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Physics

Bridging the Gap


Welcome to Physics!

This pack has been designed to help you bridge the gap from GCSE to AS Level to ensure that you understand what you’ve let yourself in for and that you are ready for your new course in September.

You will start by looking at the topics covered in Year 12 and 13 in the Physics AQA  course and give you an idea of how the course will be structured and what resources are available and when you will be doing tests, exams and practical assessments. 

Then you will review what you already know and be given some work to do to make sure you’re all ready to start in September to give yourself the best chance of success.
This is to be completed for September
Read and complete it all to the best of your ability
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Check out sciencespark clips on  

How hard is this physics course going to be?

Physics is one of the toughest A Levels you could have chosen!

The students who work the hardest do the best.

Over the course you will have 9 hours of lessons a fortnight that will cover all the theory and practical skills you will need.

You will be given homework questions nearly every lesson and these will be expected to be completed by the next lesson in many cases.

At A Level you are expected to be spending at least 5 hours per week out of class completing homework, reviewing your work and reading around the subject.

In addition to the lessons you will receive, there is plenty of support available: 

· Teachers: Your teacher is you first point of call as they are the experts – you will have 2 experienced teachers who will always offer their time when they are available to help you in and out of lessons.

· Physics Supported Study: 
· The Physics clinic will run once or twice a week after school and you are invited to come along with specific questions about physics. You will get help with homework or revision here so you aren’t stuck at home for hours on something that somebody may be able to help you with in seconds. In the first term, these sessions will also specifically focus on the mathematical requirements of the course and deal with any issues regarding the practical skills assessments.
· Text books: We will order some text books guides in the Autumn term and we would encourage you to buy one.
· Specification and past papers: Download an AQA Physics 
Do I need to be good at Maths?

The simple answer to this is that yes – it helps.

BUT the course has been developed so that all of the physics in AS level can be explained with a good understanding of GCSE mathematics.

At A-level some more difficult maths is necessary to help explain concepts and analyse data but these skills will be developed as you study.

If you have chosen to do maths as one of your AS level courses then you will have an advantage, especially if you are taking mechanics modules as there is a massive overlap, but it is not essential.
A summary of the mathematical requirements appear below:

1 Arithmetic and numerical computation:

(a) recognise and use expressions in decimal and standard form;

(b) use ratios, fractions and percentages;

(c) use calculators to find and use power, exponential and logarithmic functions;

(e) use calculators to handle sin x, cos x, tan x when x is expressed in degrees or radians.

2 Handling data:

(a) use an appropriate number of significant figures;

(b) find arithmetic means;

(c) make order of magnitude calculations.

3 Algebra:

(a) understand and use the symbols: =, <, <<, >>, >, ∝, ~;

(b) change the subject of an equation;

(c) substitute numerical values into algebraic equations using appropriate units for physical quantities;

(d) solve simple algebraic equations.

4 Graphs:

(a) translate information between graphical, numerical and algebraic forms;

(b) plot two variables from experimental or other data;

(c) understand that y = mx + c represents a linear relationship; 

(d) determine the slope and intercept of a linear graph;

(e) draw and use the slope of a tangent to a curve as a measure of rate of change;

(f) understand the possible physical significance of the area between a curve and the x

axis and be able to calculate it or measure it by counting squares as appropriate;

(g) use logarithmic plots to test exponential and power law variations;

(h) sketch simple functions including y = k/x, y = kx2, y = k/x2, y = sin x, y = cos x, y = e-x.

5 Geometry and trigonometry:

(a) calculate areas of triangles, circumferences and areas of circles, surface areas and

volumes of rectangular blocks, cylinders and spheres;

(b) use Pythagoras’ theorem, and the angle sum of a triangle;

(c) use sin, cos and tan in physical problems;

(d) understand the relationship between degrees and radians and translate from one to the other;
Core Physics
Heat Transfer

Are you able…

· To evaluate ways in which heat is transferred in and out of bodies and ways in which the rates of these transfers can be reduced.

