Checklist

Unit 1:  
Telecommunication

You should be able to: 

Section 1: Communication Using Waves 

1 
give an example which illustrates that the speed of sound in air is less than the speed of light in air, eg thunder and lightning  

2 
describe a method of measuring the speed of sound in air (using the relationship between distance, time and speed) 

3 
carry out calculations involving the relationship between distance, time and speed in problems on sound transmission 

4 
state that waves are one way of transmitting signals 

5 
use the following terms correctly in context: wave, frequency, wavelength, speed, energy (transfer), amplitude 

6 
carry out calculations involving the relationship between distance, time and speed in problems on water waves 

7 
carry out calculations involving the relationship between speed, wavelength and frequency for water and sound waves 

Credit. 

8 
explain the equivalence of f x and d/t. 
Section 2: Communication Using Cables 

1 
describe a method of sending a message using code 

2 
state that coded messages or signals are sent out by a transmitter and are picked up by a receiver  

3 
state that the telephone is an example of long range communication between transmitter and receiver 

4 
state the energy changes  a) in a microphone (sound → electrical) b) in a loud speaker (electrical → sound) 

5 
state that the mouthpiece of a telephone (transmitter) contains a microphone and the earpiece (receiver) contains an earphone (loudspeaker) 

6 
state that electrical signals can be transmitted along wires during a telephone communication

7
State that an electrical signal is transmitted along a wire at a speed >> speed of sound (almost 300 000 000 m/s) 

8 
describe the effect on the signal pattern displayed in oscilloscope due to a change in a) loudness of sound b) frequency of sound 

9 
describe, with examples, how the following terms relate to sound: frequency and amplitude 

10 state what is meant by an optical fibre 

11 describe one practical example of telecommunication which uses optical fibres

12 state that electrical cables and optical fibres are used in some telecommunication systems 

13 state that light can be reflected 

14 describe the direction of the reflected light ray from a plane “mirror” 

15 state that signal transmission along an optical fibre takes place at very high speed

Credit.

16 
explain the electrical signal pattern in telephone wires in terms of loudness and frequency changes in the sound signal 

17
Compare some of the properties of electrical cables and optical fibres, eg size, cost, weight, signal speed/ capacity/quality, signal reduction per km 

18 
state the principle of reversibility of ray paths 

19 
describe the principle of operation of an optical fibre transmission system 

20 
carry out calculations involving the relationship between distance, time and speed in problems on light transmission. 

Section 3: Radio and Television 

1 
state that the main parts of a radio receiver are: 

aerial, tuner, decoder, amplifier, loudspeaker, electricity supply; and identify these parts on a block diagram 

2 
describe in a radio receiver the function of the aerial, tuner, decoder, amplifier, loudspeaker and electricity supply 

3 
state that the main parts of a television receiver are: 

aerial, tuner, decoders, amplifiers, tube, loudspeaker, electricity supply and identify these parts on a block diagram of a television receiver 

4 
describe in a television receiver the function of: 

aerial, tuner, decoders, amplifiers, tube, loudspeaker, electricity supply 

5 
describe how a picture is produced on a TV screen in terms of line build-up 

6 
state that mixing red, green and blue lights produces all colours seen on a colour television screen 

Credit.

7 
describe the general principle of radio transmission in terms of transmitter, carrier wave, amplitude modulation, receiver 

8 
describe the general principle of television transmission in terms of transmitter, carrier wave, modulation, video and audio receivers 

9 
describe how a moving picture is seen on a television screen in terms of: line build-up image retention brightness variation 

10 
describe the effect of colour mixing lights (red, green and blue). 

Section 4: Transmission of Radio Waves 

1 
state that mobile telephones, radio and television are examples of long range communication which do not need cables (between transmitter and receiver) 

2 
state that microwaves, television and radio signals are waves which transfer energy 

3 
state that microwaves, television and radio signals are transmitted at very high speed 

4 
state that microwaves, television and radio signals are transmitted through air at 300 000 000 m/s 

5 
state that a radio transmitter can be identified by wavelength or frequency values 

6 
state that curved reflectors on certain aerials or receivers make the received signal stronger 

7 
explain why curved reflectors on certain aerials or receivers make the received signal stronger 

8 
describe an application of curved reflectors used in telecommunication eg satellite TV, TV link, boosters, repeaters or satellite communication 

9 
state that the period of satellite orbit depends on its height above the Earth 

10 
state that a geostationary satellite stays above the same point on the Earth’s surface 

11 
describe the principle of transmission and reception of satellite television broadcasting using geostationary satellites and dish aerials 

12 
describe the principle of intercontinental telecommunication using a geostationary satellite and ground stations 

Credit.

13 
carry out calculations involving the relationship between distance, time and speed in problems on microwaves, television and radio waves 

14 
carry out calculations involving the relationship between speed, wavelength and frequency for microwaves, television and radio waves 

15 
explain some of the differences in properties of radio bands in terms of source strength, reflection, etc 

16 
explain in terms of diffraction how wavelength affects radio and television reception 

17 
explain the action of curved reflectors on certain transmitters. 

Unit 2:  
Using Electricity

Section 1: 
From the Wall Socket

1 
describe the mains supply/battery as a supply of electrical energy and to describe the main energy transformations occurring in household appliances  

2 
state approximate power ratings of different household appliances  

3 
select an appropriate flex given the power rating of an appliance  

4 
state that fuses in plugs are intended to protect flexes 

5 
select an appropriate fuse given the power rating of an appliance 

6 
identify the live, neutral and earth wire from the colour of their insulation 

7 
state to which pin each wire must be connected for plug, lampholder and extension socket 

8 
state that the human body is a conductor of electricity and that moisture increases its ability to conduct 

9 
state that the earth wire is a safety device 

10 
state that electrical appliances which have the double insulation symbol do not require an earth wire 

11 
draw the double insulation symbol 

12 
explain why situations involving electricity could result in accidents (to include proximity of water, wrong fuses, wrong, frayed or badly connected flexes, short circuits and misuse of multiway adaptors) 

Credit.

13 
explain how the earth wire acts as a safety device. 

14 
explain why fuses and switches must be in the live lead.

Section 2: 
Alternating and Direct Current

1 
state that the mains supply is a.c. and a battery supply is d.c. 

2 
explain in terms of current the terms a.c. and d.c. 

3 
state that the frequency of the mains supply is 50 Hz. 

4 
state that the declared value of the mains voltage is 230 V 

5 
draw and identify the circuit symbol for a battery, fuse, lamp, switch, resistor, capacitor, diode and variable resistor  

6 
state that electrons are free to move in a conductor 

7 
describe the electric current in terms of the movement of charges around a circuit 

8 
use correctly the units: ampere and volt 

Credit.

9 
state that the declared value of an alternating voltage is less than its peak value 

10 
carry out calculations involving the relationship between charge, current & time 

11 
use correctly the unit: coulomb 

12 
state that voltage of a supply is a measure of the energy given to the charges in a circuit. 
Section 3: 
Resistance 

1 
draw and identify the circuit symbols for an ammeter and voltmeter 

2 
draw circuit diagrams to show the correct positions of ammeter and voltmeter in a circuit 
3 
state that an increase in resistance of a circuit leads to a decrease in the current in that circuit 

4 
carry out calculations involving the relationship between resistance, current and voltage 

5 
use correctly the unit: ohm 

6 
give two practical uses of variable resistors 

7 
state that when there is an electric current in a wire, there is an energy transformation 

8 
give three examples of resistive circuits in the home in which electrical energy is transformed into heat 

9 
state that the electrical energy transformed each second = VI 

10 
state the relationship between energy and power 

11 
use correctly in context, the terms energy, power, joule and watt 

12 
carry out calculations involving the relationship between power, current & voltage 

13 
state that in a lamp, electrical energy is transformed into heat and light

14 
state that the energy transformation in an electric lamp occurs in resistance wire (filament lamp) or gas (discharge tube) 

15 
state that a discharge tube lamp is more efficient than a filament lamp (ie more of the energy is transformed into light and less into heat) 

16 
state that the energy transformation in an electric heater occurs in resistance wire (element)  

Credit

17 
state that V/I for a resistor remains approximately constant for different currents 

18 
explain the equivalence of VI and I²R 

19 
carry out calculations using the relationship between power, current & resistance. 

Section 4: 
Useful Circuits

1 
state a practical application in the home which requires two or more switches used in series 

2 
state that in a series circuit, the current is the same at all points 

3 
state that the sum of currents in parallel branches is equal to the current drawn from the supply 

4 
explain that connecting too many appliances to one socket is dangerous because a large current could be drawn from the supply 

5 
state that the voltage across components in parallel is the same for each component 

6 
state that the sum of voltages across components in series is equal to the voltage of the supply 

7 
describe how to make a simple continuity tester 

8 
describe how a continuity tester may be used for fault finding 
Credit

9
Draw circuit diagrams to describe how the various car lighting requirements achieved

10 
carry out calculations involving resistors connected in series and parallel.
Section 5: 
Behind the Wall 

1 
state that household wiring connects appliances in parallel  

2 
state that mains fuses protect the mains wiring 

3 
state that a circuit breaker is an automatic switch which can be used instead of a fuse

4 
state that kWh is a unit of energy 

Credit.

5 
describe, using a circuit diagram, a ring circuit 

6 
state advantages of using the ring circuit as a preferred method of wiring in parallel 

7 
give two differences between the lighting circuit and the power ring circuit 

8 
state one reason why a circuit breaker may be used in preference to a fuse 

9 
explain the relationship between kilowatt-hours and joules. 

Section 6: 
Movement from Electricity

1 
identify on a simple diagram of an electric motor, the rotating coil, field coil (magnet), brushes and commutator  

2 
state that a magnetic field exists around a current-carrying wire 

3 
give two examples of practical applications which make use of the magnetic effect of a current  

4 
state that a current-carrying wire experiences a force when the wire is in a magnetic field 

Credit.

5 
state that the direction of force on a current-carrying wire depends upon the direction of current and of the field  

6 
explain the operation of a d.c. electric motor in terms of forces acting on the coil and the purpose of brushes and commutator  

7 
state the reasons for the use in commercial motors of carbon brushes, multi-section commutators and field coils. 
Unit 3:  
Health Physics 

Section 1: 
The Use of Thermometers 

1 
state that a thermometer requires some measurable physical property that changes with temperature 

2 
describe the operation of a liquid in glass thermometer 

3 
describe the main differences between a clinical and ordinary thermometer 

4 
describe how body temperature is measured using a clinical thermometer 

5 
explain the significance of body temperature in diagnosis of illness. 

