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Oxford Cambridge and RSA Examinations

Advanced Subsidiary GCE

ELECTRONICS

FOUNDATIONS OF ELECTRONICS 2526

Specimen paper

Additional materials:
Electronic calculator and/or Mathematical tables

TIME 1 hour 30 minutes

INSTRUCTIONS TO CANDIDATES

Write your name, Centre number and candidate number in the spaces provided on the answer booklet.
Answer ALL questions.
Write your answers in the spaces provided on the question paper.
All working for numerical answers must be shown.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets [  ] at the end of each question or part question.
You may assume, unless otherwise stated, that:

(i) the p.d. across a forward-biased  silicon diode is 0.70 V,
(ii) the base-emitter p.d. for a conducting silicon transistor is 0.70 V,
(iii) the power supplies for op-amplifiers are +15 V and -15 V,
(iv) the saturation levels for op-amplifiers are +13 V and -13 V.

You are reminded of the need for good English and clear presentation in your answers.
Quality of written communication will be taken into account in the marking of your answers to Questions
3(c), 6 and 8 (b).
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Answer all questions.

1 The symbols shown in Fig. 1.1 represent five components used in electronics circuits.
For each, state clearly its name and usual function in circuit design.

(a) (b) (c) (d) (e)

Fig. 1.1

(a) ...............................................................................................................................…….

................................................................................................................….......................….

(b) ...............................................................................................................................…….

................................................................................................................….......................….

(c) ...............................................................................................................................…….

................................................................................................................….......................….

(d) ...............................................................................................................................…….

................................................................................................................….......................….

(e) ...............................................................................................................................…….

...........................................................................................................................……….....…
[Total: 15]
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2 A square wave voltage of frequency 2.5 kHz is fed into the circuit in Fig. 2.1.

Fig. 2.1

(a) Calculate the period of the waveform and put a time scale on the graph of Vi against t
(Fig. 2.2).

........................................................................................................................................

................................................................................................................................... [3]

(b)

Fig. 2.2
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Sketch graphs on the axes above showing how Vo varies with time for values of R of
(i) 1.0 kΩ (label this graph A),
(ii) 100 kΩ (label this graph B).

Show any necessary calculations below. [12]
[Total: 15]
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3 (a) Fig. 3.1 shows a half adder for the addition of two one-bit numbers.

Fig. 3.1

(i) Complete the truth table for the half adder.

A B Sum Carry
0 0
1 0
0 1
1 1

(ii) Design a circuit using not more than five NAND gates which will implement
the ‘sum’ output.   Show all the steps in your design. Explain how your circuit
works with the aid of a truth table showing the outputs of all the gates you
have used.

[10]

(b) Fig. 3.2  shows two half adders and an OR gate connected together to form a full
adder.

Fig. 3.2

Complete the truth table.

[5]
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(c) Explain in what way a full adder is different from a half adder.
Illustrate your explanation with an example.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

.................................................................................................................................. [4]

[Total: 19]
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4 (a) For an ideal op amp, state values for the

(i) input impedance,

......................................................................................................................

(ii) open loop gain.

........................................................................................................................ [2]

(b) Fig. 4.1 shows an op amp circuit.

Fig. 4.1

(i) Derive a relationship to calculate the closed loop gain of this op amp circuit.

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

(ii) Calculate the gain of this circuit.

................................................................................................................................
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(iii) On the axes of Fig. 4.2, plot the characteristic over the range
Vi  = -15 V to + 15 V.

Fig. 4.2
[11]

(c) An input signal Vi is represented on the axes of Fig.4.3. On the same axes, draw a
graph representing the corresponding output Vo from the circuit in Fig. 4.1

Fig. 4.3
[5]

[Total: 18]
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5 Fig. 5.1 shows a power supply connected to a load and an oscilloscope.  The output
from the transformer is 6.0 V r.m.s. and the load has a resistance of 100 Ω.

Fig. 5.1

(a) Calculate the peak voltage across the load.

[4]

(b) On the grid below, draw the trace which will be seen on the screen of the
oscilloscope when the Y sensitivity is 2 V cm-1 and the timebase is 5 ms cm-1.
Label this trace A.

[3]

(c) Draw a 1000µF capacitor on the circuit shown in Fig. 5.1 to smooth this supply.
Draw a second trace on the grid above to show the effect of the capacitor.  Label
this trace B.

[5]
[Total: 12]
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6 The circuit shown in Fig. 6.1 can be used to monitor the temperature inside an incubator
for premature babies.

Fig. 6.1

(a) Explain how the resistors hold the point X at a voltage of +10 V.

........................................................................................................................................

........................................................................................................................................

...............................................................................................................................… [4]

(b) Complete these sentences.

When the thermistor is hot it has a resistance of 5 kΩ and Y has a voltage of +12 V.

As the thermistor cools down, its resistance …………………… and the voltage at

Y  ……………………… .

Once the voltage at Y goes below +10 V, the value of VOUT changes from

………..…..….… to …….…………..….. and the buzzer …………..………… . [5]

(c) A diode has been included in series with the buzzer.

(i) Describe the electrical behaviour of a diode.

...............................................................................................................................

...............................................................................................................................
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(ii) Explain why the buzzer works when VOUT is positive.

...............................................................................................................................

.....................................………………………………………………………..…….

(iii) Explain why the buzzer does not work when VOUT is negative.

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................……… [8]

[Total: 17]
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7 Fig. 7.1 shows a circuit known as a twisted ring counter. The oscillator produces a
continuous train of pulses at P.  The D-type flip-flops are triggered by rising edges.

Fig. 7.1

Suppose that A and B are both 0 to start with. Complete this table to show what happens to
B, C and A as five pulses appear at P.

[10]

[Total: 10]
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8 The driver of Fig. 8.1 controls the current through an electric motor. The graph shows its
output voltage depends on its input voltage.

Fig. 8.1

(a) The motor is rated at 4 V, 2 W.

