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Data Sheet
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Data Sheet

Unless otherwise indicated, you can assume that:

 • op-amps are run off supply rails at +15 V and –15 V
 • logic circuits are run off supply rails at +5 V and 0 V.

resistance R = V
I

power P = VI

series resistors R = R1 + R2

time constant τ = RC

monostable pulse time T = 0.7 RC

relaxation oscillator period T = 0.5 RC

frequency f = 1
T

voltage gain G = Vout
Vin

open-loop op-amp Vout = A(V+ – V–)

non-inverting amplifier gain G = 1 + Rf
Rd

inverting amplifier gain G = – Rf
Rin

summing amplifier – Vout
Rf

 = V1
R1

 + V2
R2

 …

break frequency f0 = 1
2πRC

Boolean Algebra A.A = 0

 A + A = 1
 A.(B + C) = A.B + A.C

 A.B = A + B

 A + B = A.B

 A + A.B = A

 A.B + A.C = A.B + A.C + B.C
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Answer all the questions.

1 The circuit of Fig. 1.1 is a NOR-gate bistable.

A

B Q
P1 2

Fig. 1.1

 (a) The output of a NOR-gate bistable can be set and reset with appropriate signals at the active 
high inputs.

  (i) Explain the meaning of the terms set, reset and active high input.

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

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

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

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

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

  (ii) State what happens to the output Q when both inputs go low.

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

 ...................................................................................................................................... [1]

 (b) (i) Complete the truth table below for gate 2 of Fig. 1.1.

A P Q

1 1

1 0

0 1

0 0

 [1]
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  (ii) Explain the sequence of signals required to make the bistable store a 1.

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

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

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

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

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



6

© OCR 2015

2 The circuit of Fig. 2.1 is a latch made from NAND gates.

D
L

A

B

C

E
Q

Fig. 2.1

 The state of D is copied to Q whenever the enable input L goes high.

 Complete the timing diagram of Fig. 2.2.

D
0

1

0

1

0

1

0

1

0

1

L

B

C

Q

time

Fig. 2.2
 [5]
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3 A student uses the test arrangement of Fig. 3.1 to verify the transfer characteristic of an inverting 
amplifi er.

inverting amplifier

signal generator

oscilloscope

Fig. 3.1

 (a) The inverting amplifier has the following properties.

   • voltage gain of –2.5
   • input impedance of 30 kΩ

  (i) Fig. 3.2 shows an oscilloscope trace of the signal at the output of the amplifier.

Fig. 3.2

   On Fig. 3.2, sketch the trace of the signal at the input of the amplifier.

   Both traces have the same oscilloscope vertical amplifier setting of 2 V / div. [3]

  (ii) Draw in the space below to show how the amplifier can be constructed from an op-amp 
and resistors. Show all component values.

 [4]
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 (b) The amplifier of Fig. 3.1 alters some properties of the input signal but leaves others unaltered.

  (i) State one property of the input signal which is altered by the amplifier.

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

 ...................................................................................................................................... [1]

  (ii) State two properties of the input signal which are not altered by the amplifier.

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

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

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

 (c) Sketch the transfer characteristic of the inverting amplifier of Fig. 3.1 on the axes of Fig. 3.3.

–15 –10 –5 +5

output / V

input / V
+10 +15

–15

–10

–5

+5

+10

+15

Fig. 3.3
 [3]
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4 The circuit of Fig. 4.1 shows a microphone connected to an amplifier.

0 V

15 V

4.7 k 22 k

33 k

X

Y

Z
microphone

–

+

Fig. 4.1

 (a) During a test of the system, the microphone produces a signal at X which has an amplitude 
of 150 mV.

  (i) Calculate the amplitude of the signal at Z.

 amplitude =  .......................................................V [3]

  (ii) Use the transfer characteristics of an op-amp to explain why the signals at X and Y are 
almost identical.

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

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

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

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

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

 ...................................................................................................................................... [4]
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 (b) The microphone has an output impedance of 12 kΩ.

  (i) Explain why replacing the 22 kΩ resistor with a 120 kΩ resistor would improve the 
performance of the circuit.

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

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

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

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

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

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

  (ii) In another test, the amplitude of the signal at X is 250 mV when the 22 kΩ resistor is in 
place.

   Calculate the amplitude of the signal at X when the 22 kΩ resistor is replaced with a 
120 kΩ resistor.

 amplitude =  ....................................................mV [4]
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5 Fig. 5.1 contains the circuit symbol for a D flip-flop.