Section 2: 
Using Sound

1 
state that a solid, a liquid or a gas is required for the transmission of sound 

2 
explain the basic principles of a stethoscope as a “hearing aid” 

3 
give 1 example of the use of ultrasound in medicine, eg images of unborn baby

4 
state that high frequency vibrations beyond the range of human hearing are called ultrasounds 

5
Give two examples of noise pollution 

6 
give examples of sound levels in the range 0 dB - 120 dB 

7 
state that excessive noise can damage hearing 

Credit.

8 
explain one use of ultrasound in medicine. 

Section3: 
Light and Sight 

1 
describe the focusing of light on the retina of the eye 

2 
state what is meant by refraction of light 

3 
draw diagrams to show the change of direction as light passes from air to glass and glass to air 

4 
describe the lens shapes of convex and concave 

5 
describe the effect of various lens shapes on the rays of light 

6 
state that the image formed on the retina of the eye is upside down and laterally inverted 

7 
explain using a ray diagram how an inverted image can be formed on the retina 

8 
describe a simple experiment to find the focal length of a spherical convex lens 

9 
state the meaning of long and short sight 

10 
state that long and short sight can be corrected using lenses 

11 
state that fibre optics can be used as a transmission system for ‘cold light’ 
Credit.

12 use correctly in context the terms angle of incidence, angle of refraction & normal 

13 explain using a ray diagram how the lens of the eye forms, on the retina, an image of an object  a) some distance from the eye b) close to the eye 

14 carry out calculations on power/focal length to find either one given the other 

15 explain the use of lenses to correct long and short sight 

16 explain the use of fibre optics in the endoscope (fibroscope). 

Section 4: 
Using the Spectrum 

1 
describe how the laser is used in one application of medicine 

2 
describe one use of X-rays in medicine 

3 
state that photographic film can be used to detect X-rays 

4 
describe the use of ultraviolet and infrared in medicine 

5 
state that excessive exposure to ultraviolet radiation may produce skin cancer 

Credit.

6 
describe the advantage of computerised tomography. 

Section 5: 
Nuclear Radiation – Humans and Medicine 

1 
state that radiation can kill living cells or change the nature of living cells 

2 
describe one medical use of radiation based on the fact that radiation can destroy cells (instrument sterilisation, treatment of cancer) 

3 
describe one medical use of radiation based on the fact that radiation is easy to detect 

4 
state the range and absorption of alpha, beta and gamma radiation 

5 
state that radiation energy may be absorbed in the medium through which it passes 

6 
describe a simple model of the atom which includes protons, neutrons and electrons 

7 
state that alpha rays produce much greater ionisation density than beta or gamma rays 

8 
state one example of the effect of radiation on non-living things (eg ionisation, fogging of photographic film, scintillations) 

9 
state that the activity of a radioactive source is measured in becquerels 

10 
state that the activity of a radioactive source decreases with time 

11 
describe the safety precautions necessary when dealing with radioactive substances 

12 
state that equivalent dose is measured in sieverts 

Credit.

13 
explain the term ionisation 

14 
describe how one of the effects of radiation is used in a detector of radiation 
(eg GM tube; film badges; scintillation counters) 

15 
describe a method of measuring the half-life of a radioactive element 

16 
state the meaning of the term “half-life” 

17
 carry out calculations to find the half-life of a radioactive element from appropriate data 

18 
state that for living materials the biological effect of radiation depends on the absorbing tissue and the nature of the radiation and that equivalent dose measured in sieverts takes account of the type and energy of radiation. 
Unit 4:  
Electronics 

Section 1: 
Overview 

1 
state that an electronic system consists of 3 parts; input, process & output 

2 
distinguish between digital and analogue outputs 

3 
identify analogue and digital signals from waveforms viewed on an oscilloscope 

Section 2: 
Output Devices 

1 
give examples of output devices and the energy conversions involved 

2 
give examples of digital output devices and of analogue output devices 3 
draw and identify the symbol for an LED 

4 
state that an LED will light only if connected one way round 

5 
explain the need for a series resistor with an LED 

6 
state that different numbers can be produced by lighting appropriate segments of a 7-segment display 

Credit.

7 
identify appropriate output devices for a given application 

8 
describe by means of a diagram a circuit which will allow an LED to light 

9 
calculate the value of the series resistor for an LED 10 calculate the decimal equivalent of a binary number in the range 0000 - 1001. 

Section 3: 
Input Devices 

1 
describe the energy transformations involved in the following devices: 

microphone   /   thermocouple    /    solar cell 

2 
state that the resistance of a thermistor changes with temperature and the resistance of an LDR decreases with increasing light intensity 

3 
carry out calculations using voltage, current and resistance for the thermistor and the LDR 

4 
state that during charging the voltage across a capacitor increases with time 

5 
identify from a list an appropriate input device for a given application 

Credit.

6 
carry out calculations involving voltages and resistances in a voltage divider 

7 
state that the time to charge a capacitor depends on the values of the capacitance and the series resistance 

8 
identify appropriate input devices for a given application.

Section 4: 
Digital Processes 

1 
state that a transistor can be used as a switch 

2 
state that a transistor may be conducting or non-conducting, ie ON or OFF 

3 
draw and identify the circuit symbol for an NPN transistor 

4 
identify from a circuit diagram the purpose of a simple transistor switching circuit 

5 
draw and identify the symbols for two input AND & OR gates, and a NOT gate 

6 
state that logic gates may have one or more inputs and that a truth table shows the output for all possible input combinations 

7 
state that high voltage = logic ‘1’ low voltage = logic ‘0’ 

8 
draw the truth tables for two input AND and OR gates, and a NOT gate 

9 
explain how to use combinations of digital logic gates for control in simple situations 

10 state that a digital circuit can produce a series of clock pulses 

11 give an example of a device containing a counter circuit 

12 state that there are circuits which can count digital pulses 

13 state that the output of the counter circuit is in binary 

14 state that the output of a binary counter can be converted to decimal 

Credit.

15 explain the operation of a simple transistor switching circuit 

16 identify the following gates from truth tables: two-input AND two-input OR NOT (inverter). 

17 complete a truth table for a simple combinational logic circuit 

18 explain how a simple oscillator built from a resistor, capacitor and inverter operates 

19 describe how to change the frequency of the clock. 

Section 5: 
Analogue Processes 

1 
identify from a list, devices in which amplifiers play an important part 

2 
state the function of the amplifier in devices such as radios, intercoms and music centres 

3 
state that the output signal of an audio amplifier has the same frequency as, but a larger amplitude than, the input signal 

4 
carry out calculations involving input voltage, output voltage and voltage gain of an amplifier 

Credit.

5 
describe how to measure the voltage gain of an amplifier 

6 
carry out calculations involving power, voltage and resistance (impedance) 

7 
carry out calculations involving input power, output power and power gain of an amplifier. 

Unit 5:  
Transport 

Section 1: 
On the Move 

1 
describe how to measure an average speed 

2 
carry out calculations involving the relationship between distance, time and average speed 

3 
describe how to measure instantaneous speeds 

4 
define the terms speed and acceleration 

5 
calculate acceleration from change of speed per unit time  

6 
draw speed-time graphs showing steady speed, slowing down and speeding up 

7 
describe the motions represented by a speed-time graph 

8 
calculate acceleration, from speed-time graphs, for motion with a single constant acceleration 

Credit.

9 
identify situations where average and instantaneous speeds are different 

10 explain how the method used to measure the time of travel can have an effect on the measured value of the instantaneous speed 

11 calculate distance gone and acceleration from speed-time graphs for motion involving more than one constant acceleration 

12 carry out calculations involving the relationship between initial speed, final speed, time and uniform acceleration. 

Section 2: 
Forces at Work 

1 
describe the effects of forces in terms of their ability to change the shape, speed and direction of travel of an object 

2 
describe the use of a Newton balance to measure force 

3 
state that weight is a force and is the Earth’s pull on the object 

4 
use the approximate value of 10 N kg-1 to calculate weight 

5 
state that the force of friction can oppose the motion of a body 

6 
describe and explain situations in which attempts are made to increase or decrease the force of friction 

7 
state that equal forces acting in opposite directions on an object are called balanced forces and are equivalent to no force at all 

8 
state that when balanced forces or no forces act on an object its speed remains the same 

9 
explain, in terms of the forces required, why seat belts are used in cars 

10 describe the qualitative effects of change of mass or of force on the acceleration of an object 

11 carry out calculations involving the relationship between acceleration, unbalanced force and mass 

Credit.

12 distinguish between mass and weight 

13 state that the weight per unit mass is called the gravitational field strength

14 explain the movement of objects in terms of Newton’s first law 

15 carry out calculations using the relationship between acceleration, force and mass and involving more than one force but in one dimension only.

Section 3: 
Movement Means Energy 

1 
describe the main energy transformations as a vehicle accelerates, moves at constant speed, brakes and goes up or down a slope 

2 
state that work done is a measure of the energy transferred 

3 
carry out calculations involving the relationship between work done, force and distance 

4 
carry out calculations involving the relationship between power, work and time 

5 
state that the change in gravitational potential energy is the work done against/by gravity 

6 
state that the greater the mass and/or the speed of a moving object, the greater is its kinetic energy 

Credit.

7 
carry out calculations involving the relationship between kinetic energy, mass and speed 

8 
carry out calculations involving energy, work, power and the principle of conservation of energy. 

Unit 6:  
Energy Matters 

Section 1: 
Supply and Demand 

1 
state that fossil fuels are at present the main sources of energy 

2 
state that the reserves of fossil fuels are finite 

3 
explain one means of conserving energy related to the use of energy in industry, in the home and in transport 

4 
carry out calculations relating to energy supply and demand 

5 
classify renewable and non-renewable sources of energy 

Credit

6 
explain the advantages and disadvantages associated with at least three renewable energy sources. 

Section 2: 
Generation of Electricity 

1 
identify from a diagram the energy transformation at each stage of: 
 
thermal power station / hydro-electric power station  / nuclear power station 

2 
state that radio-active waste is produced by nuclear reactors 

3 
carry out calculations on energy transformation to include gravitational potential energy 

4 
describe the principle and give the advantages of a pumped hydro-electric scheme 

Credit.

5 
compare energy output from equal masses of coal and nuclear fuel 

6 
carry out calculations involving efficiency of energy transformation 

7 
state that energy is degraded in energy transformation 

8 
explain in simple terms a chain reaction. 

Section 3: 
Source to Consumer 

1 
identify circumstances in which a voltage will be induced in a conductor 

2 
identify on a given diagram the main parts of an a.c. generator 

3 
state that transformers are used to change the magnitude of an a.c. voltage 

4 
describe the structure of a transformer 

5 
carry out calculations involving the relationship between primary voltage, secondary voltage, number of turns on primary coil and number of turns on secondary coil 

6 
state that high voltages are used in the transmission of electricity to reduce power loss 

7 
describe qualitatively the transmission of electrical energy by the National Grid system 

Credit.

