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Control System, Motor Driver    (ELE4, Q7, 2007) 
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Control System, Stepper Motors, Optical Shaft Encoder    (ELE4, Q2, 2006) 
 

 

                         
 
 
 
 



Teacher Resource Bank / GCE Electronics / Exemplar Exam Questions: ELEC4 / Version 1.0 
 

 Copyright © 2009 AQA and its licensors. All rights reserved.  klm 8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Teacher Resource Bank / GCE Electronics / Exemplar Exam Questions: ELEC4 / Version 1.0 
 

klm Copyright © 2009 AQA and its licensors. All rights reserved. 9

Control System, Feedback    (ELE4, Q5, 2005) 
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PICs/AVRs, Flow Charts    (ELE4, Q4, 2007) 
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Buses, Tri-State, ADC    (ELE4, Q1, 2006) 
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Microprocessor Control System    (ELE4, Q1, 2005) 
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Optical Shaft Encoder    (ELE4, Q1, 2009) 
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Optical Shaft Encoder, Slotted Disk Encoder, Stepper Motor    (ELE4, Q4, 2008) 
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Ramp ADC, DAC    (ELE4, Q2, 2007) 
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Flash ADC    (ELE4, Q3, 2005) 
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ADC, Tri-State    (ELE4, Q6, 2005) 
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Opto-Switch, Schmitt-Trigger, Stepper Motor    (ELE4, Q7, 2005) 
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Stepper Motor    (ELE4, Q3, 2007) 
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Dot-Matrix Display, Data Latches    (ELE4, Q5, 2006) 
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Opto-Switch, Schmitt Trigger    (ELE4, Q4, 2009) 
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Schmitt Trigger    (ELE4, Q2, 2008) 
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Schmitt Trigger    (ELE4, Q6, 2007) 
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Neural Network    (ELE4, Q3, 2008) 
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Neural Network    (ELE4, Q5, 2007) 
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Control Systems, Feedback, Motor Driver, Flow Chart    (ELE4, Q5, 2008) 
 
5 (a) Closed loop + reason   

 
 (b) (i) Eliminate reverse voltages generated as the motor coils  

switch off   
 

  (ii)  
 

Input A Input B Motor 
0 0 Stop – 0 
0 1 Rotate in one direction – 1 
1 0 Rotate in the other direction – 0 
1 1 Stop – 0 

    
First and last row   

   Middle two rows     
 

 (c) e.g. 

Read light level

Start

Change direction

Read light level

Has
light level
increased?

yes

no

Change elevation

Reverse direction

Has
light level
increased?

yes

no

Reverse elevation

Read light level

 
   

Horizontal direction changes   
  Vertical direction changes   
  Appropriate elements to flow chart   
  Largely correct symbols   

Total – 9 
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Control System, Motor Driver    (ELE4, Q7, 2007) 
 
7 (a) Closed loop system because there is feedback   

(1 mark) 
 

 (b) (i) correctly labelled virtual earth point on inverting input  
of op-amp   

 
  (ii) top MOSFET labelled with N   
 
  (iii) rudder and variable resistor rotate in other direction   
 
  (iv) Diodes protect MOSFETs from induced high voltages  

from motor   
(4 marks) 

 
 (c) (i) Op-amp output goes negative   
   so P channel MOSFET switches on   

 

  (ii) Vout V5.2
10
75.2

10
3100 −=⎟

⎠
⎞

⎜
⎝
⎛ −−=      

 
  (iii) This will reduce the speed of the motor   
   since the voltage has decreased   

 
  (iv) The motor will stop when there is no (very small)  

voltage across it   
   which occurs when the voltage from the variable  

resistor is -3V   
 

  (v) voltage from VR is -3V,   
   output of summing amp goes positive,   
   motor rotates in opposite direction until VR voltage  

is 0V   
(11 marks) 

 
 (d) bias MOSFETs into conduction,   
  by an appropriate method e.g. voltage dividers to gates of  

