Using Electricity:Revision Notes


Section 1: From the Wall Socket

· The mains supplies electrical energy.

· Energy transformations:
 Electric fire: electrical energy to heat (and light).

   
 Hairdryer:    electrical energy to movement and heat etc.

· Typical power ratings:
 Electric fire – 
3000W: 

 Cooker - 
12000W

 Hairdryer - 
1000W

 TV - 

100-250W

 Light bulb - 
60-100W etc

· The correct flex must be used with each appliance; the flex must be thick enough to carry the current without overheating: an appliance with a higher power rating needs a thicker flex.

· The fuse is in the plug to cut off the mains supply if there is a risk of overheating: this protects the flex (and the appliance) from damage.

· In general, the correct fuse for an electrical appliance is: 3A up to 700W: 13A over 700W.

· The colour code for plug wiring is: live - brown: neutral - blue: earth - green and yellow.

· The live wire is always connected to the fuse; the earth wire is connected to the top pin.

· The human body conducts electricity; water makes the human body a better conductor. 

· The earth wire is a safety device; the earth wire is connected to the metal casing of the appliance; if a fault develops and the live wire touches the casing, there is a path to earth and the appliance remains safe.

· The live wire is connected to the high dangerous voltage, while the neutral wire is at zero or earth voltage; both the switch and the fuse are connected to the live wire so that they can cut off the high voltage and leave the appliance safe. 

· Appliances that are entirely cased in plastic are double insulated and do not need the earth wire. 


· The double insulation symbol is: 

· 3 core flex is used for most appliances; 2 core flex is used for double insulated appliances. 

· Dangerous situations include:

· Using electricity near water; this makes shocks more dangerous, 

· Wrong fuses; this can allow overheating to take place, 

· Wrongly connected flexes; this can leave the appliance live even when switched off 

· Frayed, or badly connected, flex; this can give a shock, 

· Too many appliances on the same socket or using multiway adaptors; this can draw too much current from the mains and therefore cause overheating. 


Section 2: Alternating and Direct Current

· Direct current (d.c.) is always in the same direction; electrons flow from negative to positive.

· Alternating current (a.c.) changes direction many times every second. 

· The mains supply is a.c. A battery supply is d.c. 

· An oscilloscope can show these patterns. 
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· The frequency of the mains supply is 50 Hz. The mains voltage is 230 V. 

· The quoted voltage of an a.c. supply, eg. 230 V for the mains, is the average  value and is less than the peak value ( 325 V for the mains). 

· An electric current is caused by the movement of charges (negative electrons) round a circuit. A conductor allows electric current to pass through it because electrons are free to move. 

· Current has the symbol I, and is measured in amperes (amps), A. 

· Voltage has the symbol V, and is measured in volts, V. 

· Charge has the symbol Q, and is measured in coulombs, C.

· The voltage of a supply is a measure of the energy given to the charges in a circuit, eg. a 1.5 V battery gives 1.5 J of energy to each coulomb of charge passing through it. 


· Charge, current and time are related by the equation: 


Section 3: Resistance

· Current is measured by an ammeter; voltage is measured by a voltmeter. 

· The circuit symbols for an ammeter and a voltmeter are: 
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· An ammeter is always placed in series in the circuit. A voltmeter is always placed in parallel. Circuit diagram: 
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· Resistance has to do with the difficulty charges have in moving; it has the symbol R, and is measured in ohms, Ω. 

· When the resistance in the circuit increases, the current in the circuit decreases.

· Ohm's law:                               where V is the voltage in volts (V)

        I is the current in amperes (A)

       R is the resistance in ohms, Ω.

· Variable resistors can alter the current; they are used as volume controls in radios, etc. in petrol gauges, in strain gauges etc.

· When there is an electric current in a wire, electrical energy changes into another form of energy. Electrical energy is changed to heat in an electric fire an electric cooker and an electric kettle.

· In an electric fire (heater) the energy change takes place in the resistance wire; this is called the element.

· In a lamp, electrical energy is changed into light and heat. 

There are two main types of lamp: A filament lamp where the energy change takes place     in the filament (resistance wire): and a discharge or fluorescent tube where he energy change takes place in the gas. 

· A discharge tube is more efficient than a filament lamp; more of the electrical energy is changed into light and less into heat. 

· Energy has the symbol E, and is measured in joules, J. 

