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Teacher Resource Bank / GCE Electronics / Exemplar Examination Questions: ELEC1 / Version 1.0

ELEC1 — Introductory Electronics

Systems (ELE1, Q2, 2006)

2 A student designs an electronic system to tum on a 12V lamp for a fixed period of tume

when it gets dark.

{a) Choosing appropriate mput, process, and output sub-systems, label the system diagram
below to show a possible design for the lamp and 1ts controller.

L
¥
¥

(3 marks)

(k) In which sub-system could
(1) an op-amp be used.

(1) an LDE be used.

(111)  a MOSEFET be wsed T
(3 marks)

(c) The whole system draws a current of 13 mA when the lamp 1s off The current
icreases to 315 mA when the 12V lamp 1s on.

Calculate
(1) the lamp current,

{(11) the power rating of the lamp. ...

(3 marks)

AQY/
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Zener Regulator (ELE1, Q6, 2008 — ELE1, Q7, 2007 — ELE1, Q6, 2005)

6 A zener diode 1s used to regulate the output voltage of a power supply to 3.1V when an
input voltage between 7V and 9.6V 15 applied.

6 (a) Adda zener diode and its current limiting resistor to complete the circuit diagram

below.
+IVto+96Vo—— o +51V
ovo—— o 0V

4 marks)

6 (b) The minmimum zener current should be 3mA under all conditions.
The maximum output current required 1s 60 mA.

6 (b)) @

6 (b) (w

6 (b) (i

6 (b) (w)

6 (b

Calculate the minimum voltage across the resistor.

Calculate the power dissipated by the resistor when the input voltage 1s 9.6V and
the output current 1s 60mA.

6 (b) (vi) Explain whether a 0.25W power rating would be suitable for the resistor.
(8 marks)
A
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7 The power supply circuit shown below gives an output voltage of 5.1 V when connected
to a 9V battery.

The 9V battery gives an output of 9.6 V when 1t 1s new, falling to 7V at the end of 1ts useful
life.

E
+IVie496Ve [ . 0 +5.1V
iy
I | Y
P
oV o - O 0V

{a) (1) Name the component Y i the circuit.

(11) What voltage rating should be chosen for ¥7

(111) In which bias direction 1s component Y connected?

(4 marks)
(b) The maximum output current from this circuit 15 30 mA.
Under this condition the current throngh Y 1s SmA.
Calculate

(1) the current flow through R,
(11) the voltage across B when the input voltage 1s 7V,

(111) the required value of resistance E,

(1v) which preferred value should be chosen for R if the current through Y 1s not to
fall below SmA.

1
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{c) A new battery which has a voltage of 9.6V 1s connected to the mnput of this circuat with
the value of R chosen 1 part (b)(1v).
Calculate
(1) the new voltage across B
(11) the new current through B,

(111) the power now dissipated by E.

(4 marks)

(d) With the new battery and when no current 1s drawn from the output of the circuit
calculate

(1) the current through component Y,
{(11) the power dissipated by component Y.

(2 marks)
(e) (1) Calculate the maximum usefil output power delivered by this circuit.

(1) Comment on the efficiency of this circuit for providing a stable 5.1 V output
voltage from a small 9V battery.

1
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6 A regulated voltage supply circuit 1s shown below. The mnput voltage vares from 10V to 14V
The required output voltage 1s 7.5V

R
+10 to +14 VO . 0+75V
0ve . 00V

(a) (1) Name the type of diode required in this circuit.

(3 marks)
(b)  The minimum diode current 1s 10mA . The required output current from the circuit 15 100 mA.

(1) Calculate the current through the resistor, B, when the output current 15 100 mA.

