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1.3.1: Logic gates
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1.3.1 Logic Gates

Many electronic circuits have to make decisions. They look at two or more inputs and

use these to determine the outputs from the circuit. The process of doing this uses electronic logic,
which is based on digital switches called Logical Gates.

Logic gates are devices that can combine multiple inputs at independent logic levels and come up
with an output accordingly. They are used by implementing Boolean algebra. Logic gates have two
or more input and one output except NOT Gate which has one input and one output.

The most common Logical Gates are given below:

NOT AND OR NAND NOR
For example, The most obvious use is for simple control. Imagine designin

ing machine so
that the water only turns on when the washing is loaded (logic-1), the d d (logic-1) but the

clothes are not yet wet (logic-0). This can be done by ANDing the
the third. Now, AND these together, and you get a high only wh:g

\ onditions, and inverting
three conditions are satisfied.
Two or more logic gates can be connected to produce a logi t with one or more outputs from

two or more inputs.

s 7 T LI LT LT [T Ty,
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1) NOT Gate (Inverter):

ANOT gate or an inverter is the simplest kind of logic gate. Its function is to give the opposite output
to its input - if it gets a high (1), it gives a low (0), and vice versa.
This is equivalent to saying that the output is not the input.

_Do_ NOT Gate
Input A | Output X

NOT 0 1
1 0

The output X) =1 if
INPUT Ais NOT 1 (i.e. 0 or OFF).

X=A

2) AND Gate
An AND gate gives an output 1 only when both inputs are 1.

If one or more inputs are 0, then the output is also 0. qz

A Input A | Input B | Output x * é
| — X 0 0 0 \

B : 0

0 1
1 0
1 1

The output X=1 IF both inputs are 1.

The output (called X) is true (i.e. 1 or ON) onI;CN@UT A AND INPUT B) are both true (i.e. 1
or ON).

The x=1if
INPUT Alis 1 AND INPUT B is 1 0
X=A.B Q
3) OR Gate 0
An OR gate gives a high t if any inputis high (1). If all inputs are low (0), then the output is
low (0).
‘? Input A Input B | Output x
A 0 0 0
B % 0 1 1
1 0 1
1 1 1

The output X=1 IF Any one Inputis 1.
The output (called X) is true (i.e. 1 or ON) if the (INPUT A OR INPUT B) are true (i.e. 1 or ON).
The OUTPUT X=1IF

Either INPUT A'is 1

ORINPUT B is 1

X=A+B
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4) NAND Gate
This NOT AND combination is shortened to just NAND. A NAND gate gives a 0 output only when
both inputs are 1. If one or more inputs are 0, then the output is 1.

InputA | InputB | AAND B | OUTPUT X

] X
B 0

0 1 1
1 0 0 1
1 1 1 0

The output X=0 IF both inputs are 1.
The output (called X) is true (i.e. 1 or ON) if (INPUT A AND INPUT B) are NOT both true (i.e. 1 or
ON) is 1

5) NOR Gate

This NOT OR combination is shortened to just NOR. A NOR gate give @t if any input is 1.
A
B :D * K B

InputA | InputB | A OUTPUT X
0 0 1
0 1 0
1 1 0
1 1 0

The OUTPUT x=0 IF
either Ais 1 OR INPUT B is 1

X=4+ B 0

6) XOR Gate
The 'Exclusive-OR' gate is @i will give a 1 output if either, but not both, of its two
inputs are 1. If both inpu e then output will be 0 else output will be 1

A Input A | Input B | Output x
8 4 0 0 0
*,0 0 1 1
1 0 1
The OUTPUT X=1 IF 1 1 0

Either Ais 1 AND B is NOT 1
ORAisNOT1ANDB is 1
Or it may be said that X=1If Ais 1 ORB is 1 BUT NOT BOTH

X=(A.B)+(A.B)
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Truth tables

“A truth table is used to show the output of a logic gate or circuit for all possible combinations of
input values.”

Usually the binary values are used, 1 and 0, as shorthand for True and False.

The truth table for a two-input gate needs four rows (22=4) while for 3-input gate needs eight rows
(23=8).

The truth table for a two-input gate needs four rows.

INPUT OR AND NAND NOR XOR
A A A —] A A
T A T [ o

- X=
X=A+B X=A.B = =
+ X=A.B X=A4A+B (AB)+(AB)

gy el o]
AlaAalalo
k==l =]

1
1
1
0

= O| =0

Logic circuits

and binary numbers.

two or more inputs. A logic circuit can process logical exp €sS
When producing a truth table for a logic circuit: K
e it is helpful to add a column for each mtermedmte@ as well as for the final output

» as for a single logic gate with two inputs, a logic circuit with two inputs needs four rows.

Combinational logic circuits with three in
We only need to be able to produce a trut@ for a logic circuit with a maximum of three inputs

and six gates.
The truth table for a three-input logi needs eight rows.

o

and hard-wire a logic circuit for a simple automated system that
put depending on the current values of the inputs, than to program

Designing simple logic
Sometimes, it is cheape
only requires a fixed pa
a microcontrdl‘ 0
We can usé't
asL=(AAND'B) O
brackets takes priority.
We can design a logic circuit to solve a written statement of a logical problem. First, we rewrite the
statement using brackets to clarify the binary value of each variable and the priority of the logical
operations. Then we can write the logical equation. From the logical equation, if not an earlier stage
in the rewriting process, it should be possible to draw the required logic circuit and a truth table to
confirm that it has the required behaviour.

Testing logic circuits

We have seen how to use a truth table to check whether a logic circuit has solved a given problem,
rather as we use a trace table for dry running a flowchart or pseudo code algorithm. We can also
check that a logic circuit solves the problem by building the circuit using logic simulation software or
electronic circuitry, with appropriate attention to safety.

Practice Questions
Q 1) Complete the following truth table

R, NOT, NAND and NAND as operators in a logical equation, such
B. We use brackets to indicate that the logical operation within the
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INPUT 1 | INPUT 2 | OUTPUT
0 0

0 1
1 0
1 1

INPUT 1 | INPUT 2 | OUTPUT
5 0 0

0 1
1 0
1 1

Q 2) Draw the logic circuit required to fulfil the following statements: bq

a Output C = (NOT(AAND B)) AND (A OR B) 0\
b Light (L) is on if Switch Ais on OR (SW|t on AND Input C is off.

Q"’Q

h tables for the following logic circuits:

Q 3) Copy and?o
24

INPUT Workspace | OUTPUT

C

o

—_

~Oo|=|lOo|Wm

—_
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Working D
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Q 4) Three digital sensors A, B and C are used to monitor a process. The outputs from the sensor
s are used as the inputs to a logic circuit.

A signal, X, is output from the logic circuit: :’e
A é

B — logic circuit ————— output X @
cC —| \
Output, X, has a value of 1 if either of the following two conditi ur:

* sensor A outputs the value 1 OR sensor B outputs the va
* sensor B outputs the value 1 AND sensor C outputs th
Draw a logic circuit to represent these conditions.

