to assess.


Report writing


When you carry out your assignment you must do at least one experiment or a piece of practical work. This is the data you will process during the communication phase of the assignment. You can collect your experimental data in a group but the group must have a maximum number of four students in it. Your report must be your own work.


During the communication phase you will produce a written report that will be sent to SQA to be marked. The assignment is worth 20 marks (which will then be scaled to 30 marks for calculating your final grade).


The marks are awarded in the following categories:





•  Aim (1 mark)



•  Underlying physics (3 marks)



•  Data collection and handling (5 marks)



•  Graphical presentation (3 marks)



•  Uncertainties (2 marks)



•  Analysis (1 mark)



•  Conclusion (1 mark)



•  Evaluation (3 marks)



•  Structure (1 mark)





Aim (1 mark)


The report’s aim must be able to be investigated. You should also be careful how you word your aim. An aim that has a ‘yes’ or ‘no’ answer is not acceptable. For example, ‘To establish the relationship between an LED’s switch-on voltage and the wavelength of light produced.’ is not acceptable (your conclusion could be ‘yes’ there is’ or ‘no’ there is not’). However, ‘To investigate how an LED’s wavelength affects its switch-on voltage’ would be acceptable.


Underlying physics (3 marks)


The underlying physics is marked in some ways like an open-ended question. A good response will get 3 marks, a reasonable response will get 2 marks and a limited response will get 1 mark.


Data collection and handling (5 marks)


The data collection is broken down into 5 individual marks:





•  1 mark for a summary of the experimental method. This should not be copied but should be a summary.



•  1 mark for having sufficient raw data from your experiment. If you can repeat an experiment several times you must do so or give an explanation as to why you cannot do repeated measurements.



•  1 mark for having your data and any derived values in a correctly formatted table. This includes units and headings.



•  1 mark for having data from a second source. This can be from another experiment or a reference from the internet or a book.



•  1 mark for a reference to show where your data has come from.





Graphical presentation (3 marks)


In the graphical presentation section, the 3 marks are broken down as follows:





•  1 mark for the graph having suitable scales.



•  1 mark for having the correct units and labels.



•  1 mark for having accurately plotted points and a line (if appropriate) of best fit. When you draw your line, be careful to not force the line through the origin and make sure that the line covers the entire range of your data.





Uncertainties (2 marks)


In the uncertainties section, you should have reading uncertainty in all the measurements that you have made. Take care here, as many students measure something straightforward like distance and then forget to include a reading uncertainty. You need to calculate the random uncertainties in all repeated results. Make sure that you include a sample calculation with your uncertainties. You can also comment on the effect of uncertainties on your investigation. For example, if your graph does not pass close to the origin, you may wish to include a few sentences about systematic uncertainties.


Analysis (1 mark)


In the analysis section, you should try to discuss what your results show. You could compare your results with your internet data, for example, and comment on similarities and differences. If you are working out the value of a constant, then compare your value to the accepted value.


Conclusion (1 mark)


Your conclusion should answer your aim and be supported by the data in your report, for example, if all your data shows that there is a linear relationship between two variables you should say so and not just say that as one increases the other also increases. All your data includes any internet data you have gathered.



Evaluation (3 marks)


There are 3 marks available in the evaluation section. A maximum of one mark is awarded for evaluating internet sources of data so make sure you evaluate your experiment and the data from it carefully. When evaluating an internet source make sure you evaluate the data from the source and not the source itself. One mark is awarded for each correct evaluative statement that is supported by an explanation. If you are evaluating an experimental procedure, either state what happened and explain how it affected your results or give an improvement and explain how it would affect your results. If you state that you would make more repeated measurements, then make sure that this would be an improvement. If your random uncertainties are already small, then doing more repeats will not have any effect. Be careful when evaluating internet sources, as you need to justify your comments about them. You do not need to use words like ‘reliable’ or ‘precise’ but, if you do, you must do so correctly.


Structure (1 mark)


The last mark is for a clear and concise report.


Eight hours of study has nominally been allocated to the assignment, of which a maximum of 2 hours is allocated for the report stage. To remind you, the assignment is worth 20 marks which is scaled up to 30 marks.



