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Study Tips - The following summary covers the knowledge and understanding part of the Telecommunication and Using Electricity units. You need to know this material thoroughly - you will be tested on it in the Prelim and Final SQA Exam and this material is your basic starting point for tackling problem solving questions.
Notes - In order to study effectively, it is best to make your own notes in some form that allows for self-testing. 
How? – Use a Note-taking System

Your objective is to capture on paper the main facts and ideas so that you can study them thoroughly. Divide an A4 page into a narrow (5 cm) left hand “recall” column and a wide right hand “notes” column. You may also want to leave a margin at the bottom of the page where you can write a one or two sentence summary of all the information contained on that page. The wide column on the right is where you write the notes. Don't crowd them - leave plenty of white space. After completing your notes, read them over and make sure you clearly understand each fact and idea, then, in the narrow column on the left, write a brief, meaningful question (or note down key terms, concepts or formulae). 

An alternative is to use a spider diagram (or “Mind Map”) as notes or to use “flash cards” with questions on one side and answers and examples on the other. Flash cards are very portable so they are especially useful for testing yourself during spare moments on a bus etc.

It is important to use a method that gets you to ask questions. The process of asking questions helps you focus on the essential material and helps you understand things more clearly. 

How do I remember it all? - Recitation is the most powerful method known for embedding facts and ideas into your memory. 
E.g. if you have written notes as suggested:

Cover the notes in the wide column exposing only the questions in the narrow column. Recite the answers in your own words. Recite over and over again until you get the right answer

What else can I do? - Practice!
A critical component of physics is solving problems. Work at as many problems as possible, especially exam style questions. Attempt all the questions in this booklet.
Your teacher will help you complete the ‘Targets section above. 
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.
[image: image1.emf]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:
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Loud 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. 

1. What is the speed of sound in air?

2. What is the word for a device which sends out a signal?

3. State two advantages of communicating using wires rather than through air.

4. What is the energy change that takes place in a telephone earpiece?

5. What is the speed of light in air?

6. What is the equation that links speed, distance and time?

7. What is the unit that we use to measure speed?

8. What is the energy change that takes place in a telephone mouthpiece?

9. Draw two diagrams: one showing a wave pattern with a low frequency and the other showing a wave pattern with a high frequency. 
10. What is the effect on the pattern in question 9 if the signals are made louder?
11. Give an example of where we notice that sound and light do not travel at the same speed.
12. What type of signals can be transmitted along wires during a telephone communication?
13. How fast is the signal transmitted along a wire?
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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. 
1. Give an example of a long range telecommunication system that doesn’t need cables.

2. What do we mean when we talk about the frequency of a wave?

3. Draw the symbol we use for wavelength.

4. What is the equation that links frequency, speed and wavelength?

5. Draw a diagram of a wave and mark in the amplitude.

6. What is the unit we use to measure frequency?

7. What carries more energy; a wave with a small amplitude or a wave with a large amplitude?

8. What do we mean when we talk about the wavelength of a wave?

9. What is the frequency of a wave pattern if 10 waves pass a point in 2 seconds?

10. Wavelength can be measured in ……….?  
11. Describe a method of measuring the speed of sound in air (using the relationship between distance, time and speed). 

12. A girl sees the flash from a firework that is 600 m away. She hears the explosion 1.8 s later. Use this information to calculate the speed of sound.

13. What is the frequency of a water wave that has a speed of 12 m/s and a wavelength of 3 m?

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. 

1. What is the speed of radio waves?

2. What does the decoder do in a radio receiver?

3. What is the energy change that takes place in a loudspeaker?

4. What do we mean by the word diffraction?

5. All the colours on a TV screen can be made by mixing which three colours?

6. How does diffraction of long waves compare with the diffraction of short waves?

7. What feature of our eye allows us to see a series of still pictures as movement?

8. The electricity supply provides energy for which part of a radio receiver?

9. How many lines are in a UK TV picture?

10. In a black and white TV how do we get shades of grey?
11. How is the colour yellow produced on a television screen?

12. Draw a block diagram to show the main parts of the radio.
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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. 
[image: image16.bmp]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.
1. Give an example of a telecommunication system which uses optical fibres.

2. At what speed do signals travel in an optical fibre?

3. Give two advantages of using optical fibres over copper wires to carry messages.

4. What is total internal reflection?  ( A diagram may help )

5. What is the missing word: When light is reflected from a mirror, the angle of ……….. is always equal to the angle of reflection.

What are the missing words: 

To send speech information along an optical fibre we first have to change the sound signals into pulses of …6……… energy. These pulses control a small laser which then produces pulses of light which are ……7……. through the optical fibre.

8. What do we mean by the term ‘critical angle’?

9. Why do signals in an optical cable not get affected by electrical interference?
10. What do we mean by the ‘normal line’ when we talk about reflection?
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: image17.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.
1. How does the height of a satellite above the Earth’s surface affect the time it takes to orbit the earth?

2. What is the missing word: A curved dish aerial has a large area and can collect more energy from an incoming signal. It then ………….. this signal onto the detector.

3. What is a geostationary satellite?

4. How long does it take for a geostationary satellite to orbit the Earth?

5. When making a telephone call via satellite at what speed is the signal sent from the ground station to the satellite?

6. What does the satellite do to the signal when it receives it?

7. What do we mean by the ‘period’ of a satellite?

8. Give one example of how you could use a curved reflector in telecommunications.

9. Give an example of a telecommunications system that makes use of satellites?

10. How far above the Earth’s surface must a geostationary satellite be? 

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: image39.png]


 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.