(i) Calculate the current in the driver output when the motor works.

...............................................................................................................................

...............................................................................................................................

(ii) At what rate does the driver generate heat (in milliwatts) when the motor is 
working?

...............................................................................................................................

...............................................................................................................................
[5]
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(b) Fig. 8.2 shows what happens to the voltage of the driver’s input when the switch is
pressed and released.  With the help of the information in Fig. 8.1 draw and explain
how the driver’s output voltage changes with time.

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................
[9]

[Total: 14]

[Total Paper: 120]

    Fig. 8.2
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Oxford Cambridge and RSA Examinations

Advanced Subsidiary GCE

ELECTRONICS

FOUNDATIONS OF ELECTRONICS 2526

Mark Scheme

This mark scheme is published as an aid to teachers and candidates to indicate the requirements of the

examination. It shows the basis on which marks could be awarded.

Alternative correct answers and unexpected approaches in candidates’ scripts will be given marks that

fairly reflect the relevant knowledge and skills demonstrated.

Error carried forward (ecf) only applies to values and never to formulae.  If a candidate makes an

error in a calculation this will be penalised. However if this value is carried forward into another

calculation the error is not penalised again.
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1 (a) Light Emitting [1] diode [1] use as indicator etc.  [1] K3

(b) Light Dependent [1] resistor use as light detector [1] measuring light intensity  etc.  [1] K3

(c) loudspeaker,  [1]  output transducer [1] from electricity to sound   [1] K3

(d) thermistor,  [1]  resistance varies with temperature [1] used as temperature sensor  [1] K3

(e) potentiometer, [1]   used to divide voltages etc. [1] volume control etc. [1]       K3
[Total: 15]

2 (a) period  =  1/f [1] =  0.40 ms [1]       K2
correct scale on graph,  (2 cycles in 0.8 ms)        K1  [3]

(b) time constant = RC K1

(i) for R  =  1 kΩ,  time constant = 0.1 ms K1
correct graph labelled A:  timing [1], shape [1], drops to 10% of initial A2
rise/fall [1], Vo varying between +VI and –VI  [2] K3

(ii) for R  =  100 kΩ, time constant = 10 ms K1
correct graph labelled B:   shape [1], drops by < 10% of initial rise/fall [1] A2
Vo varying between +VI and –VI  [2] K2

[12]
[Total: 15]

3 (a) (i) correct sum column [1] and carry column  [1]  in truth table. K2

A B Sum Carry
0 0 0 0
1 0 1 0
0 1 1 0
1 1 0 1

(ii) correct circuit for EOR from 4 or 5 dual-input NAND gates. Up to A3
explanation of circuit. [2] Truth table for intermediate points [3] up to K5

A B x y SUM
0 0 1 1 0
1 0 0 1 1
0 1 1 0 1
1 1 1 1 1

Sum = 1 whenever x = 0 or y = 0 and this occurs whenever A and B are different.
[10]

(b) [1] per correct column in truth table. K5 [5]

(c) problem of ‘carry’ from previous digit explained up to A2
example given A1
Quality of written communication 1 [4]

[Total: 19]
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4 (a) (i) input impedance is infinite K1
(ii) open loop gain is infinite K1 [2]

(b) (i) derivation of correct formula for non-inverting op-amp K4
(ii) gain calculated as +3 substitution [1] answer [1] sign [1]   K3

(iii) graph:  symmetrical about origin [1],  gradient of +3 [1],
saturates at Vo  =  +13 V and –13 V.  [2] K4 [11]

(c) graph:  shape  [1], correct phase  [1],  correct gradient [1],  correct saturation
[2]. A5 [5]

[Total: 18]

5 (a) peak p.d.  =  6√2 V = 8.5 V [1] less two [1]  diode drops (1.4 V) [1]
                 =  7.1 V [1] K4 [4]

(b) graph labelled A:  full-wave rectified waveform [1], 2 half-waves in 20 ms (4 squares)
[1],  amplitude of 7.1 V (3 squares) [1]         K3 [3]

(c) Capacitor drawn in parallel with load resistor. A1
graph labelled B:   small ripple voltage [1] centred about 7 V  [1]. Correct value of
ripple voltage [2] A4 [5]

[Total: 12]

6 (a) 200 kΩ and 100 kΩ resistors form a potential divider [1] in ratio of 2:1 [1]. 15 V divided
as 10 V across 200 kΩ [1]  and 5 V across 100 kΩ [1].           K4 [4]

(b) increases, decreases, -13 V, +13 V, sounds [1] each K5 [5]

(c) (i) A diode conducts in the forward direction only [1] when the forward p.d. is greater
than 0.7 V [1].
In the reverse direction almost zero current [1].

(ii) Forward direction shown by arrow head of symbol [1].
When VOUT is positive diode conducts [1] giving a p.d. across the
buzzer [1].

(iii) When VOUT is negative zero p.d. across buzzer [1].      K3    A4
Quality of written communication 1 [8]

[Total: 17]

7 Each correct line for truth table, [2] (-1 for each mistake) [10]
(K5 A5)

8 (a) (i) Recall P = I V and re-arrange to give I = P/V [1]
substitute [1], answer [1] current = 2 W/4 V = 0.5 A K3

(ii) p.d. across driver = 1.0 V [1]
power dissipated = 1.0 V x 0.5 A = 0.5 W = 500 mW [1] K2 [5]
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(b) At time t = 0 VIN = 0 and therefore VOUT = 4.5 V [1]
t = 3s, VIN goes to +5 V and VOUT drops to +1.0 V [1]
when switch is released capacitor discharges [1]
and VIN falls [1] VOUT remains at +1.0 V [1] until
VIN drops below 1.5 V [1] at which point VOUT returns to
4.5 V [1]. This occurs at 15 s [1]. A8

[9]
Quality of written communication [1]

[Total: 14]

[Paper Total: 120]
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Assessment Grid Unit 2526