MOSFETs   
  include MOSFETs in the op-amp feedback loop   

 (max 2 marks) 
 (Total 18 marks) 
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Control System, Stepper Motors, Optical Shaft Encoder    (ELE4, Q2, 2006) 
 
2 (a) open loop   
  since there is no feedback from the direction of the beam of the  

lamps to the control system   
(2 marks) 

 
 (b) (i) Stepper motor - a motor which moves in discrete steps   

(1 mark) 
 

  (ii) Pulses of current are applied in sequence   
   to the pairs of field coils   

(2 marks) 
 

(c) (i) 4-bit optical shaft encoder 
 

 
  (2 marks) 

 
  (ii) 360 / 16 = 22.5°   

(1 mark) 
 
  (iii) absolute position OR direction of rotation   

(1 mark) 
(question total 9 marks) 
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Control System, Feedback    (ELE4, Q5, 2005) 
 
5 (a) An open loop system does not have any feedback  
  so it is unable to monitor its own output unlike a closed  

system which can                                                                  (2 marks) 
 
 (b) (i) 

+Vs

0V

MOSFETA

 
 
 

  (ii) When the LDR is illuminated it has a low  
resistance  

   so input to first NOT gate is a logic 1 => point A is  
logic 1                                                                          (4 marks) 

 
 (c) (i) positive feedback                                                                                      
 
  (ii) light from the lamp falls onto the LDR which keeps  

its resistance low  
   this keeps point A at logic 1 and the lamp lit               (3 marks) 

 
Total 9 marks 

 
 
PICs/AVRs, Flow Charts    (ELE4, Q4, 2007) 
 
4 (a) They contain ROM, RAM, CPU, I/O ports etc   
  all formed onto a single piece of silicon   

(2 marks) 
 

 (b) Cheap to purchase   
  Easily updated   
  small physical size   
  reliable - no moving parts etc   

(max 2 marks) 
 (c) Separate instruction bus   

(1 mark) 
 

 



Teacher Resource Bank / GCE Electronics / ELEC4 Sample Questions Mark Scheme / Version 1.0 
 

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

6 

 (d) start 
input "power setting" 
output "power setting to power supply" 
input "cooking time" 
output "switch on magnetron"  
output "display cooking time" 
wait one second 
decrement cooking time 
does cooking time remaining equal to zero  -  no   
yes  
switch off magnetron 
output "Remove Food" 
output "turn on buzzer" 
has buzzer sounded for 5 seconds  yes  -  stop   
no 
stop 

     
  for valid symbols 

(4 marks) 
 

(Total 9 marks) 
 
 
Buses, Tri-State, ADC    (ELE4, Q1, 2006) 
 
1 (a) (i) Binary digit;  one binary piece of information   
 

(ii) Data bus - a set of wires connecting together all parts  
of a computer system and allowing data to flow in both 
directions along them                                                  (2 marks) 

 
 (b) (i) To ensure that the ADC only puts data onto the data  

bus when the microcontroller is ready to receive it.      (1 mark) 
 

  (ii) When microcontroller takes OE low.                             (1 mark) 
 

 (c) (i) Output from humidity sensor is analogue and  
microcontroller needs digital.                                        (1 mark) 

 
  (ii) Microcontroller takes SC low - so starting conversion  

process   
   When conversion finished EoC goes high   
   Microcontroller takes OE low and reads data             (3 marks) 

 
 (d) readings to 1 in 256 (eight bits) =>resolution = 100/256  

= 0.39%                                                                                   (1 mark) 
(question total 9 marks) 
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Microprocessor Control System    (ELE4, Q1, 2005) 
 
1 (a) To keep all parts of the system synchronised                         (1 mark) 

 
 (b) Data has to travel to and from the processor along the data  

bus                                                                                           (1 mark) 
 

 (c) (i) processor                                                                                                   
 

  (ii) ROM                                                                                                         
 

  (iii) RAM                                                                                                         
 

  (iv) processor                                                                    (4 marks) 
 