Do you understand…

· Thermal (infra red) radiation is the transfer of energy by electromagnetic waves.

· All bodies emit and absorb thermal radiation.

· The hotter a body is the more energy it radiates.

· Dark, matt surfaces are good absorbers and good emitters of radiation.

· Light, shiny surfaces are poor absorbers and poor emitters of radiation.

· The transfer of energy by conduction and convection involves particles and how this transfer takes place.

· Under similar conditions different materials transfer heat at different rates.

· The shape and dimensions of a body affect the rate at which it transfers heat.

· The bigger the temperature difference between a body and its surroundings, the faster the rate at which heat is transferred.

Energy efficiency

Are you able…

· To describe the intended energy transfers/transformations and the main energy wastages that occur with a range of devices

· To calculate the efficiency of a device using:

efficiency = useful energy transferred by the device



total energy supplied to the device

· To evaluate the effectiveness and cost effectiveness of methods used to reduce energy consumption.

Do you understand…

· Energy cannot be created or destroyed. It can only be transformed from one form to another form.

· When energy is transferred and/or transformed only part of it may be usefully transferred/transformed.

· Energy which is not transferred/transformed in a useful way is wasted.

· Both wasted energy and the energy which is usefully transferred/transformed are eventually transferred to their surroundings which become warmer.

· Energy becomes increasingly spread out and becomes increasingly more difficult to use for further energy transformations.

· The greater the percentage of the energy that is usefully transformed in a device, the more efficient the device is.

Electrical energy

Are you able…

· To compare and contrast the particular advantages and disadvantages of using different electrical devices for a particular application

· To calculate the amount of energy transferred from the mains using:

energy transferred = power           ×  time

           (kilowatt-hour, kWh) (kilowatt, kW)    (hour, h)

· To calculate the cost of energy transferred from the mains using:

total cost = number of kilowatt-hours  ×  cost per kilowatt-hour

Do you understand…

· Examples of energy transformations that everyday electrical devices are designed to bring about.

· Examples of everyday electrical devices designed to bring about particular energy transformations.

· The amount of electrical energy a device transforms depends on how long the appliance is switched on and the rate at which the device transforms energy.

· The power of an appliance is measured in watts (W) or kilowatts (kW).

· Energy is normally measured in joules (J).

· Electricity is transferred from power station to consumers along the National Grid.

· The uses of step-up and step-down transformers in the National Grid.

· Increasing voltage (potential difference) reduces current, and hence reduces energy losses in the cables.

Generating electricity

Are you able…

· To compare and contrast the particular advantages and disadvantages of using different energy sources to generate electricity.

Do you understand…

· In most power stations an energy source is used to heat water.  The steam produced drives a turbine which is coupled to an electrical generator.

· Common energy sources include coal, oil and gas, which are burned to produce heat and uranium/plutonium, in which nuclear fission produces heat.

· Energy from renewable energy sources can be used to drive turbines directly.

· Renewable energy sources used in this way include wind, the rise and fall of water due to waves and tides, and the falling of water in hydroelectric schemes.

· Electricity can be produced directly from the Sun’s radiation using solar cells.

· In some volcanic areas hot water and steam rise to the surface.  The steam can be tapped and used to drive turbines. This is known as geothermal energy.

· Using different energy resources has different effects on the environment. These effects include the release of substances into the atmosphere, noise and visual pollution, and the destruction of wildlife habitats.

· The advantages and disadvantages of using fossil fuels, nuclear fuels and renewable energy sources to generate electricity. These include the cost of building power stations, the start-up time of power stations, the reliability of the energy source, the relative cost of energy generated and the location in which the energy is needed.

Electromagnetic spectrum

Are you able…

· To evaluate the possible hazards associated with the use of different types of electromagnetic radiation

· To evaluate methods to reduce exposure to different types of electromagnetic radiation.

Do you understand…

· Electromagnetic radiation travels as waves and moves energy from one place to another.

· All types of electromagnetic waves travel at the same speed through a vacuum (space).