&

Working X

slol=|ol—lol=lolo

Al lo|loRr|mr 00w

AR RO 000>
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Q 6) Complete the truth table for the following logic circuit:

Part 3

Part 2

@
) >
Part 1

C

Q 7)Complete the truth table for the following logic circuit:

0
1
0
1

0

0
1
1
0

0

B

0

B

0

it

Q 8) Complete the truth table for the following |
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Quick Revision Questions
Q 3.1) Identify each of the following gates from truth table:

INPUT 1 INPUT 2 OUTPUT

0 0 0

0 1 1

1 0 1

1 1 1
INPUT 1 INPUT 2 OUTPUT

0 0 0

0 1 0

1 0 0

1 1 1
INPUT 1 INPUT 2 OUTPUT

0 0 1

0 1 0

1 0 0

1 1 0

Q 3.2) Summer 2015 P11
3 (a) Complete the truth table for the follo

=

INPUT 1 INPUT 2 OUTPUT
0 0 1
0 1 1
1 0 1
1 1 0
INPUT 1 INPUT 2 OUTPUT
0 0 o]
0 1 1
1 0 1
1 1 <§p

v@glc circuit:

Workspace

[ellellellalENFEIEENE b
olo|~|~|lolo|n|=|m

o|=|o|=|o|=|o|=|o
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(b) Write the Boolean statement for the following logic statement:
X=1if (AisNOT10ORBis 1) ANDCis1)OR(BisNOT1ANDCis 1)

(c) Draw the logic circuit for the logic statement given in part b

(d) Write a logic statement which corresponds &@ ing logic circuit:
A

° ]
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Q 3.7a) A greenhouse control system has four input parameters (H, D, T, W) and two outputs (X, Y

)-

Parameter Description of Binary value Condition
parameter
H Humidit 0 Too low
umidity 1 Acceptable
0 Night
D Day 1 Day
0 Too high
T Temperature 1 Acceptable
w Windows 0 Closed
1 Open

The watering system turns on (X = 1) if:

either it is daytime and the temperature is too high

or the humidity is too low. q

L/

The fan turns on (Y = 1) if the temperature is too highé e windows are closed.
Draw a logic circuit to represent the greenhouse control sy [6]

H

o ‘

n C

| QQQ "

w
(b) Comple‘g’t&tru the logic expression: X = NOT A AND (B NAND C) [4]

®

Working space X

I = =1 =1 =2 "]

= O=O=0o=c0o0

Alalala|lo|lolo|le
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Q 3.8a) An alarm system (X) is enabled and disabled using either a switch (A) or a remote control (
B).There are two infra-red sensors (C, D) and one door pressure sensor (E).

Parameter Description of Binary value Condition
parameter
. 1 Switch enabled
A Switeh 0 Switch disabled
B Remote control 1 Remote enabled
0 Remote disabled
C Infra-red sensor ! Activated
0 Not activated
1 Activated
D Infra-red sensor 0 Not activated
E Door pressure 1 Activated
sensor 0 Not activ
The alarm sounds (X = 1) if the alarm is enabled and any one or m he sensors is
activated.
Draw a logic circuit to represent the alarm system.
L/
A (\
: ©
° Oa "
b (*2
: ’og

3]

he logic expression: X = AOR (B XOR C) [4]
Working space X

(b) Completett
oo

N NN =1 ===
=0 =0 =0O=0|0

YN = 1YY =)
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Draw a logic circuit corresponding to the logic statement: [3]
X =(Ais ON OR B is ON BUT NOT BOTH) OR (NOT(C is ON AND A is ON))
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Q 3.9a) A student needs to design a logic circuit to model the requirements for membership of a
snooker club. Membership (X) depends on four criteria, as shown in the table:

Parameter Description of Binary Condition
parameter value

1 True

A Over 18 0 False
B Recommended L True

0 False
. 1 True

C Full-time 0 False
. 1 True

D Retired 0 False

Membership is approved (X = 1) if the person:
* is over the age of 18 and has been recommended by a pre-existing m@ar
and

« either is working full-time or is retired, but not both.

L/

Draw a logic circuit to represent the membership requirements.

i N\

- o’b -
— >
HEP

(3]
(b) Complete‘t et e logic expression: X = (A XOR B) AND NOT C [4]

4

Working space X

- O=mOo=o=00

Alalalalololo|o

amoo=aalo




Q 3.7) Marking Scheme

1 mark for each gate with the correct inputs.
Final two gates must also have the carmect output.

H >0

T —{—
D
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o

Q 3.9) Marking Scheme

1 mark per correct gate with comect inputs

[ —

1 mark for each comect pair of lines

One mark for each pair of rows. A B C Working space

0 0 0

% Working space = ” ]

o o 1

0 1 0

0 1 1

1 0 0

1 (1] 1

1 1 0

1 1 1

Q 3.8) Marking Scheme

1 mark per bullet:
= AORB
= CORDORE
= Final AND

[} 1 o
a 1 1
1 0 L]
1 0 1
1 1 o
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Technical Update

Cambridge O Level
Computer Science 2210

For examination in June and November 2020.

From 2020, logic state e Paper 1 examination might not include the output and input

values, such ag,1 re candidates must know how to interpret logic statements both
with and wim'ou"npu
For example, the logi
X=1if ((Ais1ORBis 1)AND (Ais 1 AND B is 1)) OR (C is NOT 1)
Can also be written as:

X = ((A OR B) AND (AAND B)) OR (NOT C)

ut values being written in the logic statement.
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Logic Building Block

It is possible to build up any logic gate, using NAND or NOR gates only.

NAND and NOR Gates can be used to build any other gates, and called ‘logic building block’. It is
cost effective for manufacturer to use a single gate to build any logic circuit.

For example, the AND, OR and NOT gates can be built from these gates as shown below:

NAND as NOT:

If single input is given to NAND or NOT gate output will inverted

A _)37

NAND as AND:

NAND on NAND will become AND e
A

B é

NAND as OR: ’\

A

Yy
Q

NAND as NOR Q

A—

’
NAND as XOR

A Das

o
Y
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For example

=1 1=
D>

Re-draw the logic circuit shown opposite, using

)—l NAND and NOR gates only.

Complete the truth table for following circuits: 0‘

A
Z: B Working X
0
1
0
@ 0 1
Which single gate performs the sa@ JON7? e
A
E Working X

Which single gate performs the same function? .....................lL
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Simplification Logic Circuit:

Simplification means reducing the number of components in a logic circuit. As a result of
simplification the cost of production can be less. This can also improve reliability and make it
easier to trace faults if they occur.

The following logic circuit can be simplified to use only one gate.

A_Do fo -

Give the name of this single gate. Qe
................................................................................................................. a e [1]

L/
Q 3.3)Show by drawing a truth table which single logic gate or wi ~ as the same function as
the logic circuit drawn in

a)

PUT Workspace | OUTPUT

X

_\_\oo>
k=l k=R

>
&

INPUT Workspace | OUTPUT

C

iy Y el le)
k=l K=1Rv"]
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c)
INPUT Workspace | OUTPUT
A | B X
00
0| 1
110
111

A H>o e — = .
B ] o éq

d)

Workspace | OUTPUT

A—]

C

B—f

| > _
}}:o?