1. Household appliances with a high power rating need a thicker flex than less powerful appliances. What could happen if too thin a flex was used on a high powered appliance? 
2. What is the approximate power rating of (a) a kettle (b) a lamp?
3. What is the name given to the brown wire in a standard household three pin plug?
4. What are the names and colours of the other two wires?
5. Describe how the fuse is used a safety device in a plug.

6. What is the purpose of the earth wire?

7. Why are switches and fuses always connected to the live wire?

8. Draw the symbol that shows an appliance is double insulated and state which wire is not required.
9. What is the main energy change that takes place in a bedside lamp?

10. What would happen if too small a fuse is used in an appliance?

11. Why should we never handle electrical appliances when our hands are wet?
12. For each of the following situations, explain why an accident could occur: 
(a) an electric drill with a frayed flex

(b) a badly connected flex connected to a hairdryer  
(c) a fire, kettle and iron connected to a multiway adaptor 
(d) a short circuit in a washing machine 
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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.

[image: image19.bmp]
1. What are the two types of charge?

2. Name a source of direct current (d.c.).

3. What is the frequency of the mains voltage in the UK?
4. What is the size of the mains voltage in the UK?

5. What do we mean when we talk about electric current?

6. In alternating current what do we mean when we talk about peak voltage?

7. Draw the symbol for a variable resistor, a fuse and a lamp. 
8. Try to find out the symbol for a capacitor and a diode.
9. What is the unit that we use to measure electric charge?

10. What is the equation that links time, charge and current?

11. Draw the pattern you would see on an oscilloscope when it is displaying an alternating current pattern.

12. What do we mean by voltage in a circuit?

[image: image20.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.
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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). 

[image: image22.bmp]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

[image: image23.bmp]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: image24.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.

Answer:  P = I2 R  =  0.52 x 20  =  0.25 x 20 = 5 W
1. What happens to the current in a circuit when we increase the resistance?

2.  What is the unit we use to measure resistance?

3. Draw a diagram to show a circuit with two bulbs - show where you would connect a voltmeter to measure the voltage across one of the bulbs.

4. State one use for a variable resistor.

5. What is the formula that links current, voltage and resistance?

6. Which has a higher resistance a long thin wire or a long thick one? 

7. What is the unit that we use to measure power?

8. What is the missing word: power = ……….. x current.

9. What is the unit that we use to measure energy?

10. Which is more efficient a filament lamp or a gas discharge tube lamp? 
11. What is the equation that links power, energy and time?
[image: image25.bmp]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.

[image: image26.bmp]
Parallel circuits

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
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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.
[image: image28.emf]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) indicates an open circuit (e.g. a broken wire). A very low reading indicates a short circuit.

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 + .....
[image: image29.bmp]Example: Find the total resistance of the combination of resistors shown here.

Answer:  RT = R1 + R2 = 22 + 36 = 58   
[image: image30.bmp]
Calculations involving resistors in parallel: 



[image: image31.bmp][image: image32.bmp]Example: Find the total resistance of the combination of resistors shown here.

Answer: 
   =             
  = 0.25 + 0.125  = 0.375

1. What is the missing word: Current is the same at all points in a …….. circuit.

2. In a parallel circuit what happens to the voltage in each of the branches?

3. What is the formula for adding resistors in parallel?

4. Describe how you could test a circuit to see if there is a break in it?

5. A pupil wires up a circuit with a bulb in it and is surprised to see that the bulb doesn’t light. His teacher tells him that the problem is a short circuit. What does he mean by this?

6. If you have too many branches in a parallel circuit what can happen to the supply current?

7. A bulb and two resistors are connected in series in a circuit with a 6V supply. When the voltage across the first resistor is measured it is found to be 3V. The voltage across the bulb is 1.4V. What will the voltage across the second resistor be?

8. Why are the lights in a car connected in parallel?

9. What is the missing word: The total resistance of a circuit is ……… if additional parallel branches are added.

10. Three resistors are connected in series; 5(, 3( and 2(. What is the total resistance of the circuit?

[image: image33.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. 
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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.
1. What is a circuit breaker used in place of?

2. What is the missing word: Household appliances are connected in …………. across the mains supply.

3. State two advantages a ring main circuit has over a standard parallel circuit.

4. What is the unit that electricity companies use to measure how much electricity a household is using.

5. In a household the lighting circuit is wired in parallel. Why is this?

6. Why is the cable used for a lighting circuit thinner than the cable used in a ring main circuit.

7. What is the missing word: Each domestic circuit is protected by its own …….. in the consumer unit.

8. What is the missing word: In a ring main the current to an appliance can follow …….. paths round the ring.

9. State two differences between power circuits and lighting circuits.
10. Give one similarity between power circuits and lighting circuits.
11. Give a reason why a circuit breaker may be used in preference to a fuse.
12. What are kilowatt-hours used to measure and how do they relate to 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.
1. What is an electromagnet?

2. Give two examples of where electromagnets can be used.

3. What happens to a wire carrying a current when it is placed in a magnetic field?

4. What is field coil and where would you find one?

5. What does the commutator in an electric motor do?

6. Draw a diagram to show the magnetic field pattern round a bar magnet.

7. Why is carbon used to make brushes for an electric motor?

8. Why are multi-section commutators used in commercial motors?
9. Describe briefly how an electric motor operates.

10. What do the brushes do in an electric motor?
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Identify on the diagram of the electric motor, the rotating coil, field coil (magnet), brushes and commutator.
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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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