· The electromagnetic spectrum is continuous but the wavelengths within it can be grouped into types of increasing wavelength and decreasing frequency:

gamma rays, X-rays, ultraviolet rays, visible light, infra red rays, microwaves and radio waves.

· Different wavelengths of electromagnetic radiation are reflected, absorbed or transmitted differently by different substances and types of surface.

· When radiation is absorbed the energy it carries makes the substance which absorbs it hotter and may create an alternating current with the same frequency as the radiation itself.

· Different wavelengths of electromagnetic radiation have different effects on living cells. Some radiations mostly pass through soft tissue without being absorbed, some produce heat, some may cause cancerous changes and some may kill cells. These effects depend on the type of radiation and the size of the dose.

· The uses and the hazards associated with the use of each type of radiation in the electromagnetic spectrum.

· Radio waves, microwaves, infra red and visible light can be used for communication.

· Microwaves can pass through the Earth’s atmosphere and are used to send information to and from satellites and within mobile phone networks.

· Infra red and visible light can be used to send signals along optical fibres and so travel in curved paths.

· Communication signals may be analogue (continuously varying) or digital (discrete values only, generally on and off). Digital signals are less prone to interference than analogue and can be easily processed by computers.

· Electromagnetic waves obey the wave formula:

wave speed = frequency × wavelength

(metre/second, m/s)    (hertz, Hz)  (metre, m)

Radioactivity

Are you able…

· To evaluate the possible hazards associated with the use of different types of nuclear radiation

· To evaluate measures that can be taken to reduce exposure to nuclear radiations

· To evaluate the appropriateness of radioactive sources for particular uses, including as tracers, in terms of the type(s) of radiation emitted and their half-lives.

Do you understand…

· The basic structure of an atom is a small central nucleus composed of protons and neutrons surrounded by electrons.

· The atoms of an element always have the same number of protons, but have a different number of neutrons for each isotope.

· Some substances give out radiation from the nuclei of their atoms all the time, whatever is done to them. These substances are said to be radioactive.

· Identification of an alpha particle as a helium nucleus, a beta particle as an electron from the nucleus and gamma radiation as electromagnetic radiation.

· Properties of the alpha, beta and gamma radiations limited to their relative ionising power, their penetration through materials and their range in air.

· Alpha and beta radiations are deflected by both electric and magnetic fields but gamma radiation is not.

· The uses of and the dangers associated with each type of nuclear radiation.

· The half-life of a radioactive isotope is defined as the time it takes for the number of nuclei of the isotope in a sample to halve or the time it takes for the count rate from a sample containing the isotope to fall to half its initial level.

Describing Movement

Are you able:

· To construct distance-time graphs for a body moving in a straight line when the body is stationary or moving with a constant speed

· To construct velocity-time graphs for a body moving with a constant velocity or a constant acceleration

· To calculate the speed of a body from the slope of a distance-time graph

· To calculate the acceleration of a body from the slope of a velocity-time graph

· To calculate the distance travelled by a body from a velocity-time graph

Do you understand that:

· The slope of a distance-time graph represents speed

· The velocity of a body is its speed in a given direction

· The acceleration of a body is given by:

acceleration = change in velocity (metre/second, m/s)
  (metre/second2 m/s2)    time taken for change (second, s)

· The slope of a velocity-time graph represents acceleration.

· The area under a velocity-time graph represents distance travelled.

Force and acceleration

Are you able:

· to draw and interpret velocity-time graphs for bodies that reach terminal velocity, including a consideration of the forces acting on the body

· to calculate the weight of a body using:

weight = mass × gravitational field strength

(newton, N)     (kilogram, kg)  (newton/kilogram, N/kg)

Do you understand that:

· Whenever two bodies interact, the forces they exert on each other are equal and opposite

· A number of forces acting on a body may be replaced by a single force which has the same effect on the body as the original forces all acting together. The force is called the resultant force

· If the resultant force acting on a stationary body is zero the body will remain stationary

· If the resultant force acting on a stationary body is not zero the body will accelerate in the direction of the resultant force