Unit 2526 Assessment Objective Total

Question Knowledge
AO1

Application
AO2

QoWC

1 15 15
2 11 4 15
3 12 6 1 19
4 13 5 18
5 7 5 12
6 12 4 1 17
7 5 5 10
8 5 8 1 14

TOTAL 80 37 3 120



Specimen Materials 20 © OCR 2000
Electronics Oxford, Cambridge and RSA Examinations

BLANK PAGE



Specimen Materials 21 © OCR 2000
Electronics Oxford, Cambridge and RSA Examinations

Oxford Cambridge and RSA Examinations

Advanced Subsidiary GCE

ELECTRONICS

SIGNAL PROCESSING 2527

Specimen Paper

Additional materials:
Electronic calculator and/or Mathematical tables

TIME 1 hour 15 minutes

INSTRUCTIONS TO CANDIDATES

Write your name, Centre number and candidate number in the spaces provided on the answer booklet.
Answer ALL questions.
Write your answers in the spaces provided on the question paper.
All working for numerical answers must be shown.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets [  ] at the end of each question or part question.
You may assume, unless otherwise stated, that:

• the p.d. across a forward-biased  silicon diode is 0.70 V,
• the base-emitter p.d. for a conducting silicon transistor is 0.70 V,
• the power supplies for op-amplifiers are +15 V and -15 V,
• the saturation levels for op-amplifiers are +13 V and -13 V.

You are reminded of the need for good English and clear presentation in your answers.
Quality of written communication will be taken into account in the marking of your answers to Questions 2(a),
2(d), 3(b) and 4(c).
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Answer all questions.

1 A karaoke system is to be set up using a microphone, a cassette deck, an amplifier and
a loudspeaker. The peak output voltage of the microphone is 2.5 mV, and of the
cassette deck is 0.50 V.

(a) Calculate the gain needed in a preamplifier for the microphone signal so that it
matches the output of the cassette deck.

[3]

(b) Fig. 1 shows a circuit to be used to mix the amplified microphone signal (A) and
the cassette signal (B).

Fig. 1.1

Calculate values for the three resistors which will give a peak output of 4.0 V.

[4]

(c) The output is connected to an 8Ω loudspeaker. Calculate the peak current in the
speaker and, hence, the r.m.s. power handled by the speaker.

[5]

[Total: 12]
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2 The D-type flip-flops in Fig. 2.1 are rising-edge triggered.

Fig. 2.1

(a) A and P are both logical 0. P is now raised to 1.

(i) What is the state of A?

...............................................................................................................................

(ii) Explain why it has this state.

...............................................................................................................................

...............................................................................................................................
[3]

(b) P is now lowered back to 0.

(i) What is the state of A?

...............................................................................................................................

(ii) Explain why it has this state.

...............................................................................................................................

...............................................................................................................................
[2]

(c) Complete the timing diagram of Fig. 2.2.

Fig. 2.2
[4]
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(d) Describe how the circuit in Fig. 2.1 may be extended to form a 4-bit binary ripple
counter.

[5]

[Total: 14]
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3 (a) What is the difference between a passive filter and an active filter?

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[2]

(b) Design an active treble cut filter around a single operational amplifier. The filter
must have an input impedance of 20 k?  a maximum low frequency gain of 4 and a
break frequency of 2 kHz. Explain how your circuit works.

[11]

[Total: 13]
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4 The circuit shown in Fig. 4.1 generates alternating voltages at the points marked A and
B.

Fig. 4.1

(a) Calculate the switching threshold s of the Schmitt trigger section.

[4]

(b) When the input voltage to the integrator is +13 V calculate the rate at which the
input voltage on the inverting input changes.

[4]

(c) Describe how the voltages at A and B change with time.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[7]

[Total: 15]
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5 Fig. 5.1 shows a circuit built from logic gates.

Fig. 5.1

(a) State the Boolean expressions for R, S and T for the circuit shown in Fig. 5.1.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[3]

(b) Using the rules of Boolean algebra, show that

  _
Q  =  A  +  B.

[6]

[Total: 9]
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6 (a) Draw a diagram to show how four D-type flip-flops can be arranged to form a
4-bit binary up counter.   Explain the operation of the counter.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

……………………………………………………………………………………………...[8]

(b) The 4-bit binary output of this counter is DCBA.   It is decoded to drive a common
cathode seven segment display whose segments are labelled as in Fig. 6.1.   Output
A is the least significant bit.

Fig. 6.1

The system of logic gates shown in Fig. 6.2 decodes the counter output between 0
and 9 to illuminate segment e  which is only required for the display of numbers 0, 2,
6 and 8.

Fig. 6.2
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(i) State the numbers for which the output of the NOR gate is high.

................................................................................................................................

(ii) State the numbers for which the output of the AND gate is high.

................................................................................................................................

(iii) Hence show that the logic system shown correctly illuminates segment e  for the 
display specified.

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................
[9]

[Total: 17]
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7 The circuit shown in Fig. 7.1 has been designed to interface a microphone to a
computer.  Both the diodes have a voltage drop of 0.7 V across them when a current
flows through them.

Fig. 7.1

(a) Draw a block diagram for the system in the space below. Use the following blocks.
[3]

comparator        amplifier        microphone        diode detector

(b) The circuit between Y and T makes the output of the op-amp compatible with the
computer input port.

State the voltage at Z when Y is +13 V. Explain your answer.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[3]
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(c) Peter whistles into the microphone, creating a sine wave of amplitude 4 V and
frequency  1.7 kHz at W.

Fig. 7.2

An oscilloscope is connected between W and 0 V. The trace is shown in Fig. 7.2.
Draw on Fig. 7.1 the waveform you would expect to see if the oscilloscope had been
connected between U and 0V. Explain your answer.

……………………………………………………………………………………………….

……………………………………………………………………………………………….