= O|=|0O

e) Explain why a single logic gate is often re
and d.

y a logic circuit such as shown in part a, b, ¢

.................................................................................................................................... [1]
Q 3.4)What w’d ole logic circuit?
P y INPUT Workspace
P Ja [R X
1 1 1
Q 1 1 0
F S 1 0 |1
1 0O |0
. 0 1 1
0 1 0
0 0 |1
0 0O |0
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Multiple output:
Q 3.5) Multiple outputs can be obtained from a logic circuit. For example in the given logic circuit 2 outputs ‘S’
and ‘C’ are generated.

Ao INPUT OUTPUT
Be S A | B S Cc
00
0|1
c 10
111
Q 6)The following three logic statements define the light sequence: e
*R=1IF (Ais NOT 1)
-G=1IF (Bis 1AND C s 1) q
*Y=1IF (Ais 1 AND NOT (Bis 1 AND Cis 1))
Draw the logic circuit that directly combines ALL three of these logi¢ léﬂ and
produces three outputs R, G and Y. & [5]
A R

® ®

Q"’Qﬁ
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Q 7) Four sensors (numbered 1 to 4) produce binary output which controls the lights at a rock
concert. The diagram shows how the sensors are connected:

sensor 1
output A

sensor 2
_\ output B
|/ ’
sensor 3 1
% } output C
sensor 4
Complete the truth table for this logic circuit. [4] e
inputs Outputs
sensor 1 | sensor 2 | sensor 3 | sensor4 | A B C
0 0 0 0 L
0 0 0 1 \
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0
1 1 1
1 1 1

(b) (i) Complgtith r the logic circuit. [2]

oo
A g

L) » '

Working space X Y

alaololp
~o|—~|olm
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Deriving Logic Statement and Drawing Logic Circuit from Given Truth Table.
Logic statement and circuit can be derived from truth table. Following are the steps:
1. Consider the output which are ‘1’
2. Find a condition of input when output is ‘1’
3. Check all above conditions produce output ‘1’ or not.

For example
S=1ANDT=10

D S T
o 0 0
0 0 1
O T 1 F
B 0 0
[ 1 T

So the logic statement will be
X=11f (D=1 AND S=0) OR (S=1 AND T=0)

The Circuit diagram will be

— o
er

*
L o4 ‘,’
Q 3.6) Write logic sta t for the following truth table:
A B | C | OUTPUT X
1 11 1 0
1 11 0 1
1 0| 1 1
1 0| O 1
0 11 1 0
0 110 1
0 0| 1 0
0 0| O 0

Candidate Example response



Example candidate response — high
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6 Agasﬁreha;sasafetycircuﬂmadeupofloglcgates.ﬂgenaratesanalarm(x=1)inresponsew

certain conditions.
Input Description — Conditions

1 gas pressure is correct

G gas pressure
0 gas pressure is too high
1 carbon monoxide level is correct

Cc carbon monoxide level
0 carbon monoxide level is too high
1 no gas leak is detected

L gas leak detection
0 gas leak is detected

The output X = 1 is generated under the following conditions:

gas pressure is correct AND carbon monoxide level is too hi

OR

carbon monoxide level is correct AND gas leak is

(a) Draw a logic circuit for this safety system.

g,

(5



PAGE 277

Example candidate response — high, continued

(b) Complete the truth table for the safety system.

Workspace

G c L g2 cZ|tgt)+lcr) X

-0 0 o o o o

0 0 1 o o o o

0 1 0 o I / (

0 1 1 N~ o o

1 0 0 ! o | ( 0
1 0 1 / & (

1 1 0 2, [ /

1 1 1 D o4 (%4

[4]
(c) Complete the truth table for the XOR gate:
.
ho “® (1)

Examiner comment gh

In part (a) this candidate has drawn a neat and correct logic circuit. Candidates should make sure that gates are
drawn clearly and accurately as this is what is assessed first.

In part (b) this candidate has correctly worked out the output for each section in the truth table. They have made good
use of the working space available to do this; it is good practice for candidates to do so.

In part (c) this candidate has given the correct four outputs for the XOR gate.

Marks awarded for (a) = 5 out of 5
Marks awarded for (b) = 4 out of 4

Marks awarded for (c) = 1 out of 1

Total mark awarded =10 out of 10
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Example candidate response — middle

6 A gas fire has a safety circuit made up of logic gates. It generates an alarm (X = 1) in response to
certain conditions.

Input Description T:I:r: Conditions

1 gas pressure is correct

0 gas pressure is too high

1 carbon monoxide level is correct
0 carbon monoxide level is too high
1

0

G gas pressure

Cc carbon monoxide level

no gas leak is detected
L gas leak detection

gas leak is detected 0
The output X = 1 is generated under the following conditions: e é

gas pressure is correct AND carbon monoxide level is too higlO\

OR

carbon monoxide level is correct AND gas leak is @

(a) Draw a logic circuit for this safety system.

15
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Example candidate response — middle, continued

(b) Complete the truth table for the safety system.

e e lrremr « =
o | o o |V [V [{OlD | © O
0 0 1 “DOO O 0
0 1 0 or\ Olo | © 0O
o [ 1+ | 1+ Jof/plOl ] I
1 0 0 | 1O ] O O o
1 0 1 ) ODO O O 0
e ol i\l |
1 1 1 D\O\\L\ I ¢

(4]

(c) Complete the truth table for the XOR gate: o

O”YQ

(1
Examiner C&ﬁgent

In part (a) this ca ate h a neat and correct logic circuit. Candidates should make sure that gates are
drawn clearly and accura s this is what is assessed first.

In part (b) the candidate starts off well with one correct set of output. After this it appears that they begin to
misunderstand the logic and cannot given any further correct sets of outputs.

In part (c) the candidate almost gets the correct answer, but is not quite right in their first output, so they do not get a
mark.

Marks awarded for (a) = 5 out of 5
Marks awarded for (b) = 1 out of 4

Marks awarded for (c¢) = 0 out of 1

Total mark awarded = 6 out of 10



PAGE 280

Example candidate response — low

6 A gas fire has a safety circuit made up of logic gates. It generates an alarm (X = 1) in response to
certain conditions.

Binary
Input Description usloe Conditions

1 gas pressure is correct

G ressure
e gas pressure is too high

carbon monoxide level is correct
carbon monoxide level is too high
no gas leak is detected

gas leak is detected

[+ carbon monoxide level

L gas leak detection

O|=]O|=]0O

The output X = 1 is generated under the following conditions:
gas pressure is correct AND carbon monoxide level is too hig
i OR oo ‘

carbon monoxide level is correct AND gas leak is

A 0

(a) Draw a logic circuit for this safety system.

5]
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Example candidate response — low, continued

(b) Complete the truth table for the safety system.

Workspace

G c L X

0 0 0 AL

0 0 1 O

0 1 0 l ,

0 1 1 O

1 0 0 ’f

i 0 1 19 0

1 1 0 /{

1 1 1 O

(4]

(c) Complete the truth table for the XOR gate: O‘

==

=

[

Examiner corg@e

In part (a) the&ar? ate w a logic circuit that will gain any marks. They also make a common error
drawing one of theirlogic NOT gate. They miss off the small circular part at the tip of the gate, in the first
gate. If candidates do thisgif*their answer this cannot be classed as a NOT gate, as it is not drawn correctly.

