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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 contains a bistable made from NOR gates.

0 V

Q

+5 V

P

R

S

X Z

Fig. 1.1

 (a) Complete this truth table for a NOR gate.

P R Q

 [2]

 (b) Explain why the LED glows when only the switch X is pressed.

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

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

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

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

 (c) Explain what happens to the LED when the switch X is released.

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

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

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

 .............................................................................................................................................. [3]
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 (d) Complete the timing diagram below for the bistable of Fig. 1.1.

S
0

1

0

1

0

1

time

R

Q

 [1]

 [Total: 9]

2 Fig. 2.1 is the circuit symbol for a single D flip-flop.

D

CK

R

S Q

Q

Fig. 2.1

 (a) Describe the effect of the input S on Q and Q.

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

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

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

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

 (b) Describe how to use the D and CK terminals to store a bit at Q.

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

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

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

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

 [Total: 4]
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3 Fig. 3.1 shows a test circuit for an amplifier.

0 V

signal generator

47 k

220 k

1.2 k

B
X

A

+

–

Fig. 3.1

 (a) Calculate the voltage gain of the amplifier.

 voltage gain =  .......................................................... [2]

  Fig. 3.2 is an oscilloscope trace of the signal at A.

0V

Fig. 3.2

 (b) The oscilloscope settings are as follows:

   • vertical scale 500 mV/div
   • timebase setting 200 μs/div

  Calculate the amplitude and frequency of the signal at B.

 amplitude = ............................................................. V

 frequency = ......................................................... kHz
[4]
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 (c) Describe and explain the distortion of the signal at B when the amplitude of the test signal at 
A is raised to 3.0 V.

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

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

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

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

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

 (d) In a test of the amplifier’s power gain, a fixed voltage of 1.2 V is applied to A, as shown in 
Fig. 3.3.

A 

B 
X

47 k

+

–

0 V

220 k

1.2 k

1.2 V cell

Fig. 3.3

  (i) State the voltage at X.

 voltage =  .......................................................V [1]

  (ii) Calculate the current in the cell.

 current =  .................................................... μA [2]

  (iii) Calculate the power of the cell.

 power =  ................................................... μW [2]

  (iv) Calculate the power output of the amplifier.

 power output =  ..................................................  mW [2]

 [Total: 16]



8

© OCR 2014

4 The circuit of Fig. 4.1 contains an incomplete three-bit counter.

X

Z
CBA

P

R

Y

0 V

D QS

330 µF

Q

D

R

Q

Q

D

R

Q

Q

Fig. 4.1

 (a) Draw on Fig. 4.1. to complete the circuit for the three-bit counter. [2]

 (b) Name the blocks marked Y and Z in Fig. 4.1. State their function in the system.

Y ................................................................................................................................................

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

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

Z ................................................................................................................................................

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

 ...................................................................................................................................................
[4]
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 (c) The whole system displays the following sequence of numbers continuously:

123456123456123456....

  (i) Complete this table.

C B A display

0 1 0 2

0 1 1

4

 [2]

  (ii) Explain why the system displays the number 1 immediately after the number 6.

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

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

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

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

  (iii) Each number in the sequence is displayed for 10 s.
   Calculate a suitable value for the resistor R.

 R =  .................................................... kΩ [2]

 [Total: 13]
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5 The circuit of Fig. 5.1 produces the same pattern of pulses each time it is triggered.

128 kHz
clock

S

P Z

Xlogic system

counter

A B C D
R

Fig. 5.1

 (a) (i) Complete this table for the system.

pulses at Z C B A X

none 0 0 0 1

one 0

two 0 1 0 1

three 0 1 1 1

four 0

 [1]

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

 [2]
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  (iii) In the space below, draw a circuit diagram for the logic system, using NOT, AND and OR 
gates.

 [3]

 (b) At the end of the sequence, X remains low.
  Explain why X remains low until S is pulsed high.

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

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

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

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

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

 [Total: 9]
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6 Fig. 6.1 is an incomplete block diagram for a public address system.

voltage
amplifiermicrophone tone

control
volume
control loudspeaker

Fig 6.1

 (a) (i) Write on Fig. 6.1 to complete the block diagram. [1]

  (ii) Explain why this block is necessary for the system.

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

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

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

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

 (b) The voltage amplifier has a gain of +50 and an input impedance of 47 kΩ.
  Complete Fig. 6.2 to show the circuit diagram of the voltage amplifier.
  Show all component values and justify them with calculations.

–

+

Fig. 6.2
[5]
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 (c) Fig. 6.2 is the circuit diagram of the tone control.

–

+

0 V

100 k

1 µF

10 k

Fig. 6.2

  (i) Calculate the break frequency of the tone control.

 break frequency =  ....................................................  Hz [2]

  (ii) Draw on Fig. 6.3 to show the transfer characteristic of the tone control.

100
gain

10

1

0.1

0.01
1.6 16 160 1.6k 16k

frequency / Hz

Fig. 6.3
 [3]

 [Total: 13]
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7 The microprocessor system of Fig. 7.1 is a security system for a door.

0 V
green yellow

lock closed = 1
lock open = 0

X microcontrollerWVU

red

+5 V

I0

I1
I2

I3

I4

I5
I6

I7

O0

O1

O2

O3

O4

O5

O6

O7

Fig. 7.1

 (a) An incomplete flowchart for the first part of the 
program is shown opposite. It is required to make 
the microcontroller behave as follows:

   • close the lock
   • make the red LED glow
   • wait until any key is pressed
   •  pass control to c when any key has been 

pressed

   Complete the flowchart. Use only symbols from the 
data sheet.

start

a

b

yes

let output = S7

no

[4]

 (b) The next part of the flowchart sets up registers which will eventually be 
copied to the output port. Explain the effect of copying S6 and S5 to the 
output port.

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

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

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

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

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

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

c

d

let S5 = 71

let S6 = 82

[4]
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 (c) The main part of the program is shown in Fig. 7.2.

d

e

ayes

yes

let S3 = input

S3 = 70

no

no

let output = S6

let S3 = input

pause 2000

let output = S5

pause 8000

S3 = B0

Fig. 7.2

  To open the door, the user has to press the keys in response to signals from the LEDs. Use 
the flowchart above to describe what the user must do to open the door.

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

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

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

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

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

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

 .............................................................................................................................................. [5]
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 (d) The last part of the flowchart makes the system behave as follows:
   • keep the lock closed
   • make all the LEDs glow
   • feed a continuous 250 Hz square wave into the speaker

  Complete the flowchart below from e.

d

e

ayes

yes

let S3 = input

S3 = 70

no

no

let output = S6

let S3 = input

pause 2000

let output = S5

pause 8000

S3 = B0

Fig. 7.2
 [4]

 [Total: 17] 
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8 Fig. 8.1 shows an op-amp connected to make an amplifier.

–

+

amplifier

Fig. 8.1

 (a) Use the equation Vout = A(V+ – V–) to show that the voltage gain of the amplifier is given by

G = A
1 + A

[2]

 (b) Calculate the voltage gain when the open-loop gain of the op-amp is 2 × 105.

 G =  .........................................................  [1]

 (c) Complete the transfer characteristic of Fig. 8.2 for the amplifier.

–15 –10 –5 +5

output / V

input / V
+10 +15

–15

–10

–5

+5

+10

+15

Fig. 8.2
 [3]

 [Total: 6] 

Quality of written communication [3]
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