……………………………………………………………………………………………….
[4]

[Total: 10]
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Oxford Cambridge and RSA Examinations

Advanced Subsidiary GCE

ELECTRONICS

SIGNAL PROCESSING 2527

Mark Scheme

This mark scheme is published as an aid to teachers and candidates to indicate the requirements of the

examination. It shows the basis on which marks could be awarded.

Alternative correct answers and unexpected approaches in candidates’ scripts will be given marks that

fairly reflect the relevant knowledge and skills demonstrated.

Error carried forward (ecf) only applies to values and never to formulae. If a candidate makes an error

in a calculation this will be penalised, However if this value is carried forward into another calculation

the error is not penalised again.
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1 (a) Gain = VOUT/VIN [1]     VOUT = 0.50 V [1]
 = 0.50V/0.0025 V = 200 [1]  K3 [3]

(b) Both inputs equal, therefore R1 = R2  [1]

               4.00 V                     R3           R3              R3 = 8R2  =  8 R1

Gain =  –––––   = 8                  or  ––
                              0.50 V       [1]        R2            R1   [1]                                    [1]      K4 [4]

(c) Vpk                  4 V
Ipk  =  ––  [1]     = ––  =    0.5 A  [1]

R                   8 Ω

Peak power = Vpk Ipk  [1]  =  4 V  x  0.5 A  = 2 W  [1]

r.m.s. power = peak power/2  =  1 W  [1]K5 [5]

[Total: 12]

2 (a) (i) 1 [1]

    (ii)   P rising from 0 to 1 is a rising edge to trigger the flip-flop [1]

D = Q = 1 at start, so flip-flop flips [1] K3 [3]

(b) (i) still 1 [1]
(ii) A falling edge does not change the output of the flip-flop [1] K2 [2]

(c) Correctly completed
K4 [4]

(d) The circuit in Fig. 2.1 is a 2 bit [1] down counter [1]
A is the least significant bit (lsb) [1]
Each D-type flip-flop added will increase its capacity by one bit [1]
A 4 bit counter will use 4 D-type flip-flops [1]
To make it an up counter Q to the clock input of the next flip-flop rather
than Q [1]
any 4 A4 [5]

Quality of written communication [1]

[Total: 14]
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3 (a) Passive filter has maximum gain of 1, built of passive R and C, can only cut, not boost.
K1
Active filters are built around amplifying stages to cut and boost. K1 [2]

   (b)

Input resistor = 20 kΩ K2

Feedback resistor = 4.1 x 20 = 82 kΩ K1

Break frequency =     K1

                  2000 =       –––––––––– A1

              ∴  C = 0.97 nF A1
Explanation of operation up to A4
Quality of written communication 1 [11]

[Total: 13]

4 (a) Switchover occurs when V(-) input = 0V K1

Current through 15 KΩ = current through 39 KΩ K1

                   =                 K1

                           V = ±5V K1 [4]

(b) VOUT of integrator =                     [1]  =       [1] K2

                                                      = 1000 Vs-1    unit penalty K2 [4]

1_____
2pRC

1_____
2p82.103.C

Vin – 0______
15

0 – 13______
39

Vin t

RC

–13.t________________
52 x 103 x 0.25 x 10-6

dVOUT

dt

∴
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(c) Output B is a square wave [1] switching between ±13 V at a frequency determined by the
integrator’s time to ramp between ±5 V to ±5 V.[1] K2
Output A is a triangle wave [1] ramping between ±5 V [1]. The time taken to change from –
5 to ±5 (i.e. 10V) is 1/100 second. [1]

Thus frequency of outputs A and B =                          = 50 Hz. [1]      A4
Quality of written communication 1 [7]

[Total: 15]

5 (a)

[3]

[6]
[Total: 9]

6 (a) correct diagram for binary up counter [2]
correct symbols for D-types [1],  correct connections to D inputs [1],  correct
connections to clock inputs  [1]. up to K4
explanation of operation of counter. up to K4 [8]

(b) (i) output of NOR gate is high A = B = C = 0 [1], for 0 (0000) [1]
and 8 (1000) [1] K3

(ii) output of AND gate is high for A = 0, B [1] = 1 which occurs for
2 (0010) [1] and for 6 (0110) K3

(iii) a common cathode display requires a high output to light the segment [1].
the OR gate output is high when the output of either the NOR gate or the AND gate is
high [1].  Hence logic is correct. [1] A3 [9]

[Total: 17]

1

2 x 1/100

(b)
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7 (a) Suitable block diagram.

microphone amplifier Diode detector Comparator

      (1)                                 (1)                                     (1) K3 [3]

(b) When Y is at +13 V diode conducts [1]
p.d. across resistors = 13 V – 0.7 V = 12.3 V [1]

p.d. at Z  =                       x 12.3 V = 3.8 V [1] K3 [3]

(c) Diode (1/2 wave) rectifies signal [1]
capacitor smooths out rectified signal [1]
peak voltage = 4.0 V – 0.7 V = 3.3 V [1]
(up to 3 from diagram or explanation)
appropriate line on diagram [1] A4 [4]

[Total: 10]
[Total paper: 90]

10____
32
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Assessment Grid Unit 2527

Unit 2527 Assessment Objective Total

Question Knowledge
AO1

Application
AO2

QoWC

1 12 12
2 9 4 1 14
3 6 6 1 13
4 10 4 1 15
5 9 9
6 14 3 17
7 6 4 10

TOTAL 66 21 3 90
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Answer all questions

1 Fig.1.1 illustrates a method of transmitting a digital signal (IN) down an optic fibre link.

Fig. 1.1

The encoder switches the LED on and off at a rate of 2 kHz if IN is 1 and 1 kHz if IN
is 0.  The light from the LED is transmitted down the optic fibre and detected by a
phototransistor.  Finally, the decoder feeds out a 1 if pulses are fed into it at a rate of
2 kHz and a 0 if the pulses arrive at a rate of 1 kHz.

Fig. 1.2 below is the circuit diagram of a suitable decoder for the system.