In part (b) the candidate is able to make two sets of correct conversions.

In part (c) the candidate makes a common error with the last output. They have forgotten that if both inputs in an XOR
gate are 1, the output will be 0 and not 1, like in an OR gate.

Marks awarded for (a) = 0 out of 5
Marks awarded for (b) = 2 out of 4

Marks awarded for (c) = 0 out of 1

Total mark awarded =2 out of 10
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Question 8a

Example Candidate Response — high Examiner Comments

8 Consider the logic statement:
X=1if ((Ais 1 NOR G is 1) AND (B is NOT 1 NOR C is 1)) OR (Ais 1 AND Blis 1)

(a) Draw a logic circuit to match the given logic statement. Each logic gate used must have a
maximum of two inputs. Do not attempt to simplify the logic statement.

A
@ Atuly r@ic circuit is
provide:
X
» T arded =
6
c
161

How the candidate could have improve answer
The candidate provided a fully correct circuit. It wo been beneficial for the candidate to have drawn the gates

slightly larger, to have made it easier to disting

Q’b

¥
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Example Candidate Response — middle Examiner Comments

@ This gate is not correct as the
candidate includes a circle at the
front of the gate, making a NAND

(a) Draw a legic circuit to match the given logic statement. Each logic gate used must have a gate, rather than an AND gate.
maximum of two inputs. Do not attempt to simplify the logic statemant.

8  Consider the logic statement:
X=1if((Ais 1 NORCis 1) AND (Bis NOT 1 NORCis 1)) OR (Ais 1 AND Biis 1)

© This gate is not correct.

© This gate is correct and
awarded a mark. It is advisable
that the candidate does not
include the small circles at the
X  back of the g

o i warded a mark.

given the

the doubt for filling in

cifele at the front of the gate.
idates are advised not to do

© This gate is not correct.

G This gate is awarded a mark.
The candidate is given the
benefit of the doubt for filling in

the circle at the front of the gate.

Candidates are advised not to do
this.

Total mark awarded =

3outof 6

How the candidate e improved their answer

* It would have en candidate to have used the symbols provided in the syllabus. The use of the
circles at the sometimes have made the gate have a different logic. Candidates should have
avoided fi ﬁﬁg&vrcles t of gates.

+ The candidate %lIso ha incorrect logic gates in the circuit.
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Example Candidate Response — low Examiner Comments

8 Consider the logic statement:
X=1if ((Als 1 NOR Cis 1) AND (Bis NOT 1 NOR C is 1)) OR (Ais 1 AND Bis 1)

(a) Draw a logic circuit to match the given logic statement. Each logic gate used must have a
maximum of twe inputs. Do not attempt to simplify the logic statement.

p— o The candidate doesn't provide
any correct gates in the correct
places. The NOT gates given are
from A and C, but should only

be from B. It is very unclear from
the candidate’s cigguits which

The candidate demonstrated little understanding of creating a logig€ir
well as incorrect logic gates. The candidate had tried to create twe, inp
input B. Inputs needed to come from two separate pathways. 1
end of their circuit that only had one input. It was uncle: at
needed to have two inputs.

ey made some fundamental errors, as
their first AND gate; that both came from
ndidate also had gates at the beginning and
gates were, but all gates except for NOT gates

Common mistakes candidates mad

It was sometimes difficult to tell which gate a
have used the symbols given in the syllab

is question

ate had drawn. It would have been beneficial for candidates to
ured that they were clearly drawn.

Examiner Comments

o The candidate provides eight
correct outputs, gaining four
marks.

e e - - - A -]
- |- o|lO|=|= 0|0

_‘o_.lo-nﬂﬂo'
—l-loplo|-lolo

Total mark awarded =
“ 4 out of 4

How the candidate could have improved their answer
The candidate has provided a fully correct truth table.
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Example Candidate Response — middle Examiner Comments

(b) Complete the truth table for the given logic statement.

Al B|C P X @ This output is incorrect.
0 0 0 Yo, tye £ . nr—
o | o | 1 S g o e This output is incorrect.
o | 1

s Wy L © Tnis output is incorrect.
o | 1|1 i o
1 48 | ey A @ @ The candidate has five correct
101 o ) o outputs, gaining them two marks.
1 [ 1] o0 (XS O
tiv gt Ve s 110 Total mark ae =

[4]

How the candidate could have improved their answer o

It was difficult to tell where the candidate had gone wrong in their logic working
calculations. The working space in the table was provided to allow candidates
they could keep track of the logic outputs.

ad not provided their interim
their interim calculations, so

Example Candidate Response — low Examiner Comments

(b) Complete the truth table for the given logic statement.

AalB| ¢ F|P | Workhg H %

) hgh B DR | F MoE] A ok
oo | o | 1| ol® |
o |0 |1 6 (1|0 |0 P A }
o | 1 0 | o I 0 o]
T lalal e ol & " : @ The candidate hasn't managed
: T B ~ , : to provide any correct outputs.

: ! They are all the reverse of what
tljejv|© O [0 ! \ they should be.
1 1 0 O 1 0 0
i
114 ] % LS © o [°|@® Total mark awarded =
0? 14] 0 outof4

M

How the candidat d have improved their answer

The candidate managed to provide the opposite output for each. This was likely because they had everything running
through an AND gate and an OR gate at the end, rather than just the OR gate.

Common mistakes candidates made in this question

Candidates needed to have made sure that their answer was clear. Sometimes candidates used the working space
and wrote their answer in the working space, rather than the correct output column. Candidates needed to make sure
that their workings were in the working space, but that the final answer was in the output column.
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Q 1) Summer 2015 P11
3 (a) Complete the truth table for the following logic circuit:

T

—D—

B —) -

Y

<

Workspace

olo|a|-|olo|a|=|m

o|=|o|=lo|=|ol=|o

OOOO—\—\—\—\:D

‘@

owing logic statement:
(BisNOT1ANDCis 1)
o the following logic circuit:

(b) Draw a logic circuit which corresponds t
X=1if (AisNOT10RBis 1) ANDC is
(c) Write a logic statement which corr

A

Examiner’s Comments on Question 3 (a), (b) and (c)

Many candidates gained most of the marks for this question, demonstrating a good standard of knowledge and application with
logic gates.

In part (b), for some candidates’ work, it was difficult to identify the difference between the AND gate and the OR gate.
Candidates need to make sure that they draw the gates very clearly. For this question, candidates either understood the logic and
provided an accurate circuit, or had little understanding of the logic and were unable to provide a circuit that gained any marks.
For part (c) many candidates gained at least two marks. Some candidates provided a description of the logic circuit rather than a
logic statement and did not gain marks as a result.

Q 2) Summer 2015 P12
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6 A gas fire has a safety circuit made up of logic gates. It generates an alarm (X = 1) in response to certain
conditions.