5 marks)

1
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c) The mput voltage now rises to 1ts maximum of 14V
P g
(1) Calculate the voltage across B
(11) Calculate the current through R at this voltage vusing the value of R from part (b) (1v).
(111) Calculate the power dissipated by R at this voltage.
(1v) Resistors are available m power ratings of 023 W, 0.5W, 1 W, 2W and 4 W.
Which 1s the lowest acceptable power rating for the resistor?
(6 marks)
(d) The power supply input voltage remains at 14V, but no current 1s drawn from the output of the
regulator circuit.
(1) What 15 the current through the diode under these conditions?
(11) Calculate the power dissipated by the diode under these conditions.
(111) This type of diode 15 available 1n 0.4 W, 1.3 W and 5 W ratings. Choose the most suitable
rating for this diode.
(4 marks)
6 Copyright © 2009 AQA and its licensors. All rights reserved. AQ‘Py !
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Light Level Detector Sub-Systems (ELE1, Q4, 2008)

4 A student designs a very simple light level detector which indicates when the light level falls,
as a reminder to switch on a reading lamp to avoid eve strain.

Since the detector 1s to be battery powered. 1t must have a minimum power consumption.
The following data 1s gathered about the devices that could be used.

For the mput sensor:

LDR tvpe resistance at 10 lux
a 200kQ
b 94KkQ)
c 20kQ2
For the processing stage:
type relevant information

NOT gate 4049 Power consumption 0.001 mW
op-amp TLO81 Supply current 1 4mA

op-amp 741 Supply current 1.7méA
For the output stage:
device relevant information
filament lamp 6V 0.064A
red LED V.2V @ 10mA

4 (a) Choosing from the tables above, select a suitable device and type for each of the
subsystems that would result in the lowest current drawn from the battery. Label the
system diagram with them.

L J
Y

(3 marks)

4 (b) The system could be designed to indicate low light by either switching the output
device on or off. Which would be better? Give your reason.

(2 marks)

1
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4 (c) The LDR has a resistance of 130kQ at the light level at which the system should
alert the user. The chosen processing stage requires an mput voltage of 4.5V to switch.
Draw the circuit diagram of a voltage divider that would give a rising voltage as the
light level falls marking the output connection and suitable value for the component

other than the LDE.

o 0OV

(3 marks)

4 (d) The output of the process stage 15 7.3 V. and the minimum output current that will
operate the output device 1s 3ImA at 19V,

Calculate the value of a series resistor for the output device.

(2 marks)

1
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Temperature Sensor (ELE1, Q3, 2005)

3 An electronic system is designed to tum on an LED when the room temperature rises to a set level.

The circuit diagram of the temperature sensor 1s shown below.

O +12V

o0V

(a) The thermistor used in the circut has a resistance of 45k€ at 0°C, 13k at 25°C and
1 k€2 at 100°C.

(1) Calculate the value of the resistor, R, that would give a current of 1mA through the
thermustor when the temperature 1s 100°C.

(1) Using the value of R from part (1), calculate the output voltage at X when the temperature
15 25°C.

(b) The temperature sensor i1s connected to an op-amp comparator circuit which gives a positive
output to turn on an LED when the temperature rises to 25°C. Draw a circut diagram of the
whole system. Component values are not required.

(4 marks)

1
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Output Drivers (ELE1, Q6, 2007)

6 A student designs an automatic porch light that will switch on when 1t gets dark.
To give enough light a 40 W lamp that operates from 12V 1s chosen.

{a) Why can this lamp not be controlled directly from a comparator or logic gate?

(1 mark)

(b) The student then considers the choice of lamp drivers available.

(1) Name two semuconductor active devices that could be used to control the lamp.

(11) Which electromagnetic device could also be used?

(111) What other component must be used with the electromagnetic device to protect
the rest of the circnit?

(4 marks)

AQY/
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Transistor Driver and Colour Codes (ELE1, Q5, 2005)

5 An npn unction transistor 1s used to switch the current through a 12V 6 W lamp.
The input signal to the transistor 15 from a logic circuat that gives an output of SmA at 5V,
The circuit 15 shown below.

+12V

o
)

N T
oV

(a) The base-enutter voltage of the transistor when switched on 1s 0.7V

logic circuit

(1) Calculate the voltage across the resistor, R, when the transistor 1s switched on.
(11) Calculate the resistance of B required to limat the base current to 5mA.

(111) Resistors of this value are not available. Which two identical resistors from the E24 series
would combine to give the required resistance?

{1v) Write the colour code for one of these resistors if 1t has a 5% tolerance.

