5th Form Electronics

End of Year Exam 2019
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Additional Materials:
In addition to this examination paper, you will require
a calculator.

Instructions to candidates:

Use black ink or black ball-point pen.

Answer all questions.

Write your name in the space at the top of this page
Write you answers in the spaces provided in this
bookiet.

Information for candidates:

The number of marks is given in brackets at the end of
each question or part question.

The assessment of the quality of extended response
(QER) will take place in question 9

Question | Max Mark
mark awarded
1 8 @,
2 8 “F
3 9 Q
4 4 z
5 9 &
6 10 Q)
7 13 3
8 13 1l
9 6 e
TOTAL 80 472




INFORMATION SHEET
Resistor colour codes
black 0 green 5 The fourth band colour gives the tolerance
brown 1 blue 6 as follows:
red 2 violet 7 | 9od£5%
orange 3 grey 8 silver + 10%
yellow 4 white 9

Resistor E24 series 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

Useful equations
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(b)

Answer all questions.

The diagram shows the pin out for an IC (integrated circuit).
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(ii)
(i)
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State the number of logic gates on this IC.
State the number of inputs on each gate.

State which pin (A, B, C or D) is pin 1 on this IC.
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Name the type of logic gate found on this IC.

Draw the logic gate symbol for:

()

(if)

an AND gate;

-

a NOR gate.
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(c) Here are five truth tables:
Input Output | B. input | Output | C. Input Output
A B Q A Q A B Q
0 0 0 O 1 0 0 1
0 1 1 1 0 0 1 1
1 0 1 1 0 1
1 1 1 1 1 0
D. Input Output input Qutput

A B Q A B Q

0 0 1 0 0 0

0 1 0 0 1 0

1 0 0 1 0 0

1 1 0 1 1 1

State which table is the truth table for:

(1)
(i)

a NOT gate;

a NAND gate. C
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(a)  Here are some different combinations of resistors. Each resistor has the

same value.
Ll _ L
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2R 2 _
C
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C
State which combination has the smallest resistance. ............. .g 1] /
(b)  The following resistor values are available to a student.
1012 15KQ
Resistor values may be selected once, more than once or not at all.
In the space below, draw a labelled network of three resistors that will /
d [ istance 20kQ.
produce a combined resistance 20kQ 'J‘G__ﬁ_j% / | [2]
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(c)  Here are five truth tables:
input Output | B. input | Output| C. Input Output
A B Q A Q A B Q
0 0 0 0 1 0 0 1
0 1 1 1 0 0 1 1
1 0 1 1 0 1
1 1 1 1 1 a
D. Input Output input Output

A B Q A B Q

0 0 1 0 0 0

0 1 0 0 1 0

1 0 0 1 0 0

1 1 0 1 1 1

State which table is the truth table for:

(1
(ii)

a NOT gate;

a NAND gate. C
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(a)  Here are some different combinations of resistors. Each resistor has the
same value.
Lyl _ L
®R T e
2R - F—m, =2 - -
N
o 31— — .
A —
B
C
State which combination has the smallest resistance. ... 5 [1] /
()  The following resistor values are available to a student.

10k 150
Resistor values may be selected once, more than once or not at all.

In the space below, draw a labelled network of three resistors that will
produce a combined resistance 20kQ.
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(c) The diagram shows part of a circuit.
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(1) State which of the following is true.
A Is is bigger than 5mA.
B. I; is equal to 5mA.
C. I; is smaller than 5mA.

(i) Calculate the value of L4

T- 2
= A

L mcrommre s

(i)  State what is the E24 colour code for resistor R;. Z 7
Band 1 [7). - {,

p = lk7%
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(@)  Electronic sub-systems can be classed as either sensing, signal processing
or output sub-systems.

For example, a transducer driver is a signal processing sub-system.
Here are five other sub-systems:
latch lamp unit switch unit

NAND gate solenoid unit

Complete the table by adding the name of each sub-system in the correct

column. . E

i ki i Signal processing Output sub-system /
Soiihs (nile transducer driver / brp Ul /
VAl bugg Sl rlt /

Lotes

()  Design an electronic system for road works on a motorway. The road works

often go on for many miles so hazard warning lamps are placed alongside the
road works to warn drivers of the dangers.

Specification for the system

The lamps:
e need to switch on when it gets dark
¢ flash on and off continuously
e switch off when it gets light.

The following sub-systems are available.

lamp unit OR gate thyristor light sensing unit buzzer unit

time delay MOSFET

temperature sensing unit AND gate

Select the correct sub-systems to complete the block diagram design.
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{c) The pulse generator is constructed from a 555 IC which has a mark-space
ratio of 3:1 and a frequency of 2Hz. On the grid below:

= draw two cycles of the output of the astable [31
“clearly Iabel the mark and space -
* add a suitable scale to the time axis.
Voltage (V)
A
¥ 11
e, |
¢ Mook WEZasZatmas,
N V4 Sl ﬁ
= | T~
0.5 Time (s)
L 50
J=F
L —
=

(\\
\
N\~

Be— o w———f

4.

