Module 4.3 Charge & current 

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

	Kirchoff’s Laws

	p168
	4.3.1
	8
	

	Resistors in series and parallel

	p169
	4.3.1
	9
	

	Circuit analysis

	p170
	4.3.1
	16
	

	Internal resistance

	p163-166
	4.3.2
	13
	

	Potential dividers

	p172
	4.3.3
	12
	

	Sensing circuits

	p173
	4.3.3
	16
	

	Total

	75
	






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

	Check 

	State Kirchhoff's first and second law and apply these to analysis of circuits

	

	Calculate the total resistance of a circuit with resistors in series and parallel. 

	

	Analyse circuits with more than one source of e.m.f.

	

	Describe what is meant by internal resistance in terms of terminal p.d. and "lost volts", describe how internal resistance of a cell can be obtained experimentally and calculate this in circuits 
	

	Describe how a potential divider works to change voltage split with components such as LDRs and thermistors. Use the potential divider equations in circuit analysis and describe how you could build a circuit for a specific function using the ideas of a potential divider.
	









Glossary of key terms

Kirchoff’s first law


Kirchoff’s second law


Internal resistance





Equations given in exam
[image: ]


Kirchoff’s laws
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Multiple resistors

[image: ]

[image: ]
[image: ]

[image: ]Circuit analysis
[image: ]
[image: ]
[image: ]
[image: ]

[image: ]
[image: ]
[image: ]
Current = _______________ [3]

Internal resistance[image: ]
[image: ]
[image: ]




Potential divider circuits
[image: ]
[image: ]
[image: ]

[image: ]

Sensing circuits
[image: ]
[image: ]
[image: ]

	
	 
	
	

	1.
	* Students are given a light dependent resistor (LDR) and asked to design a circuit for a light meter to monitor changes in light intensity. The meter reading must rise when the light intensity increases.

The incident light may cause the resistance of the LDR to vary between 1500 Ω and 250 Ω.

The students are asked to use the d.c. supply and one of the resistors from (a) above and either a voltmeter or ammeter.

Draw a suitable circuit.

Explain why the reading on the meter increases with increasing light intensity and which of the three fixed resistors gives the largest scale change on the meter for the change in light intensity.
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(i) Forthe circuit of Fig. 2.1b

1 calculate the total resistance R,

'

2 state one electrical quantity which is the same for all the resistors.

ooz
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This question is about possible heating circuits used to demist the rear window of a car. The
heater is made of 8 thin strips of a metal conductor fused onto the glass surface. Fig. 2.1 shows
the 8 strips connected in parallel to the car battery of e.m.f. £ and internal resistance r.

8strips,_

AN

(a) The potential difference across each strip is 12V when a current of 2.0A passes through it

() Calculate the resistance r, of one strip of the heater.

(i) Calculate the total resistance R, of the heater.
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2
Answer all the questions.

1 Asetof Christmas tree lights consists of 40 identical filament lamps connected in series across a
supply of 240V.

(a) Define resistance.

(b) Each lamp when it normally carries a current of 250mA.

Calculate

(i) the potential difference V across a lamp

v

(ii) the resistance R of a lamp.

Q2
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R= yv]

(c) Fig. 1.1 shows the results of an experiment to find how the current in one of the lamps varies
with the potential difference across it.

300

current/mA

200

100

oocRams
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(i) Draw a diagram of the circuit that you would use to perform this experiment.

Bl

(i) The resistance of the lamp when at room temperature is 100 Using Fig. 1.1 sketch a
‘graph on the axes of Fig. 1.2 of the variation of resistance R with current for the lamp.

0 100 200 300 -
current/mA

Fig.1.2
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0 100 200 300

current/mA
Fig.12

2

(i) Explain why the resistance of the lamp varies as shown by the graph you have drawn on

Fig.12.

oocRams Turn over
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4

(d) In an alternative design for the set of Christmas tree lights, a 10002 resistor is connected in
parallel with each lamp.

(i) Describe what happens to the brightness in each set of lamps when one lamp filament
burns out.

1 original set .

2 alternative set

N

(ii) - Calculate the current drawn from the supply for the alternative set of lamps with all lamps %%
working.
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3 Acellis a source of e.m.f. When the cell is connected into a circit the potential difference measured
between its terminals, called the terminal p.d., is less than its e.mf.

(a) () Define the term e.m.f.

(i) Explain why the terminal p.d. s less than the e.m..

(b) In the circuit of Fig. 3.1 the cell of e.m.f. 1.6V and internal resistance r is delivering a current
0f 0.20A to a resistor of resistance R. The voltmeter reads the terminal p.d. Itis 1.2V.

020A
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(b) In the circuit of Fig. 3.1 the cell of e.m.f. 1.6V and internal resistance r s delivering a current
of 0.20A to a resistor of resistance R. The voltmeter reads the terminal p.d. It is 1.2V.

020A

Fig.31
Calculate the values of

(i) the resistance R

(i) the internal resistance r.
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The current in the resistor of Fig. 3.1 remains constant at 0.20A for several hours.
Calculate

1 the charge which passes through the resistor in 1.5 hours.

charge =

2 the energy dissipated by the resistor in 1.5hours.

energy - S—T 1]

(i) The cell is left connected to the resistor for 12 hours. The graph of Fig. 3.2 shows the.
variation of current / with time t.