 (d) Data bus uses 8 bits i.e. 1 byte at a time 
  Address bus has 2

12
 different addresses  => 4096 bytes  

can be addressed                                                                    (1 mark) 
 

 (e) Memory mapping I/O ports places I/O ports in memory  
locations  

  so the amount of locations available for memory is  
reduced                                                                                  (2 marks) 

  
Total 9 marks 

 
 
Optical Shaft Encoder    (ELE4, Q1, 2009) 
 
1 (a) Only changes once per revolution giving either a 0 or a 1,   
  The other rings give more changes than this and so represent less  

significant bits  
 

 (b) (i) 360/16=22.5°   
 

  (ii) 360/2.8=128.5 => 7 rings   
  

 (c) (i) 1011-0110 = 0101 = 5   
   => angle = 5 x 22.5 = 112.5°    (90°)   

 
  (ii) clockwise – because of rotating through the smallest  

angle etc   
 

  (iii) 112.5° in 0.1s   
   =>1125°/s = 3.125 revolutions per second    (2.5rps)     

            (9 marks) 
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Optical Shaft Encoder, Slotted Disk Encoder, Stepper Motor    (ELE4, Q4, 2008) 
 
4 (a) (i) 360 / 16 = 22.5°   

 
  (ii) 360 / 16 = 22.5°   

 
  (iii) (Add more rings), each with twice as many divisions (bits) 

as the previous   
 

 (b) Absolute position and direction     
 

 (c) e.g. Accuracy of rotation + explanation     
  Speed of response + explanation     

 
Total – 9 

 
Ramp ADC, DAC    (ELE4, Q2, 2007) 
 
2 (a) (i) 0V (since no current passes through the 1MΩ resistor)   
 
  (ii) 3μA passes through 1MΩ resistor so output voltage is -   

3V   
(3 marks) 

 
 (b) (i) Very large voltage gain   
 
  (ii) 28 => 256   

(2 marks) 
 

 (c) (i) D6 is half of D5 => 20kΩ   
   D1 is 640kΩ   
 
  (ii) Vout = -Rf { V / R }   
   => Vout = -10 ( 5 / 40 ) = (-)1.25V   

(4 marks) 
 

(Total 9 marks) 
 
 
Flash ADC    (ELE4, Q3, 2005) 
 
3 (a) Flash ADC - very fast  
  Flash ADC - expensive                                                          (2 marks) 

 
 (b) (i) 5/8V  (0.625V)                                                                                          

 
  (ii) comparator                                                                                                

 
  (iii) 2

12
–1 = 4095                                                               (3 marks) 
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 (c) 
 

D2 D1 D0 1 2 3 4 5 6 7 
0 0 0 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 
0 1 1 1 1 1 0 0 0 0 
1 0 0 1 1 1 1 0 0 0 
1 0 1 1 1 1 1 1 0 0 
1 1 0 1 1 1 1 1 1 0 
1 1 1 1 1 1 1 1 1 1 

  
                                                                                                                  (2 marks) 

 
 (d) e.g. 

2

4

6

D1

   
(2 marks) 

Total 9 marks 
 
ADC, Tri-State    (ELE4, Q6, 2005) 
 
6 (a) (i) A tristate buffer has three possible output states, logic  

1,0 and disconnected (high impedance)                                                      
 

  (ii) To prevent bus contentions between the  
Microprocessor system and ADC (to enable the  
microprocessor to select when the data from the ADC  
is applied to the data bus)                                                                

 
  (iii) When the ADC is writing to the data bus                    (3 marks) 
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 (b)  e.g. 