8 
explain from a diagram how an a.c. generator works 

9 
state the main differences between a full-size generator and a simple working model 

10 state the factors which affect the size of the induced voltage, ie field strength, number of turns on the coil, relative speed of magnet and coil 

11 explain why a transformer is not 100% efficient 

12 carry out calculations on transformers involving input and output voltages, turns ratio, primary and secondary currents and efficiency 

13 carry out calculations involving power loss in transmission lines. 

Section 4: 
Heat in the Home 

1 
use the following terms correctly in context: 

temperature    /     heat    /    degree Celsius 

2 
describe two ways of reducing heat loss in the home due to: 

conduction    /     convection    /   radiation 

3 
state that heat loss in a given time depends upon the temperature difference between the inside and the outside of the house 

4 
state that the same mass of different materials requires different quantities of energy to raise their temperature of unit mass by one degree Celsius 

5 
carry out calculations based on practical applications involving heat, mass, specific heat capacity and temperature change 

6 
give examples of applications which involve a change of state, eg refrigerator or picnic box cooler 

7 
use the following terms correctly in context: 

specific heat capacity    /  change of state  /  specific latent heat of fusion / 
specific latent heat of vaporisation 

8 
state that a change of state does not involve a change of temperature 

9 
state that energy is gained or lost by a substance when its state is changed 

Credit

10 use the principle of conservation of energy to carry out calculations on energy transformations which involve temperature change 

11 carry out calculations involving heat, mass and specific latent heat.

Unit 7:  
Space Physics 

Section 1: 
Signals from Space 

1 
use correctly in context the following terms: moon, planet, sun, star, solar system, galaxy, universe 

2 
state approximate values for the distance from the Earth to the Sun, to the next nearest star, and to the edge of our galaxy in terms of the time for light to cover these distances 

3 
draw a diagram showing the main features of a refracting telescope (objective, eyepiece, light-tight tube) 

4 
state that the objective lens produces an image which is magnified by the eyepiece 

5 
state that different colours of light correspond to different wavelengths 

6 
list the following colours in order of wavelength: red, green, blue 

7 
state that white light can be split into different colours using a prism 

8 
state that the line spectrum produced by a source provides information about the atoms within the source 

9 
state that there exists a large family of waves with a wide range of wavelengths which all travel at the speed of light 

10 state that telescopes can be designed to detect radio waves 

Credit

11 use correctly in context the term light-year 

12 draw a ray diagram to show the formation of an image by a magnifying glass 

13 explain why the brightness of an image depends on the diameter of the objective 

14 classify as members of the electromagnetic spectrum the following radiations: gamma rays, X-rays, ultraviolet, visible light, infrared, microwaves, TV and radio 

15 list the above radiations in order of wavelength (and frequency) 

16 give an example of a detector for each of the above radiations 

17 explain why different kinds of telescope are used to detect signals from space. 

Section 2: 
Space Travel

1 
state that a rocket is pushed forward because the “propellant” is pushed back 

2 
explain simple situations involving the rule: A pushes B, B pushes A back 

3 
carry out calculations involving thrust, mass, and acceleration 

4 
explain why a rocket motor need not be kept on during interplanetary flight

5 
state that the force of gravity near the Earth’s surface gives all objects the same acceleration (if the effects of air resistance are negligible) 

6 
state that the weight of an object on the moon or on different planets is different from its weight on Earth 

7 
state that objects in free fall appear weightless 

8 
explain the curved path of a projectile in terms of force of gravity 

9 
state that an effect of friction is the transformation of kinetic energy into heat  

Credit.

10 state that Newton’s Third Law is: “If A exerts a force on B, B exerts an equal but opposite force on A” 

11 identify “Newton pairs” in situations involving several forces 

12 explain the equivalence of acceleration due to gravity and the gravitational field strength 

13 carry out calculations involving the relationship between weight, mass, acceleration due to gravity and/or gravitational field strength including situations where g is not equal to 10 N kg-1 

14 use correctly in context the following terms: mass, weight, inertia, gravitational field strength, acceleration due to gravity 

15 state that the weight of a body decreases as its distance from the Earth increases 

16 explain how projectile motion can be treated as two independent motions and solve numerical problems using this method 

17 explain satellite motion as an extension of projectile motion 

18 carry out calculations involving the relationships between energy, work done, force, distance, mass, speed, specific heat capacity and temperature change.
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distance travelled (in m) = area under speed time graph

All of the above equations are very popular. Be able to use them.

The equations below do not appear as frequently but all could make an appearance.
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 [no. of primary turns/ no. of secondary turns = primary voltage x secondary voltage]
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 [primary current (A) x pr. voltage (V) = secondary current (A) x sec. voltage (V)]

half life calculations. Time for activity to fall by half is the half life.
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[charge (in C) = current (in A) x time (in s)]
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 [voltage 1 (in V) = resistance 1 (in ) x supply voltage/total resistance]
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[1/total parallel resistance () = 1/resistance1 () + 1/resistance 2() +]

(Or the MAD rule (multiply, add, divide) can be used for just 2 resistors in parallel)
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 [total series resistance (in ) = resistance1 (in ) + resistance 2(in )]
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[power (in W) = voltage (in V) x voltage (in V) / resistance (in )]

frequency = Number of waves/time 
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[Note: no unit for gain]

Communication Through the Air and Through Wires. The speed of sound is very much less than the speed of light. The speed of sound in air is 340 m/s; the speed of light in air is 300 million m/s. So lightning is seen before thunder is heard.
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Measuring the speed 
of sound in air. 
When the sound passes microphone 1 the computer timer starts and when the sound passes microphone 2 the timer stops. The distance (d) between the microphones is measured and the speed of sound (v) calculated from the equation:
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speed  =  distance 
   v = d 
where 
d is distance, in metres (m)


   
time
         t

v is speed, in metres per second (m/s)






t is time, in seconds (s).

Example: Time from computer = 0.0036 s. Distance between microphones = 1.2 m.

Answer:         v   = 
d /t  = 
   1.2/0.0036 =   333 m/s

Sending a message using code.  A Morse code telegraph sends coded messages along wires by pulses of electricity. Different combinations of long and short pulses represent different letters. The pulses can be produced by a simple circuit containing a battery, a switch and a buzzer. Coded messages or signals are sent out by a transmitter (e.g. a switch) and are replayed by a receiver (e.g. a buzzer).

Advantages of communicating through wires rather than air: messages can be sent over long distances; messages travel very quickly - almost at the speed of light; messages can be more private.

The telephone is an example of long range communication using wires between transmitter and receiver. The mouthpiece of a telephone (transmitter) contains a microphone and the earpiece (receiver) contains an earphone (loudspeaker). It is electrical signals which are transmitted along the wires. The microphone changes sound energy into electrical energy and the loudspeaker changes electrical energy into sound energy. 

A telephone signal is transmitted very quickly, at a speed of (almost) that of light.

Wave patterns. An oscilloscope can be used to look at sound wave patterns and the patterns of electrical waves in the wires. The greater the height of the wave pattern, the louder the sound. The greater the number of waves, the greater the frequency (pitch).

Example:
Loud sound
Soft sound
Loud sound
Soft sound
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The electrical signal pattern in telephone wires changes when the sound signal changes. If the sound gets louder, the amplitude of the electrical signal increases. If the frequency of the sound increases, the frequency of the electrical signal also increases. 

[image: image36.emf]v
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Waves.

Waves carry energy and are one way of transmitting signals.

Frequency (f) is the number of waves which pass a point in one second. It is measured in hertz (Hz). The higher the frequency, the higher the pitch.

Wavelength is the distance between a point on one wave and the same point on the next wave. Wavelength is measured in metres (m). The symbol is  (lambda). For the wave above, four waves are 1.6 m so  =0.4 m.
Speed (or velocity) is the distance a wave travels in one second. Speed (v) is measured in metres per second (m/s). 
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Amplitude: the height of the wave measured from the centre line to the top of the crest or the bottom of the trough. The bigger the amplitude, the more energy the wave carries, the louder the sound. Amplitude is measured in metres.
Calculating the speed of a wave: Either use      distance = speed x time
OR
speed = frequency x wavelength  
v = f
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Example: The waves shown in the diagram above are produced with a frequency of 20 Hz. Find (a) their wavelength, and (b) their speed.

Answer:  (a) Wavelength = distance from crest to crest = 0.4 m


(b) speed = frequency x wavelength =  f   = 20 x 0.4 = 8 m/s

Radio and Television.

Radio and television are examples of long range communication which do not need wires. They carry energy and are transmitted through air at very high speed 

(300 000 000 m/s - the same speed as light). 
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The distance travelled or the time taken by a radio wave can be calculated from the equation:  distance = speed x time   or   (where speed is 300 000 000 m/s)

Radio receiver: 

Aerial:  detects radio waves (of different wavelengths and frequencies) coming from different radio transmitters. 

Tuner:  adjusted to select 1 station from the many signals of different  and f.
Decoder:  separates the transmitted information (speech or music) from the rest of the radio wave and changes the a.c signal into a d.c. signal. 

Amplifier: increases the amplitude of the signal.

Electricity supply: provides energy to the amplifier. 

Loudspeaker: changes the electrical waves in the radio into sound waves.

Each radio transmitter can be identified by its wavelength or frequency (e.g. Radio 5 Live 693 kHz, 433 m). The equation v = f  can be used with radio waves. 
Since the speed of radio waves in air is 300 000 000 m/s,  f  = 300 000 000. 

Radio transmission: The radio station produces a carrier wave which is a high frequency wave. Its amplitude is altered to take on the shape of the low frequency sound wave which is the sound we want to hear. This is called amplitude modulation. The modulated carrier wave is then sent by the transmitter.
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Diffraction: as waves pass the edge of an obstacle, they bend (see diagrams). Waves of long wavelength diffract more than waves of short wavelength. Television waves have shorter wavelength than radio so television reception may be poorer in hilly regions.

Properties of different radio bands:  
Extra low frequency waves (ELF) are able to pass into the sea. Low, medium and high frequency waves are used by radio stations. Some shorter wavelengths travel large distances by reflecting from the ionosphere. Very high frequency waves (VHF) are used for high quality sound transmissions. Ultra high frequency (UHF) waves are used for televisions signals. Microwaves pass straight through the ionosphere and can link with satellites. 