Fig. 1.2

(a) Calculate the period of the signal in the fibre when IN is a 1 and IN is a 0.

[3]
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(b) With the help of timing diagrams for the signals at INPUT, P, E, C and OUTPUT
explain why the output is Q  is a logical 0 when the input is a 1 kHz square wave.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[7]

[Total: 10]
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2 The circuit of Fig. 2.1 shows a fully stabilised voltage amplifier. The transistor has a d.c.
current gain (hFE) of 100.

Fig. 2.1

(a) Calculate the voltage at the base.

[1]

(b) Calculate the emitter current.

[1]

(c) Calculate the voltage of the collector.

[2]
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(d) A sinusoidal input signal of frequency 1 kHz and peak value 200 mV is now applied
to the base via a capacitor.  Draw two sketch graphs of the voltages on the base
and collector as functions of time for two cycles of the input.  Label the graphs. [3]

Fig. 2.2

[Total: 7]



Specimen Materials 46 © OCR 2000
Electronics Oxford, Cambridge and RSA Examinations

3 The block in Fig. 3.1 represents a monostable circuit.  The output is normally logic 0 until
the trigger is briefly pulsed, at which moment it goes to logic 1 for a predetermined
period and then returns to logic 0.

Fig. 3.1

(a) Use your knowledge of electronics to show how this circuit can be produced using
only two NAND gates, one resistor R and one capacitor C.  Label the input and
the output. [4]

(b) State whether the normal resting state of the trigger should be logic 1 or logic 0 and
thus state how the monostable should be triggered.

........................................................................................................................................

........................................................................................................................................
[2]

(c) Suggest and justify values for R and C to produce an output pulse length of
2.0 seconds.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[2]

[Total: 8]
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4 A simple radio receiver circuit is shown in Fig. 4.1. This question is about how it works.

Fig 4.1

(a) The variable capacitor C can be varied between 3.5 pF and 20 pF. If the system is
to receive radio waves whose frequencies lie between 1.5 MHz and 3.0 MHz,
work out a suitable value for L.

[4]

(b) Explain how the circuit works with the aid of sketch waveforms of the signals at
various points within it.

[10]
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(c) Estimate how many different radio stations could broadcast using amplitude
modulation between 1.5 MHz and 3.0 MHz.  Justify your answer.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[3]

[Total: 17]
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5 Figure 5.1 shows a system which transfers data from the parallel output of a circuit to
the serial input of a printer.

Fig. 5.1

(a) Each 4-bit word from the circuit needs to be latched by the shift register. This
happens when L goes to logic 1 for a short time. The 4-bit word is then fed out in
serial form at S when clock pulses are fed into C.  Show how D-type flip-flops and
logic gates can be used to make such a shift register.

[7]

(b) The clock pulses for the shift register are derived from a stable crystal oscillator at
307.2 kHz.

(i) Why does the system employ a stable oscillator rather than one based on RC 
networks?

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................
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(ii) Show how the output of the oscillator can be used to generate 300 Hz clock
pulses for the shift register with the help of D-type flip-flops.

[5]

(c) Fig. 5.2 shows a timing diagram for a four-bit word being transferred to the printer.

Fig.5.2
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The control system of Fig. 5.1 is triggered to latch and transit a four-bit word by a rising
edge at SEND.  Whilst the word is being transmitted, the printer holds BUSY high.  The
control system ignores subsequent rising edges at SEND until BUSY goes low again.
Draw a suitable circuit for the control system.  Use your knowledge of electronics to
explain how it works.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[17]

[Total: 29]
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6 Fig. 6.1 is the circuit diagram of a digital-to-analogue converter (DAC).

Fig. 6.1

(a) The resistor values must be such that the converter obeys the following table.
Complete the table.

C B A
V

VOUT

0 1 0 1.50

0 1 1 2.25

1 0 1 3.75

1 1 0

5.25

[3]

(b) By considering the output voltage VOUT when the word CBA = 010 is fed into the
DAC, calculate a suitable value for the resistance RF. Assume logic 1 is +5.0 V.

RF = ……………………kΩ
[5]
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(c) Show that a suitable value for the resistance RA is 200 kΩ.

[2]

[Total: 10]
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7 For this question you will need to consider the oscillator circuit shown in Fig. 7.1.

Fig. 7.1

(a) State the purpose of R1 and R2 in this circuit.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[2]

(b) Describe two independent alterations you could make to this circuit to be able to
vary the frequency.  Explain your choices.

1. …................................................................................................................................

........................................................................................................................................

........................................................................................................................................

2. ..................................…..............................................................................................

........................................................................................................................................

........................................................................................................................................
[6]
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(c) Explain the reason for including the two diodes and VR1 in the circuit.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[3]

(d) Sketch the trace you would obtain if you were to connect the output of this circuit
to an oscilloscope. Assume the sliding contact of VR, is near the end connected to
D.

[3]

[Total: 14]
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8 Bugden Enterprises manufacture telephones. They want to install cameras and TV
screens in their telephones, so that people can see each other when they talk. This
question is about the field scan rate for the TV screens when the telephone lines have a
bandwidth of only 20kHz.

(a) Each field of the TV screen consists of 50 lines, each of which contains 40 pixels.

(i) Explain the meaning of the terms: field, line  and pixel.

………………………………………………………………………………………….

………………………………………………………………………………………….

………………………………………………………………………………………….

………………………………………………………………………………………….

………………………………………………………………………………………….

………………………………………………………………………………………….

………………………………………………………………………………………….
[3]

(ii) Each pixel can be either bright (logical 1) or dark (logical 0). Calculate the
number of bits of information required to construct a picture on the TV
screen.

Bits required =  ………….. [3]
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(b) The digital information to build up the picture on the screen will be amplitude
modulated onto a 10kHz carrier signal before it is sent down the telephone line.
A logical 1 will make a pixel bright, a logical 0 will make a pixel dark.