Input Description Binary | Conditions
value
1 gas pressure is correct
G gas pressure - -
0 gas pressure is too high
. 1 carbon monoxide level is correct
C carbon monoxide level - - -
0 carbon monoxide level is too high
. 1 no gas leak is detected
L gas leak detection 0 9

gas leak is detected

The output X = 1 is generated under the following conditions:
gas pressure is correct AND carbon monoxide level is too high e

OR
carbon monoxide level is correct AND gas leak is detect
(a) Draw a logic circuit for this safety system. [5]

(b) Complete the truth tab afety system [4]
‘: L Workspace X

A 1

1 0

1 0 1

1 0 0

0 1 1

0 1 0

0 0 1

0 0 0
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(c) Complete the truth table for the XOR gate:

A B C
0 0
0 1
1 0
1 1

Examiner s comments on Questions 6(a). 6(b) and 6(c)
Many candidates demonstrated a good level of knowledge of producing logic gates in part (a). Ca
that they draw the gates very clearly. They need to make sure that the small circle at the front
is visible in order for it to be a valid NOT gate. The most common error was the emission of
In part (b) the full range of marks were awarded. Those candidates gaining higher mark:
given in part (a).

In part (c) around 50% of candidates could correctly give the output of an XOR gat

°

ust need to make sure
c gate is included and
¢ gates from the circuit.
rrelated to a correct answer

Q’b&
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Q 6) Summer 2016 P11 & P13

5 A computer-controlled machine produces plastic sheets. The thickness of each sheet must be
within a certain tolerance. The sheets are kept below 50 °C as they move over rollers at 10 metres

per second.
Three parameters need to be monitored all the time.
Parameter | Description Binary Conditions
value
D sheet thickness 1 thickness of sheet in tolerance
0 thickness of sheet out of tolerance
s roller speed 1 roller speed = 10 metres/second
0 roller speed <> 10 metres/second
T temperature 1 temperature < 50 °C
0 temperature >=

An alarm, X, will sound if:

thickness is in tolerance AND (roller speed <> 10 metres/second (@ature >=50"°C)

OR
roller speed = 10 metres/second AND temperature >= 50 °

(a) Draw a logic circuit to represent the above monitorin S ¢ [6]
: C
s eQ X
T
23
oo
*$
®
(b) Complete the truth table for the monitoring system. [4]
D S T Working Space X
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
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Q 7) Summer 2016 P12

7(a)
T O—

B Y
c [

Complete the truth table for this logic circuit. [4]

A B C Working space

alala|a|lololo|o
ala|lo|o|-l-lo|o
alo|a|o|-|lol-a|o

following logic statement:
DBis1))OR(CisNOT1)

(b) Draw a logic circuit correspondi
X=1if((Ais1ORB is 1
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(c) Re-draw the following logic circuit using NAND gates only.

ar=cDan by
pe

D

L
: <

Logic circuit re-drawn:

: so\

: 06\ :
°

° (4

[4]

Examiner Re, S tio.

In part (a) most calﬂ‘tes w
In part (b) many carfdidates to produce a correct logic circuit. Candidates created this in a variety of ways. Candidates

are reminded to make sure they accurate and clearly draw each logic gate. Some candidates did not draw a correct NOT logic
gate, leaving the circle off the front. In some candidate’s circuits, it was difficult to distinguish the difference between the AND
gate and the OR gate.

In part (c) many candidates were able to gain some marks through the creation of a logic circuit using NAND gates. A common
error was using an AND gate in the middle of the circuit, rather than two NAND gates. The question required only the use of
NAND gates.

list the correct outputs.
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Q 8) Winter 2016 P12
7 (a) Complete the truth tables and name the single logic gate that could replace each logic circuit:

Working space | X

aDoniDa

SINGIE 10GIC GALE ...t et e e e e eran e e e e e

Working space ) X

B3l
D e

Single logic gate
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(b) (i) Draw a logic circuit to represent the following logic statement:
X=1if(A=1ANDB=1)OR((B=NOT1)ANDC=1) [4]

[4]

(ii) Complete the truth table for the logic statement in
A |B |C | Working space X
0 |0 |0
B G
0 |1 0
0o |1 1
1 0 |0
1 0o |1
1 1 0
1 1 1

Examiner Report

In parts (a)(i) and (ii) m
éét th

single logic gat
ndi

In part (b)(i) fidn

represent a logic gate. Ca

clearly and accurately.

could complete the truth tables correctly, but were not able to state the correct
nted.

draw a correct logic circuit. A small number of candidates used circles to

must ensure that they use the correct logic gate symbols, and that they are drawn

In part (b) many candidates could correctly complete the truth table.
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Q 9) Winter 2016 P11& 13
5 Three switches, A, B and C, each send values of 0 or 1 to a logic circuit. Value X is output from
the

logic circuit.

Swilch A
Switch B -  Logic circult = Cutput X
Switch G -

Output X has a value of 1 depending on the following conditions:

Switch A sends value 1 AND Switch B sends value 0
OR
Switch B sends value 1 AND Switch C sends value 0
(a) Draw a logic circuit to represent the conditions above. e

(b) Complete the truth table for the conditi en at the start of question 5. 4]
B C pace X

0
1

0
0
1
1
0

A
0
0
0
0
1
e A
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Q 10) March 2017 India

2 The diagram below shows five logic gate symbols and five names.

Draw a line between each logic gate symbol and its correct name.
Logic Gate Symbol Name

AND

NOT

NOR

L/

‘ AND
Examiner Report

Nearly all candidates correctly identified the five logic gate

2
éé>
4

YIVURR

&
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14 A system controls the flow of vehicles through a barrier based on three lights, A, B and C.
When a light is red, the signal is zero. When a light is green, the signal is one.
The barrier will open when the output X is one.

The barrier opens if either:
* light Ais red and lights B and C are both green
or
* light Ais green and lights B and C are both red
(a) Design a logic circuit for the system

- o@

(b) Complete the truth table for the systenﬂ% at the start of Question 14. [4]

A |B |C | Workingsp X
0 |0
0 |0
0 |1
0 |1
1 0
K
0
Examiner Report

(a) This was generally well answered.
(b) This was generally well answered.
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Q 11) Summer 2017 P11
10 (a) Complete the truth table for the NOR gate. 1

A | B |Output(x)

0
0] 1
1 0

[
X o I ... [3]
Examiner Commenton Q 10(a)
Many candidates provided the correct outputs for the logic
Examiner Comment on Q 10(b)
Some candidates gave a correct statement. Some camdi not use brackets in their statement andtherefore could only was awarded a single
mark for the connecting AND. Candidates are 1 /% ure that they use brackets, where necessary, in their logic statements.

&
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Q 12) Summer 2017 P12

10 For this logic statement:
X=1if((Ais1ANDBis1)OR(Bis1AND Cis NOT 1))
(a) Draw the logic circuit.

c —
(4]
(b) Complete the truth table for the giv atement. [4]

A lB |lc orking space X

0 |0 |O

0 |0 |1

0 1 0

0 1

10

1 1

1 1

1 1 1

Examiner Commenton Q 10(a)

Many candidates provided a correct logic circuit.
Examiner Comment on Q 10(b)

Many candidates provided a correct truth table.
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Q 13) Winter 2017 P12
7 Draw a logic circuit to represent the logic statement: [7]

X =1if (Ais NOT 1 AND B is 1) AND (A is NOT 1 AND C is NOT 1) OR (Bis 1 AND C is 1)

Cl

Q 14) Winter 2017 P13 L/
5 (a) Draw a logic circuit for the logic statement: \
X=1if (Ais1ANDBis 1) OR (Ais NOT 1 AND Cis 1)) 0 [4]

cﬁ‘@
o
L

ate and explain the function of this logic gate.