Television receiver. The television receiver contains many of the parts found in the radio receiver but requires a separate decoder and amplifier for vision. 
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Each part performs a similar job in a TV to that carried out in a radio. The TV (or picture) tube converts electrical energy from the vision amplifier into light energy. An electricity supply (not shown in the diagram) is needed to supply energy to the amplifiers.
Producing a picture on a TV screen.  

Line build-up: the picture on a television screen is made up of 625 lines. These lines are made by an electron beam moving backwards and forwards across the screen. The lines build up to make a picture.

Brightness variation: Light and dark parts are made by changing the number of electrons in the beam. 

Image retention: There are 25 different pictures produced every second. The human eye retains an image for a short time and this image retention ensures that the pictures are seen as changing smoothly.

A colour television screen is made up from three different sets of dots - red, green and blue. Three electron guns are arranged so that each gun can only hit one colour of dot. Different combinations of electron guns with different intensities can light up the dots to give a range of colours. 

Colour mixing: red, green and blue are known as the primary colours. These can combine to produce other colours. Red + green gives yellow; red + blue gives magenta; blue + green gives cyan. All three primary colours together give white. 

[image: image44.emf]receiver 

at the 

focus

curved 

reflector

transmitter 

at the 

focus

curved 

reflector

Reflection:

Light can be reflected. When light is reflected from a plane mirror, the angle of reflection is always equal to the angle of incidence. Light travels in straight lines and the path a ray follows is reversible. 

Total internal reflection: When light travels from glass into air its direction changes. This is called refraction. However, when light strikes the glass-air boundary above a certain angle, the light is totally reflected and does not pass into the air. This process is called total internal reflection. The smallest angle of incidence at which this occurs is called the critical angle. 
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Optical Fibres. An optical fibre is a very thin glass fibre and light can be sent along it. Light travels along optical fibres by total internal reflection.
Optical fibres can be used to carry telephone messages. Electrical signals are converted into light signals which are sent along the fibres. The light can then be changed back to electrical signals again at the receiver. The light signal travels at approximately 200 000 000 m/s in the fibre.

Example calculation: How long does a signal take to travel along a 2 km fibre? 





(Speed of light in glass 2 x 108 m/s).

Answer:
d = v t  => 2000 = 2 x 108 t 
=> t =   2000   = 1 x 10-5 s





           
           2 x 108
Optical fibres have many advantages over electrical cables. They are cheaper; they are much lighter; they carry many more signals at the same time for the same thickness of cable; there is little energy loss, so fewer booster stations are needed; they are free from electrical interference; the signal quality at the end of the cable is much better.
Satellites and Dish Aerials. World wide communication over a long distance is difficult because of the curvature of the Earth. A satellite can be used to send signals for very long distances. The higher a satellite is above the Earth, the longer is its period (the time it takes to make one revolution round the Earth).
A geostationary satellite stays above the same point on the Earth's surface - the satellite takes 24 hours to make one revolution, the same length of time as the Earth. Signals are sent from a ground station to the satellite, which amplifies the signal and sends it back to a different ground station. Three geostationary satellites, positioned evenly round the equator, can relay signals right round the world.

Curved reflectors The curved reflector of a dish aerial has a large area which can collect more energy from the incoming signal and can concentrate it on the detector. If there is no curved reflector, the received signal is much weaker. 
[image: image46.bmp]A curved surface can also be used to send out a parallel beam of microwaves to the dish aerial of a distant receiver.
Curved reflectors have many uses in telecommunication e.g. TV link, boosters, repeaters or satellite communication, all use dish aerials to help transmit information.

From the Wall Socket.The mains and batteries supply electrical energy. 
Household appliances transform the electrical energy into other forms of energy 

e.g. heat (electric fire), movement (blender), light (light bulb) and sound (radio).

Different  household appliances require different amounts of power. Appliances which produce heat have high power ratings e.g. kettle 2000 W, fire 3000 W. Other appliances have lower power ratings e.g. light bulb 100 W, television 250 W.

The flex connects the appliance to the mains supply via the plug. The larger the power rating the thicker the flex needed. A flex which is too thin can overheat and cause a fire.

Fuses in plugs protect the flex and the appliance from overheating.

Appliances up to 700 watts require a 3 A fuse and those over 700 watts should have a 13 A fuse. 

The insulation around wires is coloured to identify the pin to which each wire must be connected.          live - brown; neutral - blue; earth - yellow/green.

The earth wire is a safety device.

If a fault develops which might make the casing of an appliance live (high voltage), the earth wire provides a path for a large current to flow to earth. The large current blows the fuse, turning off the appliance.

Fuses and switches must be in the live lead. The live lead is at a high voltage (danger!) so the switch and fuse can shut off the appliance from this danger.  

Appliances with the double insulation symbol [image: image24.emf] do not require an earth wire.

Dangerous situations. 

Water - the human body is a conductor of electricity and moisture increases its ability to conduct. Keep appliances away from water. 

Wrong fuses - if the fuse is too high and a fault develops, the flex could overheat. 

Frayed flexes - you could get a shock from an exposed live wire. 

Wrongly connected flexes - these could still be live even when switched off - you could get a shock. Short circuits can lead to overheating of the flex. 

Multiway adaptors - too many appliances connected to an adaptor could produce overheating at the socket.

Alternating and Direct Current. The mains supply is a.c. - a battery supply is d.c.
Electrons are free to move in a conductor. The movement of charges (electrons) around  a circuit is called an electric current. Current (symbol I) is measured in amps (A). Voltage (symbol V) is measured in volts (V).

When a circuit is connected to a battery, the current flows round the circuit in one direction (electrons flow from negative to positive). This is called direct current (d.c.). When a circuit is connected to the mains supply, the current flows round the circuit in one direction and then in the opposite direction. It changes direction 50 times each second so alternating current (a.c.) has a frequency of 50 hertz (Hz).
Mains voltage is quoted as 230 V and frequency 50 Hz. 

The value of an alternating voltage (e.g. 230 V for mains) is less than its peak value because it is an ‘average’ value. Peak values are always higher.

[image: image47.bmp]Calculating charge, current or time.

 
Q = I t 
where Q is charge measured in coulombs (C), 



I is current measured in amps (A), 



t is time measured in seconds (s).

Example: A current of 3 A flows for 12 s in a circuit containing a lamp. How much charge has passed through the lamp in that time?

Answer:  Q = I t  =  3 x 12  =  36 C

The voltage of a supply is a measure of the energy given to the charges in a circuit. 

Circuit symbols.
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[image: image49.bmp]Resistance.

Positions of ammeter and voltmeter in a circuit: The ammeter in series, the voltmeter in parallel. An increase in resistance of a circuit leads to a decrease in the current in that circuit.

[image: image50.bmp]Calculating resistance, current, voltage.


V = I R 

V is voltage measured in volts (V), 




I is current measured in amps (A), 




R is resistance measured in ohms ().

Example: A current of 4 A flows through a 20 ohm resistor. Calculate the voltage across the resistor.

Answer:  V = I R =  4 x 20  =  80 V

The ratio V/I for a resistor remains approximately constant for different currents. 

Variable resistors can change the current in a circuit. They have many uses, including: volume controls on radios or televisions; controlling the speed of electric motors in toy cars.

When there is an electric current in a wire, there is an energy transformation. For example, electrical energy is transformed into heat in an electric fire. 

The energy transformation occurs in the resistance wire (element). 

In a lamp, electrical energy is transformed into heat and light. The energy transformation in an electric lamp occurs in resistance wire (filament lamp) or gas (discharge tube). A discharge tube lamp is more efficient than a filament lamp (i.e. more of the energy is transformed into light and less into heat). 
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Calculations involving energy, power and time. 

E = P t
E is energy measured in joules (J)   P is power measured in watts (W)



t is time measured in seconds (s)

Example: A 100 W lamp is switched on for 550 s. Calculate the energy produced.

Answer:  E = P t  =  100 x 550  =  55 000 J
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Calculating power, current and voltage.

P = I V 
P is power measured in watts (W), I is current measured in amps (A), 



V is voltage measured in volts (V).

Example: A current of 12 A flows through an appliance. If the voltage across the appliance is 230 V, calculate the power.

Answer:  P = I V  =  12 x 230  =  2 760 W

[image: image53.bmp]Calculations involving power, current and resistance.


P = I2 R         (This equation combines V = IR with P = IV)
Example: A current of 0.5 A flows through a lamp of resistance 20 . 
Calculate the power of the lamp.

[image: image54.bmp]Answer:  P = I2 R  =  0.52 x 20  =  0.25 x 20 = 5 W

Series circuits

1. In a series circuit, the current is the same at all points. 
reading on A1 = reading on A2 = reading on A3
2. The sum of the voltages across components in series is equal to the voltage of the supply.

reading on V1 + reading on V2 = VS 

3. Series switches. When switches are connected in series, any one of the switches can switch off the appliance. Most household appliances have to be switched on at the socket before they can be switched on at the appliance itself.

Parallel circuits[image: image55.bmp]
1. The voltage across components in parallel is the same for each component. 

reading on V1 = reading on V2 = reading on VS 

2. The sum of the currents in parallel branches is equal to the current drawn from the supply.

reading on A1 + reading on A2 = reading on AT
[image: image56.bmp]3. Connecting too many appliances to one socket is dangerous because a large current could be drawn from the supply (equal to the sum of the currents for each appliance). This could cause the socket to overheat. 

Continuity tester. Connect test object or circuit between these
two wires. If the lamp lights there is a continuous circuit.
Fault finding. The continuity tester can be used in fault finding
as shown above. An ohmmeter can also be used. A high reading (very large resistance) means an open circuit (e.g. broken wire). A very low reading indicates a short circuit.

[image: image57.bmp]Car lighting. All lamps are in parallel
with the 12 V car battery. This means 
that each lamp has 12 V across it. The 
current drawn from the battery will 
increase as more lamps are switched on.
Calculations involving resistors in series:
RT = R1 + R2 + .....
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Example: Find the total resistance of the combination of resistors shown here.

Answer:  RT = R1 + R2 = 22 + 36 = 58   
[image: image59.emf]
Calculations involving resistors in parallel: 
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Example: Find the total resistance of the combination of resistors shown here.

Answer: 
   =             
  = 0.25 + 0.125  = 0.375

[image: image62.bmp]Behind the Wall. Household wiring connects 
appliances in parallel. A power circuit is connected
in a ring circuit. This is a special type of parallel 
circuit which has certain advantages: the current 
in the wires is halved because there are two 
routes round the circuit; so thinner cable can be 
used as there is less chance of overheating.
Differences between the lighting circuit and the power circuit. A lighting circuit is a parallel circuit not a ring circuit. It only carries a small current compared to a power circuit (5 A maximum compared to 30 A for a ring circuit). A lighting circuit has even thinner wire than a power circuit because of the smaller current it carries.
Mains fuses protect the mains wiring. 
The fuses prevent large currents which would cause the wires to overheat. 

