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Getting the most from this book



This Need to Know guide is designed to help you throughout your course as a companion to your learning and a revision aid in the months or weeks leading up to the final exams.


The following features in each section will help you get the most from the book.
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You need to know


Each topic begins with a list summarising what you ‘need to know’ in this topic for the exam.
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Key terms


Definitions of highlighted terms in the text to make sure you know the essential terminology for your subject.
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Exam tips


Key knowledge you need to demonstrate in the exam, tips on exam technique, common misconceptions to avoid and important things to remember.
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Synoptic links


Reminders of how knowledge and skills from different topics in your Higher course relate to one another.
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Do you know?


Questions at the end of each topic to test you on some of its key points. Check your answers here: hoddereducation.co.uk/needtoknow/answers
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End of section questions


Questions at the end of each main section of the book to test your knowledge of the specification area covered. Check your answers here: hoddereducation.co.uk/needtoknow/answers
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1 Our dynamic universe



1.1 Motion: equations and graphs
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You need to know




•  how to use the equations of motion for objects moving in a straight line with constant acceleration


•  how to draw and interpret velocity–time, displacement–time and acceleration–time graphs


•  how to draw and interpret motion graphs for objects with a constant acceleration – for example, a ball thrown vertically upwards and a bouncing ball


•  how to describe an experiment to measure the acceleration of an object down a slope


•  how to calculate the rectangular components of a velocity
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Equations of motion


You should already know these equations for an object moving in a straight line with constant acceleration:
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The equation above can be rearranged to give:


[image: ]


where v is the final velocity of the object, u is the initial velocity, a is the acceleration, s is the displacement and t is the time taken.
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Key terms


Final velocity The velocity at the end of the part of motion being analysed.


Initial velocity The velocity at the start of the part of motion being analysed.


Acceleration The rate of change of velocity – how much the velocity of an object changes in one second.


Displacement The distance travelled in a particular direction.
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Exam tip


Be careful when doing calculations with equations involving vector quantities such as velocity. Vectors have direction. The objects in questions may be moving in a straight line, but you still need to consider their direction. Make one direction positive and then any motion in the opposite direction is negative.
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The displacement of an object can be found from:
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These two equations can be combined to give a third equation:
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There is also a final relationship that can be useful:
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Exam tip


Note that there are five variables in these equations but that each equation contains only four of them. If you know three of the variables, you can use a combination of the equations to work out the other two.
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Graphs of motion


You should already know how to draw and recognise velocity–time graphs for an object moving at a constant velocity, an object moving with a constant acceleration and an object moving with a constant deceleration.


Now look at how to draw the acceleration–time and displacement–time graphs for these three types of motion.
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Key terms


Constant velocity If an object is moving at a constant velocity, its velocity is not changing. Velocity is a vector quantity, so the object must be travelling in a straight line with a constant speed.


Constant acceleration This is when the velocity of an object changes by the same amount each second.


Deceleration This is a negative acceleration, usually when an object is slowing down. However, it can also mean an acceleration in the opposite direction.
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Constant velocity
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Exam tip


Remember that the gradient of a velocity–time graph gives the acceleration of an object and that the area under a velocity–time graph gives the displacement of the object.


[image: ]







[image: ]


Key term


Gradient The slope of a line.
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•  The gradient of the velocity–time graph is zero, so the acceleration is zero.



•  If you are analysing a graph that has a straight line, you can find the gradient, m, using:
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•  The area under the velocity–time graph increases by the same amount each second, so the displacement–time graph is a straight line through the origin.





Constant acceleration
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•  The gradient of the velocity–time graph has a constant positive value, so the line on the acceleration–time graph is parallel to the time axis; acceleration has a constant positive value.



•  The area under the velocity–time graph increases by an increasing amount each second, so the line on the displacement–time graph is a curve of increasing positive gradient.





Constant deceleration
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•  The gradient of the velocity–time graph has a constant negative value, so the line on the acceleration–time graph is parallel to the time axis but below that axis; acceleration has a constant negative value.



•  The area under the velocity–time graph decreases each second, so the line on the displacement–time graph is a curve of decreasing positive gradient.






Graphs of an object accelerating due to gravity



There are two velocity–time graphs you need to know about that describe an object being accelerated due to gravity. The first graph is for an object thrown straight up which then falls vertically downwards, as shown in Figure 1.4.
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•  In this graph, motion upwards is positive.



•  The ball starts off with a positive velocity because it is thrown upwards.



•  As the ball rises, its positive velocity decreases until the ball reaches its maximum height where its velocity is zero.



•  The ball then starts to fall. As it falls, its speed increases but it is now travelling downwards so its velocity is negative.



•  The gradient of the line is the ball’s acceleration. The gradient is negative and constant because the ball is always accelerating downwards towards the centre of the Earth at the same rate – the opposite direction in which it was thrown.





The second graph you need to know about is for a bouncing ball, as shown in Figure 1.5.
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•  Again, in this graph motion upwards is positive.



•  The ball is dropped and starts to fall. As it travels downwards, its velocity is negative.



•  The ball then hits the ground and rebounds. It is now travelling upwards, so its velocity is positive.



•  When the ball’s velocity reaches zero, it is at its maximum height.



•  The ball then starts to fall again, so its velocity is negative.



•  It then hits the ground and the process is repeated. Each time the ball bounces, its rebound height becomes less and less until it eventually reaches zero.



•  As before, the gradient of the line is the ball’s acceleration. The gradient of each section is the same and this is a constant negative value because the ball is always accelerating downwards at the same rate.