· Power is the rate at which energy is converted into other  energies; it has the symbol P, and is measured in watts, W; one watt is one joule per second: 1 W = 1 J s-1.
 

· Energy is related to power and time by the equation:    

    where t is time in s.

· Electrical power is related to current and voltage by the equation: 


· Another expression for electrical power is 
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Section 4: Useful circuits

· There is only one path round a series circuit:
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· The current  is the same at all points in the series circuit. 

· The supply voltage is equal to the sum of the voltages across the various components in a series circuit.
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· There is more than one path round a parallel circuit; the various paths are known as branches: The voltage across components in parallel is the same for each component
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· The sum of the currents in parallel branches is equal to the current drawn from the supply: 


· In the house, two switches are used in series when a switched appliance is plugged into a switched socket. It is dangerous to connect too many appliances to one socket because it could draw a large current (total of currents for each appliance) from the supply. 

· A simple continuity tester can be made using a battery and a bulb; this can be used for fault finding. 
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The object to be tested is placed between X and Y; if the bulb lights there is a continuous circuit and the object is a conductor. 

· An ohmmeter can also check circuits: 
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The ohmmeter will read nearly zero ohms if there is a short circuit and as high as the meter will allow if there is an open circuit (a gap in the circuit). 

· To find the total resistance RT of resistors R1 and R2 connected in series the following equation is used: 
           RT = R1 + R2  

· To find the total resistance RT of resistors R1 and R2 connected in parallel the following equation is used: 
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· If two identical resistors if are in parallel then RT is R/2; if three identical resistors R are in parallel then RT is R/3. 

· Car lights, eg. headlights and sidelights 
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All bulbs are placed in parallel with the battery so that each has 12 V across it.

· Courtesy light

[image: image12.png]o left hand door

T right hand door





This has to come on  when either front door is opened; two switches in parallel are used, one for each door.


Section 5: Behind the wall

· All the wiring in the house connects appliances in parallel.

Lighting circuits are connected in simple parallel circuits.

Sockets are connected in parallel by a ring main: 
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· The ring circuit is preferred because: 

(1) the current in each wire can be halved since the current can reach the appliance from two directions, and so less energy is wasted, 

(2) thinner cable can be used with a smaller current, 

(3) there is less risk of overheating with smaller current. 

· Differences between the lighting circuit and the socket circuit include: 

(1)the lighting circuit is in parallel; the socket circuit is ring main (but still in parallel), 

(2)the lighting circuit carries a maximum current of 5 A; the socket circuit carries a maximum current of 30 A, 

(3)with a smaller current, the lighting circuit uses thinner cable. 

· The mains fuses protect the mains wiring; fuses prevent overheating from too large a current with risk of fire. 

· A circuit breaker is an automatic switch that can be used instead of a fuse. A circuit breaker is used instead of a fuse because it can quickly be switched back on and reused. 

· The kilowatt-hour , kWh, is a unit of energy; it is used in costing energy.


Section 6: Movement from Electricity

· When there is a current in a wire there is a magnetic field round the wire. 

· When a wire carrying a current is placed in a magnetic field, there is a force on the wire. 

· Current, magnetic field and force (or movement) are three related variables; if two are present, the third will be produced. 

· The direction of the force depends on the direction of the current and the direction of the magnetic field; changing either the field or the current will change the direction of the force.

· The magnetic effect of the current is used in: (1) electric bells, (2) relays, (3) electromagnets, (4) an electric motor.
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· In a d.c. motor: 

The rotating coil is carrying a current and since it is between the poles of a magnet, there is also a     magnetic field; therefore there is a force on the coil; this force makes the coil turn but it will only continue to turn if the force always acts to turn it in the same direction; in order to achieve this the current has to change direction every half turn; the commutator does this. The brushes make electrical contact with the commutator but still allow the coil to turn. 

· In a commercial motor there are: 

Carbon brushes to make contact; carbon is used because it is a good conductor but soft enough to wear away as the commutator turns without damaging the commutator, field coils to provide the magnetic field rather than a permanent magnet; these are fixed coils which carry a current and become electromagnets; these can provide a stronger magnetic field and are much lighter than permanent magnets, multi-section commutators; the force is greatest when the coil is at right angles to the magnetic field; with a multi-section commutator one of the coils is always nearly at right angles and thus the force stays large and the rotation is much smoother. 
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Number of kWh = number of kW x number of hours
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