(9 marks)

(b) (1) Calculate the collector current of the transistor when the lamyp is fully switched on.

(11) Calculate the required current gain (ratio of collector current to base current) of the
transistor in this circut.

(4 marks)

11
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MOSFET Switch for Motor (ELE1, Q5, 2006)

5 A MOSFET 1s used as a switch to control a motor connected to a 12V supply. The motor 1s
found to run too fast when switched directly to the supply by the MOSFET and a resistor B
15 placed 1n series with the motor to slow it down.

(a) (1) Complete the circuit diagram below to show how the motor and resistor are
connected.

o+12V

o0V

(11) Draw on the circuit diagram above a component required to protect the MOSFET
from the back emf generated by the motor. (5 marks)

(b)  When munning at the correct speed, the motor has 4V across it and a current of 130 mA
flowing through it.

(1) Calculate the voltage across B
(11) Calculate the required resastance of B .
(111) Calculate the power dissipated by R when the motor 15 mnning.

(1v) Which 1s the closest value of resistance available from the E24 senies for
resistor B7

{(v) What will be the effect on the speed of the motor of using the preferred value in
part (b)(1v) mnstead of the calculated value 1n part (b)(11)7

1
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(v1)

(vii)

(viii)

(1x)

Choose a suitable power rating for this resistor from the ratings given below by
circling the appropriate value.

0.5W 1'W 4W TW 11w
What type of resistor construction would be best for this application?

This type of resistor 1s most likely to have a BS1832 code printed on it for its
value and tolerance. Write on the diagram below the code you would expect to
see for its value and 5% tolerance.

What physical factor should you consider when mounting this component on a
circut board?

{13 marks)

AQY/
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Transistor Driver and Relay (ELE1, Q3, 2008)
3  An npn junction transistor 1s to be used as a switch to control an electromagnetic relay.

3 (a) (1) Complete the circuit diagram to show how the transistor 1s connected, label the
leads of the transistor in the spaces shown.

T o+12V
PR
X = /
o0V

3 (a) (1) Addto the diagram the component required to protect the transistor from the
back emf of the relay.
(0 marks)
3 (b) The relay coil has a resistance of 24002

3 (b) (1) Calculate the collector current of the transistor when the relay 1s switched on.

3 (b) (1) The transistor has a current gain (ratio of collector current to base current)
of 50. Calculate the minimum base current when the relay 1s switched on.

3 (b) (1) The input voltage at X which saturates the transistor 1s 4.7 V.
Calculate the value of B the resistor required.

3 (b) () Choose the most appropriate value for B from the E24 series.

(3 marks)

1
14 Copyright © 2009 AQA and its licensors. All rights reserved. AQPy



Teacher Resource Bank / GCE Electronics / Exemplar Examination Questions: ELEC1 / Version 1.0

Temperature Sensor and Comparator (ELE1, Q4, 2007)

4 A temperature sensor mput subsystem 1s shown below.

0 +12V

10 k€2

A
\

{a) The thermistor shown above has a resistance of 30kL2 at 0°C, 13k} at 25°C, and
2k at 100°C.

(1) At what temperature given above will the current through the circuit be the
largest?

(11) Explain why the maximum current will flow at this temperature.
{(111) Calculate the value of this current.

(1v) Calculate the output voltage at X at this temperature.

(5 marks)

15
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(b) The temperature sensor subsystem is to be connected to a comparator circuit to detect
when the water in an electric kettle boils.

(1) What reference voltage must the comparator have to detect boiling water?

(11) Draw a suitable circuit for the comparator if 1t 15 to produce a high output when
the water boils.

Choose sutable values for the resistors in the voltage divider, labelling them on
vour circuit diagram.

(5 marks)

16
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LDR and Comparator (ELE1, Q4, 2006)

4 Part of a comparator circuit 1s shown below.

O +HOV
N
Vs
p tput
Vs . outpu
R
00V

{(a) The op-amp minput V, requires a reference voltage of 3V

(1) On the circuit diagram above draw two components and their connections to
show how this 1s achieved.

(11) Select suitable values for these components and mark these on the circuit diagram
next to each component.
(4 marks)

(b) The LDR has a maximum power dissipation of 90mW.