A circuit breaker is an automatic switch which can be used instead of a fuse. 

It may be used in preference to a fuse because it can be switched back on. 

[image: image63.bmp]It does not need to be replaced like a fuse.

The kilowatt-hour (kW h) is the unit of energy used by the electricity board. 


Energy 
= 
Power
x 
time

 One kilowatt-hour
= 
one kilowatt  x  
one hour  



=  
1 000 W  
x  
(60 x 60) seconds = 3 600 000 joules.

Movement from Electricity.

When a wire carries current, there is a magnetic field around it.

It experiences a force when it is placed in a magnetic field. 

The direction of this force depends upon the direction of current and of the magnetic field. If either is reversed, the direction of the force is reversed. When the field and the current are at right angles to each other, the force is at right angles to both.
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Electromagnets, electric bells and relays make use of the magnetic effect of a current.

Electric motor. This is a simple 
diagram of an electric motor. Note 
the positions of the rotating coil, 
field coil (magnet), brushes and 
commutator.
The d.c. electric motor. When the 
rotating coil carries a current there 
is a magnetic field around it. It will experience a force since it is in a magnetic field. This makes the coil rotate. The commutator allows the coil to keep on rotating. The commutator is a ring which has been split into two. It reverses the direction of the current in the coil so that the turning force is always acting in the same direction. The brushes connect the commutator to the electrical supply so that current can flow through the coil but still allow the commutator and coil to turn.
Commercial motors. The brushes in a commercial motor are made of carbon (graphite) because it is soft enough to wear away as it slides over the commutator, without causing wear and damage to the commutator itself. The brushes are held against the commutator by springs so they always make good contact. 
A multi-section commutator is used in a commercial motor. This is to make the rotation of the coil much smoother. (The turning force is always greatest when a coil is at right angles to the magnetic field. A combination of several coils at different angles means that one of the coils is always at right angles to the magnetic field.) 

The magnetic field in a commercial motor is provided by field coils rather than permanent magnets. Field coils are fixed coils which carry current and become electromagnets. This is a more compact and cheaper way of providing a magnetic field.
Temperature. The temperature of an object is a measure of its “hotness” or “coldness”. A thermometer is used to measure temperature. To do this, it must have a property that changes with temperature and which we can measure. For example, in a liquid-in-glass thermometer, the volume of the liquid changes with temperature. This means that the length of the liquid column in the tube varies with temperature. 
A clinical thermometer has a narrower column than an ordinary thermometer so that the length of the column will change more for a similar change in temperature. A clinical thermometer only measures a small range of temperatures (35°C to 43°C). It has a kink in the tube which prevents the mercury falling back into the bulb when the thermometer cools. The thermometer must be shaken before use to return the mercury to the bulb. It is then placed in the patient’s mouth and left for a few minutes until the mercury stops rising. It can then be removed and read. 

Normal body temperature is 37°C. Cold, damp conditions can cause the body temperature to fall. This is called hypothermia. If the temperature is as low as 28°C, the person is close to death. A person with a temperature above 37°C has a fever. If it is as high as 43°C, the person is close to death.

Using Sound. Sound vibrations can travel through solids, liquids or gases but cannot travel through a vacuum. 
A stethoscope is used as a "hearing aid" to listen to the heart and lungs. A bell is placed on the patient and this picks up the sound. The sound passes through a tube to the earpieces which pass the sound to the doctor’s ears.

High frequency vibrations beyond the range of human hearing (above 20 000 Hz) are called ultrasounds. Ultrasound is used in medicine to take “pictures” of inside the body e.g. to produce images of an unborn baby (ultrasound is safer than X-rays). 

[image: image65.bmp]The ultrasound is directed into the mother’s body and the signals are reflected off the different tissues inside the body. The pattern of reflections is used to build up the picture of the baby.

Noise pollution. 

The human ear can be damaged by very loud sounds e.g. pneumatic drills or aircraft. Sound levels are measured in decibels (dB). Levels above 90 dB can damage hearing. 
Light and Sight.
[image: image66.bmp]
Refraction of light happens when the light travels from one material into a different material, for example when light travels from air into glass. The light usually changes direction as shown in the diagram opposite
[image: image67.bmp]When the glass is made into special shapes it can cause the light to come together (converge) or spread out (diverge). 
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8 

The Eye. The cornea and lens combine to focus an image on the retina. Most of the bending (refraction) of light takes place at the cornea (front of eye). The lens inside the eye can change shape to allow us to focus on things near and far. The image formed on the retina of the eye is upside down (inverted) and back to front (laterally inverted).
The ray diagram below shows how an inverted image can be formed on the retina. 
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The position of the image can be found by drawing only two rays - one straight through the centre of the lens and the other through the focus.
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The lens of the eye changes shape to help form an image of an object on the retina.
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[image: image72.emf]When the object is some distance from the eye the lens is thin.
Short Sight.

[image: image73.emf]A short-sighted person can see only nearby objects clearly. Images of distant objects are formed in front of the retina. This defect is corrected by using a concave (diverging) lens. 

Long Sight.

A long-sighted person can see only distant objects clearly. Images of nearby objects are formed behind the retina. This defect is corrected by using a convex (converging) lens.

Focal Length of a Spherical Convex Lens.

Hold the lens so that it produces a sharp image of a distant object (e.g. a window) on a piece of white card. The focal length - the distance between the centre of the lens and the card - can then be measured using a ruler.
Power of a Lens 

A powerful convex lens is a bulging lens. 
   Power 
=             1      _         






focal length 

Focal length is measured in metres (m). The unit of power is the dioptre (D).

Example: The focal length of a convex lens is 0.2 m. What is its power?


Power
=             1          
=        1  
=
+
5 D




focal length 

  0.2

A convex lens has a positive power and focal length;

a concave lens has a negative power and focal length.

Optical fibres. Fibre optics can be used to transmit “cold light” into a patient. 
Light can pass inside a very narrow glass fibre and reflects from the inside surface so that no light escapes from the fibre. This is called total internal reflection. The thin optical fibres can be passed into a patient to allow a doctor to examine inside the body.  An endoscope (fibroscope) consists of two separate bundles of optical fibres. One bundle shines light inside the patient. Only “cold light” reaches the patient, since any heat from the light source does not travel down the optical fibres. 

The other bundle carries the picture back to the doctor.

Using the Spectrum.

Lasers. Lasers can be used to: seal blood vessels (e.g. in the retina); vaporise tumours; remove birth marks.
Infrared. Infrared (heat) radiation has a wavelength greater than the wavelength of visible light. However, special cameras can take pictures called thermograms which show areas of different temperature. Tumours show up on these because they are warmer than the surrounding tissue. 
Infrared (heat) radiation is also used to speed up the healing of muscles and tissues.

Ultraviolet. Ultraviolet is also invisible. It has a wavelength shorter than the wavelength of visible light. It can be used to treat certain skin disorders as well as kill harmful bacteria. Excessive exposure to ultra violet radiation may produce skin cancer.

X- rays. X-rays have an even shorter wavelength than ultraviolet. They can be used to detect broken bones. The X-rays can pass through soft tissue but are absorbed by bone. Photographic film can be used to detect X-rays. The photographic plate blackens when X-rays hit it. This means that bones show up pale on a dark background. A break in the bone will appear as a dark line. 

Computerised tomography. A series of X-ray pictures of thin “slices” of the body can be taken by a rotating X-ray tube. A computer can then combine these pictures to build up a three dimensional picture of the body. This gives much more information to the doctors and can, for example, reveal small tumours which would remain hidden in conventional X-ray pictures which are two dimensional. 
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Nuclear Radiation - Humans and Medicine. 

Ionisation. 
If electrons are knocked off an atom, there is more positive than negative charge left on the atom and we say it has become a positive ion. An ion is a charged particle.  Because radiations from a radioactive substance makes ions easily, they are often called ionising radiations.

Alpha particle emissions cause much greater ionising than beta particles or gamma rays.

The Geiger - Muller tube is a detector which uses ionisation to measure the amount of radiation present.

Background Radiation.

This is natural radioactivity around us all the time. It comes from cosmic rays, radon gas etc.. You should always be aware of the background radiation count in half life experiments. It should be subtracted from all values of activity for the substance to ensure you have the correct value of radioactivity for the substance under test.
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Safety.


[image: image25]
Types and Effects of Radiation.

There are three types of nuclear radiation:-

Alpha particles:- cause the greatest amount of ionising. Stopped by a few centimetres of air or a 
sheet of paper.

Beta particles:- absorbed by a few millimetres of aluminium.

Gamma rays:- absorbed by several centimetres of lead.

The energy of the radiation can be absorbed by the medium through which it passes.

Radioactive Decay.

The activity if a radioactive source is a measure of how much radiation is given out. This depends on the number of radioactive atoms which break up every second and give out radiations.

The unit of activity is the Becquerel (Bq.). A source has an activity  of 1 Bq if one of its atoms disintegrates every second and gives out a particle of radiation. In real life the Becquerel is a very small unit. Radioactive sources used in medicine have activities measured in megabecquerels (MBq.). The activity of a substance decreases with time - it gradually falls away to zero. This is known as radioactive decay.

Half Life

The time it takes for the activity of a substance to fall to half its previous value is called the half life.
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To measure the half life of a substance you measure the activity over a period of time and plot a graph of the results.

Effects of Radiation on Non-Living Substances.

Photographic Fogging:  Photographic film can be used as a detector for alpha, beta and gamma radiations. Workers who use radioactive materials wear film badges so a check can be made on the amount of radiation they have been exposed to. The amount of fogging on the developed film gives a measure of the radiation exposure.

Scintillations: When some substances absorb radiation they give out the energy again as light. These flashes of light can be counted giving an indication of the amount of radiation. These flashes are called scintillations and this type of measurement is used in a gamma camera.

“Avalanche” of Ions: This uses the ionising effect of radiation. A few ions are initially produced. These ions cause other ions to be formed. This is basically how a G.M. tube works.

Effects of Radiation on Living Things.

Radiation can kill or change the nature of living cells. The risk to people is represented by a quantity called the equivalent dose. It is measured in units called sieverts (Sv.).

The biological effect of radiation depends upon the type of radiation, the part of the body the radiation goes through and the amount of energy absorbed. Medical Physicists take account of these differences in estimating the risk to a person who has been irradiated in some way. The risk is represented by a quantity called equivalent dose. It is measured in units called sieverts (Sv.), although doses are often given in millisieverts (mSv.) or microsieverts (µSv.). The equivalent dose takes into account the type and energy of radiation.