· If the resultant force acting on a moving body is zero the body will continue to move at the same speed and in the same direction

· If the resultant force acting on a moving body is not zero the body will accelerate in the direction of the resultant force

· Force, mass and acceleration are related by the equation:

resultant force = mass       ×   acceleration

(newton, N)   (kilogram, kg) (metre/second2, m/s2)

· When a vehicle travels at a steady speed the frictional forces balance the driving force

· The greater the speed of a vehicle the greater the braking force needed to stop it in a certain distance

· The stopping distance of a vehicle depends on the distance the vehicle travels during the driver’s reaction time and the distance it travels under the braking force

· A driver’s reaction time can be affected by tiredness, drugs and alcohol

· A vehicle’s braking distance can be affected by adverse road and weather conditions and poor condition of the vehicle

· The faster a body moves through a fluid the greater the frictional force which acts on it

· A body falling through a fluid will initially accelerate due to the force of gravity. Eventually the resultant force on the body will be zero and it will fall at its terminal velocity.

Work and energy

Are you able:

· to discuss the transformation of kinetic energy to other forms of energy in particular situations.

Do you understand that:

· When a force causes a body to move through a distance, energy is transferred and work is done

· Work done = energy transferred

· The amount of work done, force and distance are related by the equation:

work done = force applied × distance moved in direction of force  
(joule, J)        (newton, N)                     (metre, m)

· Work done against frictional forces is mainly transformed into heat

· For an object that is able to recover its original shape, elastic potential is the energy stored in the object when work is done on the object to change its shape

· The kinetic energy of a body depends on its mass and its speed

· Calculate the kinetic energy of a body using the equation:

kinetic energy = ½ × mass      ×          speed2
   (joule, J)          (kilogram, kg) ((metre/second)2, (m/s)2)

Momentum

Do you understand that:

· Momentum, mass and velocity are related by the equation:

momentum       =      mass     ×       velocity

(kilogram metre/second, kg m/s) (kilogram, kg) (metre/second, m/s)

· Momentum has both magnitude and direction

· When a force acts on a body that is moving, or able to move, a change in momentum occurs

· Momentum is conserved in any collision/explosion provided no external forces act on the colliding/exploding bodies

· Force, change in momentum and time taken for the change are related by the equation: 

force = change in momentum (kilogram metre/second, kg(m/s))

                (newton, N) 
  time taken for the change (second, s)

Static electricity

Are you able:

· to explain why static electricity is dangerous in some situations and how precautions can be taken to ensure that the electrostatic charge is discharged safely

· to explain how static electricity can be useful.

Do you understand that:

· When certain insulating materials are rubbed against each other they become electrically charged. Negatively charged electrons are rubbed off one material onto the other

· The material that gains electrons becomes negatively charged. The material that loses electrons is left with an equal positive charge

· When two electrically charged bodies are brought together they exert a force on each other

· Two bodies that carry the same type of charge repel. Two bodies that carry different types of charge attract

· Electrical charges can move easily through some substances, eg metals

· The rate of flow of electrical charge is called the current

· A charged body can be discharged by connecting it to earth with a conductor. Charge then flows through the conductor

· The greater the charge on an isolated body the greater the potential difference between the body and earth. If the potential difference becomes high enough a spark may jump across the gap between the body and any earthed conductor which is brought near it

· Electrostatic charges can be useful, for example in photocopiers and smoke precipitators and the basic operation of these devices

Current electricity

Are you able:

· to interpret and draw circuit diagrams using standard symbols. The following standard symbols should be known: 
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· to apply the principles of basic electrical circuits to practical situations.

Do you understand that:

· Current-potential difference graphs are used to show how the current through a component varies with the potential difference across it. 

