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About this resource

We have produced this resource using the sample question paper and mark scheme
Cambridge National in Engineering Programmable Systems J824.

The aim of the resource is to show you how marks or levels could be given and why.
Our senior assessors have provided possible candidate responses and then applied
the sample mark scheme, adding commentary.

Please note this resource does not constitute an indication of grade boundaries
or endorsed answers. In a live series the mark a response gets depends on the
process of standardisation, which considers the big picture of the year’s scripts. The
levels or marks we show in our resource is an estimation of what could be awarded.
How levels and marks correspond to grade boundaries is then determined during the
Awarding process. This process happens after the marking of scripts and depends on
a number of factors including candidate performance across the board.

You can read more about this process in our guide.
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Question 1

1 Which of these is the unit of measurement for frequency?

(a) Amp
(b) Farad
(¢)  Hertz
(d) Watt
1
Exemplar 1 1 mark
(a) Amp
(b)  Farad
€  Hertz oo
(d)  Watt
g
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Question 2

2 Which of these is best described as the flow of electrons around a circuit?

(a) Capacitance

(b) Current

(c) Resistance
(d) Voltage

11

Exemplar 1 1 mark

(a) Capacitance
(b) Current \/ *
(c) Resistance
(d) Voltage

(11
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Question 3

3 How many ohms is 1.5 megaohms (MQ)?

(@) 1500Q
(b) 150000Q
(©) 150 000Q

(d) 1500000 Q

[1]
Exemplar 1 1 mark
(@) 15000
(b) 15000Q
() 150 000 Q
(d) 15000000 v
[1]
Version 1 6

© OCR 2022



OCR Level 1/Level 2 Cambridge National in Engineering Programmable Systems Candidate Style Answers

Question 4

4 Which of these is the correct formula for calculating the power in a circuit?

(a) P=1/V

(b) P=1V
(c) P=12V
(d) P=V/I

[1]

Exemplar 1 1 mark

(a) P=1/V

b)  P=1V oo
©  P=PV
(d) P=V/I
1]
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Question 5

5 Which of these best describes the purpose of an output block in a system?

(a) Changes an electronic signal into a physical signal.

(b) Changes a signal from the physical environment
into an electronic signal.

(c) Increases the size of an electronic signal.

(d) Processes an electronic signal, such as by

latching it on for a period of time.

1
Exemplar 1 1 mark
(a) Changes an electronic signal into a physical signal. \/ °®
(b) Changes a signal from the physical environment
into an electronic signal.
(c) Increases the size of an electronic signal.
(d) Processes an electronic signal, such as by
latching it on for a period of time.
M1
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Question 6

6 Which of these components is used as an interface device in a circuit?

(a) Buzzer
(b) Diode
(c) Relay

(d) Thermistor

|
Exemplar 1 1 mark
(@) Buzzer
(b) Diode
() Relay v *
(d) Thermistor
1
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Question 7

7 A system with feedback is called a:

(a) Closed process system

(b) Closed loop system

(c) Open loop system
(d) Open process system

1

Exemplar 1 1 mark

(a) Closed process system
(b) Closed loop system v ¢
(c) Open loop system
(d) Open process system

1
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Question 8

8 Which of these best describes what a logic probe is used for?

(a) To check the signal state of a digital circuit.
(b) To measure the value of an analogue signal.
(c) To produce analogue signal waveforms.
(d) To produce digital signal waveforms.
11
Exemplar 1 1 mark
(a) To check the signal state of a digital circuit. ‘/ ¢
(b) To measure the value of an analogue signal.
(c) To produce analogue signal waveforms.
(d) To produce digital signal waveforms.
1

Version 1 1 © OCR 2022
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Question 9

9 What component does this circuit symbol represent?

(@)
(b)

Push-to-break switch

Push-to-make switch

(c) Reed switch
(d) Single pole single throw (SPST) switch
Exemplar 1

(a)
(b)
()
(d)

Push-to-break switch
Push-to-make switch
Reed switch

Single pole single throw (SPST) switch

1

1 mark

[

Candidate Style Answers
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Question 10

10 You are developing a system that boosts an audio signal to a speaker.

What type of process device would be the most appropriate for this application?

