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Data Sheet
Unless otherwise indicated, you can assume that:
* op-amps are run off supply rails at +15V and —15V and their outputs saturate at +13V and

-13V.
* logic circuits are run off supply rails at +5V and O V.

resistance R = ‘_l/
power P =V
series resistors R=R, +R,
time constant 7= RC
monostable pulse time T =0.7RC
relaxation oscillator period T =05RC
frequency f= 17_
Boolean Algebra AA=0
A+ A=1

A+AB=A

A-B+AC=AB+AC+B-C
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Answer all the questions.

1  Fig. 1.1 shows the incomplete circuit for controlling a lamp.

5V

1 s @

oVv

Fig. 1.1

(@) Name the logic gate in Fig. 1.1.

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

(b) Complete the truth table for the logic gate in Fig. 1.1.

A B C

[2]
(c) Write a Boolean expression for the output C of the logic gate in Fig. 1.1 in terms of A and B.
S e [1]
(d) The lamp needs a voltage of 5V and a current of 300 mA to operate correctly.

Explain why the lamp cannot be directly connected to the output of the logic gate but should
be connected through a MOSFET.

©O0CR 2018
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(e) Calculate the power dissipated by the bulb when it is lit normally.

(f) Draw on Fig. 1.1 to show how a MOSFET should be connected to operate the lamp at its
rated voltage when the output of the logic gate is high. [4]

(g) Draw on Fig. 1.1 to show how two push switches and resistors should be added to the circuit
so that the lamp lights when either or both of the switches are pressed. [3]

© OCR 2018 Turn over
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2 Fig. 2.1 shows a monostable circuit controlling an LED.
47kQ

B NS
) Y
] : R VS

Fig. 2.1

5V

(@)

ov

(a) The LED in Fig. 2.1 operates in forward bias with a voltage of 2.1V.

Calculate the value of current through the LED when the voltage at Y is 5 V.

current through LED = ....oooviiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee A[2]

(b) Calculate a suitable value for C and R in Fig. 2.1 to give the monostable a duration of 15s.

©O0CR 2018
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(d) Complete the graphs in Fig. 2.2 to show how the voltages at U, W, X, Y and Z change with
time.
switch switch
pressed released
5 ............................. S BT LR LR R R R R R
UV o e
0- i ; ; ; .
0 5 10 15 20 25 time/s
5 .................................................................................................................... .............................
WV o e ...........................
0- T T T | 1 .
0 5 10 15 20 25 time/s
5 ..................................................................................................................................................
XN oo
04 i i i : o
0 5 10 15 20 25 time/s
5_ .................................................................................................................... .............................
Y IV oo ...........................
0 T T T | 1 .
0 5 10 15 20 25 time/s
5 ..................................................................................................................................................
ZNV o S S T I
0+ i ; ; ; L
0 5 10 15 20 25 time/s
Fig. 2.2

[8]
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Fig. 3.1 shows a circuit for a night light to turn on an LED when it gets dark.

15VO
N
A +
¢ D
B - S
N
6.8kQ ZS

o0VO

Fig. 3.1
(@) The LED operates in forward bias at a voltage of 3.6 V with a current of 8mA.

Calculate the value of resistor R needed to make the LED glow at its operating current when
it gets dark.

(b) The circuit uses both analogue and digital signals.
Explain the difference between analogue and digital signals.

Use the letters A, B, C or D in the circuit to give an example of each type of signal.

(c) The circuit uses a 5.6V zener diode.

(i) Putaring around the zener diode on Fig. 3.1. [1]

©O0CR 2018
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(ii) Draw a graph on the axes below to show how the current through the zener diode
depends on the voltage across it.

current/mA

SRS SRS S SO S S— - L . e voltage/V
14 -12 -10 -8 6 -4 -2 O 2 4 6 8 10 12 1.
.......... ........ ........... .......... ........ _5_ ......... ........ ........... ..........
.......... .......... ........... .......... 4444444444 _10- .......... .......... ........... ..........

e hqde
[31

(iii) State the voltage at A in the circuit.
voltageat A= ... V[1]

(d) Sketch a graph of resistance against light intensity for the LDR in the circuit on the axes
below. You do not need to put values on the axes.

resistance A

light intensity
[2]

(e) Show that the voltage at B is about 6 V when the resistance of the LDR is 10 kQ.

[31

© OCR 2018 Turn over
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(f) Using Fig. 3.1 and your answers to (c)(iii) and (e) explain why the LED is off when the
resistance of the LDR is 10kQ.

(g) The circuit is designed to turn on the LED when the light level falls. Calculate the minimum
resistance of the LDR that will turn on the LED.

minimum resistance of LDRtoturn on LED = ... [4]

©O0CR 2018
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4 This question is about using the rules of Boolean algebra.

(@) Puta around the Boolean expression which matches the truth table.

A B Q
o 0o
o | 1 | 1
10| 0
1110
Q=AB Q=A+B Q=A+B Q=AB [1]

(b) Puta around the Boolean expression which matches the truth table.

Cc P
0 0 0
0 0

1 0 1
1 1 0

-D P =(C-D)-D P=(C +D)C [1]

ol

P=C+D P =

(c) Puta around the Boolean expression which matches the truth table.

E F R
0 0 1
0 1 0
1 0 0
1 1 1

©O0CR 2018
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(d) Puta around the Boolean expression which matches the truth table.

G H S
0 0 1
0 1 1
1 0 0
1 1 1

S=GH+G+H-HH S=G+H-(G+G S=GH-HH S=G+G+H
[1]

© OCR 2018 Turn over
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5 Acircuit uses an oscillator and other components to make an LED flash.

(a) An oscilloscope is used to measure the output of the oscillator. The trace seen on the screen
of the oscilloscope is shown in Fig. 5.1.

The vertical amplifier is set to 2V per division
with OV at the centre of the screen.

T U SO PO ..... 44444 ..... The timebase is set to 500 ms per division.

Fig. 5.1

(i) Calculate the period of the oscillator signal.

(ii) Calculate the frequency of the oscillator signal.

freqUEeNCY = oo Hz [1]

(iii) Calculate the amplitude of the oscillator signal.

amplitude = ... V[1]

(b) A circuit is now connected to the output of the oscillator as shown in Fig. 5.2.

j : 470Q

N

22uF

Oscillator

—L ™
—_—

15kQ

ov

Fig. 5.2

(i) Draw on Fig. 5.2 to show how an oscilloscope should be connected to measure the
voltage at the input to the OR gate. [2]

©O0CR 2018
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(i) Calculate the time constant of the resistor and capacitor.

time constant = ... s [1]
(iii) Fig. 5.3 shows the screen of the oscilloscope.

On Fig. 5.3 draw the trace seen on the oscilloscope when it is connected as in (b)(i).

Fig. 5.3
[5]

(iv) Describe the behaviour of the LED. Give approximate numerical values in your answer.

© OCR 2018 Turn over
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Fig. 6.1 shows a part of a logic circuit.
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Fig. 6.1

(a) Using only the letters J, K and L write the Boolean expression for the output of each gate in

Fig. 6.1.

(b) Complete the truth table for the circuit in Fig. 6.1.

[41

J K L M Q
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0

©O0CR 2018
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(c) Draw a diagram below of the circuit in Fig. 6.1 with each gate replaced by its 2-input NAND
gate equivalent. Label the points J, K, L, M, N, P and Q.

(41

Quality of written communication [3]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).
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