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INFORMATION FOR THE USE OF CANDIDATES IN ET1
Preferred Values for resistors

The figures shown below and their decade multiples and sub-multiples are the E24 series of
preferred values.

10, 11,12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51, 56, 62, 68, 75, 82, 91.

Standard Multipliers

Prefix Multiplier Prefix Multiplier

T X 1012 m e 10*3

G X 109 “ X 1076

M X 106 n X 1079

k X 103 p X 10—12
. . Rp
Operational amplifier G =-——--—
Rin
_1.REe

_ AVour
Slew Rate = At

Boolean identities A+AB=A+B

AB+A=A(B+)=A
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1. The following diagram shows a logic system.

A —Dﬁi

Logic Q,
Bo Gate

e

(@) The partially completed truth table for the logic system is shown below.

INPUTS OUTPUTS
B Q| Q | Q
0 0 0
0 1 1
1 0 1
1 1 0
(i) Identify the logic gate that gives output Q,. 1]
Gale e
(i) Complete the truth table for the outputs Q, and Q5. 2]

(b) Give the Boolean expression for each of the outputs Q,, Q,and Q; in terms of A and B.

3]
Ql = rerenerieneiieiereeiereeiereitee et e reterteiera e at et ttetertetenatieaas
Qz o rerereiieaeieeiereiiereiieaeieeas et e teterteien et ieettete et rettenateeaate
Q3 o rerereiieneieeeereiesreieaeieeesieie et eeienatieatesieteetetettenstetaate
(¢c) Name the single gate that would produce the same output as Q. 1]
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(d) Show on the following diagram how the same output Q5 could be generated using a
multiplexer. (1]
5V o
JE— D3
JE— ])2
I D1 . Q3
JE—— D()
S; S
0V o B A
Inputs
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Examiner
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2. The truth table for a logic gate is given below. o

B A Q
0 0 1
0 1 0
1 0 0
1 1 1

(@) Using only AND, OR and NOT gates, draw a diagram of a logic system that will produce

this truth table. (]
(b) Redraw your system in part (a) using only NAND gates. [3]
(c) Draw lines through all redundant gates. 2]
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(@ Simplify the following expressions, showing your working where appropriate.
() AL S e [1]
I CEE X CE N N
.................................................................................................................................................................................... [ 2]
(b) A different logic system produced the Karnaugh map shown below.
BA 00 01 11 10
DC
00 0 0 1 1
01 1 1 0 0
11 1 1 0 1
10 0 0 1 1
Give the simplest Boolean expression for the output Q of this logic system.
Show any groups that you create on the map. [3]
(c) Apply DeMorgan’s theorem to the following expression and simplify the result.
All steps of the simplification must be shown. [3]
Q=(AB).(A+B)
© WJEC CBAC Ltd. (1141-01) Turn over.

Examiner

only

1141
010007



4. The incomplete circuit diagram shows a simple random number generator.

5V o I
o
3 BCD Counter
. Pulset W> Rp—
enerator
15 kHz b C B A
L [ ]
Decoder
Driver
HEEEEE
0Vo D
(a) (i) What does the circle (o) on the reset connection indicate? [1]
(i) Complete the circuit diagram by adding a logic gate and suitable connections so
that the largest number displayed is 5. [3]
(b) Describe, in detail, what happens to the display when:
(i) switch A is open; (1]
(i) switch A is pressed and held closed. [1]
(c) Explain why a 15 kHz astable is suitable for this application [1]
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5.

The circuit diagram shows one part of an alarm system.

5Vo

OVo

(a) Inputs S and R are operated in the following sequence. Complete the truth table to show
how the outputs Q and Q respond. 2]

Pl |, |O|F QW
P lO|rR|F|F|&W

(b) Add the necessary components to the diagram such that the S input can be used to set
Q to logic 1 when a switch is momentarily pressed. [2]

(c) The output of the alarm is a LED.

Complete the diagram to show how the LED can be used to indicate the logic state of Q.
The LED should be ON when Q is sinking a current. [2]
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6. The diagram shows 3 D-type flip-flops, which form part of a binary down-counter.
Outputs A, B and C are used to indicate the binary output. A is the least significant bit.

A b

Clock —{Da Qu— —Dg Qp— —Dc¢ Qc

¢

oV o

(@) Complete the diagram to make a three bit binary down-counter.

(b) The initial state of the counter is shown in the table. Complete the table, using 0 or 1, to

indicate the logic state of each output after the stated number of clock pulses.

[3]

[2]

OUTPUT OUTPUT OUTPUT
C B A
Initial State 1 1 1
After ONE
clock pulse
After SIX
clock pulses
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7. The circuit diagram shows part of a diver’s pressure gauge system. The output of the pressure
sensing unit is amplified using a voltage amplifier based on an op-amp.

68 kQ
| I |
O
Pressure
sensing unit *
Vx 1kQ Vour

0V o "

The calibration graph for the pressure sensing unit is shown below. Pressure is measured in
units called kPa.
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(@ What is the voltage gain of the amplifier? 1]

(b)  Use the calibration graph to:

(i) determine the pressure when Vi =90 mV,

(if) calculate the output voltage V1 of the amplifier at 110 kPa. [3]

(c) The op-amp saturates at + 8.0V. Determine the maximum pressure that this system can
measure. [3]
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8. A data sheet for an op-amp is given below.

Parameter Value
Open-loop gain 3.0x 10°
Input impedance 2.0 x 100
iig{?’gzgésltage fora +12V
Slew rate 4.8V pus™
Gain-bandwidth product 3.6 MHz

The op-amp is powered from a £13V supply.

An amplifier has a variable voltage gain. The minimum voltage gain is 0 and the maximum

voltage gain is —60.

(@) Complete the circuit diagram for a voltage amplifier with this specification.

Input o——

— o Output

OVo
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(b) (i) Calculate the two resistance values which give a maximum voltage gain of —60.
Identify the feedback resistance. 2]

(c) The voltage gain is adjusted and the output voltage measured to be —9V when the input
voltage is 200 mV. Calculate the new voltage gain. 1]

(d) The voltage gain is changed to —30. Calculate the maximum bandwidth of the amplifier
with this voltage gain. [2]

TURN OVER FOR THE
REST OF THE QUESTION.
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() The following signal is applied to the input to illustrate the effect of slew-rate on the output

of the voltage amplifier.

Draw the output voltage on the axes below. Vg pis initially at OV.

Vin/V

[3]
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