(a) Amplifier

(b) Analogue to digital converter
(c) Latch
(d) Pulse generator
(1]
Exemplar 1 1 mark
(a) Amplifier \/ *
(b) Analogue to digital converter
(c) Latch
(d) Pulse generator
11
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Question 11 (a) (i)

11 You are developing a child’s night light system.

The system must automatically produce a low level of lighting when it is nighttime.
The light must be off during the day.

(a) (i) Identify one suitable input component for use in this system.
..................................................................................................................................... [ 1]
Exemplar 1 1 mark
Light Dependent Resistor (LDR) e .
1]
Exemplar 2 0 marks
g O SO e .
1]
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Question 11 (a) (ii)

(i) Explain one reason why this component is suitable.

.................................................................................................................................... [2]

Exemplar 1 2 marks
An LDR would be suitable because it changes its resistance
depending on light. This means that it will see when it is dark and  °
allowachangeincurrent. e
.................................................................................................................................... [2]

Exemplar 2 1 mark
LDR will change its resistance when it is light and dark. *
.................................................................................................................................... [2]

Version 1 15 © OCR 2022



OCR Level 1/Level 2 Cambridge National in Engineering Programmable Systems
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Question 11 (b)

(b) Identify two output components that could be used to produce light in this

system.
N
N
[2]
Exemplar 1 2 marks
1....Light Emitting Diode (LED)
2 SN A e ’
[2]
Exemplar 2 1 mark
oo LD oo e
2 TOrC LGNt e ’
[2]
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Question 11 (c) (i)

(c) You are prototyping the night light system using a breadboard.

(i) Explain two reasons for using a breadboard to prototype this system.
L PSP UPPRRPN
PP PRP
4
4 This response is awarded the full 4 marks.

Exem p|a r1 4 marks Candidates should firstly identify that the question
is looking for two 2 mark responses. It is therefore
looking for candidates to explain each reason given.

1...0ne reason to use a breadboard could be because you can check . In the first response, as per the mark scheme, the
that your circuit works using real components. This means you can candidate gives the reason that it is possible to
............................................................................................................................ ki e e et v el ST
........ check that the components will actually work in the real circuit. They support this by explaining that it will allow a
o check that the circuit will function to achieve the
......................................................................................................................................... Second mark.
2 ....The night light circuit could be breadboarded as it does not have The seasns rmeserse 2lse aekives 2 mer s, [l
many components, so could be made quickly and easily to test it to the fact that the circuit does not have many
......................................................................................................................................... e e e o T
........ works easy to test that it functions.

......................................................................................................................................... As per 3.1 of the specification, students should be
[4] able to recall the purpose and characteristics of
different prototyping methods.
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Exemplar 2 2 marks
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Question 11 (c) (ii)
(i) State one drawback of using a breadboard to prototype this system.

.................................................................................................................................... 1]

Exemplar 1 1 mark
_The legs of the components can fall out of the holes and stopit *
VOTKING. 1]

Exemplar 2 0 marks
TS ROt VoY GOOd .
.................................................................................................................................... 1]
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Question 12 (a) (i)
12  Aresistor arrangement is shown below.

Rt ~ R2  R3
— 1 +{

(@) (i) Identify the type of resistor arrangement shown.

.................................................................................................................................... [1]

Exemplar 1 1 mark
SO O e 1y

Exemplar 2 0 marks
Resistors joined together e ol

Version 1 20 © OCR 2022
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Question 12 (a) (ii)

(ii) The value of each of the resistors is:

R1 =100 Q
R2 =1.2kQ
R3 =4.7 kQ

Calculate the total resistance of the resistor arrangement.

Give your answer in ohms and show all your working.

Total resistance = ....................... Q

Exemplar continued on the next page
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Exemplar 1 3 marks

Version 1 22 © OCR 2022
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Exemplar 2 1 mark

Version 1 23 © OCR 2022



OCR Level 1/Level 2 Cambridge National in Engineering Programmable Systems

Question 12 (a) (iii)

(iii) The current flowing through the resistor arrangement is 2 mA.
Using Ohm’s Law calculate the potential difference across the arrangement.

Give your answer using the correct unit and show all your working.

Candidate Style Answers

Exemplar continued on the next page
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Exemplar 1 4 marks
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Exemplar 2 1 mark

Version 1 26 © OCR 2022
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Question 12 (b)

(b) One application of resistors is to protect an LED from damage.

Identify two other applications where fixed or variable resistors can be used
in electronic circuits.

