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Formulae for GCSE Technology and Design

You should use, where appropriate, the formulae given below when answering
questions which include calculations.

1 Potential Difference = current x resistance (V =1 x R)

2  For potential divider V_, = ﬁ xV
1 + 2

3 Series Resistors R,=R;+R,+...+R

4  Parallel Resistors =1

5 Time Constant T=RxC

6 Period T= %
7  Frequency (Hz) = _ 144 for the output of an astable circuit using a 555 timer
(R, +2R,)C
8 Time T=1.1 x C x R for the output of a monostable circuit using a
555 timer
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Answer all questions

Four electronic symbols, labelled A, B, C and D are shown in Fig. 1.

AN/

Fig. 1

D

Source: CCEA

(a) (i) Name the electronic component represented by each symbol shown in
Fig. 1 and state if it is an input, process or output component.

A

B

Cc

D

Input, process or output? [2]
Input, process or output? [2]
Input, process or output? [2]
Input, process or output? [2]

(ii) Explain the meaning of the term “feedback” when used in a control system.

[2]
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(b) Fig. 2 shows a potential divider circuit.

VO O

1.8kQ

2.6kQ Vout

ovO . O

Source: CCEA

Fig. 2

(i) Calculate the expected voltage output Vot , when the circuit is
switched on.

Candidates need to show their working out in the space below.

Answer

[4]

[Turn over
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Fig.3 shows a circuit diagram which is to be used in a student project.
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Source: CCEA
Fig. 3

(ii) Name the electronic component represented by the symbol labelled K

in Fig. 3.

(iii) Explain the purpose of component F in the circuit shown in Fig. 3.

[1]

(iv) Explain how the value of component K can be adjusted and how this will

affect the operation of the circuit shown in Fig. 3.

2 |

14800

[3]
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(v) Name the electronic component represented by the symbol labelled H and
explain its function in the circuit shown in Fig. 3.

3]
(c) Fig. 4 shows a circuit containing three fixed resistors.
R1
9VvVO [ F——
3Q
R2
|z
R3
0vVO I
8Q
Source: CCEA
Fig. 4
(i) Calculate the current flowing in the circuit shown in Fig. 4.
Candidates need to show their working out in the space below.
Answer [4]
[Turn over
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Fig. 5 shows a circuit containing resistors in series and in parallel.

R1
1.6kQ

—L

A R2
4000

—_

R3
330Q

Vin

R4
5600
O

L

Source: CCEA
Fig. 5

(ii) Calculate the supply voltage for the circuit shown in Fig. 5 given that the
current from the supply is 8 mA.

Candidates need to show their working out in the space below.

Answer [5]
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(iii) Explain the term ‘nearest preferred value’ when using resistors in circuits.

[2]
(iv) State the method used to indicate the value of resistors and briefly explain
the term tolerance when dealing with resistors.
[2]
(v) Calculate the highest and lowest values which could be expected from an
E12 series resistor with a preferred value of 1.8k Q.
Candidates need to show their working out in the space below.
Highest value (2]
Lowest value [2]
[Turn over
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(d) Robotics are used in a wide range of applications.
Give two examples of the use of robotics in society and discuss the reasons
for their use. Identify and explain the basic control systems used to produce
robotic movement.

Quality of written communication will be assessed in this question.
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Fig. 6 shows a diagram of a 555 timer integrated circuit in a DIL package.

( )

[

0 A [
0 O 8 o

Source: CCEA
Fig. 6

(@) (i) On Fig. 6, number the pins on the 555 timer using the numbers 1 — 8.

(ii) What do the letters ‘DIL’ stand for in relation to an integrated circuit?

[2]

[1]
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(b) Fig. 7 below shows the graph of a waveform produced by the output (pin 3) of a
555 timer circuit.

Voltage (V)

L I I I I I I
= 0 1 2 3 4 5 6
S~ Time (s)
Source: CCEA
Fig. 7

ce (i) State the type of 555 timer circuit that would produce the wave form shown
~ in Fig. 7 and give a written explanation to justify your answer.

Type of 555 timer circuit [1]

Explanation

. 2]

(ii) Draw and label the time period of the waveform on the graph in Fig. 7.  [1]

ce [Turn over
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(c) Fig. 8 shows an incomplete 555 timer circuit.

9v O * *

—e

10kQ
8 4 f
— 7
+
150 F

ov O ¢

Source: CCEA
Fig. 8

(i) Complete the circuit shown in Fig. 8 so that it produces a monostable output
and uses the output to power a relay with a spring return contact. [8]

(ii) Calculate the time period for the completed 555 monostable timer circuit.

Candidates need to show their working out in the space below.

Answer [3]

14800
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(d) Microcontrollers (PICs) are used in a range of projects in education and

in industry.

A microcontroller (PIC) with two inputs and one output is shown in Fig. 9. It is to
be used to control the operation of a mechanical press.

5VO ‘

Swi1 }—{ R2

|

R1 —

Sw2 }—{

In 1
In2 PIC

— Output 1

ovO

Fig. 9

Source: CCEA

Complete the flowchart in Fig. 10 to produce a high output from the
microcontroller (PIC) in Fig. 9 when Input 1 is high and Input 2 is low.

START

Fig. 10

[3]

[Turn over
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(e) A prototype of an automated lawnmower is shown in Fig. 11. The lawnmower is
designed to follow a random pattern and to steer away from obstacles.

The lawnmower has a front bumper which operates a switch when a collision
occurs and three motors to control the cutting blade and the independently

driven rear wheels.

Control panel

A

Bumper with switch
to detect collsion

/

View of the chassis
with the top cover
removed

14800

Detail of control panel

Buzzer housing

/

Stop Start
[ ] . O,
Red LED Green LED
Stop Start
switch switch
Motor C
Blade drive

\

Motor A
RH drive motor

Motor B
LH drive motor

Source: CCEA
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A series of flowcharts is required to represent the operation of the automated

lawnmower.

(i) Complete the macro flowchart BUMPER in Fig. 12 as follows:

The mower will sound a buzzer and all motors will stop. Both drive motors
will reverse for 5 seconds before stopping. Then the drive motors will rotate
in opposite directions for 5 seconds before stopping so that the mower

changes direction. The buzzer will then stop.

EBUMPERE

14800

Fig. 12

[10]
[Turn over
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(ii) Complete the macro flowchart DRIVE in Fig. 13 as follows:

The macro will switch on the blade motor and switch on the drive motors.
In the event of a signal from the bumper switch due to a collision, the flow

chart will employ the macro BUMPER to steer away from obstacles.

DRIVE

14800

Fig. 13

[5] cE
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(iii) Complete the flowchart START in Fig. 14 as follows:

Initially the red standby LED is on. When the start switch is operated, the
red standby LED switches off and the buzzer sounds for 5 seconds followed
by the green LED switching on. The DRIVE macro is employed to cause the
lawnmower to move forward in a straight line. The mower can be stopped by
pressing the stop switch which will stop all motors. It will then switch off the
green LED and return to standby.

<>

Fig. 14
[12]
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