Suppose that the 10kHz carrier is amplitude modulated with a square wave of
frequency 2kHz. On the axes of Fig. 8.1, sketch voltage-time and amplitude-
frequency graphs for the modulated waveform. [6]

Fig. 8.1

(c) State the maximum rate at which bits can be transmitted down the telephone line by
the method of (b).  Justify your answer.

The maximum bit rate is ......................................... Hz because:

........................................................................................................................................

........................................................................................................................................
[2]
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(d) Using your answers to (a) and (c), calculate that maximum rate at which fields can
be placed on the TV screen.  Comment on the quality of the images delivered by
the system.

rate =………………… s–1

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[4]

[Total: 18]
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9 Drilling holes in the wall can be dangerous. You may cut into a mains cable and
electrocute yourself.  Circuits which detect mains cables buried in walls can help you
avoid this fate.

Fig. 9.1 shows a circuit which can do this.  As the coil is moved across the wall past a
mains cable, the buzzer makes a noise.

Fig. 9.1

(a) Calculate the voltage gain of the amplifier.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[2]

(b) When the coil is moved quickly pas a mains cable, the amplifier produces the 50 Hz
signal shown in Fig. 9.2. Draw on Fig. 9.2 to show the signal you would expect to
see at P. Assume that the voltage drop across a diode is 0.7 V when it is forward
biased. [2]

Fig. 9.2
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(c) The buzzer must come on whenever the voltage at P rises to about 1 V. Draw in
the space below a circuit for the block marked C. Show all component values. [3]

[Total: 7]

[Total Paper: 120]
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1 (a) period = 1/frequency S1
T = 1/2 =0.5 ms S1
T = 1 ms S1 [3]

(b) Timing diagram of at least one pulse of IN at 1 kHZ [1], more than one pulse [1] K2
diagram showing five 10 kHz pulses going into counter K1
and explanation involving AND gate K1
Timing diagram to show variation of C with time K1
and explanation involving binary counter and inverters A1
explanation of why Q  is a 1 A1 [7]

[Total: 10]

2

[Total: 7]

[1]

[1]

[2]

[3]
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3 (a) RC network correctly placed between gates
feedback loop from output to input
input correctly labelled
output correctly labelled S4 [4]

(b) Depends on answer to (a)
resting state K1
triggering edge K1 [2]

(c) 0.7RC = 2000 ms for gates with thresholds at 2.5 V, R between 1 MΩ and 1 kΩ K1
C appropriate K1 [2]

[Total: 8]

4 (a) f = 1/2π√LC so L = 1/4π2f2 C K1
 Lmin =1/4π2  x (1.5 x 106)2 x  20 x 10-12 = 5.6 x 10-4  H K1
 Lmax =1/4π2  x (3.0 x 106)2 x 3.5 x 0-12 = 8.0 x 10-4  H K1
 So L = between 560 µH and 800 µHK1 [4]

(b) LC acts as high impedance for alternating currents in aerial at resonant frequency K1
so amplitude modulated waveform at A K1
T1 acts as voltage-follower K1
so waveform at B is same as A but shifted up to 0.7 V K1
D1 rectifies signal at BS1
and 100 pF and 100 kΩ smoothes/filters it S1
so waveform at E is audio signal centred on +0.7 V S1
negative feedback around op-amp and push-pull followers [1] keeps signal at F same as
signal at E [1], operation of complementary pair [1] S3 [10]

(c) Audio signal up to 5 kHz (anything from 2 kHz to 20 kHz) A1
Sidebands up to 5 kHz either side of carrier (ecf) A1
Number of stations = 1500/10 = 150 maximum (ecf) A1 [3]

[Total: 17]
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5 (a) Six flip-flops as a shift register [1] correct connections between flip-flops [1] K2
Serial output when pulses fed into C K1
Parallel input when pulse fed into L K1
explanation/design of arrangement of gates for parallel input up to K3 [7]

(b) (i) RC networks provide frequency which changes with time A1
printer samples DATA at fixed times after start edge so pulses from clock must be
very precisely timed to avoid confusion A1

(ii) 300 = 307200/210 S1
row of 10 D flip-flops arranged as binary counters S1
input and output clearly labelled S1

[5]

(c) Correct circuit: (max 7)

When SEND goes high it clocks the D type which causes a rising pulse which
triggers monstable 1 giving a brief pulse at L.
When L drops back to zero it clocks the next D type which allows six clocking
pulses to C. On the sixth pulse the counter and associated D type are reset.
All the time BUSY is high the SEND D type is frozen set. When BUSY falls
back to zero it triggers the falling edge triggered monostable 2 which gives a brief
pulse to reset the SEND D type. (max 10)  12 A2

[17]
Quality of written communication     [3]

[Total: 29]
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6 (a) 6 x 0.75 V = 4.5 V [1] K1
5.25 / 0.75 = 7 [1], so CBA = 111 [1] K2 [3]

(b) G = –5/4 = –1.25 [1] so VF =                   = –1.2 V [1]

VF = –5 x (RF / 100) (eor) [1]
RF = (1.2 x 100) [1]/ 5 = 24 (kΩ) [1] S5
Correct answer gains full marks regardless of method. [5]

(c) ecf (b) for value of RF .
If CBA = 001 then VF = –0.6 V [1]
So 0.6 = 5 x (24 / RA)
Therefore RA = 5 x (24 / 0.6) [1] = 200 (kΩ) S2 [2]
Answer must be supported by a valid calculation.

