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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summary




•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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Questions & Answers
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About this book



This book covers the CCEA specification for AS Physics Unit 1: Forces, Energy and Electricity. It has two sections:




•  Content Guidance — this covers AS Unit 1. It does not have the detail of a textbook but it offers guidance on the main areas of the content and includes worked examples. These examples illustrate the types of question that you are likely to come across in the examination. The examiner tips will help you to understand the physics and give you guidance on the core aspects of the subject. They also show how to approach revision and improve your exam technique.


•  Questions and Answers — this section comprises two self-assessment tests. Answers are provided and there is an indication of the specific points for which marks are awarded.





The specification


The CCEA specification can be obtained from the CCEA website at www.rewardinglearning.org.uk. It describes the physics that is required for the unit assessments, and the format of the assessments.





Content Guidance


Physical quantities


Physics is often referred to as the quantitative science. When we measure an amount of any physical quantity, we do not do so in absolute terms, but we compare its size with internationally accepted amounts of a few basic quantities.


All the quantities have magnitude, but what differentiates one from another is its unit.




•  A mass of 5 kg can be thought of as 5 × 1 kg.


•  A length of 5 m can be thought of as 5 × 1 m.





Both examples have the same magnitude but their difference is conveyed by their specific units.


SI base units


It is essential to have a coherent, internationally accepted system of units.


The International System of Units (SI) has seven base units, each exclusive to a fundamental physical quantity (Table 1).


Table 1 Base quantities and SI units






	Base quantity

	Name of SI base unit

	Symbol for unit






	Length

	metre

	m






	Mass

	kilogram

	kg






	Time

	second

	s






	Electric current

	ampere

	A






	Thermodynamic temperature

	kelvin

	K






	Luminous intensity*

	candela

	cd






	Amount of substance

	mole

	mol







* not required for the CCEA specification
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Knowledge check 1


What is a base unit?


Knowledge check 2


State six SI base units.
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SI derived units


Units for all other physical quantities are derived units, obtained from the base units by multiplying or dividing one base unit by one or more other units. For example:
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Many derived units have their own special name. Those used in the specification are shown in Table 2.


Table 2 Derived units
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Quantities that do not have a named derived unit are expressed in terms of the base unit combination. For example, velocity is measured in metres per second.
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Examiner tip


The special names given to many derived units are the names of famous scientists. However, when used for the SI unit a lower case first letter must be used, for example hertz. The symbols in these cases do use a capital first letter, for example Hz.


You should never add an ‘s’ to denote the plural, for example 5 Hz, not 5 Hzs.
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Prefixes for SI units


Sub-multiples and multiples of both base and derived units exist. This is to cater for the very large and the very small values that exist with these quantities. There are approved prefixes and symbols (Table 3).


Table 3 Prefixes
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The symbol for kilo is an anomaly as, unlike other multiples, it is not a capital; this is because K is used for Kelvin.
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Examiner tips


When writing a derived unit a space is left between the units for each quantity. For example, this distinguishes m s−1 (meters per second) from ms−1, which represents the inverse of milliseconds.


When recording a large or small answer it is best to present it in standard form, that is, as a number between 1 and 10, times a power.
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Knowledge check 3


Express 24 nm in standard form.
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Equations and units


One of the conditions for an equation to be valid is that each of the terms in the equation must have the same base units. The equation is then said to be homogeneous. For example in:


v = u + at


both v and u are velocity with base units m s−1. The product at has base units of m s−2 × s, which also gives m s−1. Therefore the equation is homogeneous or balanced.
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Examiner tip


Homogeneity shows that an equation could be correct, but does not prove that it is correct.
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This technique can be used to find the units of an unknown quantity in an equation and hence give a clue to the quantity.





[image: ]






Worked example


The unit of stress is the pascal. Express the pascal in base units.


Answer


The pascal, Pa, is the SI unit of pressure.


Recall equations for the quantity for which the base units are known:


[image: ]


force = mass × acceleration


Identify the base units for these quantities:


mass: kg


area: m2


acceleration: m s−2


Combine these units to find the base units for pressure:
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Examiner tip


You should know how to multiply and divide powers. To multiply, add the powers:
kx x ky = k(x + y)
To divide, subtract the powers:
kx ÷ ky = k(x - y)
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Worked example


In the equation for Newton’s law of gravitation:
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Find the base units of G.


Answer


base units of force F = kg m s−2


base unit of masses M and m = kg


base unit of distance r = m


Change the subject of the equation to G:
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Substitute in the base units for each term:
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Simplify by combining and cancelling as you would with numbers:


base units of G = kg−1 m3 s−2
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Summary




•  Physical quantities consist of a numerical magnitude and a unit.


•  It is the units that distinguish one quantity from another.


•  SI refers to the International System of Units. It is a coherent system based on seven base units.


•  The seven base units (and their associated quantities) are: metre (length), kilogram (mass), second (time), ampere (electric current), kelvin (temperature), mole (amount of substance) and candela (luminous intensity).