Pulse SC to 0

read EoC

is
EoC

logic 1 no

yes

output 0 to OE

write data

output 1 to OE

 
(4 marks) 

 
 (c) e.g.  speed of computer;  the program;  the number of bits   

etc                                                                                       (2 marks) 
 

Total 9 marks 
 
Opto-Switch, Schmitt-Trigger, Stepper Motor    (ELE4, Q7, 2005) 
 
7 (a) voltage across R = 12  – 1.5 = 10.5V  
  maximum current is 20mA  => R = 10.5 / 0.02 = 525Ω  
  => suitable R = 560Ω                                                             (3 marks) 

 
 (b) (i) The inverting input of the op-amp is a virtual earth  
   The 6μA passes through the 1MΩ resistor 
   => the output will be 6V                                                                         

 
  (ii) Current in the dark is 0.1μA. 
   Output voltage is 10–7 x 106 = 0.1V                           (3 marks) 

 
 (c) eliminates multiple (false) triggering  
  by having two distinct switching levels                                   (2 marks) 
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 (d) (i) output low => 10kΩ resistor in parallel with 10kΩ  
resistor of voltage divider 

   combined resistance = 5kΩ  
   lower voltage = (12 x 5) / (20 + 5) = 2.4V                                              

 
  (ii) output high => 100kΩ resistor in parallel with 20kΩ  

resistor of voltage divider => combined resistance =  
16.67kΩ  

   upper voltage = (12 x 10) / (26.67) = 4.5V                  (4 marks) 
 

 (e) (i) A stepper motor has a set of stator coils and a  
permanent magnet armature. 

   When adjacent coils are sequentially energised the  
armature turns through a defined angle                                                   

 
  (ii) Answer should include: 
   discussion of control electronics needed for  

conventional motor 
(photo sensor, pulse generator reference signal,  
phase comparator, error amplifier, buffer)  

   discussion of control electronics needed for stepper  
motor (pulse generator, counter, decoder, buffer per  
coil)  

   less electronics needed for stepper motor  
   speed of rotation more constant with stepper motor  

because the speed is only dependent upon the speed  
the pulses are applied to the coils (so long as load is  
not too great or the pulses too fast)    etc                   (6 marks) 

 
Total 18 marks 

 
Stepper Motor    (ELE4, Q3, 2007) 
 
3 (a) (i) Conventional motor - 2 connections   
   (allow credit for mention of separate field windings  

etc) 
   Stepper motor - at least 4 connections   
 
  (ii) Conventional motor has no control over accuracy of  

rotation   
   Stepper motor - angle of rotation accurate   

(4 marks) 
 

(b) (i) Armature moves 7.5° anticlockwise   
 

  (ii) The armature moves 7.5° each time the current is  
switched to the next coil so armature rotates 30°,     
clockwise   

(3 marks) 
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 (c) To rotate the current has to be continuously switched, in  
order, to coils A, B, C and D   

(1 mark) 
 

 (d) The speed of rotation can be changed by varying the time  
that the current passes through each coil (or delay between  
advancing current to next coil)   

(1 mark) 
 

(Total 9 marks) 
 
Dot-Matrix Display, Data Latches    (ELE4, Q5, 2006) 
 
5 (a) Advantages - e.g.   seven segment display easier to drive,  

brighter   
  Disadvantages - e.g.   seven segment displays produce  

limited characters   
(2 marks) 

 
 (b) R2 positive with respect to C2  
  by the forward voltage of the LED   

(2 marks) 
 

 (c) (i) Top latch stores the row address, bottom latch  
stores the column address   

(1 mark) 
 

  (ii) When strobe at logic 1, the top latch is written to   
(1 mark) 

 
  (iii) XXX11110,  XXX11101,  XXX11011,  XXX10111,   

XXX01111   
(1 mark) 

 
 (d) X1111100,  X0001010,  X0001001,  X0001010,   

X1111100   
(2 marks) 

(question total 9 marks) 
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Opto-Switch, Schmitt Trigger    (ELE4, Q4, 2009) 
 
4 (a) V across R = 3.4V,   
  R = 3.4/0.025 = 136Ω,   
  Preferred value = 150Ω   

 
 (b)  

0

1

2

3 4 51 2

3

4

5

input/V

output/V
2.1V 2.7V

 
 