A resistor at constant 
A filament lamp 

A diode

temperature 

[image: image2.emf]
· The current through a resistor (at a constant temperature) is directly proportional to the potential difference across the resistor

· Potential difference, current and resistance are related by the equation:

potential difference = current    × resistance

(volt, V)      (ampere, A) 
(ohm, Ω)

· The resistance of a component can be found by measuring the current through, and potential difference across, the component

· The resistance of a filament lamp increases as the temperature of the filament increases

· The current through a diode flows in one direction only. The diode has a very high resistance in the reverse direction

· The resistance of a light-dependent resistor (LDR) decreases as light intensity increases

· The resistance of a thermistor decreases as the temperature increases (ie knowledge of negative temperature coefficient thermistor only is required)

· The current through a component depends on its resistance. The greater the resistance the smaller the current for a given potential difference across the component

· The potential difference provided by cells connected in series is the sum of the potential difference of each cell (depending on the direction in which they are connected).

· For components connected in series: 

−  the total resistance is the sum of the resistance of each component

−  there is the same current through each component

−  the total potential difference of the supply is shared between the 

    components.

· For components connected in parallel:

     −  the potential difference across each component is the same

     −  the total current through the whole circuit is the sum of the currents  

          through the separate components.

Mains electricity

Are you able:

· to recognise errors in the wiring of a three-pin plug

· to recognise dangerous practice in the use of mains electricity

· to compare potential differences of d.c. supplies and the peak potential differences of a.c. supplies from diagrams of oscilloscope traces

· to determine the period and hence the frequency of a supply from diagrams of oscilloscope traces.

Do you understand that:

· Cells and batteries supply current which always passes in the same direction. This is called direct current (d.c.)

· An alternating current (a.c.) is one which is constantly changing direction. Mains electricity is an a.c. supply. In the UK it has a frequency of 50 cycles per second (50 hertz)

· UK mains supply is about 230 volts

· Most electrical appliances are connected to the mains using cable and a three-pin plug

· The structure of electrical cable

· The structure of a three-pin plug

· Correct wiring of a three-pin plug

· If an electrical fault causes too great a current the circuit should be switched off by a fuse or a circuit breaker

· When the current in a fuse wire exceeds the rating of the fuse it will melt, breaking the circuit

· Appliances with metal cases are usually earthed

· The earth wire and fuse together protect the appliance and the user.

· The live terminal of the mains supply alternates between positive and negative potential with respect to the neutral terminal

· The neutral terminal stays at a potential close to zero with respect to earth

Electrical energy and power

Are you able:

· to calculate the current through an appliance from its power and the potential difference of the supply and from this determine the size of fuse needed.

Do you understand that:

· Electric current is the rate of flow of charge

· When an electrical charge flows through a resistor, electrical energy is transformed into heat energy

· The rate at which energy is transformed in a device is called the power 
power = energy transformed (joule, J)

 (watt, W) 
time (second, s)
· Power, potential difference and current are related by the equation:

power =   current         ×     potential difference

(watt, W) (ampere, A)                  (volt, V)

· Energy transformed, potential difference and charge are related by the equation:

energy transformed = potential difference × charge

(joule, J)          (volt, V)                    (coulomb, C)

· The amount of electrical charge that flows is related to current and time by the equation:

charge           = current     ×    time

       (coulomb, C)  (ampere, A) (second, s)

Nuclear decay

Are you able:

· to explain how the Rutherford and Marsden scattering experiment led to the plum pudding model of the atom being replaced by the nuclear model.

Do you understand that:

· The relative masses and relative electric charges of protons, neutrons and electrons.

· In an atom the number of electrons is equal to the number of protons in the nucleus. The atom has no net electrical charge.

· Atoms may lose or gain electrons to form charged particles called ions.

· All atoms of a particular element have the same number of protons.

· Atoms of different elements have different numbers of protons.

· Atoms of the same element which have different numbers of neutrons are called isotopes.

· The total number of protons in an atom is called its atomic number.

· The total number of protons and neutrons in an atom is called its mass number.

· The effect of alpha and beta decay on radioactive nuclei.

· The origins of background radiation.

Nuclear fission and nuclear fusion

Are you able:

· to sketch a labelled diagram to illustrate how a chain reaction may occur.

Do you understand that:

· There are two fissionable substances in common use in nuclear reactors, uranium 235 and plutonium 239.