0 V

5 V

D QS

R Q

input

Fig. 5.1

 (a) (i) Draw on Fig. 5.1 to show how the flip-flop should be connected to count pulses at the 
terminal labelled input.

   Label the output of the counter. [3]

  (ii) Complete the timing diagram of Fig. 5.2 to show the behaviour of the counter of Fig. 5.1.

input
0

0

1

1
output

time

Fig. 5.2
 [2]
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 (b) Fig. 5.3 shows a four-bit counter and a logic gate.

R
A

counter

B C D

Fig. 5.3

  (i) Explain the effect of the logic gate on the behaviour of the circuit of Fig. 5.3.

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

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

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

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

  (ii) Complete the pulse table for the circuit of Fig. 5.3.

pulse A B C D

0 1 1 0 0

1

2

3

4

 [3]

  (iii) A signal of frequency 15 kHz is applied to the input of the circuit of Fig. 5.3.

   Calculate the frequency of the signal at C.

 frequency =  ................................................... kHz [1]
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6 The circuit of Fig. 6.1 makes a pair of LEDs glow in a continuous sequence.

R

X

Y

A

counter

logic system
green

B C D

yellow

32 μF

P

0 V

0 V

270 k

Fig. 6.1

 (a) Show that each cycle of the sequence lasts for about 35 seconds.

[4]

 (b) Fig. 6.2 shows part of the logic system of Fig. 6.1.

  Complete the timing diagram of Fig. 6.3.

A C

X

Fig. 6.2

A
0

1

0

1

0

1

0

1

B

C

X

time

Fig. 6.3
 [4]
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 (c) The green LED connected to Y only glows for these three states of the counter:

   • CBA = 010
   • CBA = 110
   • CBA = 011

  (i) Write down a Boolean expression for Y in terms of C, B and A.

   You do not have to simplify it.

[1]

  (ii) Use the theorems of Boolean algebra to show that Y = C.B + B.A .

 [2]

  (iii) Draw a NAND gate circuit in the space below to show how Y can be generated from C, B 
and A.

 [3]
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7 The microcontroller system of Fig. 7.1 is programmed to act as a flood alarm.

a
b
c
d
e
f
g

a

b

c

d

e

f
g

sensor 2

sensor 1

0 V

T

A

+5 V

I0

I1
I2

I3

I4

I5
I6

I7

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Fig. 7.1

 Each sensor is in a different location and only outputs a 1 when it is underwater.

start

let S0 = 7E

a

let S1 = 77

let S2 = C7

let output = S0 

Fig. 7.2

(a) The first part of the program flowchart is shown in Fig. 7.2.

 (i) Complete the table below.

hexadecimal binary

7E 01111110

77

C7

 [1]

 (ii) Explain, in detail, the effect of copying the contents of register S0 to 
the output port.

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

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

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

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

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

 ...................................................................................................... [3]
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 (b) The flowchart for the next part of the program is shown in Fig. 7.3.

yes yes

no no

a b

a

let output = S1 

let S3 = input let S3 = input 

S3 > 15 S3 = 01

pause 500

Fig. 7.3

  Explain the effect that this part of the program has on the system of Fig. 7.1.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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 (c) The last part of the flowchart makes the system behave as follows:

   • if there is a flood, continually display ‘F’ and turn on the buzzer
   •  if switch T is closed, display ‘8’ and turn on the buzzer for 500 ms, then return control 

to a.

  Draw a suitable flowchart in the space below. A copy of Fig. 7.1 is provided at the bottom of 
the page.

b

 [4]

a
b
c
d
e
f
g

a

b

c

d

e

f
g

sensor 2

sensor 1

0 V

T

A

+5 V

I0

I1
I2

I3

I4

I5
I6

I7

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Copy of Fig. 7.1
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8 Fig. 8.1 is the transfer characteristic of a tone control.

300
gain

30

3

0.3

0.03
0.2 2 20 200 2k

frequency / Hz

Fig. 8.1

 (a) Explain why an audio system might contain this tone control.

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

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

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

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

 (b) Complete the circuit of Fig. 8.2 to show how the tone control can be assembled.

  Show all component values and justify them with calculations.

–

+

Fig. 8.2

 [5]

 Quality of Written Communication [3]

END OF QUESTION PAPER
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