(b) Draw the symbol for

&

*
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Q 15) March 2018 P12 (India)
7 (a) For this logic circuit:

>
c
Complete the truth table. [4] %(

A B |lc Working space
0 |0 0
0 |0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

(b) For this logic statement:
X=1if(Bis 1 OR Cis NOT 1) AND ((Ais ND (Bis 1 OR Cis 1))

Draw a logic circuit. Q

°
oo
A g
(c) Complete the truth table for the logic statement given in part (b). [4]
A B |C Working space X

Alalalalo|lolo|lo
A A O|I0O|n|~|O|I0
=IO O[O0
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Q 16) Summer 2018 P11
6 Consider the logic statement:

X =1if (Ais NOT 1 ORBis 1) NOR C is 1) NAND ((A is 1 AND C is 1) NOR B is 1)

(a) Draw a logic circuit to represent the given logic statement. [6]

(b) Complete the truth table for the given logic statement. 0 [4]

A B C Wor ace X
0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0

1 1

1

-5




PAGE 302

Q 17) Summer 2018 P12
7 Consider the logic statement:

X =1if (Ais 1 AND B is NOT 1) NAND C is 1) XOR ((Ais 1 AND Cis 1) OR B is 1)

(a) Draw a logic circuit to represent the given logic statement. [6]
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Q 18) Winter 2018 P12
3 A greenhouse uses a system to monitor the conditions that plants need to grow.
The inputs to the system are:

Input Binary value | Condition
W 1 Window is open
0 Window is closed
1 Temperature >=26°C
T 0 Temperature <26°C
1 Humidity >=50%
: 0 Humidity <50%
The system will sound an alarm when certain conditions are detected.
Alarm (X) will sound (=1) when: q

window is closed and temperature >=268C
or
temperature <26°C and humidi
Draw a logic circuit to represent the system. [5]

Q"’Q’b




Q 19) Winter 2018 P13
10 Alogic circuit is shown:

e

PAGE 304

C

(a) Complete the truth table for the given logic circuit.

Worki
orking space PN

ala|aln|jo|o|lolo] »
YN sllslIEYN Y ielle] m
~lo|ln|o|n|o|n|o] o

(b) Draw a logic circuit corresponding
X=1if (Ais 1AND B is 1) AND (

&

gic statement:

CisNOT 1)) OR (Bis 1 AND Cis NOT 1)

[4]
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Q 20) March 2019 P12
5 Consider the following logic statement:

X=1if (Ais1 NAND Cis 1) NORAis NOT 1) OR (Bis 1 AND Cis NOT 1)

(a) Draw a logic circuit that represents the given logic statement. Your logic gates must have a
maximum of two inputs. Do not simplify the logic statement. [6]

L/
B — ‘\ —X
. °
(b) Complete the truth table for the give atement. [4]

Working space
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Q 21) Summer 2019 P11
2 Rajesh creates a logic circuit.

He uses three different logic gates in his circuit. Each logic gate has a maximum of two inputs.

He describes the logic of each gate.

(a) “The only time the output will be 1 is when both inputs are 1.”

State the single logic gate ..o

Draw the single logic gate: [2]

(b) “The only time the output will be 1 is when both inputs are 0.” e
State the single logic gate ..o
Draw the single logic gate:

PN (2]

N

(¢) “The only time the output will be 0 is when both input o
State the single logic gate .......cccccooiiiiiiiiininnn, ic ..... %

Draw the single logic gate:

(2]




PAGE 307

Q 22) Summer 2019 P12
8 Consider the logic statement:

X=1if (Ais1NOR Cis 1) AND (Bis NOT 1 NORCis 1)) OR(Ais1ANDBis 1)
(a) Draw a logic circuit to match the given logic statement. Each logic gate used must have a

maximum of two inputs. Do not attempt to simplify the logic statement.

6]
(b) Complete the truth table for the given | ment. [4]

Q Working space X

1

= Al OeO
—_
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Q 23) Winter 2019 P13
4 A factory that manufactures cleaning products has a system that monitors conditions throughout

the manufacturing process. The inputs to the system are:

Input Binary value | Condition
A 1 pH>7
0 pH<=7
T 1 Temperature < 35°C
0 Temperature > = 35°C
p 1 Pressure > = 80%
0 Pressure < 80% 0

(a) The system will sound an alarm (X) when certain conditions are detéct

The alarm will sound when: P
The pressure > = 80% and the temperatur( C
or
* The temperature < 35°C an >7
Draw a logic circuit to represent the alarm system in ctory. Each logic gate must have a

maximum of two inputs. ( [4]

Q°Q

(b) Complet he given logic problem. [4]

—

Working space X

= Al Al Al O Ol ol o
-~ ol o] o] =~ =~ ol ©
S O A O = O —
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Q 24) Winter 2019 P12
8 Consider the logic circuit:

A

C—d

(b) Complete the truth table for the given logic circuit.
A |B |C Workin

0
1
0
1 o
0
1

| | & o o] ofl o ©
= Al O O] = af O O
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Q 25) March 20 P12
6 (a) Complete the truth table for the given logic circuit.

Do not attempt to simplify the logic circuit.

Worki

a
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(b) A water control system uses a switch and two pressure sensors.

The outputs of the switch and sensors are shown in the table.

Sensor or Switch Output of 1 | Output of 0
Switch (S1) On Off
Pressure Sensor (P1) >=3 <3
Pressure Sensor (P2) >=3 <3

Create a logic circuit that will produce an output (X) of 1 when:
The switch S1 is on
and
either P1 is less than 3 or P2 is less than 3, but not both. e

All logic gates used must have a maximum of two inputs. E Q [4]

L/

Q”Q@
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Q 26) Summer 20 P12
4 (a) Identify the name and draw the single logic gate that can replace the given logic circuits.

(@

A—
X
B —
Name of gate: .........oovvvviiiiiiiniininnnn, Drawing of gate: [2]
(ii)
A
X
B
Nameof gate: .........oooveiiiiiiiiiin, Drawing of gate: PN é a [2]

(b) Complete the truth table for the given logic statement:

X = (((A OR C) AND (NOT A A}%& XOR B)
Cce

Wor
A B C 0 X
0 0 0
0 0 1
0 1 0
0 1 1
1 0
1 0
1
oy
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Q 27) 15a Summer 20 P11

2 Consider the logic statement:
X =(((ANAND B) OR (B XOR C)) AND NOT C)

(a) Draw a logic circuit to match the given logic statement.
All logic gates must have a maximum of two inputs. Do not attempt to simplify the logic statement. [5]

(b) Complete the truth table to represent the given logic state > : [4]
Wo% ce

'—"—"—"—‘OOOO}
'—"—‘OO'—"—‘OOW
— o= o= A

35
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Q 28) Winter 20 P12

4 Consider the logic statement:
X =(((ANAND B) NOR (B AND C)) OR C)
(a) Draw a logic circuit to match the given logic statement.

