National 5 Question Paper 2026 Candidate Evidence

Candidate 1 evidence

SECTION 1 — 20 marks
Attempt ALL questions

1. The symbol for a 5/2 valve is shown.

__|>_..1\ vy Zr__<]__
VOV

Complete the table below by naming the air type symbols shown on the valve. 3
Air type symbol Name of air type
® (snnector
<7 Exhaus+
=i P lot air
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2. A drone is shown.

The drone has a mass of 1.2 kg and travels at 15 ms™".
Calculate the kinetic energy of the drone. 2

Ee=% mu

Ekt_-fz;_xi.Zx 4167

Eic = 228N

——
—-—_'_-_——._
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3. Adcircuit diagram is shown.

\
120 kQ

——p

(a) State the name given to the arrangement of the components connected in the
circuit. 1

Series

(b) Draw, on the circuit diagram shown above, the symbol for a voltmeter
connected to measure the supply voltage. 2

During testing the LED did not light when the switch was pressed.

(c) Describe why the LED did not light. 1
Because Here s not enough wdhoge Yo  suoply
Mo LED wide power,
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260 N 120N

vy

4. Anincomplete free body diagram of a beam in equilibrium is shown.

270N

(a) Calculate the reaction force R,.

(260x 270)( RA X 120)
F0200 = 42606

% 420

FAL® 50200
% =N

diagram.

(b) State one other piece of information that should be included on the free body

Lene}hs [Measurements.
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5. Alogic diagram is shown. Ok
+
B z
cO
Complete the Boolean equation for output Z in terms of inputs A, B and C. 3

Z= (§+A)(C'A)

6. A piece of metal is tested by applying a large force along its length.

(a) State what happens to the length of the metal when it is in tension. 1
(b) State what happens to the length of the metal when it is in compression. 1

ﬁ Fredrvdes 1+ gets flodaad
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7. A hand blender is shown.

motorised cutter

An incorrect system diagram for the hand blender is shown below.

——» motor
user input <«=——  hand blender
— light

(a) Describe two errors that were made when completing the system diagram. 2

Error1__Jkere 15 No outpud for He cutting poctog
He notor muovag,

Error2_ Jhexe S N0 @ wpud for o LED -h_;rnln% ©n

The hand blender operates without the use of feedback.

(b) State the type of control used in the hand blender. 1
Fixed Loop Gontrol

Qualifications Scotland | www.understandingstandards.org.uk 6 of 87
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SECTION 2 — 90 marks
Attempt ALL questions

8. A battery powered robot used to deliver shopping to customers is shown.

~

cameras
' ’/Q/// storage compartment

motorised wheels

Sensors

Different engineering branches were involved in the development of the robot.

(@ (i) Describe a task an electronic engineer would have completed in the
development of the robot. 1

TLL Gt (1.25‘{9/\ of Ho mbot,

(ii) Describe a task an electrical engineer would have completed in the 1
development of the robot. 1
‘Lg g,,{,q'es ot e Circaa t and  He aedhanics
oL e woloot,
(b) Explain a social impact of using the robot to deliver shopping. 2

That i+ gets 4o ds doshraHon queker ond
want get Stude in Jreffic lie ofer diiery

o)r'a vess.,

Qualifications Scotland | www.understandingstandards.org.uk 7 of 87



National 5

Question Paper 2026

Candidate Evidence

8.

(continued)

The drive mechanism used in the movement of the delivery robot is shown.

gear B
32 tfeth gear C
input/(motor) === = ol (R
1920 revs min™ L]
i __: ) output (wheel)
gear A BT o ~ 120 revs min™'
_§_ teeth
gea_r D
64 teeth | )
(c) State the name of this drive mechanism.

Compound Gear Traun

(d) Calculate the number of teeth on gear C.

-
-

Tnput Speed K Tnpuk Size =oukputSpeed ¥ Oukpuk Size.

19210 x 8 = ge,a.r‘c % X A20

4920 x8 :—_M A6 xdze
A5360 = A92.0

15360
i S
4220

—
-—

= R “eeta

soL
<60

Aq20O

120

\

pe———
———
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8. (continued)

A range of materials considered for the gears in the drive mechanism is shown in
the table below.

Material Strength Self-lubricating
A low yes
B low no
C high yes
D high no

Material C was chosen for the gears.
(e) Describe an advantage of using a material for the robot gears that is:
(i) highstrength___ ™Weans Hued *+ wont Yoreale cumd 1
40_\4_\&_01\-\— haize 40 waste Monay bu-l-éil\g

Wew parts:

(i) self-lubricating. M ans Yot you wont have 46 1

{ubricade it everylinee W begias 1o soumd

Aiflerent o lecome elrg.
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support frame

9. Aslingshot ride in a fairground is shown.

development of the slingshot ride.