0.25-

020
11A +

0.15-
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4
2 This question is about the use of a thermistor fitted inside a domestic oven as a temperature
sensor in a potential divider circuit.

Fig. 2.1 shows the potential divider circuit in which the component R, is connected in parallel to
the input of an electronic circuit that switches the mains supply to the heating element in the oven
onor off.

12v

mains supply
~
R, electronic oven
circuit heater

ov

Fig.21 o

(a) Ry is a variable resistor and R, is the thermistor. The circuit symbols for R, and R, are
incomplete. Complete these circuit symbols on Fig. 2.1. 2

(b) Itis required that the p.d. across the thermistor R, is 7.0V when at a temperature of 180
‘The variation of resistance with temperature for R, is shown in Fig. 2.2.

600
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(a) Ry is a variable resistor and R, is the thermistor. The circuit symbols for R, and R, are
incomplete. Complete these circuit symbols on Fig. 2.1. 2

(b) Itis required that the p.d. across the thermistor R, is 7.0V when at a temperature of 180
‘The variation of resistance with temperature for R, is shown in Fig. 2.2.

600
resistance/Q
400
200
. =
150 170 190 210 230 250
temperature/*C
Fig.22
(i) Use Fig. 2.2 to determine the resistance of R, at a temperature of 180°C. +

resistance =
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PMT|
5
(i) When the temperature is 180 °C the p.d. across R, is 7.0V. Calculate the currentin R,.
current = A[1]
(iii)  The electronic circuit draws a negligible current. Show that the resistance of the variable
resistor R, must be about 350€2.
2
(iv) R, is heated slowly. Show that the p.d. across R, must fall to about 5.0V when the
temperature of R, reaches 200°C. a
+
@

(c) The thermistor R, is fitted inside the oven. When the p.d. across R, falls to 5.0V the oven
heater switches off The oven cools until the p.d. across R. rises to 7.0V when the heater
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@

(e) The thermistor R, is fitted inside the oven. When the p.d. across R, falls to 5.0V the oven
heater switches off. The oven cools until the p.d. across R, rises to 7.0V when the heater
switches on again.

R, is adjusted to 250€. Calculate the temperatures at which the oven heater is switched on
and off.

temperature on

temperature off ..

eocrans Turn over
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‘This question is about the use of a light-dependent resistor (LDR) as a light sensor in a potential
divider circuit. Fig. 3.1 shows how the resistance of a particular LDR varies with light intensity.

2 3 4 5 6
light intensity/Wm2

Fig.31

(a) Explain the term intensity.

(b) The intensity of dayiight is about 10Wm~2 and at night time is about 0.1W 2. Describe how
the resistance of the LDR changes during the day compared with how it changes at night.
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(b) The intensity of dayiight is about 10Wm~2 and at night time is about 0.1W 2. Describe how
the resistance of the LDR changes during the day compared with how it changes at night.

@

(¢) Fig. 3.2 shows a light-sensing potential divider circuit where the LDR is connected in parallel
tothe input of an electronic circuit that operates a 230V mains lamp.

2.0V

fixed resistor R

NS

electronic
it

7
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The electronic circuit draws a negligible current. The potential difference across the LDR must
be atleast 5.0V to activate the circuit and switch on the lamp. The lamp is switched on when
the light intensity falls to 1.0Wm-2.

(i) Use Fig. 3.1 to determine the resistance of the LDR at a light intensity of 1.0Wm2.

resistance =

(i) Calculate the current in the LDR in Fig. 3.2 for the p.d. across it to be 5.0V.

current =

i) Show that the resistance of the fixed resistor R in Fig. 3.2 is 2.0k

V]

(d) The lamp switches off when the light intensity reaches 2.5Wm-2, Calculate the p.d. across
the LDR when this happens.

potential difference =
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3 (a) Kirchhoff's laws can be used to analyse any electrical circuit. State each of Kirchhoff's laws
and the physical quantity associated with each law that is conserved in the circuit.

(i) Kirchhoff's first law

(i) Kirchhoff's second law

&)

(b) Thecircuitin Fig. 3.1 consists of a battery of e.m.f. 45V and negligible internal resistance and
three resistors.
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&)

(b) Thecircuitin Fig. 3.1 consists of a battery of e.m.f. 45V and negligible internal resistance and
three resistors.

Fig.3.1

The resistors have resistances R,, R, and 750<. The current in the resistor of resistance R,
s 0.030A. The current in the resistor of resistance R, is 0.010A.
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Calculate

(i) the current  in the 750 resistor

(i) the p.d. Vacross the 750 resistor

(iii)  the resistances A, and R,.
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5
2 (a) Fig. 2.1 shows combinations of resistors connected to a power supply of e.m.. E.

|\ IE
‘ f I t
10Q
1200 2400 T
1 200
400
Fig.21a Fig.2.1b

(i) For the circuit of Fig. 2.1a

1 calculate the total resistance R,

e

2 state one electrical quantity which is the same for both resistors.

.M
(i) Forthe circuit of Fig. 2.1b

1 calculate the total resistance R,