Medical Uses.

As radiation can destroy cells it can be used in the treatment of cancer and the sterilisation of instruments.

Radiation can also be used to help in diagnosis. Tracers are injected into the body and their path can be followed because of their radioactivity. Substances used for traces lose their radioactivity quickly. They emit gamma rays which can be detected outside the body and will concentrate in the organ to be examined.

Electrical signals are either digital or analogue. 

[image: image79.emf]Digital signals only have particular values, usually only two: ON (or 1 or high) and OFF (or 0 or low). Analogue signals can have a continuous series of values. 
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An analogue signal would have a waveform like this:

Electronic systems consist of three parts: input, process and output.

Output Devices.
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An output device changes electrical energy from the process part into some other form of energy.
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Calculating the value of R.
Example: An LED is used in a circuit with a 5 V supply. The maximum LED voltage is 2 V and the current is 10 mA. What value of series resistor is required?
Vresistor 
= 
Vsupply — VLED 
=
5 — 2
=
3 V

R
=
Vresistor 
=       3
     =   300 
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7-segment display. Different combinations of seven LEDs can make the numbers 0 to 9. Look at a calculator if you want to find out which LEDs switch on to make the different numbers. 
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Binary numbers. The binary system of counting is used in digital electronics.
Input Devices.

An input device changes some form of energy into electrical energy so that an electrical signal goes into the process part.
[image: image26.emf]input device  symbol digital or analogue  energy conversion

thermocouple analogue heat to electrical

microphone analogue sound to electrical

solar cell analogue light to electrical
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Other Input Devices:

Light dependent resistor (LDR). The resistance of an LDR decreases with increasing light intensity.
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Thermistor. The resistance of a thermistor decreases as the temperature increases. 

V = IR can be used to calculate the resistance of a thermistor or LDR. 
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Capacitor. A capacitor stores electrical charge. During charging the voltage across a capacitor increases with time. The time to charge a capacitor depends on the values of the capacitance and the series resistance. The larger the value of C or R, the greater the time it takes to charge C and hence, the more slowly the voltage across the capacitor will rise. The capacitor can be discharged quickly by connecting one side of the capacitor directly to the other. This is often used to reset a timing circuit.
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Voltage (or potential) divider. The voltage measured at point C depends on the values of R1 and R2. The supply voltage is shared across the two resistors. The bigger the resistor, the [image: image99.emf]+ 5 V
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bigger its share of the voltage.
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Example: Calculate the voltage across each resistor in the following circuit.
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Digital Processes.
[image: image103.emf](changes binary 
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The symbol for a transistor is: 
A transistor can be used as a voltage operated switch.

If the voltage at the base is low then the transistor does not conduct i.e. it is off. If the voltage at the base is high then the transistor conducts i.e. it is on.

Some transistor switching circuits.
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Light Controlled. 
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Temperature Controlled. 
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Note: The variable resistor has to be set at a value that will allow a change in the resistance of the LDR or thermistor to ‘trigger’ the transistor.

Time delay switch. 
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When the switch is closed, the capacitor is discharged, so the voltage across it is zero and the transistor is switched off. When the switch is opened, the capacitor charges and the voltage across the capacitor increases. When the voltage is high enough it switches on the transistor. (A large C or R will give a longer time delay). 
 Logic gates.

Logic gates may have one or more inputs. A truth table shows the outputs for all possible input conditions. High voltage = logic '1'. Low voltage  = logic '0'.
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Truth Tables:
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Digital logic gates can be combined with input and output devices to provide solutions to different problems. For example, a warning buzzer can be made to switch on when it is cold AND dark. 
A truth table can be made for a combinational logic circuit. To do this you need to put in all the possible combinations of inputs, then work out the outputs.   

Example: The truth table for the circuit below is shown on the right.
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Clock pulses
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A digital circuit can produce a series of clock pulses. A counter circuit can count these digital pulses. The output of the counter circuit is in binary. The output of a binary counter can be converted to decimal. A digital watch is an example of a device containing a counter circuit.

Clock pulse generator.
At the start the capacitor is uncharged. 
The voltage at X is 0. 

The logic level at A will be 1. 

The LED will be off.

The capacitor will now charge up through the resistor R. 

The voltage at X will increase until it is at logic level 1. 

The output at A will switch from 1 to 0. 

The LED will be on.

The capacitor will now discharge through R. 

The voltage at X will decrease until it is at logic level 0.

The whole process will now repeat itself. The LED will flash on and off.

The frequency of the clock can be changed by changing the values of C or R. 
Increasing the value of C or R will give lower frequencies since the capacitor now takes longer to charge and discharge. 
Analogue Processes.

Amplifiers are used in devices such as radios, televisions, intercoms and music centres. The amplifier increases the size of the electrical signal (voltage), e.g.  the output signal of an audio amplifier has the same frequency as, but a larger amplitude than, the input signal.
voltage gain = output voltage

        input voltage
The power may be calculated from P = V2




R 

where V is the voltage and R the resistance of the circuit.
power gain = output power

       input power
Note. There is no unit for gain.

Example: An amplifier has an output power of 25 W. The input voltage is 15 V and the input resistance is 100 . What is the power gain of the amplifier?

Input power P = 
V2  = 
152 = 2.25 W
power gain = output power  =   25  
=  11

R 
100
 

input power
  2.25

Measuring average speed.

Average speed = distance travelled

distance d is measured in metres (m)


  time taken

time t is measured in seconds (s)




average speed v is measured in 
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The distance can be measured by using a measuring tape. The time can be measured by using a stopwatch. 

Examples:

(a) 
A car travels a distance of 45 m in 30 s. 
Calculate the average speed.
(b) 
An athlete runs for 11 s at an average speed of 9 m/s. 

Calculate how far she ran.

Answer: 
v 
= 
d
=
45
=
1.5 m/s




t

30


Answer: d = vt  = 9 x 11  =  99 m

(c) A cat runs a distance of 8 m at an average speed of 5 m/s. How long did it take to run this distance?

Answer: 

t 
= 
d
=
8
=
1.6 m/s



v

5
Measuring instantaneous speeds.

The instantaneous speed is the speed at a particular point (or instant) in time. The same formula as for average speed is used but the time interval must be very short. A light gate and an electronic timer must be used to measure instantaneous speeds. When the light beam is broken the timer starts, when the beam is no longer broken, the timer stops. A cardboard “mask” is usually used to break the beam. 

instantaneous speed =     mask length     .     





       time to break beam

The smaller the time interval, the closer the measured speed is to instantaneous speed. 

A hand operated stopwatch will be very inaccurate because of the reaction time of the person operating it.

Acceleration.

acceleration = change in speed
v is final speed (m/s)


               time
u is initial speed (m/s)



t is time (s)

     
a   = 
v — u

a  is acceleration measured in 



    t

metres  per second per second (m/s2)

(If the speeds are given in miles per hour then the units for acceleration are miles per hour per second).

Example:

A car travelling at 15 m/s increases its speed to 35 m/s in 30 s. Calculate its acceleration.

Answer: 

a 
= 
v – u
= 
35 – 15
=
20
=
0.67 m/s2


   t

    30

30


Example:

A cyclist accelerates at 0.3 m/s2 for 5 s. If she reaches a speed of 13 m/s, calculate her initial speed. 

Answer: 


a 
= 
v – u
=>
0.3
= 
13 – u
=>
0.3 x 5 
=
13 – u
=>
u
=
11.5 m/s




   t



   5


Speed-time graphs.
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Acceleration from a speed-time graph.



Example:

Graphs of speed against time are shown for two different cars. Calculate the acceleration of each car. 

Answer: 

(a)
a = v – u = 10 – 5 = 1.25 m/s2



        t
4

(b)
a = v – u = 2 – 8 = -1.5 m/s2
(a deceleration


        t
 4
   of 1.5 m/s2)

Distance from a speed-time graph.

The distance travelled by an object can be found by calculating the area under the speed-time graph. 

Distance travelled 
= area under the graph 


= area 1 + area 2 + area 3
Example:

A graph of speed against time is shown for a bus journey. 

Calculate the total distance travelled by the bus.

Answer: 

Area 1 = 0.5 x 12 x 10
Area 2 = (28 – 12) x 10
Area 3 = 0.5 x (48 – 28) x 10


= 60
= 160
= 100

Distance travelled 
= area under graph = area 1 + area 2 + area 3 


= 60 + 160 + 100 = 320 m
Forces at Work.

Forces can change an object’s shape, speed or direction of travel.

A Newton balance (or spring balance) can be used to measure force. The balance contains a spring which becomes longer when a force is applied. The longer the spring, the bigger the force. 

The unit of force is the Newton (N).

Weight is a force and is the Earth's pull on the object.

On the Moon, your mass is the same but your weight is different. This is because your weight depends on the strength of the gravitational field. The gravitational field strength, g is the weight per unit mass. 


g = W
gravitational field strength g is measured in Newtons per 

       m
kilogram (N/kg), 



weight W is measured in Newtons (N), 



mass m is measured in kilograms (kg)

On the Earth’s surface g = 10 N/kg. To find the weight of any mass on Earth, multiply the mass by 10. For example, a bike of mass 20 kg has a weight of 200 N, a 60 kg pupil has a weight of 600 N.

The force of friction opposes the motion of a body - it slows things or stops them.

Friction can be decreased: by making surfaces smoother (e.g. waxing skis); by adding a lubricant (e.g. oil in an engine); reducing air resistance by streamlining. Friction can be increased: by putting on brakes; by increasing air resistance with a parachute.

Equal forces acting in opposite directions on an object balance each other and are equal to no force at all. When balanced forces (or no force) act on an object its speed stays the same, there is no acceleration
An object will accelerate if the pushing force is greater than the resistance force. When the resistance force is equal to the pushing force, the object can go no faster. (This steady speed is called the terminal speed of the object).

Newton’s first law - a mass will remain at rest or move with a steady speed in a straight line unless an unbalanced force acts on it.

E.g. seat belts apply a force in the opposite direction to the movement of the vehicle to stop you moving into the windscreen. If the seat belt was not worn, you would continue to move forward at a steady speed when the vehicle halted.

An unbalanced force will cause an object to accelerate. The larger the unbalanced force, the larger the acceleration. Acceleration also depends on mass. An object with a small mass will have a bigger acceleration than a large mass, if both have the same unbalanced force acting on them.

Newton’s second law.


F = m a
force F is measured in newtons (N)



mass m is measured in kilograms (kg)



acceleration a is measured in m/s2



Example:

A pilot of mass 65 kg has an acceleration of 6 m/s2. Calculate the force acting on the pilot.