(1) Calculate the maximum current that could safely flow through the LDR if it had
OV across 1t

(11) Calculate the combined resistance of the LDR and R that would allow this
current to flow.

(111) The LDR has a minmimum resistance of 100 L2 in very bright light. Calculate the
value of R required if the current calculated 1n part (b){1) 15 not to be exceeded.

AQY/
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(1v) Choose a suitable value from the E24 series if the current limit 15 not to be
exceeded.

(5 marks)

(c) State the output voltage from the op-amp in the circuit diagram on page 8 when
1i'l.'!-._'ll = 1&-'1-3

(1) 1f an ideal op-amp 1s used,

(11) wfareal op-amp 1s used. e
(2 marks)

{d) State the output voltage from the op-amp 1n the circuit diagram on page 8 when
Va=Vz
(1) 1f an 1deal op-amp 1s used,

(11)  1f a real op-amp 18 USed.
(2 marks)

1
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Logic Gates (ELE1, Q1, 2006 - ELE1, Q1, 2007 — ELE1, Q1, 2008 — ELE1, Q1,

2005)

1 The truth table for a logic circuit 1s shown below.

(a)

Inputs A and B are both connected to two gates. having outputs C and D.
C and D then form the inputs to a third gate providing the output Q.
In the space below draw the logic circnit that would give these outputs.

EEEE—.
et

s}
3

(3 marks)
(b) Using the truth table above, write the simplest Boolean expression for the logic signals
at C and D in terms of the inputs A and B.
e e n e e e e e ame e e n e e e e e e e e e eneees
D o e n e e e en e e n e e n e e ann e
3 marks)
(c) Write the simplest Boolean expression for Q in terms of the inputs A and B.
o e e m e e n e e e e e e e ne s
(2 mark)
AQ\A/ ! Copyright © 2009 AQA and its licensors. All rights reserved. 19
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1 The Boolean equation for a logic circuit with inputs A and B and output Q 1s
Q=(A+B).(A+B)

(a) Complete the truth table to show the logic values of the terms below for all the
combinations of variables A and B.

A B A B A+B | A+B Q
0 0
0 1
1 0
1 1

(5 marks)

(b) Complete the diagram below to show how a logic circuit can be constructed from two
NOT gates, twa OFR. gates and one AND gate to represent the Boolean equation above.

.::.Q

Bo—
(5 marks)

{c) State which single logic gate has the same function as the complete circuit above.

1
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1 A logic circuit diagram 1s shown below.

A >O— C= oo,
B ) > ER

{a) Write the simplest Boolean expressions for the logic signals at pomnts C and D on
the diagram above in the spaces provided. (2 marks)

(b) (1) Write the simplest Boolean expression for Q 1n terms of C and D only.

(b) (1) Write a simple Boolean expression for Q in terms of A and B only.

(3 marks)

{c) Complete the truth table to show the logic values of C, D) and Q for all the
combinations of variables A and B.

e =1E=
el E= el k=1 | ==

(4 marks)

{d) Draw a logic circuit diagram in the space below using a single logic gate that would
have the same function as the origimnal circuit.

(2 marks)

AQY 21
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1 Alogic circuit 15 shown below.

Ao - ST,

A B C D Q
0 0
0 1
1 0
1 1

{4 maris)

(b) Wirite the Boolean expressions for the signals at points C and D in terms of the inputs
Aand B.

(2 maris)

(c) Write a Boolean expression for Q
(1) wmterms of Cand D, Q =

(1) terms of A and B O = e
(2 marks)

(d) A single gate can replace the combination of gates above.
(1) Name the gate.

(11) Draw the logic circuit symbol for this gate.