  Has two switching levels,   
  output goes low when upper level is exceeded,   
  output goes high when input goes below the lower switching  

level,   
  diagram completed correctly   

  
 (c) Paper present so light reflected,   
  photodiode conducts making input of NOT gate logic 0 so  

output is logic 1                                                                                                     
(9 marks) 

 
Schmitt Trigger    (ELE4, Q2, 2008) 
 
2 (a) (i) Very large open loop voltage gain   

 
  (ii) Vin must be between 0V and 7.5V   

 
 (b) (i) Feedback resistor in parallel with top 47kΩ resistor  

giving 23.5kΩ   
   => voltage at non-inverting input terminal is 10V   
   => for output to be at +15V, the input voltage must be  

less than 10V            (max 2) 
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  (ii) Feedback resistor in parallel with bottom 47kΩ resistor  
giving 23.5kΩ 

   => voltage at non-inverting input terminal is 5V 
   => for output to be at 0V, the input voltage must be  

greater than 5V   
 

 (c)  
 

                   

0 5 10 15 input voltage V0

5

10

15

output voltage V

 
  General shape   
  Correct switching levels   
 

(d) (Capacitor charges and discharges between 1/3 and 2/3  
of supply voltage) 

  (This is the same as the 555 timer) 
  => T = 1.4 R C   
  => T = 1.4 x 104 x 10-7 = 1.4ms   

Total – 9 
 
Schmitt Trigger    (ELE4, Q6, 2007) 
 
6 (a) Accurate MOSFET symbol    correctly positioned   

(2 marks) 
 

 (b) (i) When output of op-amp high, top resistor of voltage  
divider is effectively 5kΩ so voltage split in ratio 1:2   

   => voltage at non-inverting input of op-amp is 3.33V   
 
  (ii) When output of op-amp low, bottom resistor of voltage  

divider is effectively 5kΩ so voltage split in ratio 2:1   
   => voltage at non-inverting input of op-amp is 1.67V   

(4 marks) 
 

 (c) (i) T = C R = 4.7 x 106 x 30 x 10-12 = 1.41 x 10-4s   
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  (ii) 63% of 5V = 3.15V   
(2 marks) 

 
 (d) Recognition of charging between 1/3 and 2/3Vs taking 0.69RC so 
  giving a frequency of 10.3kHz   

(1 mark) 
 

(Total 9 marks) 
 
Neural Network    (ELE4, Q3, 2008) 
 
3 (a) (i) e.g. Information is stored in the connections between  

neurons  
in an ANN whereas it is stored at specific locations in  
the NAS   

 
  (ii) e.g. The NAS is limited by the number of locations at  

which to store information 
   The ANN is essentially unlimited since there are so  

many possible interconnections between neurons   
 

  (iii) e.g. The information in a NAS is more reliable than an  
ANN since connections between neurons are not stable,  
while that of the magnetic field is (relatively)   

 
(b) (i) e.g. ANN information processed in parallel by many  

neurons, in a computer it is processed in a few  
processors serially     

 
  (ii) e.g. ANNs can learn and adapt to maximise traffic flow, 
   whereas PCs cannot.    

 
 (c) e.g. ANNs unsuitable for applications which require precision  

since they operate essentially through probability (fuzzy logic).  
    

Total – 9 
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Neural Network    (ELE4, Q5, 2007) 
 
5 (a) (i) connections between neurons,   
   weighting attached to each connection   

 
  (ii) ANN - simple but lots of them   
              compared to few but complex   

 
  (iii) When the ANN compares its output with the required  

output for a set of inputs and adjusts the weightings etc  
of the inputs to create a match   

   Programmed by providing examples of outputs that  
should be gained from given sets of inputs and allowing  
the ANN to adjust its neuron weightings   

(6 marks) 
 

 (b) PCs better at matching for exact items whereas ANNs are  
Better to interpret the input data to find patterns   

(1 mark) 
 

 (c) lines joining each input layer neuron to each neuron in the  
hidden layer   

(2 marks) 
 

(Total 9 marks) 
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