Relationships required for Higher Physics
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Section 1 Our dynamic Universe



Chapter 1 Motion
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What you should know





•  The equations of motion for objects moving with constant acceleration in a straight line



•  Motion–time graphs for motion with constant acceleration in a straight line



•  Displacement–time graphs, velocity–time graphs and acceleration–time graphs and the interrelationship between them



•  Graphs for bouncing objects and objects thrown vertically upwards



•  All graphs are restricted to constant acceleration in one dimension, inclusive of change of direction
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Equations of motion


The simplest motion that a moving object can have is to be moving in a straight line with a constant velocity. When an object exhibits this constant velocity, its acceleration is zero. Having zero acceleration means the forces acting on the object must be balanced.


A velocity–time graph of this motion would look like Figure 1.1.
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When an object experiences a constant unbalanced force it undergoes an acceleration. Its velocity will change by the same amount every second. This change in velocity can be either increasing or decreasing. We will consider increasing velocity first.


If an object is moving in a straight line from rest, its velocity–time graph will look like Figure 1.2.
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If the object is already moving, its velocity–time graph will look like Figure 1.3.
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The acceleration of the object is equal to the slope of the line – the steeper the slope, the greater the acceleration.


If we use the equation for the slope of the line [image: ] we find that:
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This can be rearranged to give:


[image: ]


The displacement of the object, s, is the area under the graph. It can be shown that:
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These two equations can be combined to give a third equation:


[image: ]


It is important to remember that these equations can only be used for an object that is travelling in a straight line with a constant acceleration.



Using the equations of motion


The three equations of motion have five variables in them:


u – initial velocity


v – final velocity


a – acceleration


s – displacement


t – time taken.


Each equation only has four variables, so if you know three of the five variables it is possible to determine the other two.


Care is needed when using these equations as velocity, acceleration and displacement are all vectors and so have a direction. When objects are moving in straight lines, values for these quantities can be either positive or negative. When solving problems with these equations, decide which direction is to be positive and then ensure that anything in the opposite direction has a negative value.


Remember that time can never have a negative value. This means that if you calculate a negative value for time, you must have made a mistake and will need to go back and do the calculation again from the beginning.


When attempting problems using the equations of motion, it can be useful to lay out the information from the question in a table or a list and then select the equation you will use.
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Hints & tips


It can be helpful to pick a sign for the direction of vectors and then use it all the time. For example, up is positive and down is negative; to the right is positive and to the left negative. If you do this, it can save time having to puzzle it out each time.


If you choose this sign convention and stick to it, the acceleration due to gravity is always negative, and if an object falls through a height then that displacement will be negative too.
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Example


A ball is brought to rest from a velocity of 12.0 m s–1 in a time of 4.0 s.





a)  Calculate the acceleration of the ball.



b)  Calculate the displacement of the ball.





Solution


Start this problem by writing down what you know:


u = 12.0 m s–1


v = 0 m s–1


t = 4.0 s


a = ?


s = ?





a)  If we know u, v and t and we want to find a, we use v = u + at. Rearranging this formula gives us [image: ]



Substituting in the values we know from the question:


[image: ]


Note that the acceleration is negative. This is because the ball is slowing down. The unbalanced force must be in the opposite direction to its motion.



b)  We can now use [image: ] to calculate the displacement.
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Graphs of motion
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Hints & tips


On a velocity–time graph, the slope/gradient of the line is the value of the acceleration. The area under the graph is the displacement. You can use these two principles to determine the shapes of the acceleration–time graph and the displacement–time graph for the same motion.


If the slope of the line is positive then the acceleration is positive; if the slope of the line is negative then the acceleration is negative. The steeper the line, the greater the acceleration.


If the object is accelerating then the area under the velocity–time graph is increasing by a larger amount each second, therefore the displacement–time graph for this motion will be an ever-increasing curve. If the velocity is constant, the increase in area under the graph is the same each second so the displacement–time graph has a line with a constant slope.
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When an object is moving with a constant velocity, its acceleration is zero and its displacement increases at a constant rate. This is represented in the graphs in Figure 1.4.
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An object moving with a constant positive acceleration increases its velocity at a constant rate. Its displacement increases by a greater amount each second. These are difficult concepts and it can take time and many worked examples for the meaning to become clear. These ideas are represented by the graphs in Figure 1.5.
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For an object moving with a constant negative acceleration, its velocity will decrease at a constant rate but its displacement will increase by smaller increments each second. This is represented by the graphs in Figure 1.6.
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It is important that you know these three groups of graphs and understand how each graph relates to the others in its group.