0 e e e ettt et e eee e eeeeeeee e eeeeeeraeeetaeeet———eea————aa—aaaaa

2 e ettt e e ee e e et eee e eeeeeete e et e et e e errararaa——————

2]

Exemplar 1 2 marks

1...You could use two resistors to create a potential divider circuit to
_giveasmaller output voltage. .

2. You could use a variable resistor in a light switch to change how

Jbrightthe lightisinaroom.

[2]

Exemplar 2 1 mark

1...Protect a transistor from damage

2...Jostop amotor being damaged

[2]

Version 1 27 © OCR 2022
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Question 13 (a)

13 (a) Describe two differences between analogue and digital signals.

1O PP PP PP

SO O TP PP PPP PP PTPPPN

e
Exemplar 1 4 marks

..... e
2. Digital signals are a square wave. An analogue wave continues to
..... Cnange liKe AN S. e

[4]
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Exemplar 2 2 marks
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Question 13 (b) (i)

(b) (i) Describe the function of a logic OR gate.

.................................................................................................................................... [2]

Exemplar 2 1 mark
When both inputs are 1or 1inputis 1, the outputis T . .
.................................................................................................................................... [2]
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Question 13 (b) (ii)

(if) Complete the truth table below for a logic NAND gate.

Input A | Input B Output
0 0
0 1
1 0
1 1
[2]
Exemplar 1 2 marks
Input A | InputB Output
0 0 1
0 1 1 X
1 0 1 '
1 1 0
[2]
Exemplar 2 1 mark
Input A | InputB Output
0 0 1
0 1 1 .
1 0 1
1 1 2

[2]
Version 1 31 © OCR 2022
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Question 13 (c)

Candidate Style Answers

(c) A central heating system is one application of a logic AND function.

Identify two other applications of a logic AND function.

L R UPRPRN
PRSP
..................................................................................................................................... =
Exemplar 1 2 marks

1 Safety system on a machine in centre

5. Afunction on a computer keyboard where two buttons need to be
_pressed for a certain thing to happenonscreen

[2]

Exemplar 2 1 mark
1. Heating at ome e

Version 1 32 © OCR 2022
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Question 14 (a) (i)

14 (a) You are testing a single strand wire in a circuit to make sure that it is still capable
of conducting electricity.

(i) Identify two pieces of test equipment that you could use to do this.

L U UPPPOTPPRP
PSP PPPPPUPRPPOE

[2]

Exemplar 1 2 marks

1 Multimeter

Exemplar 2 1 mark

1 Multimeter

Candidate Style Answers
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Question 14 (a) (ii)

(ii) Describe how you would use one of the pieces of test equipment named in
(i) to do this.

This response is awarded the full 5 marks.

Candidates should firstly identify that the question

.................................................................................................................................... [5] is worth 5 marks and therefore should be breaking
this down into at least five stages. Some candidates
Exemp|ar 1 5 marks may use the area around the question to plan out
the five stages in the correct sequence before they
Get the multimeter and connect the two wires which are red and black attempt a valid response.
to the multimeter in the right places. As per the mark scheme, the response has correctly

identified at least five stages.

: ¢ The first mark is given for reference to the two
You then need to place one probe at one end of the wire and the other probes being connected to the multimeter.

probe at the other end. They gain the second mark for talking about
......................................................................................................................................... changing of the settings and then gain 2 further
......................................................................................................................................... marks for reference to the contact positions of
the two probes (this is broken down in the mark
scheme).

......................................................................................................................................... The 'ﬁnal mark is given for indicating that a beep
will be heard if the wire is capable of conducting
electricity.

Version 1 34 © OCR 2022
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Exemplar 2 3 marks

forabeeptotellyouthewireisok. *
.................................................................................................................................... [5]
Exemplar 3 1 mark
_You would hear it beep if the wire is ok and if it doesn't beep
TS O 0K, °
.................................................................................................................................... [5]

Version 1 35 © OCR 2022
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Question 14 (b)

(b) Multi-strand wire can be used to connect batteries to circuit boards.

Explain why multi-strand wire is suitable for this.

Version 1 36 © OCR 2022
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Exemplar 2 1 mark

Version 1 37 © OCR 2022
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Question 15 (a)

15 (a) State three characteristics of surface mount technology (SMT).

e,
e,
B e
..................................................................................................................................... -
Exemplar 1 3 marks
1....You don’t have to drill holes inthePCB
5.....You can put components on both sides of thePCB ©
3....The components are smaller so the PCB can be smaller
..................................................................................................................................... -
Exemplar 2 1 mark
1.....It puts them on the surface and not in hotes.
5. Youdon't haveto solder them. :
3 SO VO Y oW,
..................................................................................................................................... -

Version 1 38 © OCR 2022
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Question 15 (b)

(b) Describe how a pick and place machine is used to assemble a circuit.

