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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.

RC networks V.=V, (1-¢e"r for a charging capacitor
Vo=V, e URC for a discharging capacitor
VC . .
t=-RCIn|1- A for a charging capacitor
(0]
Ve : : ,
t=-RC In A for a discharging capacitor
o
Alternating Voltages Vo = Vm,S\/E
Silicon Diode Ve =07V
. : Ic :
Bipolar Transistor hy = T Current gain
B
Vi = 07V in the on state
MOSFETs Ip=guVas
Rg
Operational amplifier G= "R Inverting amplifier
IN
R . : .
G=1+—-5- Non-inverting amplifier
1
\Y Re[ 4224 %) Summing amplifier
our = —RF R1+R_2+R_3 g amp
A
Slew Rate = Ao Slew rate
At
555 Monostable T=11RC
555 Astable ty =07 (R, +Rp)C
t, =0-7RzC
1-44
~ (R, +2R;)C

1

Schmitt Astable f=~ RC
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1. Asystem of logic gates is shown below.

(a) Give the Boolean expressions for the outputs D, E and F of the gates in the logic system in
terms of A, B and C. [2]

(b) Complete the truth table for the system.

c|B|A|D|E|F |Q
0olo|o
0o |1
o1 ]o0
o1 |1
1 (oo
1|0 |1
1|1 ]o0
1|1 |1

[4]
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The output Q of an electronic warning system in a car sounds an alarm if either the driver’s door is
opened or the ignition key is removed whilst the headlights are on.

(a)

(b)

(c)

A microswitch, C, on the driver’s door outputs a logic 1 if the door is opened.
A sensor, B, outputs a logic O when the ignition key is removed.
The headlight switch, A, outputs a logic 1 when switched on.

Complete the truth table for the logic system.

Door Key Headlight
switch sensor switch Q
C B A
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
(2]
Write down the Boolean expression for Q in terms of C, B and A.
There is no need to simplify it.
o e [2]

Show on the following diagram how the same output as Q can be generated using an 8§ to 1
multiplexer.

5Vo

0OV o

(2]
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3. (a) Simplify the following expressions. A
0 1
(1) A+ 1 = s B
. = 0
(1)) AB+B = [3]
1

(b) Either using a Karnaugh map or the rules of Boolean algebra simplify the following
expression as much as possible.

Q=CBA+D.CBA+DBA+CBA+DCBA

B.A
........................................................................ pco\ 00 01 LI 10

0.0

........................................................................ 0.1

........................................................................ 11

........................................................................ 1.0

[5]
(c) Apply DeMorgan’s theorem to the following expression and simplify the result.
Q=(A+B).(A.B)
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4. All logic gates have a propagation delay.

(a) Explain what is meant by a propagation delay.

(1]
(b) A simple transition gate makes use of this propagation delay.
For each logic gate the propagation delay is 10ns.
A
e,
e
I: B
An input signal, shown on the timing diagram below, is applied to input A.
Show on the diagram how the logic levels at B and Q change over the course of 80ns.
Input
A
t/ns
10 0 0 40 0 60 70
B
10 0 30 10 50 60 70 50~ s
Q
10 20 30 20 50 60 70 o~ Uns
Output
from
NAND
equivalent
circuit
(part (ci) e
10 20 30 40 50 60 70 80
381-01 [4]
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(c) (i) Redraw the transition gate replacing each gate with its NAND-gate equivalent.

[1]

(ii)) Draw the output signal from the NAND equivalent circuit on the timing diagram. [2]
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5. A D-type flip flop is shown below.

Rl
|

The RESET is active high.

(a) What is the effect of taking input R to logic 1?

381-01
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(b)  The signals shown in the timing diagrams are applied to the D-Type. Complete the timing
diagram for both outputs Q and Q.
A
Clock 1
A
Data 1
A
Reset 1
A
Set 1
A
Output 1
Q
A
Output 1
Q
[4]
5101 Turn over.
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6. A system is required to count objects on a conveyor belt. A pulse is produced as each object passes
a sensor. The counter is made from 3 D-type flip-flops.

Pulses — D, Qrr— | I
Dy Q —1 D¢ Qcr—
o—
QA _ 0O =
R R QB R QC —
(a) Complete the diagram to make a three-bit binary up counter. [3]

(b) On the diagram in part (a) add a logic gate and the connections necessary to make the
counter reset on the fifth clock pulse. [3]
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7. The circuit diagram shows part of an electronic balance. The output of the sensor changes by 8 mV
for each kilogram added to the balance. A non-inverting amplifier, based on an op-amp is then used
to process this voltage.

39kQ
Sensor }
-1
8mVkg s 1kQ Vour
oV o °

(a) What is the voltage gain of the non-inverting amplifier?

(b) The system is adjusted so that the sensor output Vg = 0 mV when no load is on the balance.
A 12 kg load is then placed on the balance.

(i) Calculate the voltage, V.

[1]
(i)  Calculate the voltage, V-
(1]
(c) The output of the op-amp saturates at 16 V.
What is the maximum load that this system can measure?
(3]

38101 Turn over.
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8. The table gives some data about an op-amp.

Parameter Value
Open-loop gain 30 x 10°
Input impedance 1:0x 10’ Q
Gain-bandwidth product 5-6 MHz
Slew-rate 32 Vus™!

The graph shows the voltage transfer characteristic of a voltage amplifier containing this op-amp.

A
20
]
[
15
\ H
\, 1
NC 10
N\, |
N\ [
oS
-3-0 -2-0 -1-0 1-0
-5
1]
m= -
-10 AN
e
-15
LT
HH
-20

(a) Use the graph to determine the voltage gain of this amplifier.

> ViV
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(b) The amplifier is modified to give a voltage gain of —28.

(i) Complete the circuit diagram for a voltage amplifier based on an op-amp which will
have a gain of —28.

input °o—— :l>—@ output

oV o

[3]
(i1)  Calculate suitable resistor values to give this gain.
RIN ............................................................................................................
R e (2]
(iii)  State the value of input impedance of this amplifier.
[1]
(iv)  Calculate the maximum bandwidth of the amplifier when the voltage gain is —28.
(2]

(v) Calculate the time taken for the output to change from OV to 16V in response to a
large step change in input voltage.

Turn over.
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