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Data Sheet
Assume, unless otherwise indicated, that:

e all op-amps operate from supply rails at +15V and —-15V
* all logic gates operate from supply rails at +5V and OV.

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

A-B+C)=AB+A-C

>
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A-B =
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A+ B =

A+ A-B
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>

A-B+A-C=A-B+A.C+B-C
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Fig. 1.1 shows part of a circuit for controlling a lamp.

5V

oV

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 C in terms of A and B.
C o= e ———— [1]
(d) Draw on Fig. 1.1 to show how a resistor and a switch should be connected to make A low
when the switch is closed and to make A high when the switch is open. [2]
(e) Label the terminals of the MOSFET in Fig. 1.1. Use the boxes provided. [3]
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(f) Explain how the MOSFET in Fig. 1.1 works by filling in the gaps using the words below.

Each word can be used once, more than once or not at all.

falling high infinite low oscillating rising steady

The output of the logic gate can only operate ............cooovviiiiiiiiiinnnn. power devices.
The MOSFET acts as a driver Sinking @ .........ccoovveiiiiiiiiiiiieenne. current from the lamp.
The lamp is off when the output of the logic gate is ..........cooiiiiiinn. which
makes gate-source voltage ...........c.ooeiiiiiiiinn and so the drain-source resistance
IS ettt .
The lamp is on when the output of the logic gate is .........cccooiiiiiiiin. which
makes gate-source voltage ...........cocooiiiiiiiiinn and so the drain-source resistance
S e : [8]
(g) Calculate the current in the MOSFET when the 0.6W, 5V lamp is on.
CUITENT = e A [1]
(h) The table shows a list of available MOSFETS for the circuit in Fig. 1.1.
Device Maximum  Maximum Drain Maximum Price/ £
Vps/V Current/A Power /W
2N7002 60 0.11 0.225 0.04
2N7000 60 0.2 0.4 0.09
ZVN3306A 60 0.27 0.625 0.27
ZVN2106A 60 0.45 0.7 0.45
BS170 60 0.5 0.83 0.15
State the most suitable device in the list.
........................................................... [1]
[Total: 19]
Turn over
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Fig. 2.1 shows a temperature sensing circuit.

A%

12kQ

Astable

R2
R1

Fig. 2.1

(a) Puta around the zener diode in Fig. 2.1.

(b) The zener diode is rated at 3.6V.

1]

Draw a graph of the current-voltage characteristics of the zener diode on the axes in Fig. 2.2.

current/mA

O S S - T

T TS SO SO

[3]

Fig. 2.2

(c) When the temperature of the thermistor is 25°C it has a resistance of 8.3kQ.
Calculate the voltage at X when the temperature is 25°C.

Voltage at X =

© OCR 2013
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(d) Explain why the voltage at Z is 0V when Y is at —13V.

(e) Calculate the value of R1 to make the voltage at Z equal to 5V when the voltage at Y is +13V.

[Total: 12]
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Fig. 3.1 shows a circuit that controls an LED.

2Hz
astable

K R
temperature
<180°C: output=0 L

=180 °C: output=1

Fig. 3.1

(@) The LED in Fig. 3.1 has a forward voltage of 2.1V at a current of 4mA.
Calculate the value of R to limit the current through the LED to 4 mA.

(c) State and explain what happens to the output of the LED as the temperature sensor slowly
warms up from 100°C to 190°C.
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(d) Complete the circuit of Fig. 3.2 to show the astable of Fig. 3.1.
Label the output.
Include all component values.

ov

Fig. 3.2

[5]
(e) The logic gate in Fig. 3.2 has thresholds at 2V and 3V.
Draw the transfer characteristics on the axes in Fig. 3.3.
Vou/V
A
5_ ..................... .................................
P SRR WO -
S T S W S
ol i T T -
T O SRS T —
0 ——————— \/, /V
0 1 2 3
Fig. 3.3 [2]

[Total: 16]
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This question is about using the rules of Boolean algebra.

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

A B Q
0 0 1
0 1 0
1 0 0
1 1 0
Q=AB Q=A+B Q=A+8B Q=A+8B [1]

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

Cc
0
0
1
1

- o= 0|0

o= O

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

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

- = o/om

F
0
1
0
1

O_L_Lom

R=(E+F)+((E+F) R=(EF)+((EF) R=(EF-(E-FF R=(E+F)-(E+F)
[1]

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

G H S
0 0 1
0 1 0
1 0 1
1 1 1
S=G-H S=G +H S=G+H S=G+G+H [1]

[Total: 4]
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Fig. 5.1 shows a part of a logic circuit.

O S— — DT: ............................

L /

Fig. 5.1

(a) Using only the letters J, K, L, write the Boolean expression for the output of each gate on
Fig. 5.1. [4]

(b) Complete the truth table for the circuit in Fig. 5.1.

J K L M N X T

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1 [4]

(c) Draw a diagram below of the circuit in Fig. 5.1 with each gate replaced by its 2-input NAND
gate equivalent. Label the points J, K, L, M, N, X and T.

[4]
[Total: 12]
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A heater turns on for 5 minutes when a switch is pressed.

(a) Using the words below complete the block diagram in Fig. 6.1 for the system which operates
the heater.

driver heater monostable switch

Fig. 6.1 ]

(b) State why block diagrams are used as well as circuit diagrams.

.............................................................................................................................................. [1]
(c) Fig. 6.2 shows the circuit diagram of the monostable.
B} c
] —Z
X Y
R
oV
Fig. 6.2

(i) The pulse time of the monostable is 5 minutes. Calculate the values of R and C.
. ettte e e e e ———— uF
TR kQ
[4]
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(ii) Fig. 6.3 shows an incomplete timing diagram for the monostable in Fig. 6.2.

Complete the graphs forY and Z.

53 : :

Oo ......................... 100 .................. 2 oo ....................... 300 ................................................... 500 fime/s
5.~ ............................................................

00 ........... 100 ....................... 2 00 ....................... 300 ................................................... 500 time/s
5 .................................................................................................................................................

OO ......................... 100 ....................... 2 OO ....................... 300 ......................... TR 500 fime /s

© OCR 2013
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[Total: 12]
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7  Fig. 7.1 shows an incomplete circuit diagram for a sensor circuit.

12V
XY

1.2kQ
2.7kQ

ov .

Fig. 7.1

(a) Draw on Fig. 7.1 to show how a potentiometer can be added to the circuit so that the voltage
at F can be varied from 0V to 12V. [2]

(b) The circuit in Fig. 7.1 contains an LDR. Describe the electrical characteristics of the LDR.

.............................................................................................................................................. [2]
(c) Draw on Fig. 7.1 to show how a voltmeter should be connected to measure the voltage at G.
1]
(d) The potentiometer is adjusted to make F = 6V. The LDR is placed in complete darkness.
Explain the state of the LED. Refer to the voltages at F, G and H in your answer.
.............................................................................................................................................. [4]

© OCR 2013
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(e) F remains at 6 V. Explain what happens to the LED as the light level is slowly increased from
complete darkness to bright light. Refer to the voltages at F, G and H in your answer.

[Total: 12]

Quality of written communication [3]

END OF QUESTION PAPER
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