 Electrical charge, current, power and resistance

	Topic area
	Text book pre-reading
	Syllabus ref
	Max possible score in exam questions
	Your score in exam questions

	Key terms, equation and units

	
	
	10
	

	Charge and current

	p 142-143
	4.1.1
	10
	

	Electron drift velocity

	p 144-145
	4.1.2
	4
	

	Electromotive force

	p 146-147
	4.2.2
	9
	

	Resistance and Ohm’s Law

	p 148
	4.2.3
	6
	

	I-V characteristics of components

	p 155-157
	4.2.3
	13
	

	Resistivity

	p 148-150
	4.2.4
	6
	

	LDRs and Thermistors

	p 152-154
	4.2.3&4
	6
	

	Energy and power

	p 158-160
	4.2.5
	12
	

	Paying for electricity

	p 161-162
	4.2.5
	3
	

	Total

	79
	



	By the end of this topic you should be able to…..

	Check 

	Define what is meant by electrical current (including the difference between electron flow and conventional current) and use the equation linking current, charge and time
	

	Describe what is meant by charge and how this is measured and conserved in circuits.
	

	Describe the atomic structure of a metal and how this enables a flow of electric current
	

	Understand what is meant by mean drift velocity and calculate this for a wire
	

	Recognise and draw circuit symbols and construct accurate circuit diagrams using these
	

	Describe the similarities and differences between potential difference (p.d.) and electromotive force (e.m.f.) as ways of measuring voltage
	

	Use the equations linking work done or energy transferred, voltage and charge
	

	Link the equation for kinetic energy to energy transferred in circuits for electrons and other charged particles
	


	Define resistance and Ohm's law and calculate this from current and voltage
	

	Draw graphs and describe the relationship between current and voltage for a resistor, filament lamp, diode and light emitting diode (LED) and explain how you would obtain these results experimentally.
	

	Describe how resistance varies with a change in external factors for a light dependent resistor and a thermistor
	

	Describe the factors that influence the resistance of a wire
	

	Describe what is meant by resistivity of a material, how this can be found experimentally and use the equation to calculate this.
	

	Calculate electrical power in circuits from voltage, current and resistance and energy transferred from voltage, current and time.
	



[bookmark: _heading=h.gjdgxs]Glossary of key terms- Match the term to the definition (5)
Electricity, Current, Electromotive force, Potential difference, Ohm’ Law, Resistance, Resistivity
	

	A flow of charged particles

	

	Voltage divided by current

	

	The product of a materials resistance and cross-sectional area per unit length 

	

	The rate of flow of charged particles

	

	Voltage is directly proportional to current where resistance is constant

	

	Electrical energy transferred per unit charge to a circuit from a power source e.g. Chemical energy

	
	Electrical energy transferred per unit charge from a circuit to another form of energy e.g. light energy from a light bulb


[bookmark: _heading=h.30j0zll][image: ]Equations given in exam- Complete the table with the definition of each variable symbol (5)
	[bookmark: _heading=h.1fob9te]Variable symbol
	Variable
	Unit symbol

	Q

	
	

	I

	
	

	t

	
	

	A

	
	

	n

	
	

	e

	
	

	v

	
	

	W

	
	

	V

	
	

	R

	
	

	ε

	
	

	ρ

	
	

	P

	
	


Charge and Current 
1 (a) A lamp has a current of 3.5 A for a time of 45 minutes. How much charge has flowed through the lamp in this time ? (1)




(b) Calculate the current through a component if 2400 C of charge passes through it in 32 minutes. (1)




2 A wire forms part of a circuit. Calculate : 
(a) The steady current through the wire if a charge of 400 μC passes a point in the wire in 8 ms. (1)





(b) The number of electrons which pass through the wire in 8 ms. (charge on an electron, e = 1.6 x10-19 C). (1)





3 A rechargeable battery can supply a current of 0.25 A for 5000 s, before its voltage drops and it needs to be recharged. 
Calculate : (a) The total charge which the battery can deliver before it needs to be recharged. (1)




(b) The maximum amount of time it could be used for without being recharged, if the current through it 
were : (i) 0.40 A, (ii) 0.10 A. (2)





4 (a) A charge of 4900 μC flows past each point in a wire in a time interval of 70 s. Calculate : 
(i) The current in the wire (1)





(ii) The number of electrons per second passing each point in the wire (electron charge, e = 1.6 x 10-19 C).  (1)



(b) A cathode-ray tube produces a beam of fast-moving electrons which strike a fluorescent screen. When the beam current is 250 μA, calculate the number of electrons which strike the screen in 2.5 s. (electron charge, e = 1.6 x 10-19 C). (1)
	

Electron drift velocity 
1 The length of a copper track on a printed circuit board has a cross-sectional area of 5.0 x 10-8 m 2. The current in the track is 3.5 mA. You are provided with the following useful information about copper. 
- 1 m3 of copper has a mass of 8.9 x 10 3 kg. 
- 54 kg of copper contains 6.0 x 10 26 atoms. 

In copper there is roughly one electron liberated from each atom. 
(a) Show that the electron number density (n) for copper is about 1028 m-3. 