Exemplar 1 3 marks

A pick and place machine picks up components from lots of different

.................................................................................................................................... [3]

Exemplar 2 1 mark
It picks up stuff and puts it in the good place onthe PCB. .
.................................................................................................................................... [3]

Candidate Style Answers
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Question 15 (c)

(c) Describe the steps to fit and solder components to a PCB using the
through-hole construction method.

Exemplar 1 4 marks

If you are fitting a resistor, you need to bend the legs so that they will

cutters.

Candidate Style Answers

This response is awarded the full 4 marks. Candidates
should firstly read the question carefully and identify
that the question is looking for a description of the
‘steps.

Although the response does not directly cover
the four steps given in the mark scheme, credit is
awarded for other valid responses.
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Exemplar 2 2 marks

You heat up the circle and add some solder to make a cone.

Version 1 41 © OCR 2022
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Question 16 (a)

16 A company designs and manufactures home security systems using non-
programmable circuitry.

The company is considering changing to microcontroller-based systems.

(a) Discuss the advantages and disadvantages to the company of changing
from non-programmable circuitry to microcontroller-based systems.

Exemplar continued on the next page
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Exemplar 1 Level 3

An advantage of moving from non-programmable circuitry to

Candidate Style Answers

This response is awarded Level 3. Candidates should
firstly identify that this is a 6 mark response and a
‘discuss’ style of question.

They should plan this style of question beforehand
using the space provided, to make sure that they can
identify valid advantages and disadvantages, and
support this with justification and relevant examples.

This response gives a good balance between
advantages and disadvantages, giving two for each
side of the discussion.

The response is well structured, and it is clear where
the next point starts.

Each point is valid and supported by reasoning as to
why this would be an advantage or disadvantage.

Overall, the response shows a thorough discussion,
with consistent use of terminology and so is awarded
Level 3.

To make sure candidates are able to gain full marks
in this style of question, the ‘discuss the advantages
and disadvantages’ opening line could be applied to
other topics within the specification.

Version 1 43
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Exemplar 2 Level 2 The response secures Level 2 and provides an

adequate discussion, showing some understanding

If a company is changing over from non-programmable circuitry to of one advantage and disadvantage to changing to
----------------------------------------------------------------------------------------------------------------------------------------- microcontroller—basedsystems.

......................................................................................................................................... The advantage and disadvantage given are fu"y
ISAAVANLAGES. || oot Justified.

An advantage would be that microcontrollers can be simulated on screen As shown in this response, some candidates feel that
......................................................................................................................................... - they need to give an introduction to the piece of
before they are used in the security system. This means that they can ) work. This introductory sentence has no value to the

marks that can be awarded and leaves candidates
......................................................................................................................................... using up Valuable Space and time or feeling that they
security system. have completed the response as all lines have been
......................................................................................................................................... used.

You should advise students to avoid doing this, and
how to use the simulation software. This is bad because it will take up time instead start the discussion immediately with the first

......................................................................................................................................... advantage or disadvantage.

Version 1 44 © OCR 2022
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Exemplar 3 Level 1

A good thing about using microcontrollers in a security system is that they

Candidate Style Answers

This response shows some understanding of the
impact of change on a company manufacturing
electronic products and is therefore awarded Level 1.

The candidate identifies one advantage which shows
some limited development and one disadvantage,
but with no further development.

The advantage given shows some appropriate
terminology in places, but the disadvantage is very
vague and shows a lack of understanding as to what
would have to change.

Version 1
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Question 16 (b) (i)

(b) The company could use a block-based editor to program their new systems.

(i) State two features of block-based programming editors.

[

2

[2]

Exemplar 1 2 marks
1..... Block-based programming means that you can see it on screenand
........ understand it better.
2..... Block-based programming is easy for you to learn how todoit.
[2]

Exemplar 2 1 mark
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Question 16 (b) (ii)

(ii) State two drawbacks of using block-based editors to program microcontroller

systems.
T e
D e
..................................................................................................................................... =
Exemplar 1 2 marks
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