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(a) Fig. 2.1 shows combinations of resistors connected to a power supply of e.m.f. E.

| E | E
j k
10Q
120Q 240Q —{
20Q
40Q
Fig. 2.1a Fig.2.1b
(i) Forthe circuit of Fig. 2.1a
1 calculate the total resistance R,

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

. [1]
(ii) For the circuit of Fig. 2.1b
1 calculate the total resistance Ffp
L —— ] ]
2 state one electrical quantity which is the same for all the resistors.
. [1]
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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.

0.6

0.4
I/A

R
0.2 a
=
0=
0 1.0 2.0 3.0 4.0 5.0
VIV
Fig. 2.2

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

.. [3]

(ii) The resistor and the thermistor can be connected to a variable voltage supply of negligible
internal resistance in two ways as shown in Fig. 2.3a and Fig. 2.3b.

E E
080 | - |-
zl A
0.60A Y
R
—
R T _Z'_
-
Fig. 2.3a Fig. 2.3b
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The voltage of the supply is varied in each circuit until the current drawn from it is 0.60A.
Use data from Fig. 2.2 to explain why the e.m.f. E of the supply is

1 9.0VinFig.2.3a

. [2]
2 3.0V in Fig. 2.3b.

. [2]

(iii) The thermistor is now connected on its own across the terminals of the supply set at
4.5V. Fig. 2.4 shows the variation of current / with time t from the moment the thermistor
is connected to the supply.

0.8

0.6

I/A

04

0.2

0
0 1.0 2.0 3.0 4.0
t/s

Fig. 24
Explain the shape of the graph in Fig. 2.4.

verrieeniennn [3]
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(a) The following electrical quantities are often used when analysing circuits. Draw a straight line
from each quantity on the left-hand side to its correct units on the right-hand side.

potential difference Cs™
resistance JCc1
power VA~
current Js1

[3]

(b) Fig. 3.1 shows a battery of e.m.f. 6.0V and negligible internal resistance connected in series
with a thermistor and a 560 Q2 resistor.

=

thermistor

560Q

O

Fig. 3.1
The voltmeter across the resistor has infinite resistance.

(i) The reading on the voltmeter is 2.4V. Calculate the resistance R; of the thermistor.

(ii) Calculate the current in the circuit.

CUITENt = oo ee e A [1]
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(c) The variation of resistance with temperature for this thermistor is shown in the graph of

Fig. 3.2.
1000 -1\
800 v
resistance/Q 600
400
200
0
0 50 100 150 200
temperature/°C
Fig. 3.2

(i) Use the graph to determine the temperature of the thermistor when its resistance is
800 Q2.

temperature = ........cccocceiieiiiciie i, G [1]

(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.

. [3]
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(iii) 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.

. [3]

[Total: 14]
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Fig. 4.1 shows part of a circuit where three resistors are connected together.

0.30A

Fig. 4.1
The current in the 4.0Q resistor is 0.30A.

(a) Explain why the current in the 6.0Q resistor is 0.20A.

. [2]
(b) (i) State the law which enables you to calculate the current in the 5.6 2 resistor.
- [1]
(ii) Calculate the current in the 5.6 Q resistor.
CUITENt = L.oiiiiiiiiiiniiesee s snssesnnssesssssnnnnees A [1]
(c) Calculate the total resistance R of the combination of resistors.
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(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

. [2]

(ii) Kirchhoff's second law

. [2]

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

0.030A
R‘I
T 0.010A
45V !
[RE —
T 750Q R,
I
Fig. 3.1

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

(i) thecurrent/in the 750Q resistor

I= i A [1]
(ii) thep.d. Vacross the 7502 resistor
V=iV [1]
(iii) the resistances R, and R,.
L P JOORURTURN © |
T ©.
(2]
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(c) The resistor of resistance R, is replaced in Fig. 3.1 by a light dependent resistor (LDR).

(i) Draw the circuit symbol for an LDR on Fig. 3.2 to complete this new circuit.

1

(1]
Fig. 3.2

(ii) The resistance of the LDR falls from about 1.5k to about 40022 as the light intensity

increases. State and explain, without calculation, how the potential difference across the
750 Q resistor varies as the intensity of the light incident on the LDR increases.

. [3]

(iii) It is suggested that the LDR in the circuit of Fig. 3.2 is used to monitor changes in the
light intensity.

1 Draw a suitable electrical meter in the LDR branch of the circuit on Fig. 3.2 to measure
these changes.

2 State the electrical meter that you have chosen and suggest a sensible maximum
scale reading.

13
[Total: 15)
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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
on or off.

12V
’ 1
Ry
mains supply
H O M\
R electronic oven
2 circuit heater
ov
o T

Fig. 2.1

(@) R, 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°C.
The variation of resistance with temperature for R, is shown in Fig. 2.2.

600
resistance /2
400
> N
200
0 H
150 170 190 210 230 250
temperature/°C
Fig. 2.2

() Use Fig. 2.2 to determine the resistance of R, at a temperature of 180°C.

resistanCe = .......cccvvviiniinninnnesiennnine s 2 [1]
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(i) When the temperature is 180°C the p.d. across R, is 7.0V. Calculate the current in R,.

CUITENE = oo e s snne s e s e A [1]

(iii) The electronic circuit draws a negligible current. Show that the resistance of the variable
resistor R, must be about 350 Q.

(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.

[2]

(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
switches on again.

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

temperature On .........ccccceevieiieniiieiiee e e e G

temperature off ..........ccccoeiiiiiiiiiiiiiieeieecee. “C [4]
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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.

6

5

R/kQ 3

-

0 1 2 3 4 5 6
light intensity/ W m™2
Fig. 3.1

(@) Explain the term intensity.

1

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

[2]

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

9.ov
fixed resistor R
230Va.c.
\\ electronic -
LDR circuit
ov
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The electronic circuit draws a negligible current. The potential difference across the LDR must
be at least 5.0V to activate the circuit and switch on the lamp. The lamp is switched on when
the light intensity falls to 1.0Wm™—

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

resistance = .......cocvvievieiiiniininciesieesesnennnnenn. K [1]

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

CUENt = .o e e A [2]

(iii) Show that the resistance of the fixed resistor R in Fig. 3.2 is 2.0 kQ.

(1]

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

potential difference = .........ccoooiiiiiiiiiiiiiiiiiieeeseeesenenn. V[3]

(e) Explain why the LDR must be shielded or be at some distance from the lamp when it switches
on.

..[2]

[Total: 12]
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(a) The following electrical quantities are often used when analysing circuits. Draw a straight line
from each quantity on the left-hand side to its correct units on the right-hand side.

potential difference Cs™!
resistance JC1
power VA~
current Js!

[3]

(b) Fig. 3.1 shows a battery of e.m.f. 6.0V and negligible internal resistance connected in series
with a thermistor and a 560 2 resistor.

],
||‘ |

thermistor

560Q

()
N\

Fig. 3.1
The voltmeter across the resistor has infinite resistance.

(i) The reading on the voltmeter is 2.4 V. Calculate the resistance R of the thermistor.

(ii) Calculate the current in the circuit.

CUITENt = .o A [1]
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(c) The variation of resistance with temperature for this thermistor is shown in the graph of

Fig. 3.2.
1000 -1\
800 v
resistance/Q 600
400
200
0
0 50 100 150 200
temperature/°C
Fig. 3.2

(i) Use the graph to determine the temperature of the thermistor when its resistance is
800 Q2.

temperature = ........cccocceiieiiiciie i, G [1]

(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.

. [3]

(iii) 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.

. [3]
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