Trigger
Signal

Output

A switch sub-system is used to trigger a monostable sub-system.

Switch

p Monostable —o O

(a)  Draw the circuit diagram for the switch sub-system so that it produces a
logic 0 output when a switch is pressed.
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(b)  The graph below shows the trigger signal to the monostable. Draw the output
at Q if the penod of the monostable is 6s.
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A comparator is used in a system to wam when a plant needs watering.
A moisture sensor is placed in the plant pot. It is connected to the comparator, which
lights a high intensity LED when the soil in the plant pot is too dry.

Part of the circuit diagram is shown below.
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The comparator has saturation values of 14V and 0V. >(

(a)  Add to the diagram a single component to provide a variable voltage at the
inverting input of the comparator. (2]

(b)  When lit, the LED has a 2V voltage drop across it, and a current of 40 mA.
Calculate the resistance of resistor R, needed to protect the LED when the
output of the comparator is in positive saturation. l/ Sz My

ez 12 I o=mesy
r= 12V 78
‘ ~ v
l/f\’ = Hna R="T
R = AL,
= 40l
K= 200

AN\

_BoodZ

resistance = ...

(c) Determine the power dissipated in this resistor when the LED has a current
of 40mA flowing through it. [3]

P Ve p_ TR

p o)

p=048Y  power= X1%

AN\

6. The diagram below shows a logic system.

(@)

(b)

(c)
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Wirite down in terms of the inputs A, B and C the Boolean expressions

for:
(i) Output X ... /}# ...............
i) Ouputy . A+ A ..

(ii) Outpth.(A-"f*;ﬁ)J" &

Complete the following truth table for this logic system.

C B A X Y Q
0 0 0 O ¥
0 0 1 O o, O
0 1 0 [ 1 [
0 1 1 &) ) &)
[ o [ o Nz ;
1 0 1 O Z [
1 1 0 [ [ /
1 1 ol o 1]
() Redraw the logic circuit using NAND gates,only.
A b
o—
B e

(i)  Cross out all redundant gates on the diagram above in (¢) (i).

[

€’

10




The circuit diagram shows a transistor switch used as a transducer driver.

6V o T
6V
/180 mA
R=1kQ I, ji“i
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(a)  The input voltage V, = 0.2V. Complete the table below.
The transistor is switched off.

Input voltage, V, (V) V,
0.2 67

(b)  Thelampis rated at 6V, 180mA.

V,/ )
£

Calculate the power dissipated in the lamp when it is s*mtch,zd on fully.

P

[2]

(e}  The input voltage is changed until the transistor is saturated. The transistor

has a current gain (hee) of 90.

Calculate:

(i) the base current Is;
?
= Eﬁ _ L

Ty =
7 1b-

:g?!ﬂ

.————""_

’(;b‘}z'- A

()  the voltage Vg across the base resistor;
V= ‘Z(IO";)\ [<J0
V= C |

VB= ........................

(i)  the input voltage V, from the sensing system;

=
I

(iv)  state the new values of V; and V.

[1]

2y

(2]

%

Vz S s R .0. e 7 ..........................
Va= &= (oo
(d)  Complete the circuit by adding a suitable light sensing circuit to the input of
the transistor switch on the circuit diagram below, so that the lamp comes on
in the dark.
BV o ? *
A%
Lﬁ’ 180 mA
Ve
v, Vs
ovo——— .




8. Here is the circuit diagram for a temperature sensing unit and the characteristic

curve for the thermistor.

BV o—¢
1 45000

r./ 40000
:. \

35000
30000 \

2%000

20000

Resistance {{H

153000 N

.
Vour 10000 N

5000° —

I —

OV o
Temperature ("C}

fa) (i) State the resistance of the thermistor at 0 °C.

20 0 20 40 60 80 100 120

(ii) The variable resistor is set at a resistance of 5&Q. Calculate Vo1 at

0°C.

]/%2. _/g:-—-(é
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(3]

VQUT =0 _ - N e

(b) What happens to Vyur when the temperature increases?

[

Y
/

(c)

(d)

At 40 °C, Vour needs to be 5.4 V. Determine the new resistance ofthe
vanable resistor at 40 °C.

[4]
Sy (Csyblrte = bks2 L =
W Vo 7%?2 Vo ‘/é/@[[ 7

22 X6 :
5.4m = = X /
3z 4tbbx 207 /
22’4 ;ﬂ:é—"c
v

_‘xe;é

resistance = 54 ........... kQ

The temperature sensor is now connected to a MOSFET. When the
temperature is 40 °C a fan is switched on which produces cool air. The fan
draws a current of 3A.

(i) Determine the minimum value of g for the MOSFET.

pr e T zg, -3

L
T3 "

Z-
25 e

(iy ~ Complete the circuit diagram below to show the final design of the
cooling system. [2]
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9. Describe a method to investigate the forward-biased I-V characteristics of a silicon |
diode and explain how to obtaln and analyse a series of measurements. [6 QER]
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End of paper