•  Other physical quantities required can be measured in derived units; these are formed by combining base units.


•  For an equation to be balanced, the terms on each side of the equation must have the same base units.
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Scalars and vectors


Physical quantities can be classified as either scalar or vector (Table 4).
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Examiner tip


Temperature and charge are scalar quantities, yet can have negative values. In these instances the negative denotes differences in size and type respectively, and not direction.
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Scalar quantities can be fully described by their magnitude and a unit. The direction has no significance — for example, body temperature is fully described as 37°C and the mass of a person as 75 kg.


Vector quantities are not fully described by only their magnitude and a unit — the situation is direction dependent. A force of 10 N acting on an object will produce a different outcome if it acts to the right compared with if it acted to the left. A vector quantity is only fully described when the direction, magnitude and unit are stated.


Table 4 Scalars and vectors






	
Scalars


	Vectors






	Mass

	Weight






	Temperature

	Force






	Energy

	Momentum






	Power

	Acceleration






	Volume

	Electric current






	Time

	Moment of a force






	Distance

	Displacement






	Speed

	Velocity
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Knowledge check 4


State whether the following quantities are scalar or vector: work, density, charge, momentum.


Knowledge check 5


For a falling body, state three scalar and three vector quantities associated with its motion.
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Adding scalars and vectors


The addition of scalar quantities is non-problematic, it is a simple arithmetic sum. For example, the total mass of 2 kg and 3 kg is 5 kg. The increase in temperature from −5°C to 12°C is 17°C.


However, when two vectors are added, we need to take account of their direction as well as their magnitude. There are two methods — by scale drawing or, when they are perpendicular to one another, by use of Pythagoras’ theorem.


The sum of two vectors is known as the resultant.



Scale drawing


The length of the line, drawn to scale, represents the magnitude and it can be drawn in the direction of the vector. The start of the second vector is drawn from the tip of the first. This is known as the ‘nose-to-tail’ method.
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Examiner tip


Subtraction should be considered as the addition of the negative of the second vector. The negative vector is obtained by reversing the direction of the original vector: z = y − x or z = y + (−x)
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So to add, or subtract, vectors, you transpose (move in space) the second vector so that you effectively have the action of vector y followed by the action of vector x. The resultant vector z and its direction can be found by direct measurement from the diagram (Figure 1).
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Figure 1
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Examiner tip


Giving the value of θ alone is not sufficient; you must give a compass bearing. For example, in Figure 1 these would be (a) east of south or (b) west of south.
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Pythagoras’ theorem


To find the magnitude of the resultant use the equation:


x2 + y2 = z2


To find the direction of the resultant vector use trigonometry:
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Knowledge check 6


Two forces of magnitude 12 N and 5 N act on a body. What is:




(a) the minimum magnitude of the resultant force?


(b) the maximum magnitude of the resultant force?


(c) the value of the resultant force when they act at 90° to each other?
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Resolution of vectors


Just as we can combine the action of individual vectors to find the single resultant vector, it is sometimes useful to split a vector into its perpendicular components.


Again, the horizontal and vertical components can be found by two methods — scale drawing and trigonometry (Figure 2).




[image: ]

Figure 2





Scale drawing




•  The length of the line, drawn to scale, represents the magnitude and it can be drawn in the direction of the vector.


•  Lines are drawn horizontally and vertically from the end of the vector.


•  Lines are drawn horizontally and vertically from the start of the vector and stop when they meet the previous drawn lines. These lines are the horizontal and vertical components of the vector.





Trigonometry


[image: 10-4.jpg] and [image: 10-5.jpg]


xv = x sin θ and xh = x cos θ
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Knowledge check 7


Which is more effective, pushing or pulling a garden roller? Explain your answer.
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Worked example


A man can row at a speed of 3 m s−1. He wants to row directly across a river. The river current is 2 m s−1. Find the direction in which the man must row and his resultant speed.


Answer


Construct a vector diagram (Figure 3).
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Figure 3





The man must row upstream to allow for the effect of the current.
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Knowledge check 8


A tennis player hits a ball with an initial speed of 12.0 m s−1 at an angle of 30° to the horizontal. What are the initial horizontal and vertical components of the speed of the ball.
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Worked example


Two forces of 3 N and 4 N act on a body B as shown in Figure 4.
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Figure 4








(a) State the magnitude and direction of the resultant force on B.



(b) The 4 N force is now turned through 90°, as shown in Figure 5. Find, by calculation, the new resultant force on body B. State the direction of this force relative to the horizontal.
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Figure 5





Answer





(a) resultant force = 4 − 3 = 1 N to the right



(b) resultant force = [image: 12-1.jpg] = 5 N
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The resultant force acts 53° south of west.
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Summary




•  Scalar quantities have magnitude only.


•  Vector quantities have magnitude and a direction.


•  In a scale drawing the length of an arrow represents the magnitude of the vector and its direction the direction of the vector.


•  A vector can be divided or resolved into two perpendicular components to assist in solving problems.
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