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INFORMATION FOR THE USE OF CANDIDATES

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 X 10*3
G x 107 i x 10
M x 100 n x 1079
k x 103 p x 1012
. - Ry
Operational amplifier =___F
Rin
_1.Rg
G= 1+Tl
\Y;
Slew Rate = —9UT
At

Boolean identities A+A.B=A+B

AB+A=A(B+])=A
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Answer all questions.

1.  (a) Which 2-input logic gate outputs a logic 1 only when both inputs are different? 1]
(b) Complete the truth table for a 2-input NAND gate. [1]
B A Q
0 0
0 1
1 0
1 1
(c) Signals A and B are applied to the inputs of a 2-input NAND gate. Sketch the output. [2]
Logic
A
Signal
A
0 >
Logic Time
A
Signal [ A 1 A 0 1 A A
B
0 >
. Time
Logic
A
NAND 1
Gate
output
0 o
Time
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2.

The diagram shows a logic system.

@

(b)

Ao B
. -
c )

o

Write down the Boolean expression for each of the outputs S, T and Q in terms of inputs

A, BandC.

Complete the truth table for this system.

_\AAAOOOOO
Al |lO|O|m|~|O|lO| =
2O~ |O|l2|O|~|O|p
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(c)

(i)

(ii)

In the space below, draw the same logic system, but with the logic gates replaced
by their NAND equivalents. [3]

Cross out all redundant gates. 2]
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(@) Simplify the following expression.

F XY S o

X

(b) Using a Karnaugh map or Boolean algebra, simplify the following expression as much as

possible.
Q = CBA+DCBA+DCBA+CB.A+DCBA

(c) Apply DeMorgan’s theorem to the following expression and simplify the result.

© WJEC CBAC Ltd. (1141-01)
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Examiner

|
4. The diagram shows three D-type flip-flops, which form part of a binary down-counter. o

Outputs A, B and C are used to indicate the binary output. A is the least significant bit.

Af B cl
Clock —ID, Q | — — Dy Qp — —Pc Qe —
6A 6B 6c e

(@) Complete the diagram to make a three-bit binary down-counter. [3]

(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. [2]

1141

OUTPUT OUTPUT OUTPUT

C B A
Initial State 1 1 1
After ONE
clock pulse
After FIVE
clock pulses
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5.

The diagram shows an incomplete circuit for an electronic coin-tossing game in which LED H
represents heads and LED T represents tails. A switch is pressed to start the LED’s flashing.
When the switch is released either H or T stays lit.

5Vo

Pulse

generator —

5kHz

HAVANRAAN

1

%

0V o

(@) Add the necessary components and connections to the diagram to complete the circuit

so that it meets the specification. [3]

(b) What is the logic state of Q when LED T is off? 1]
LOgiC State Of Q = ..o

(c) Why is a frequency of 5kHz suitable for this application? 1]

© WJEC CBAC Ltd. (1141-01)
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Examiner
6. The diagram shows the control system for a LED display that uses a 3-bit counter. ony
A LED is on when a logic 1 is applied to the input. All the LEDs are initially off.
Red LED
2Hz ' Blue LED
Clock B {>° !
A T — —_— — —
_ I
[ —+—— Green LED
T [
Lo_gic?G_at;
(@ (i) Complete the truth table for columns red and blue. 2]
C B A Red Blue | Green
0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 0

(i) In the dotted box above draw the 2-input logic gate that will produce the green

output and include the connections to the counter. [2]
(b) () How many pulses does the 2Hz clock produce in 20 seconds? [1]
(i)  How many times does the red LED flash in 20 seconds? [1]

© WJEC CBAC Ltd. (1141-01) Turn over.
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[
7. An extract from the data sheet of an op-amp is shown in the following table. o
Parameter Value
Input Impedance 10 MQ
Output Impedance 100Q
Open Loop Gain 10°
Gain Bandwidth Product 2.4MHz
Slew Rate 5Vus™
The circuit diagram shows the op-amp set up as a voltage amplifier. The switch allows the user
to change the gain.
120kQ X
10kQ
o—1____ ]
0
Vin Vour
0V o o
An input voltage of 0.8V is applied to V.
The op-amp is powered from a + 16V supply and saturation occurs at + 15V.
(@) The switch is initially connected to point X. [5]
(i) Calculate the voltage gain of the amplifier.

© WJEC CBAC Ltd. (1141-01)
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(i)  Calculate the output voltage when V= 0.8V.

(i)  Calculate the bandwidth of the amplifier.

(b) The switch is moved from X to Y. This doubles the voltage gain of the amplifier. [2]

(i) Calculate the value of resistor R.

(c) State what change, if any, occurs to the following when the switch is moved from

XtoY. [2]
(1) The iNPUt IMPEAANCE ...
(i) The DaNAWIALN ...

(d) Calculate the time it would take for the output voltage to change from —12V to +12V in
response to a large step change in input voltage.
Show your working and give the appropriate unit. [3]
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(@ (i) Complete the circuit diagram for a non-inverting amplifier. [3]
Input O——— 0 Output
+
0V o

(i) Calculate component values to give a voltage gain of 40. Label the diagram with
these values. [2]

© WJEC CBAC Ltd. (1141-01)
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(b) The upper graph shows a signal applied to the input of the voltage amplifier. Draw the
output voltage on the axes provided. The op-amp is powered from a + 12V supply and
4

saturation occurs at + 11V.

VIN

A%
03
02

0-1

VOUT/V 12

10

N

13
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