There are two other velocity–time graphs that you should know and understand. The first concerns an object thrown vertically upwards and then coming back down.
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The gradient of this graph is a constant negative value. This is because the acceleration of the object is always downwards and in the opposite direction to the one it was thrown in. The total area under the graph is zero. This is because the final displacement of the object is zero. Its upwards displacement is the same in size but opposite in direction to its downwards displacement. It has travelled 2.4 m upwards then 2.4 m downwards, for example.


The second graph that should be remembered is that showing the motion of a bouncing ball (Figure 1.8).
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The slope of the line for the majority of the graph is a constant negative value. The sections where the graph is nearly a vertical line represent the motion of the ball when it is in contact with the ground and rebounding. The negative slope is due to the ball’s downwards acceleration regardless of its upwards or downwards motion. The area under the graph reduces with each bounce as the total displacement reduces. Each time the ball bounces, its rebound height is lower.
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Key points





•  The equations of motion describe an object moving in a straight line with a constant acceleration.


The three equations are:


[image: ]


where: u = initial velocity; v = final velocity; a = acceleration; t = time; s = displacement.



•  Velocity, acceleration and displacement are all vectors and so require a direction.



•  When objects are moving in a straight line, make one direction (say to the right) positive and then anything in the opposite direction is negative. Later on, when dealing with projectiles and forces, you will need to think more deeply about this.



•  Time can never have a negative value. If you calculate a negative time, you must have made a mistake so you should redo the calculation from the start.



•  The motion of an object moving in a straight line with a constant acceleration can be analysed using velocity–time, acceleration–time and displacement–time graphs.



•  There is a relationship between the shapes of the velocity–time, acceleration–time and displacement–time graphs for a particular type of motion.



•  You should be able to draw the three graphs for a constant velocity, a constant acceleration and a constant deceleration.



•  You will need to be able to draw graphs for an object thrown vertically upwards and a bouncing object.



•  It is important that you can interpret all the graphs listed above.
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Key words





Acceleration – the rate of change of velocity



Balanced forces – equivalent to having no force acting on an object; the forces cancel each other out



Constant – not changing; uniform



Displacement – how far an object is from a point in a particular direction



Rest – not moving; stationary



Scalar – a quantity that has magnitude (size) and a unit



Unbalanced forces – forces that cause an object to accelerate



Vector – a quantity that has magnitude (size), a unit and a direction



Velocity – the rate of change of displacement
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Questions





1  An object is moving with a constant velocity. What can be said about the forces acting on it?



2  An object accelerates from 2.0 m s–1 to 8.0 m s–1 at 1.5 m s–2. Calculate the object’s displacement during its motion.



3  A car brakes from 12 m s–1 to rest with a deceleration of 4.0 m s–2. Calculate the time it takes for the car to come to rest.



4  Figure 1.9 shows how the velocity of an object varies with time. Sketch the corresponding acceleration–time and displacement–time graphs for this object. (Numerical values are not required.)
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5  Figure 1.10 shows how the displacement of an object varies with time. Sketch the corresponding velocity–time and acceleration–time graphs for this object. (Numerical values are not required.)
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6  Figure 1.11 shows how the velocity of a bouncing ball varies with time.
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    a)  Why is the gradient of the line constant after each bounce?


    b)  When the time is 2.0 s, in which direction is the ball travelling?


    c)  The graph shows that the ball first hits the ground 1.0 s after it is dropped. Calculate the height from which the ball is dropped.








*7  A golfer hits a ball from point P. The ball leaves the club with a velocity, v, at an angle of θ to the horizontal. The ball travels through the air and lands at point R. Midway between P and R there is a tree of height 10.0 m.
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Figure 1.4 The graphs of motion for an object moving with a constant velocity
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Figure 1.6 The graphs of motion for an object moving with constant negative acceleration
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jgure 1.8 The velocity—time graph of a bouncing object
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Figure 1.5 The graphs of motion for an object moving with a constant positive acceleration
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Figure 1.3 The velocitytime graph of an object at velocity
u increasing to velocity v after t seconds
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Figure 1.2 A velocity—time graph showing uniform acceleration
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jgure 1 A student throwing a basketball
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