All logic gates must have a maximum of two inputs. Do not attempt to simplify the logic statement. [4]

E (4]

(b) Complete the truth table for the given logic sta

A B C orking space X
0 0

0
0
0
0
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Q 29) Winter 20 P13

10 Consider the following logic statement:

X =((BAND NOT A) XOR (A OR C))

(a) Draw a logic circuit to match the given logic statement.

All logic gates must have a maximum of two inputs. Do not attempt to simplify the logic statement. [4]

Cl

L/

(b) Complete the truth table for the given logic statement. ‘ [4]
Al Bl C Working X
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
Q 30) March 20 P12
5 Computers use logic
i roduces each truth table. [3]

Logic gate
Output
0 0 1
0 1 1
1 0 1
1 1 0
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A B Output

0 0 0

0 1 1

1 0 1

1 1 ]

A B Output

0 0 1

0 1 0 e

1 0 0 é
L/

1 1 0 N

aeroplane above the ground, whether
lane.
Condition
Height is less than 500 metres
eight is greater than or equal to 500 metres
Aeroplane is ascending or in level flight
Aeroplane is descending
Speed is less than or equal to 470 knots
Speed is greater than 470 knots

(b) An aeroplane has a warning system that monitors the hei
the aeroplane is ascending or descending, and the speed of't
Input Binary val

Height (H)

Ascending or Descending (A)

Speed (S)

The warning system will output of 1 that will sound an alarm (W) when either of these condition

s apply:
P s than 500 metres and the aeroplane is descending
L ” Or
* T lane is descending and speed is greater than 470 knots

Draw a logic circuit to represent the warning system. [5]



Q 1) Summer 2015 P11
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Marking Scheme

3 ()
Working
A B [+ X
0 [} 0 4
0 ) 1 u
0 1 0 ’
0 1 1 o
1 [) 0 &
1 ) 1 1 e
1 1 0 1
1 1 1 1
{5) 1 muark per dotied section
L/ i >

(c) Xis

1if:

(Ais 1

Qis OR Cis NOT 1)

accept equivalent ways of writing this:

eg.

(AORB)

eg. (AORB=1)

eqg. (A+B) (B+C)

AND (B OR NOT C=1)

AND (B ORNOT C)
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Q 2) Summer 2015 P12

| Page 7 | Mark Scheme | Syllabus | Paper |
| Cambridge O Level — May/June 2015 | 2210 | 12

6 (a) 1 mark per comrect logic gate, correctly connected

[T
-

R :
D— bqe,

(b)

G [ L Worksp. l X
0 0 | 0
0 0 0 ] 1 mark
1
0 ] 1 mark
1
1 ] 1 mark
1
0 ] 1 mark
[4]

1 mark for correctly completed truth table

A B C
0 0 0
0 1 1
1 0 1
1 1 0
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Mark Scheme

| Pages |
[ |

Cambridge O Level — May/June 2016

| Syllabus | Paper }

[ 2210

[ 11

5 (a) 1 mark for each correct gate, with correct source of input(s)

—>—

:)_

(b)

“|l_alalalo|o o]0

- | |oo|m|lwm|o|jo|®w

O|a|lalaolal aolo|x

(6]

[4]
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Q 7) Summer 2016 P12

[ Page 6 | Mark Schi [Syllabus | Paper |
| | Cambridge IGCSE — May/June 2016 | o478 | 12
7 (a)

A B c Working space X

0 0 0 0

0 0 1 1

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1 0

4 marks for 8 correct X bits
3 marks for 8 correct X bits
2 marks for 4 correct X bits
1 mark for 2 correct X bits

[ Page 7 | Mark Scheme
| [ Cambridge IGCSE — May/June 2016

(b) 1 mark for each correct gate with correct source of input

A

15]
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Q 8) Winter 2016 P12

[ Page 6 | Mark Sch [Syllabus [ Paper |
| | Cambridge IGCSE — October/N ber 2016 | oar8 | 12 |
7 (&) (i) 2 marks for 4 correct outputs,
1 mark for 2 correct outputs
1 mark for correct gate
A B Working space | X
[ [} o
[ 1 o
1 [} o
1 1 1
AND gate
3]
(ii) 2 marks for 4 correct outputs
1 mark for 2 correct outputs
1 mark for correct gate
A B Working space | X ’
o [} 0 \
] 1 1
1 ]
1 1

(ii) 4 marks for 8 correct outputs
3 marks for 6 correct outputs
2 marks for 4 correct outputs
1 mark for 2 correct outputs

A B c Working space X
[ [} 1] 0
[ [} 1 1
[ 1 [} 0
[ 1 1 0
1 [} [} 0
1 0 1 1
1 1 o 1
1 1 1 1
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Q 9) Winter 2016 P11& 13

Page 5 Mark Scheme Syllabus | Paper
Cambridge IGCSE - October/November 2016 0478 13

5 (a) 1 mark per correct section.

18]
(b) 4 marks for 8 correct values
3 marks for 6 correct values

2 marks for 4 correct values
1 mark for 2 correct values

B c Working space X 0

o|lo|lo|o|r
Q| Qo
- 2
oo

1 [1]
1 1
1 0 0
1 0 1 1
1 1 0 1
1 1 1 0
141
Q 10) March 2017 India
Question nswer Marks
2 1 mark for each correctl e to a maximum of 4. 4
Logic Name
AND
LY 2 NOT
L 24 ;‘>
»

NOR

=
>~

NAND




PAGE 323

Question

Answer

Marks

14(a)

1 mark for each correct indicated area.

et |

A

r
I
!
!
L

L L l
This is one example, many others exist.

Alternative example

Question

a Answer

Marks

14(b)

—_

4 marks for 8 correc|
3 marks for 6 i
2 marksfor

=3
=,
7

wlwala]la|lo|lo|o|o|Dd

wlwalo|lo|lwalalo|lo|l

wlolx|lo|x|oa|Oo|O
o|lo|lo|=|=|lo|lo|o|X
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Question Answer Marks
10(a) 1 mark for four correct outputs only 1
A B QOutput
0 0 1
0 1 0
1 0 0
1 1 0
10(b) 1 mark for each correct section of the statement 3
« (AANDB)
= AND
« (C OR NOT B)
Q 12) Summer 2017 P12
Question Answer Marks
10(a) 1 mark for each correct gate, with the correct input(s) & 4
""" X
10(b) 4

1
1
1
1

wlwlolo|w(w|o|o|m

w(lolw|(lo|la|lo(a|o|lO
= =mlo|lo|l0la|lo|lo| X

4 marks for 8 correct outputs
3 marks for 6 or 7 correct outputs
2 marks for 4 or 5 correct outputs
1 mark for 2 or 3 correct outputs
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Q 13) Winter 2017 P12

i 1 mark for each correct logic gate with the correct input(s)
] D_L
° DI
c J—I>%

Q 14) Winter 2017 P13

Question Answer Marks
5(a) 1 mark for each correct logic gate 4
A
B
C
Question nswer Marks
5(b) 1 mark for correct logic gate symbol: Q 5
Any four from:
—  similar to
- th inputs are different
— ither input is high
oth inputs are high
P — both inputs are low
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Q 15) March 2018 P12 (India)