Answer:
F = ma = 65 x 6 = 390 N

Example:

A motor cyclist with her bike has a combined mass of 200 kg. The engine produces a force of 1400 N and friction acts against her with a force of 150 N. What is her acceleration?

Answer:

Unbalanced force = 1400 — 150 = 1250 N


a   = 
F  = 
1250 = 6.25 m/s2


m
 200

Energy.

Conservation of energy: No energy is gained or lost during energy changes. The total amount of energy remains the same. For example the table below shows the energy changes for a car at different points on a journey. No energy is lost - it is only changed into different forms.

Part of Journey
Energy Transformation


accelerates from rest
Chemical
to
Kinetic


going uphill
Kinetic
to
Potential


freewheeling down the hill 
Potential
to
Kinetic


going at constant speed 
Chemical
to
Kinetic


braking to a halt
Kinetic
to
Heat

Work is the amount of energy changed.

Work done =  force x distance moved in the direction of the force


EW
=
F x d
Work done, EW, is measured in Joules (J); 





force F is measured in newtons (N)





distance d is measured in metres (m)

Example:

A robot pushes a wooden block a distance of 8 m. If the robot used a force of 140 N, what is the work done by the robot?

Answer:
EW
=
F x d
=
140 x 8
= 
1120 J
Power.

Power is the rate of doing work. 

Power   =
  Work

Power P is measured in Watts (W)


   time

time t is measured in seconds (s)
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Work EW is measured in Joules (J)

Example:

A small child pushes a bag of mass 6 kg a distance of 3 m in 9 s. If the child used a constant force of 60 N, calculate the child’s power?

Answer:
EW = F x d   =  60 x 3  =  180 J


P   =    E/t    =     180/9    =   20 W
Kinetic Energy


All moving objects have kinetic energy (EK).  The greater the mass or the speed of a moving object, the greater is its kinetic energy.

EK =  1/2 mv2
Kinetic energy EK is measured in Joules (J); 


mass m is measured in kilograms (kg); 



speed v is measured in metres per second (m/s)

Example: 

A wheel of mass 6 kg rolls at a speed of 5 m/s. Calculate its kinetic energy.

Answer: 

EK = 
½ mv2   = 
½  x 6 x 52 = 75 J

Gravitational Potential Energy

Gravitational potential energy (EP) is the work done when an object is lifted. The force required to lift an object is equal to the weight of the object. 


Work done = force x distance lifted


EP = mgh
Gravitational potential energy EP is 


measured in Joules (J), mass m is 


measured in kilograms (kg), 



gravitational field strength g is 


measured in Newtons per kilogram 

 (N/kg), height h is measured in metres 

(m).
Example: 

A 5 kg mass is raised 3 m by a machine. Calculate the potential energy gained.

Answer: 
EP = 
mgh  = 5 x 10 x 3 = 150 J
Falling Objects. When the air resistance acting on a falling object is negligible, then the loss of gravitational potential energy is equal to the gain of kinetic energy. 


EP = EK 
=>
mgh  = 
1/2 mv2
Example: 

A spanner falls from a ledge 3.2 m above the ground. What is its speed when it reaches the ground? 

Answer: 
       mgh  =  1/2 mv2   
(the mass can be cancelled from both sides 
10 x 3.2 
=    v2/2



of the equation)


=> 
        v2 
=   64


=> 
        v 
=    8 m/s


Supply and Demand.

Sources of Energy
: There are many sources of energy. Our main source of energy is from fossil fuels (coal, oil and gas). Reserves of fossil fuels are finite. This means that they will eventually run out. They are non-renewable. Other sources will never run out (e.g. solar; water; geothermal; wind; plants). These are called renewable sources. 
Renewable sources have the advantage of being free and clean but often have the disadvantage of being difficult to convert large amounts to useful forms.

Conserving energy is important. A way to conserve energy in:

industry: use fans to circulate heat which rises in buildings with high ceilings;

homes: improve insulation e.g. loft insulation etc.;

transport: encourage car sharing or the greater use of trains and buses rather than cars.



Generation of Electricity.

The flow diagram shows the main stages of energy transformation in a thermal (gas, oil or coal) power station.
All power stations contain a turbine and a generator. However, in hydroelectric stations there is no boiler - potential energy is changed to kinetic energy as stored water flows to the turbine. In a nuclear station, nuclear energy is converted to heat at the reactor. 
Dangerous radio-active waste is produced by nuclear reactors which has to be stored safely for hundreds of years.


A common nuclear fuel is uranium. Large amounts of energy can be obtained when the uranium nucleus is split in two. The nucleus can be split if it is hit by a neutron. When the uranium nucleus splits it produces large amounts of energy and more neutrons. Each of these neutrons can then split another uranium nucleus. This will release more energy and more neutrons. This process is called a chain reaction. 

Example: One kg of uranium releases 5 x 106 MJ of energy. If 200 000 kg of coal releases the same amount of energy, how much energy is released by 1 kg of coal?

Answer:

200 000 kg of coal releases 5 x 106 MJ so 1 kg releases   5 x 106   MJ = 25 MJ

200 000

Pumped hydroelectric schemes: Night-time electricity from other power stations is used to pump water to the upper reservoir of the hydroelectric scheme. During the following day, the water is allowed to flow down through the turbines to generate electricity at peak demand times.

Energy and Power Calculations. 

Energy (E) is measured in joules (J). Power (P) is measured in watts (W). 
gravitational potential energy (Ep) = m x g x h 
[m is mass (kg); g is 10 N/kg (on Earth); h is height (metres)]. 


Power 
= 
energy 
P = 
E       (time is measured in seconds)




  time

t

Energy is never destroyed in an energy transformation but there is always less ‘useful’ energy after the transformation. Some of the original energy 

is ‘lost’ as heat. Energy is degraded in energy transformations. 

Efficiency 
= 
useful energy output  x 100 %




  total energy input 


Example: A large crate of mass 400 kg is lifted by a fork-lift truck to a vertical height of 2 m. If the fork-lift uses energy at the rate of 10 kW and the lifting operation takes 5 seconds, calculate the efficiency of this operation.

Answer:


Useful energy output 
= potential energy gained 



             Ep
= m x g x h = 400 x 10 x 2 = 8 000 J


Total energy input 
= power x time 



             E
=  P x t





= 10 000 x 5 = 50 000 J


Efficiency 
=   useful energy output 
x 100 %




      total energy input 




=  8 000  x 100% = 16 %




   50 000

Source to Consumer.

A voltage is induced (generated) in a conductor when it moves through a magnetic field (i.e. a magnet is moved across a wire or the wire is moved across a magnet). 
Factors which affect the size of the induced voltage are: magnetic field strength; number of turns on the coil; relative speed of magnet and coil. If any of these factors is increased, the induced voltage is increased. 

Generating Electricity.


Bicycle dynamo

A.C. Generator (or Alternator)



Field coils are fixed in the casing to form the stator. The magnetic field is created by a rotating electromagnet. The windings of these coils are in alternate directions so that north and south poles are produced alternately. This assembly is called the rotor. The small amount of current needed to make the rotor coil into an electromagnet comes to it from a battery through special brushes called slip rings. (Some generators have a small dynamo which supplies the current needed). This results in electricity being generated in the field coils.

Apart from size, the main difference between a full-sized generator and a simple working model are that full-sized generators have many spinning electromagnets.
Transformers

Transformers are used to change the size of an a.c. voltage.

Transformers have a primary coil, a core and a secondary  coil.


A step-down transformer has more turns on the primary coil, a step-up transformer has more turns on the secondary coil. 

The turns ratio of a transformer is the ratio of the number of turns in the secondary coil (ns) to the number of turns in the primary coil (np).

The voltage ratio of a transformer is the ratio of the secondary voltage (Vs) to the primary voltage (Vp).

Example: A step-down transformer has a turns ratio of 1 : 20. If the primary voltage is 240 V, what will be the secondary voltage?

Answer:

This answer assumes that the transformer is 100% efficient. If a transformer is 100% efficient the power in the primary coil will equal the power in the secondary coil. 


Pp = Ps 
=>
IpVp  = IsVs
=> 
Also 

Transformers are not 100% efficient because of energy lost as: heat in the coils; as heat in the core. Energy is also lost in magnetising the core.



When energy is sent along transmission lines, power is lost because the lines have resistance. High voltages are used in the transmission of electricity to reduce power loss. High voltages mean that there are smaller currents in the power lines. 

Power loss in transmission lines,  P = I2 R

Example: What is the power loss in a transmission line of total resistance 20  when there is a current of 10 A?

Answer:


Power loss  P =  I2 R = 102 x  20 = 2 000 W 

National Grid 

Heat in the Home.

Temperature is how hot or cold something is. It is measured in degrees Celsius (°C). Heat is a form of energy and is measured in joules (J).

Heat is lost from the home by conduction, convection and radiation. Heat loss in a given time depends upon the temperature difference (T) between the inside and the outside of the house. The greater T, then the faster the house will lose heat. Heat loss can be reduced by: 

· double glazing (reduces heat loss by conduction); 

· cavity wall insulation (reduces heat loss by convection); 

· metal foil on walls (reduces heat loss by radiation).

Specific heat capacity (c) is the heat energy required to raise the temperature of 1 kg of a substance by one degree. 


c 
= 
  Eh  
Eh = c m T




m T

Example:

How much heat is needed to raise the temperature of 2 kg of water from 20°C to 100°C?  (c =4200 J/kg°C)

Answer:
Eh= c m T = 4200 x 2 x (100 – 20) = 672 000 J

Solid, liquid and gas are the three states of matter. When a change of state occurs energy is either lost or gained. The latent heat of fusion is the energy needed to melt a solid into liquid at its melting point. The latent heat of vaporisation is the energy needed boil a liquid into gas at its boiling point. A change of state does not involve a change of temperature but energy is gained or lost by a substance when its state is changed. 

Examples which involve a change of state are the refrigerator and the picnic box cooler.


The energy which brings about a temperature change can come from several sources 

e.g. electrical  
ItV = Eh = cmT 

or  mechanical  
Fd = Eh = cmT ;   mgh = Eh = cmT  ; 
1/2 mv2 = Eh = cmT


(Work done)

(Ep)
   (Ek)

Calculations involving specific latent heat:

Example How much heat is needed to change 0.5 kg of ice at 0 °C to water at the same temperature?
Answer:
latent heat = mass x specific latent heat of fusion


Eh = ml = 0.5 x 340 000 = 170 000 J

Example

How much heat is needed to change 0.3 kg of water at 100 °C to steam at the same temperature of 100 °C?