[Total: 10]

7 (a) R1 and R2  provide positive feedback [1] to give Schmitt trigger action [1]          S2  [2]

(b) (i) Alter ratio of R1 to R2 [1] to change thresholds of Schmitt trigger [1] to alter extent to
which C changes up [1]

(ii) Alter R3 or C [1] to alter time constant of charging circuit [1]
and hence time to reach Schmitt trigger threshold [1] S6 [6]

(c) C charges through one diode and discharges through the other [1]
VR1 changes the mark/space ratio [1] without changing the
frequency [1] A3 [3]

(d) Correct square wave trace shape [1]
correct saturation values (+13 V and -13 V) [1]
sensible mark/space ratio [1] A3 [3]

[Total: 14]

1.50_____
–1.25
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8 (a) (i) Explanation of field, line and pixel [1] each K3 [3]

(ii) number of pixels = 50 x 40 = 2000 [1]
each pixel is either 1 or 0, therefore 2000 pixels
per field [1] gives 2000 bits [1] K3 [3]

(b) Voltage / time sketch
Correct periods for carrier [1] and modulating signal [1]
correct amplitude modulation [1]
Amplitude / carrier sketch
large amplitude at 10 kHz [1]
smaller amplitude lines at 8 kHz and 12 kHz [1]
much smaller amplitude lines at 4 kHz and 16 kHz [1] K6 [6]

(c) maximum bit rate estimate [1]
justification [1] A2 [2]

(d) Rate – dependent on answer to (c) [1]
comments e.g. small number of pixels [1] and low
refresh rate [1] lead to poor quality [1] A4 [4]

[Total: 18]

9 (a) Gain =                  [1] = –150 [1] (wrong sign [1] only) S2 [2]

(b) wave form smoothed out (by RC network) [1]
with maximum amplitude of 2.2 V [1] S2 [2]

(c) circuit with op-amp comparator [1]
P connected to non-inverting input [1]
inverting input connected to potential divider to hold inverting input at 1V. [1]
S3 [3]

[Total: 7]

[Total Paper: 120]

330 kΩ_____
2.2 kΩ
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Assessment Grid Unit 2529

Unit 2529 Assessment Objective Total

Question Knowledge
AO1

Application
AO2

QoWC Synoptic

1 5 2 3 10
2 6 1 7
3 4 4 8
4 8 3 6 17
5 7 4 3 15 29
6 3 7 10
7 6 8 14
8 12 6 18
9 7 7

TOTAL 45 21 3 51 120
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• the base-emitter p.d. for a conducting silicon transistor is 0.70 V,
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Answer all questions.

1 Fig. 1.1 shows the diagram of a sample servo mechanism. The wiper of the master
potentiometer is set by hand to any value between ±15V: the wiper of the slave is
moved by a small gearbox operated by a low current d.c. motor.

Fig. 1.1

(a) If the master wiper A is initially resting in the mid-way position, state and explain
the quiescent voltages at B and C.

voltage at B = ……………

voltage at C = ……………

……………………………………………………………………………………………….

……………………………………………………………………………………………….

……………………………………………………………………………………………….

……………………………………………………………………………………………….
[5]
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(b) The master wiper at A is now suddenly repositioned so that it becomes +6V.
Explain, with the aid of suitable sketch graphs of the signals at C and B, how the
system responds.

……………………………………………………………………………………………….

……………………………………………………………………………………………….

……………………………………………………………………………………………….

……………………………………………………………………………………………….
[6]

(c) If the master wiper is only moved a very small amount, the slave may not respond.
Explain why this is so and what modifications can be made to the circuit which
would enable it to do so.

……………………………………………………………………………………………….

……………………………………………………………………………………………….

……………………………………………………………………………………………….

……………………………………………………………………………………………….
[4]

[Total: 15]
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2 The circuits in Fig.2.1, 2.2 and 2.3 show three different methods of switching on a
powerful 2 kW floodlight operating from the 240 V a.c. mains.

Fig. 2.1 Fig. 2.2 Fig. 2.3

(a) With the help of a calculation, suggest a suitable current rating for the switch S1.

Current rating = ………………

[3]
the triacs in Figs 2.2 and 2.3 need a gate current of 50 mA r.m.s. in order to fire. It
is required that the gate will free early in the mains cycle when the supply has
reached a voltage of 30 V.

(b) Show that

(i) the switch S2 requires a current rating of about 0.5 A.
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(ii) the resistor R2 should have a resistance of 600 Ω and a power rating of about
100 W.

[5]

(c) With the help of a calculation, suggest suitable values for

(i) the current rating for the switch S3.

current rating = ……………………

(ii) the resistance and power rating of resistor R3.

resistance of R3 = ……………………

power rating = …………………[5]

(d) Hence explain why the circuit of Fig. 2.3 is generally preferable to the other two.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
 [3]

[Total: 16]
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3 The logic gates in the circuit of Fig. 3.1 can source or sink a maximum of 1 mA and
their logic levels may be taken as the supply line voltages. The transistors both have d.c.
current gains (hFE) of 120 and their collector currents are limited to 50 mA maximum.

Fig. 3.1

(a) Complete this table and use it to explain how the circuit of Fig. 3.1 operates.
Give the state of T1 and T2 as on or off.

Explanation:

........................................................................................................................................

........................................................................................................................................
[7]

(b) Identify the type of circuit shown in Fig. 3.1.

........................................................................................................................................
[1]
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(c) Calculate suitable values for the resistors R1 and R2 so that the circuit operates in
the required manner.

R1 = ………………………

R2 = ………………………
[3]

The circuit shown in Fig. 3.2 is now added so that the output of Fig. 3.1 is connected to
the input of Fig. 3.2.

Fig. 3.2

(d) Calculate the currents in the LEDs L1 and L2 for all possible combinations of the
inputs A and B. You may assume that the p.d. across a conducting LED is 1.8 V.

[7]

[Total: 18]
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4 (a) Explain what happens in a microprocessor in a typical fetch/execute  cycle. Your
explanation should include reference to the terms Program Counter, Address
Bus, Data Bus and Instruction Register.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[5]

(b) State what happens to the program counter when the microprocessor encounters
a jump instruction.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
 [1]
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(c) What is the stack? How is it used in subroutines?