(2 marks)

AQY/
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Boolean (ELEZ2, Q1, 2008)

1 Temporary traffic lights are used to control the traffic at roadworks. The traffic
lights have a 16-step binary sequence as shown in the table below where B = red. ¥ = amber,
G = green.

traffic | traffic
D c B A lights 1 | lights 2
0 0 0 0 R G
0 0 0 1 R G
0 0 1 0 R G
0 ) 1 1 R G
0 1 0 0 R G
0 1 0 1 R G
0 1 1 0 R Y
0 1 1 1 BY R
1 ) 0 0 G R
1 ) 0 1 G R
1 0 | 0 G R
1 0 1 1 G R
1 1 0 0 G R
1 1 0 1 G R
1 1 1 0 Y R
1 1 | 1 R EY

1 (a) 5tate the value of the step, in hexadecimal, when only the amber lamp 15 illuminated in
traffic lights 1.

(1 mark)
1 (b) Explain why the Boolean expression when the green lamp of traffic lights 1 1=
llununated 15 grven by

(2 marks)

23
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1

1

(c) Show that the expression in part (b) simplifies to:
G=D-B-C

(3 marks)

{d) Draw a circuit diagram to show how you would implement the simplified logic
expression using several 2-mput NAND gates.

(3 marks)

24
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Systems (ELE1, Q2, 2006)

2 (a)
light »| comparator| | monostable| | driver/ > lamp
sensorv’ v v relayv’ v
(5 marks)
(b) (i) comparatorv’
(i) light sensorv’
(iii)  driverv’
(3 marks)
(c) (i) 515 -15 =500 mAv
(ii) P=VxI=12x0.5v = 6Wv
(3 marks)

(question total 11 marks)

Zener Regulator (ELE1, Q6, 2008 — ELE1, Q7, 2007 — ELE1, Q6, 2005)

6 @ ()

N4
~ ~
+7V to +9.6VO II II O +5.1V
v symbol
v reverse
ov O O ov
— _/
~
v
(b) i 7-51=19Vv

(

(ii 60 + 5 =65mAv

(iii) 1.9+ 0.065v =29Qv

(iv) 27Qv

(v) 9.6-51=45V 45%+27=0.75WvVY

(vi) YaWis<0.75Wv

(question total 12 marks)
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(@)

()

(@)

(b)

zenerv diodev’

51vv
reversev’
(4 marks)
50 + 5 = 55mAv
7-51=19Vv
1.9 + 0.055v = 34.5Qv
33Qv
(5 marks)
9.6 -5.1=4.5Vv
4.5+ 33v =0.136Av
0.136 x 4.5 =0.6Wv
(4 marks)
0.136Av
5.1x0.136 = 0.7WV
(2 marks)
5.1 x 0.05 = 0.255Wv
efficiency is lowv’
wasteful use of energy stored in small 9V batteryv’
(3 marks)

(Total 18 marks)

zenerv’
7.5V
reversev’
(3 marks)

110 mAv
10-75=25VV
25/0.11=v227 Qv
22 Qv
(5 marks)

14-75=65VV
6.5/22=v" 295 mAv
6.5x0.295=Vv 1.9 Wv
2Wv
(6 marks)

295 mAvY
7.5x0.295 =v 22 WV
5Wv
(4 marks)
Total 18 marks

Copyright © 2009 AQA and its licensors. All rights reserved.



Teacher Resource Bank / GCE Electronics / ELEC1 Sample Questions Mark Scheme / Version 1.0

Light Level Detector Sub-Systems

4 (@)

LDR type av’

(ELE1, Q4, 2008)

(d)

Temperature Sensor

3 (a)

LED switches on in the darkv’

A 4

4049v

A 4

so least current is used when monitoringv’

o +9V

symbol and
value 150kQv

Orientation and
output linev’

LDR symbolv’

7.3-19=54Vv

() R=V

(i) 1124 x12=v

O

5.4 +0.003 = 1800Qv

(ELE1, Q3, 2005)

red LEDvV

Total - 10

12/1 = 12kQv total res, —1kQv = 11kQv
55Vv
] v ”
v v v v

(4 marks)
Total 9 marks
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Transistor Driver and Colour Codes (ELE1, Q5, 2005)

5

(@)

5-0.7= 43VV
4.3/0.005 =v 860 Qv

430 Qv
yellowv” orangev’
brownv'goldv’
(9 marks)
6/12=v  05AvV
500/5=v" 100v
(4 marks)

Total 13 marks

MOSFET Switch for Motor (ELE1, Q5, 2006)