Answer: latent heat = mass x specific latent heat of vaporisation

                           Eh = ml = 0.3 x 2.26 x 106 = 6.78 x 105 J

Example

How much heat will be given out if 0.3 kg of steam at 100 °C changes to water at the same temperature?

Answer:

The heat needed to turn water to steam will be given out when the steam turns to water. Heat = 6.78 x 105 J
The universe is made up of millions of galaxies. A galaxy is a vast collection of stars. Our sun is a star, a large mass of reacting gas which gives out light and heat. The sun and the 9 planets in orbit round it make up our solar system. Planets may have one or more natural satellites called moons. 

Light takes 8 minutes to travel from the Sun to the Earth.

The distance travelled by light in one year is called a light year. 

(Since distance = speed x time, a light year contains: 

3 x 108 m/s x 365 days x 24 hours x 60 minutes x 60 seconds = 9.46 x 1015 m).

Distances to remember: from the Earth to the next nearest star is 4.3 light years; to the edge of our galaxy is 100 000 light years.

Telescope. 

The objective lens produces an image which is magnified by the eyepiece. 

The larger the diameter of the objective lens then the greater the amount of light which can enter the telescope, so the brighter the image.
A ray diagram can be used to show how an image can be formed by a convex lens. The image can be found by drawing only two rays - one straight through the centre of the lens and the other through the focus. 

A magnifying glass is shown in this ray diagram. 
The object lies between the lens and the focus and the image appears on the same side of the lens as the object.

Each of the different colours has a different wavelength. The long wavelength is red. The wavelength decreases as you go from Red -> Green -> Blue.

The light from different sources of light can produce different spectrum patterns.
Some light sources produce a pattern of different coloured lines - this is called a line spectrum. Different atoms produce different line spectra - this is like a fingerprint of the atom. Astronomers can use line spectra to work out the types of atom in different stars. 

The Electromagnetic Spectrum

The energy we need to live is supplied by the sun. The energy is carried by a group of waves which all travel at the speed of light although there are several different types of wave. Waves of a particular type have a similar wavelength (e.g. microwaves) and waves of different types have different wavelengths. The different types make up the electromagnetic spectrum. Visible light forms just a small part of this bigger spectrum.
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Telescopes: Since stars do not only emit visible light, astronomers use different kinds of telescope e.g. a radio telescope picks up radio waves using a large curved metal dish with an aerial placed at the focus of the dish. Different types of detector are used to detect other parts of the electromagnetic spectrum.
Space Travel.

A rocket is pushed forward because the "propellant" is pushed back. The rocket motors push the propellant gases backwards and the propellant gases push the rocket forwards.

This is an example of Newton's Third Law: 

"If A exerts a force on B, B exerts an equal but opposite force on A".

E.g. apple sitting on a table; force A = force of Earth on apple and force B = force of apple on Earth

(Notice how the words are swapped round)
Newton’s second law, F = ma, is used to calculate the acceleration of a rocket when its engines are producing a thrust (= force). 

E.g.; A rocket of mass 80,000 kg is in deep space. Its engines produce a thrust of 320,000 N. 

What is the acceleration?
a = F/m = 320,000/80,000 = 4.0 m/s2
Newton’s first law of motion states that “an object will stay at rest or continue to move at constant speed in a straight line if no unbalanced force acts on it”. This means that a rocket in space only needs to use its engines to change its speed or direction. If it is in deep space with its engines off it continues at constant speed in the same direction.
Weight  =  m  x  g   where ‘g’ = the gravitational field strength (or the acceleration due to gravity). The weight of an object is a force and so is measured in newtons. The weight of an object is different on different planets since g is different.

The weight of an object decreases as its distance from the earth increases. 

The mass of an object is a measure of the amount of material in the object. Mass is measured in kilograms (kg). The mass of an object remains constant wherever it is. The greater the mass of an object, the greater its resistance to changes in its motion.

This is referred to as inertia. e.g. a full supermarket trolley has a greater inertia than an empty one, i.e. it is more difficult to speed it up or to slow it down or to change its direction.
Falling objects: Near the earth’s surface all objects fall with the same acceleration (if the effects of air resistance are negligible). The acceleration due to gravity on the earth is 10 m/s2.

The “acceleration due to gravity” is the same as the “gravitational field strength”.

e.g. on earth a gravitational field strength means that a mass of 1 kg experiences a force of 10 N due to gravity. 
This causes it to accelerate at, a = F/m = 10/1 = 10 m/s2
Example: On Jupiter the gravitational field strength is 26 N/kg. (a) What is the mass of a 60 kg rock? (b) What is the weight of a 60 kg rock?(c) What is the acceleration of the rock if it is falling towards the surface of the planet? 
Answers: (a) Mass = 60 kg (mass remains constant) 

(b) Weight  =  m  x  g = 60 x  26 = 1560 N 
(c) Acceleration = 26 m/s2 (= gravitational field strength)


Projectiles. 
Projectile motion can be treated as two independent motions:

a constant horizontal velocity and a constant vertical acceleration.

These two motions combine to give a curved path for a projectile.
Example: 

A plane flying horizontally at 240 m/s loses a wheel which hits the ground 8 seconds later. Ignoring air resistance, find (a) how fast the wheel is going horizontally just before it lands; (b) how fast the wheel is going vertically just before it lands; (c) how far the wheel travels horizontally; and (d) the height of the plane (the distance fallen by the wheel).

Answer: (a) Horizontally, the wheel continues at a constant speed of 240 m/s.

(b) 
Vertically, the wheel accelerates at 10 m/s2 for 8 seconds. 


a = (v - u) / t     =>   10 = (v - 0) / 8   =>    v = 10 x 8 = 80 m/s

(c) 
Horizontally, the wheel travels at a constant speed of 240 m/s 


d = v x t  => d = 240 x 8 = 1920 m.

(d)
Vertically,  d = v x t  cannot be used since the wheel is accelerating. Sketch a speed-time graph and calculate the area under the graph to find the distance.    d = 320 m

Satellite motion. 

The faster the horizontal speed of a projectile, the greater the distance it travels before it comes back down to ground level. 

However, the surface of the earth is curved and so the projectile travels even further.

If the projectile is fired with a high enough horizontal speed, the curve of its path matches the curve of the earth.

The object does not come back down to the earth’s surface - it stays in orbit around the earth - it has become a satellite.

Weightless?

While an object is falling freely it appears to be weightless. e.g. astronauts “floating” in an orbiting spacecraft appear to be weightless because they, and the spacecraft, are falling towards the Earth with the same acceleration.

Re-entry:

When a space craft enters the earth’s atmosphere, the friction with the air causes some of its kinetic energy to change to heat energy. A special heat shield prevents the craft from being burned up and destroyed.
You will need to be able to carry out calculations involving the relationships: 

Heat Energy 
  Eh = cmT
Work Done
W = Fd 
Kinetic Energy
  Ek = 1/2 mv2
If force of friction causes heat: 
F d =  cmT
If kinetic energy causes heat: 
1/2 mv2 =  cmT
Q
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Component





Circuit Symbol





Description





Battery





Supplies electrical energy.





Lamp





Converts electrical energy to light energy.





Switch





Open: breaks a circuit





Closed: completes a circuit.





Heater





Converts electrical energy into heat





energy.





Resistor





Opposes current, it converts electrical





energy into heat energy.





Variable resistor





A resistor whose resistance can be





changed.





Motor





Converts electrical energy into kinetic





energy.





Ammeter





Used to measure electric current - always





connected in series.





Voltmeter





Used to measure voltage - always





connected in parallel.





Ohmmeter





Measures resistance directly - use when





component is not connected.





Fuse





A protection device. It melts when the





current gets too high.
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22 





36 





Typical Sounds	Decibels


Threshold of hearing	0


Whispers	30


Inside average home	50


Busy Street	70


Heavy lorry	90


Pop group at 1m	110


Danger level	140





When the object is close to the eye the lens is thick.





The atom is the smallest possible particle of an element. All atoms in one particular element are identical, but atoms of hydrogen are different from atoms of uranium. This is because they are made up of different numbers and combinations of electrons, protons, and neutrons.





Sources are usually stored in lead-lined boxes.


Boxes carry a symbol warning of radiation. 


Sources are never handled directly - tweezers, gloves or tongs are used to lift them.


Sources should always be pointed away from the body.


Food etc. must not be exposed to radiation.


Sources should never be pointed at, or near, the thyroid gland area (head and neck) as this area is particularly sensitive to radiation.





The units of half life are the units of time (seconds, hours etc.)


After:


one half life  	1/2 the original value of activity


two half lives	1/4 the original value of activity


three half lives	1/8 the original value of activity


four half lives 	1/16 the original value of activity


n half lives  	1/2n the original value of activity





	output device 	symbol	digital or analogue 	energy conversion





	LED		digital	electrical to light


	7-segment display		digital	electrical to light


	Bulb		digital or analogue	electrical to light


	Motor		analogue	electrical to kinetic


	Loudspeaker		analogue	electrical to sound


	Solenoid		digital	electrical to kinetic


	Relay		digital	electrical to kinetic





An LED (light emitting diode) will light only if connected as shown.  A resistor (R) in series with the LED limits the size of the current. Too high a current will destroy the LED.





NOT gate


(inverter)





AND gate


(inverter)





OR gate


(inverter)





input 	 output


(inverter)





output








input A	


input B








output


(inverter)





input A	


input B








When the LDR is covered, its resistance increases so the voltage across the LDR increases and the transistor switches on.





When the LDR is covered, its resistance increases so the voltage across it increases and the voltage across the variable resistor decreases and the transistor switches off.





When the temperature of the thermistor decreases, its resistance increases so the voltage across it increases and the voltage across the variable resistor decreases and the transistor switches off.





When the temperature of the thermistor decreases, its resistance increases so the voltage across the thermistor increases and the transistor switches on.





	A	B	C		output


	0	0	0		1


	0	0	1		0


	0	1	0		1


	0	1	1		0


	1	0	0		1


	1	0	1		0	1	1	0		1	1	1	1		1	





		input	output


	A		B


	0		0	0


	0		1	0


	1		0	0


	1		1	1





		input	output


	A		B


	0		0	0


	0		1	1


	1		0	1


	1		1	1





	input		output


	0			1


	1			0








Wave Type	Detector


Gamma	Geiger-Muller tube and counter


X-rays	Photographic plate


Ultra-violet	Fluorescent paint


Visible	Photographic film


Infrared	Thermometer


Microwaves	Aerial and microwave receiver


T.V. & Radio	Aerial and T.V. or radio receiver





(chemical energy to heat energy)


boiler


(heat energy to kinetic energy)








turbine








generator


(kinetic energy to electrical energy)
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(b)
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