(b) Calculate the mean drift velocity of the free electrons. 





Electromotive force
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Resistance and Ohm’s Law
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I-V characteristics of circuit components
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Resistivity 
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Thermistors and LDRs 
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Energy and power
[image: ]
[image: ]
[image: ]
Paying for electricity
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image5.png
A set of Christmas tree lights consists of 40 identical filament lamps connected in series across a
supply of 240V.

(a) Define resistance.

.............................................................................................................................................. [1]
(b) Each lamp when lit normally carries a current of 250 mA.
Calculate
(i) the potential difference V across a lamp
Ve VvV [1]

(ii) the resistance R of a lamp.
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(a) Fig.4.1 shows the -V characteristic of a light-emitting diode (LED).
40

1/107°A

20

10

Fig. 4.1
(i) Describe the significant features of the graph in terms of current, voltage and resistance.

In your answer you should make clear how the features of the graph are related to the
action of an LED.
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(b)

(c)

(ii) Calculate the resistance of the LED
1 at1.2v

2 at18V.

resistance = .................. Q2]

In order to carry out an investigation to determine the I-V characteristic of an LED a student
connects the circuit shown in Fig. 4.2.

10Q

I

6.0V

T B

Fig. 4.2

On Fig. 4.2 add an LED with a 100 (2 resistor in series, an ammeter and a voltmeter to
complete the circuit between terminals A and B. [31

When designing a circuit which includes an LED, it is normal practice to connect a resistor in
series with the LED, in this case 100 (). Suggest and explain the purpose of this resistor.
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(a) Define the resistivity p of a metal wire.

(b) In the UK the National Grid is used to transmit electric power. Each pylon supports 24 cables.
See Fig. 2.1. Each cable consists of 38 strands of aluminium. See Fig. 2.2.

pylon

cables

Fig. 2.2

(i) The resistance per km of a cable is 0.052 ) km~'. Explain why the resistance per km of
a single strand is approximately 2.0 Q km™".

(i) The resistivity of aluminium is 2.6 x 10-8 Q m. Calculate the cross-sectional area A of a
single strand of the cable.
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(c) The variation of resistance with temperature for this thermistor is shown in the graph of
Fig.3.2.

Fig. 3.2

(ii) State and explain, without calculation, how the reading of the voltmeter in Fig. 3.1 will
change as the temperature of the thermistor increases to 80 °C.
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The circuit of Fig. 3.1 can be used as a temperature sensor. Temperature sensors are
used in the kitchen to control the internal temperatures of ovens (typically 200°C) and
refrigerators (typically 4°C). Use the graph of Fig. 3.2 to suggest in which device this
sensor would be more suitable.

In your answer you should link the information from the graph to the working of the sensor.
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2 (a) Twofilamentlamps are described as being 230V, 25W and 230V, 60W.

(i) Describe what is meant by ‘230V, 25W' for a lamp.

(ii) Calculate the resistance of the 25W lamp when connected to a 230V supply.

resistance = . o@

(ili)  Each of the two lamps is connected across a 230V supply. Explain which lamp has the
greater current.

P
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21

(iv) Both lamps are connected in parallel across the 230V supply. The resistance of the
60W lamp in the circuit is 8800 Calculate

1 the total resistance R across the supply

2 the current / drawn from the supply.

ooz
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5

(b) The 60W fiament lamp is connected to a 6.0V battery. The resistance of the lamp in this
circuit is 70, Explain why this value differs from the value given in (a)(iv) when the lamp is
connected to the 230V supply.

/ In your answer, you should make clear how your explanation links with the observations.

2

By mistake a householder leaves a 60W filament lamp switched on overnight for a period of
8.0 hours.

The cost of 1.0 kilowatt-hour of electricity is 21 pence.

(i) Define the Kilowatt-hour (KWh).

(ii) Calculate the cost of this mistake to the householder.
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(c) By mistake a householder leaves a 60W filament lamp switched on overnight for a period of
8.0 hours.

The cost of 1.0 kilowatt-hour of electricity is 21 pence.

(i) Define the Kilowatt-hour (KWh).

(ii) Calculate the cost of this mistake to the householder.

.. pence [2]

[Total: 15]
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image2.png
(a) The following electrical quantities are often used when analysing circuits. The units given are
alternatives to the units normally used for the quantities below. Draw a straight line from each
quantity on the left to its correct unit on the right.

electromotive force ‘ As

resistance ‘ VC

energy ‘ VA

ERGRENE

[2]
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This question is about electrons and photons.

(a) Both electrons and photons can be considered as particles. State two differences between
their properties.

(b) An electron is accelerated from rest through a p.d. of 5000V.

(i) Show that the energy gained by the electron is 8.0 x 1016,

[2]

(i) Show that the speed of the electron is about 4 x 10" ms~".

[3]
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(b) Fig. 2.2 shows the -V characteristics of two electrical components, a resistor, line R and a
thermistor, line T.
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Fig. 2.2

(i) State Ohm’s law. Use Fig. 2.2 to explain why component R obeys Ohm’s law.