5

(@)

(i) and (ii)
O +12V
v

co_mpon_ent\/

orentaten” 2K () v

(allow

inclusion of

o OV
(5 marks)

(i) 12-4=8Vv
(i)  8/0.15v =53Qv
(i) 8x0.15v =1.2Wv
(iv) 51Qv
(V) motor runs faster, or has more voltage across it,

or more currentv’
(vi) 4Wv
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(vii)

(viii)

(ix)

wirewoundv’

v vV

— S51RJ ——

air circulation, or mount off board, or air gap, or

heat dissipationv’
(13 marks)
(question total 18 marks)

Transistor Driver and Relay (ELE1, Q3, 2008)

npn transistor symbolv" collectorv’" basev’ emitterv’
diode symbolv’ effectiveness in circuit positionv’

12 + 240 = 0.05A or 50mAY
50 + 50 = TmAY
47 -0.7=4.0Vv 4.0+ 0.001 =4000Qv
3.9kQv
Total — 11

Temperature Sensor and Comparator (ELE1, Q4, 2007)

4

(@)

100°Cv

the thermistor has its minimum resistance at this temp. v/
totres =10k + 2k = 12kv’ =V + R, 12V + 12k = 1mAv
Vo=(2+ (10 +2)) x 12V = 2VV

(5 marks)
2Vv
O +12v
U 10kv’
temp _
sensor v
+
2kv’
O ov
(5 marks)

(Total 10 marks)
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LDR and Comparator (ELE1, Q4, 2006)

4 (a) (i)and (i)

O +9v
N
GD v 2kQ- 2MQv
Al _
output
B +
R v 1kQ- TMQV
O ov
(4 marks)
(b) (i I =P/ =90/9v =10 mAvV
(ii R =V/I =9/0.01 =900Qv (allow ecf)
(i) 900 — 100 = 800Qv (allow ecf)
(iv)  820Qv (allow ecf)
(5 marks)
(¢ (i) oV
(i) 0.1-3Vv
(2 marks)
d @ 9V
(ii) 6 —8.9Vv
(2 marks)

(question total 13 marks)

Logic Gates
(ELE1, Q1, 2006 — ELE1, Q1, 2007 — ELE1, Q1, 2008 — ELE1, Q1, 2005)
1 (a)

C

D

(5 marks)
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v
(b) C=ABv
D=A+Bv
(3 marks)
(c/c Q=(A.B).A+B (or +B) v
(2 marks)
(question total 10 marks)
(a)
A | B| A | B | A+B | A+B Q
0 0 1 1 1 0 0
0 1 1 0 1 1 1
1 0 0 1 1 1 1
1 1 0 0 ] 1 0
+ + + + +
(5 marks)
(b)
v v
A
Y )—oaq
v
o) D
B
(5 marks)
(c) EXORYVY
(1 mark)

(Total 11 marks)
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()

(@)

() Q=C+Dv

(i) AQ@Bor A+B)+(A.B) vv

A|lB| Cc| D]| a

o | 0| 1 o [0 | v

0 1 0| 0o | 1 v

1 o| o | o0 | 1 v

1 1 0 | 1 0 | v

A Q symbolv” labelsv’

1
A B |C D Q
o o0 |o 1 0v
0 1 1 1 1v
1 0 1 1 1v
1 1 1 0 ov

C=A+Bv

D=ABv

() C.DV

(i) (A+B).AB or A@ B

() EXORY

(ii)

% .........

Total — 11

(4 marks)

(2 marks)

(2 marks)

(2 marks)

Total 10 marks
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Boolean (ELE2, Q1, 2008)

1 @ E Vv

(b)  E.g. There are six occasions when the green light of traffic lights
1 is on and so each of these occasions must be ORed together. v/
For each individual occasion, the logic state of the four counter outputs
must be ANDed together to give logic 1. This means some of the
counter outputs must be inverted. v’

(c) Karnaugh map or Boolean algebra to give G=D-B-C
One mark for each simplification. v/ v/ v/

B_____|

C_r1
D

B

BDax

Do_/\/\/

Total - 9
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