Question Answer Marks
T(a) 4 marks for 8 correct outputs 4
3 marks for 6 correct outputs
2 marks for 4 correct outputs
1 mark for 2 correct outputs
A B C X
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0
g 0 1 1
1 1 0 1
1 1 1 1
T(b) 1 mark per gate in correct location 6
A DT qz
Question Answer Marks
7(c) 4 marks for 8 correct outputs 4
3 marks for 6 correct outputs
2 marks for 4 correct outputs
1 mark for 2 correct outputs
A B C X
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0
1 0 1
1 1
1 1
Q 16) Summer 2018
E——
Questi& Answer Marks
6(a) ic gate (with the correct direction of input(s)) 6

COMPUTER SCIENCE WITH INQILAB PATEL
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Question Answer Marks

6(b) 4 marks for 8 correct outputs 4
3 marks for 6 or 7 correct outputs
2 marks for 4 or 5 correct outputs
1 mark for 2 or 3 correct outputs

>

Working space

alala|la|lo|lole|o
== lolOo|= | =lclo|@
alo|a|lolalola|o|n
A A alo|alalalalx

Q 17) Summer 2018 P12

7(a) 1 mark for each correct logic gate with correct direct of input(s): 6

A N

7(b) 4 marks for 8 correct outputs 4
3 marks for 6 or 7 correct outputs
2 marks for 4 or 5 correct outputs
1 mark for 2 or 3 correct outputs

A|B|C Working space X
0 0 0 1
] 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
| 1 0 0
1 1 1 0
Q 18) Winter 2018 P1
Question "? Answer Marks
Qo
3 gate, with correct inputs. 5
T X
P




Q 19) Winter 2018 P13
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Question Answer Marks
10(a) 4 marks for 8 correct outputs 4
3 marks for 6 or 7 correct outputs
2 marks for 4 or 5 correct outputs
1 mark for 2 or 3 correct outputs
B C
o 0
o 1
1 0
1 1
o 0
o 1
1 0
1 1
Question Answer Marks
10(b) 1 mark per correct gate with correct inputs. 6

A

Q 20) March 2019 P12

5(a)

1 mark for each correct |
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5(b)

4 marks for 8 correct outputs
3 marks for 6/7 correct outputs
2 marks for 4/5 correct outputs
1 mark for 2/3 correct outputs

A B [ Working space X
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

Q 21) Summer 2019 P11

2(a)

1 mark for correct name, 1 mark for correct gate symbol

- AND

D

2(b)

1 mark for correct name, 1 mark for correct gate symbol

- NOR

)

2(c)

1 mark for correct name, 1 mark for corred

— NAND 0

Q 22) Summer0

""

®

8(a)

1 mark per each corr gic gate, with correct input(s)

A —




PAGE 330

8(b) 4 marks for 8 correct outputs 4
3 marks for 6/7 correct outputs
2 marks for 4/5 correct outputs
1 mark for 2/3 correct outputs
A B c Working space X
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1
Q 23) Winter 2019 P13
2210/13 Cambridge O Level — Mark Scheme /November 2019
PUBLISHED
Question Answer Marks
4(a) One mark for each correct logic gate with correct input(s) \ 4
A
T X
P
221013 O Level — Mark Scheme October/November 2019
PUBLISHED
Question Answer Marks
4(b) Four mark for 8 correg 4
Three marks for 6 or/
Two mark for 4 or
One mark for 2 or,
Working space X
g2 0
1
0
1 1 0
0 0 0
0 1 1
1 0 1
1 1 1
4(c) Six from: 6
« Sensor sends a signal/reading/data to the microprocessor
® Signalfreading/data is analogue and is converted to digital using ADC
= Reading/data is stored in the system
o Microprocessor compares data/reading to the pre-set value of 7
® If value is greaterthan 7 ...
® ... asignal/data is sent by the microprocessor to display a warning message on a monitor
® The process is continuous
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Q 24) Winter 2019 P12

Question Answer Marks
8(a) = X=1f{Ais1XORCis 1)OR (Bis 1 MAND Cis NOT 1) 3
= X=(AXORC)OR (B MAND MNOTC)
One mark for each bullet:
= [AXORC)
= OR
= (B MAND NOTC)
2210M2 Cambridge O Level — Mark Scheme OetoberMovember 2019
PUBLISHED
Guestion Answer Marks
B{b) Four marks for 8 correct outputs 4
Three marks for & or 7 correct outputs
Two marks for 4 or 5 comect cutputs
One mark for 2 or 3 correct outputs
A B C Working space X e
o o a 1
o o 1 1
] 1 i} 0
o 1 1 1
1 o i} 1
1 o 1 1
1 1 i}
1 1 1
Q 25) March 20 P12
04ranz E — Mark Scheme March 2020
BLISHED
Question Answer Mark
Bia) 4

Working space

4 marks for 8 comrect outputs
3 marks for 6/7 comect outputs
2 marks for 4/5 comect outputs
1 mark for 2/3 comrect outputs
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047812 Cambridge IGCSE — Mark Scheme March 2020
PUBLISHED
Question Answer Mark
B(b) 1 mark for each correct logic gate: 4
21
Pl — x
[ = J—
NOTE: Can also award 4 marks to a circuit that shows X = (P1 XOR P2) AND (51)
Q 26) Summer 20 P12
Question Answer Marks
A(a)i) = NAND 2
ol (
r—
4(a){ii) = HNOR 2
221012 Cambrid Mark Scheme MayiJune 2020
LISHED
Question Answer Marks
4(b 4
®) Working space

.l
A

1

1

4 marks for 8 comrect outputs

3 marks for 6 or 7 comect outputs
2 marks for 4 or 5 commect outputs
1 mark for 2 or 3 correct outputs




Q 27) 15a Summer 20 P11
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2(a)
A
B — X
c Dc
1 mark for each correct gate.
2(b)

Working space

4 marks for 8 correct outputs

3 marks for 8 or T correct outputs
2 marks for 4 or 5 correct cutputs
1 mark for 2 or 3 correct outputs

Q 28) Winter 20 P12

4(a)

One mark for each correct logic gate with

A

B —
oo
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4(b) Four marks for 8 comrect outputs
Three marks for 6/7 comect outputs
Two marks for 4/5 comect outpuis
One mark for 2/3 correct outputs

A B C Working space
0 0 0
1] 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Q 29) Winter 20 P13

10(a) 0One mark for each correct logic gate with the correct input:

A

o D

10(b) Four marks for 8 col
Three marks for /7 co
Two marks for 4/5 c

& b? Working space
R

o | oY

0 0 1

] 1 0

] 1 1

1 0 0

1 0 1

1 1 0

1 1 1
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Q 30) March 20 P12

S(a) Truth table LR
A B Output | | NAND -
0 1
0 1 1
1 0 1
1 1 0
A B Output XOR / Exclusive OR (1]
0 0 0
0 1 1
1 0 1
1 1 0 Py
A B Output NOR o -
0 0 1
0 1 0 ‘6 ‘
1 0 0 0
1 1 0

correct inputs

-

5(b) One mark for each logi

=
-

- NOTA

- NOTS

- HAND NOTA

- NOTAANDNOTS
— Final OR