Measuring the acceleration of an object down a slope


In the Higher physics course you need to be able to describe a series of experiments. One of these is how to measure the acceleration of an object moving down a slope.
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Exam tip


This is not the only method for doing this experiment. In the exam you could be asked about a different experimental set-up. It is important that you understand the principles behind doing this experiment.
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The apparatus shown in Figure 1.6 can be used for this experiment.
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•  Two light gates are connected to a computer, which acts as a timer.



•  The computer times how long it takes for the piece of card to pass through light gate 1 (t1).



•  It then times how long it takes the card to travel from light gate 1 to light gate 2 (t2).



•  Finally it times how long it takes for the card to pass through light gate 2 (t3).



•  The computer works out the initial velocity of the vehicle, u, at light gate 1 using:
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•  It then works out the final velocity, v, of the vehicle at light gate 2 using:
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•  The acceleration, a, can now be calculated using:
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Rectangular components of a velocity


When analysing the velocity of an object travelling at an angle to the horizontal, it can be useful to split the velocity into rectangular components (vertical and horizontal).
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Key term


Rectangular components Components of a vector at right angles to each other.
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For example, a ball is projected at 30° to the horizontal at 15 m s–1, as shown in Figure 1.7.
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Using trigonometry you can work out the horizontal component, vh, and the vertical component, vv, of the velocity of the ball, v:
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Do you know?





1  A car starts from rest. It accelerates at 0.25 m s−2 for 12 s. Calculate the final velocity of the car.



2  A ball falls freely from rest for 0.24 s. Friction forces are negligible. What is the displacement of the ball?



3  A train travelling at 24 m s−1 decelerates at 0.12 m s−2. Calculate the speed of the train when it has travelled 384 m.



4  Figure 1.8 shows the acceleration–time graph for an object starting from rest.
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Draw the corresponding velocity–time graph and the displacement–time graph.





5  Sketch the velocity–time graph for a bouncing ball dropped from a height. Your graph should show that the ball has bounced three times. Numerical values are not required on either axis.



6  A ball is projected at 22 m s−1 at 30° above the horizontal. Determine the initial vertical component of the velocity of the ball.





[image: ]





1.2 Forces, energy and power
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You need to know




•  that force is a vector and how to use vector addition to solve force problems


•  the difference between balanced and unbalanced forces


•  the effects of Newton’s first and second laws of motion


•  how friction affects a moving object


•  what is meant by terminal velocity


•  how to draw free body diagrams


•  how to resolve rectangular components of a force


•  what is meant by the conservation of energy
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Forces






•  A force is either a push or a pull.



•  A force can affect the motion of an object. It can change its speed, the direction in which the object is travelling or its shape.



•  Forces are vectors. This means that they have a size, units and a direction.



•  When forces are added together you must use vector addition techniques. If the forces are not aligned, this will require using either scale drawings or trigonometry.
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Synoptic link


You need to be able to resolve vectors for velocities as well as forces. See page 10.
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Balanced forces





•  When the vector addition of all the forces acting on an object equals zero, this is the same as the object having no force acting on it. The forces are described as balanced forces.



•  When the forces acting on an object are balanced, there is no change to its motion.



•  This is described in Newton’s first law of motion: If an object is at rest or moving in a straight line at a constant velocity, it will continue to do so unless acted on by an unbalanced force.



•  In other words, if an object is stationary it will not start to move unless an unbalanced force acts on it.



•  If an object is already moving, it will continue to travel in a straight line at the same speed unless an unbalanced force acts on it.
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Key terms


Balanced forces When the vector sum of all the forces acting on an object equals zero. This is equivalent to no force acting on the object.


Newton’s first law of motion If the forces acting on an object are balanced, the object will not accelerate.
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Figures 1.9 and 1.10 show two examples of balanced forces. In Figure 1.9 the forces on the boat are balanced – the weight downwards is balanced by the buoyancy force upwards. In Figure 1.10 the weight of the mass is balanced by the upwards force of the spring.
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Unbalanced forces






•  You can see from Newton’s first law that when the forces acting on an object are balanced, the object does not accelerate.



•  Therefore, when the forces acting on an object are unbalanced forces they will cause the object to accelerate.



•  Remember that velocity is a vector, so if an object is moving at the same speed but is changing direction it is accelerating.



•  The effect of unbalanced forces can be described by Newton’s second law of motion. The equation for this law is:
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where F is the unbalanced force, m is the mass and a is the acceleration.
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Key terms


Unbalanced forces Forces that cause an object to accelerate.


Newton’s second law of motion This states that the acceleration of an object is proportional to the unbalanced force and inversely proportional to its mass.
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Exam tip


Be careful with the equation for Newton’s second law of motion. F represents the overall unbalanced force in the direction being considered, not any individual force given in the question. You may have to add individual forces and/or resolve a force before you can use this equation.
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Synoptic links





•  Unbalanced forces can also be used to explain the movement of charged particles in an electric field. See page 35.



•  It is an unbalanced force that causes a projectile to follow a curved path. See page 22.
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Example


A car accelerates from rest. It has a mass of 1250 kg and the engine produces a constant force of 880 N.


Its initial acceleration, a, is:
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After 3 seconds, the frictional forces acting on the car are 410 N. At this point the resultant force driving the car is:
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which gives an acceleration of:
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Friction





•  Friction is a force that always opposes the motion of an object.



•  In other words friction always acts in the opposite direction to the direction in which the object is moving, as shown in Figure 1.11.
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Key term


Friction A force that always opposes an object’s motion.
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•  The faster an object moves, the larger the opposing friction force becomes. This is why objects such as cars have a maximum speed. This is called their terminal velocity.



•  When an object falls from a large height, the frictional forces acting on it increase as it falls and accelerates.
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