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
 [4]

[Total: 10]
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5 Fig. 5.1 shows a microprocessor system set up to act as a simple datalogger.  An
experiment produces a voltage which varies with time and this voltage converted into a
4-bit number by the analogue-to-digital converter (ADC).  When the START button is
pushed, the microprocessor reads eighty of these 4-bits of data at regular time intervals.
The microprocessor stores all eighty of these experimental values in an area of memory
so that when the DISPLAY button is pushed, the data are output to a digital-to-analogue
converter (DAC) which, in turn, feeds an oscilloscope. The time-base of the
oscilloscope is adjusted so that the screen just accommodates the eighty data points. The
data are output over and over again so that the c.r.o. trace (i.e. the voltage / time graph
of the experiment) looks quite steady. This process continues until the START button is
pushed at which moment the microprocessor reads another eighty sets of 4-bit signals.

Fig. 5.1

(a) Part of the program to make the microprocessor behave as a data-logger is shown
below:
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Using the instructions set provided, explain how the program between addresses 00
and 13 operates.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[11]
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(b) The next part of the program to make the microprocessor behave as a data-logger
is shown in addresses 14 to 28 below.

Again, using the instructions set provided, explain how the program between 
addresses 14 and 28 operates.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................
[11]
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(c) The final part of the program should wait until the DISPLAY button is pushed, then
reset the Display Flip-Flop and then jump back to the start.  In the space below,
write out the necessary listing, using the instruction set provided. [6]

Address Instructions Explanation

Quality of Written Communication [3]

[Total: 31]

[Total Paper: 90]
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Oxford Cambridge and RSA Examinations

Advanced GCE

ELECTRONICS

CONTROL CIRCUITS 2530

Mark Scheme

This mark scheme is published as an aid to teachers and candidates to indicate the requirements of the
examination. It shows the basis on which marks could be awarded.

Alternative correct answers and unexpected approaches in candidates’ scripts will be given marks that
fairly reflect the relevant knowledge and skills demonstrated.

Error carried forward (ecf) only applies to values and never to formulae. If a candidate makes an error
in a calculation this will be penalised. However if this value is carried forward into another calculation
the error is not penalised again.
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1 (a) Wiper A is initially = 0V [1]

In equilibrium state B = 0V [1] (because slave copies master) [1]
C = 0V [1] (because C = –{A + [–B]}) [1]
S5 [5]

(b) If A —> +6V

S3, K2, A1 [6]

(c) If difference between A and B is too small then drive voltage for motor [1] will be very
small and friction in motor / gearbox will prevent movement to equalise A and B. [1]K2

The summing amp can be given a gain >1 by making feedback resistor > 10kΩ [1] S1

But if gain is made too large then hunting results. [1] A1 [4]

 [Total: 15]

2 (a) rms current in S1 = 2000 W / 240 V = 8.3 A [1]

Thus a current rating > this is necessary [1] – so say switch rating
~ 10A [1] S3 [3]

(b) Gate must fire when supply has reached 30 V.

Thus R2 ~ 30 V / 50 mA ~ 600 Ω [1]
And when mains reaches a maximum,
this resistor will then pass a maximum rms [1] current of 240/0.6 ~ 400 mA.

Current rating of switch S2 ~ 0.5 A [1]

So power rating of R2 ~ 2402 [1] / 600 ~ 100W [1] S5 [5]
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(c) Again resistor should pass 50 mA early in cycle so R3 ~ 600 Ω should suffice. [1]

However, as soon as triac fires, pd across triac falls to few volts [1] and gate current
then becomes negligible. Once triac is fired, gate current is no longer necessary. [1]

Thus current rating of S3 is negligible. [1]
And power rating of R3 is negligible (as the 50 mA only flows for a moment)
[1] K4, S1 [5]

(d) Fig. 2.1 uses an expensive high current switch with possible arcing on switch off. [1]

Fig. 2.2 uses a cheap switch but requires an expensive and bulky resistor. [1]

Fig. 2.3 uses cheap switch and small resistor passing only very small current for a short time.
[1] A3       [3]

[Total: 16]

3 (a)

If B = logic 0 the circuit is enabled:
i.e. if a = logic 0 then Output = logic 0     if  A = logic 1 then Output = logic 1 [1]
If B - logic 1 then logic level on a is irrelevant and Output floats. [1]   S5, K2 [7]

(b) The circuit is a TRISTATE [1] K1 [1]

(c) Maximum base current = 50 mA / 120 = 0.42 mA [1]

R1 = R2 [1] = (5 – 0.7) / 0.42 = 10 kΩ [1]    S2, K1 [3]

(d) If B = logic 1 then Output from tristate is floating [1] K1

So current in L1 and L2 = (5 – 1.8 – 1.8) / (150 + 150) = 4.7 mA [1]
Both L1 and L2 glow dimly [1] S2

If B = logic 0 if A = logic 1   L1 is off [1] L2 is on
current L2 = 3.2/150 = 21 mA [1]

if A = logic 0   L2 is off [1] L1 is on and current = 21 mA [1]
A2, S2 [7]

[Total: 18]
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4 (a) program counter put on address bus K2
and its contents incremented K1
contents of data bus placed in instruction register    K2 [5]

(b) program counter contents changed to address of instruction to be jumped to    K1      [1]

(c) stack is portion of RAM K1
used to store contents of program counter [1] and registers [1]  K2
so that they can reinstated at the end of a subroutine   K1    [4]

[Total 10]

5 (a)

                           [11]
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(b)

      
[11]

(c)

        
[6]

Many of the sub-units, (D-type flip-flops, ADC, DAC, CRO, 4-bit data, time base,
start/display button circuitry) appear in earlier units. Therefore 8 S-marks.

Quality of Written Communication  3 [3]

[Total: 31]

[Total Paper: 90]
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Assessment Grid Unit 2530

Unit 2530 Assessment Objective Total

Question Knowledge
AO1

Application
AO2

QoWC Synoptic

1 4 2 9 15
2 4 3 9 16
3 5 2 11 18
4 10 10
5 8 12 3 8 31

TOTAL 31 19 3 37 90