· Nuclear fission is the splitting of an atomic nucleus.

· For fission to occur the uranium 235 or plutonium 239 nucleus must first absorb a neutron

· The nucleus undergoing fission splits into two smaller nuclei and 2 or 3 neutrons and energy is released.

· The neutrons may go on to start a chain reaction.

· Nuclear fusion is the joining of two atomic nuclei to form a larger one.

· Nuclear fusion is the process by which energy is released in stars.
Units and Prefixes
All units in science are derived from seven base units:
	Mass
	kilogram
	kg

	Distance
	metre
	m

	Time
	second
	s

	Current
	ampere
	A

	Amount
	mole
	mol

	Temperature
	Kelvin
	K

	Light Intensity
	candela
	cd


Derived units

There are many other units that we use, but all of these are derived by multiplication or division of some combinations of the base units.

You can think of it like letters and words. We have 26 letters in the alphabet but we have thousands of words in our language. Here are some of the derived units:

	Quantity
	Unit
	Symbol
	Base unit equivalent

	Velocity
	metre per second
	ms-1
	ms-1

	Acceleration
	metre per second squared
	ms-2
	ms-2

	Force
	Newton
	N
	kg ms-2

	Work or Energy
	joule
	J
	kg m2s-2

	Power
	watt
	W
	kg m2s-3

	Pressure
	Pascal
	Pa
	kg m-1s-2

	Frequency
	hertz
	Hz
	s-1

	Charge
	coulomb
	C
	A s


Prefixes

Now you have units, you often need to group these into larger or smaller numbers to make them more manageable. For example, you don't say that you are going to see someone who lives 100,000 m away from you, you say they live 100 km away from you.

Here a quick list of the common quantities used:
	Name
	Symbol
	Scaling factor
	Common example

	tera
	T
	1012 1,000,000,000,000


	Large computer hardrives can be terabytes in size.

	giga
	G
	109 1,000,000,000


	Computer memories are measured in gigabytes.

	mega
	M
	106 1,000,000
	A power station may have an output of 600 MW (megawatts).

	kilo
	k
	103 1,000
	Mass is often measured in kilogrammes (i.e. 1000 grammes).

	deci
	d
	10-1 0.1
	Fluids are sometimes measured in decilitres (i.e. 0.1 litre).

	centi
	c
	10-2 0.01
	Distances are measured in centimetres (i.e. 100th of a metre).

	milli
	m
	10-3 0.001
	Time is sometimes measured in milliseconds.

	micro
	µ
	10-6 1,000,000th 
	micrometres are often used to measure wavelengths of electromagnetic waves.

	nano
	n
	10-9
	nanometres are used to measure atomic spacing.

	pico
	p
	10-12
	picometres used to measure atomic radii.


Homogenous Equations

Look at this equation:
3kg + 6 kg = 9m
The numbers are correct but the units make it nonsense.

For an equation to make sense, the units on one side must be the same as on the other. The equation must be homogenous.

Some examples are not quite so easy. Look at this equation:
6kg x 3 ms-2 = 18N

This equation is actually correct (It's an example of Newton's Second Law).

F = m.a
What it shows is that newtons are equivalent to kg.ms-2.

In fact, that is how you work out derived units. Think of an equation for the units that you want and put in the base units. Let's look at an example. Find the base units for joules.

An equation for joules (energy) is work = force x distance.

Put the units in the right hand side.

Force x distance is equivalent to newtons x metres.

But newtons x metres is equivalent to kg.ms-2 x m (see above for where I got the base units for newtons.)

Simplified that becomes kg.m2s-2. That's the units for the right hand side of the equation. And because the equation is homogenous, that must be the units of the left hand side too. So joules are equivalent to kg.m2s-2 Useful websites

http://www.science-spark.co.uk/ 

http://tap.iop.org/
http://phet.colorado.edu/
http://www.s-cool.co.uk/a-level/physics
http://www.sparknotes.com/physics/
http://www.a-levelphysicstutor.com/
http://www.ktaggart.co.uk/
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