1._ 1€ flo twe beams con willstand e we ght

(a) Describe two tasks a structural engineer would have undertaken during the

bungee cord

cage

bun

experienced.

cords,

At the start of the slingshot ride a bungee cord is stretched by 6.2 m before it is
released.

(b) Calculate the original length of the bungee cord when a strain of 0.17 is

£= AL

o177
= 36.4705

=> 26.5wm
g
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9.

(continued)

The forces acting on the cage at the start of the slingshot ride are shown on the

scale diagram below.

F
N

I

scale 10 mm

300 N

(c) Complete, with reference to the scale diagram, the table shown below for the

forces acting on the cage. 2
Force F; F, F3
Magnitude 2460 N 2400 N| 3000 N
Qualifications Scotland | www.understandingstandards.org.uk 11 of 87
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9. (continued)
During the ride the cage and riders have a potential energy of 110 kJ at a height of
43 m.
(d) Calculate the total mass of the cage and riders. 3
Ep=m S\r\ ™=
Ep =myx 140000 x 43 g = 410000
W= 43
= (730000
z 47 3 Eﬁ
At its highest point, the slingshot ride has an output energy of 140 kJ.
(e) Calculate the input energy if the slingshot ride is 0.32 (32%) efficient. 3
-n. — Ereguowt  Ffowerouwt
Enegy Tn ” PwerTa
= 140Ky ¥ 0.32
z 4 LEOOD
—————__.r——
—
m________
Qualifications Scotland | www.understandingstandards.org.uk 12 of 87
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10. A machine for making pancakes is shown.

pancakes

The machine is activated when a user places their hand in front of a sensor.
Part of the circuit used to activate the machine is shown below.

V.0

solenoid

ovo

Qualifications Scotland | www.understandingstandards.org.uk 13 of 87
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10. (continued)

(a) Describe the operation of the circuit shown on the opposite page. Make
reference to the light level, the resistance of the LDR, and the voltage V.. 5

When the user covers the LDR . . . Tle mochne, switChes on

causing Vin +6 send o signal ot trumsistor,

‘\'Lﬂ—“rwns?s*or sends He s?ewa\ 40 He solenoid

Yelling i+ Switdh o wadine 0on because ofte

0sexs input.
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10.

(c) Describe one alteration to the sensing circuit that would allow different

(continued)

The sensing circuit is shown below.

Vs

110 kQ

19kﬂi: 1.8V

Ovo ®

(b) Calculate the supply voltage (V).

v R1

— -

V? Ra

4.3V 440

—_— =
49

Ve

18 %140

—

49

i

40.424
105V

—_—

1

operating light levels to be set.

L\ OV WA/ 7z

set W, light levpl dosiced
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10. (continued)

A motorised conveyor belt used to move the pancakes through the machine is
shown.

pancake gearbox

drive wheel

(d) Describe two tasks a mechanical engineer would complete during the
development of the motorised conveyor belt.

1. That He gears in He geow box tum ~nd

Alere are no problem s witu it

2.__Ensuring Yot canveyor belt YTUNS Sniooihley
and fleve is noting in Ho wsay FO Stop d-.
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11. A television camera and crane are shown.

ey

i
......
S -

camera

counterbalance

A simplified free body diagram for the camera and crane is shown below.

!

E 780 N 1500 N
1.8m 1.8m 1.2m

i L'ir

|
)
A

(a) State the name given to a group of forces that act on an object but do not
meet at a single point, such as is shown on the free body diagram. 1

(b) Calculate the force F by taking moments about point A. 3

Z CWM = =ACW,

(780 1.3)=(Fx 4500 x -8
72006 = A0k

7200

—_—

= A0+

> 54282 => 54N
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11. (continued)

A motorised levelling system ensures the camera is horizontal.

camera
movement

horizontal __
level

p— — w— —
N e e s Game  Gmmm  Gmmee cmmms e GmS s emam G e e Eem emm o= — — — |

level :

sensor i

|

e control output actual I

| horizontal —— : - PUS L motor p- 2CHU |
L unit driver level

| evel |

S o O LTI i B o et B Ty S s

(c) Complete the sub-system diagram by adding the system boundary. 1

(d) Describe, with reference to the sub-system diagram, the operation of the
levelling system. 4

The horizontal level is set . . . _T42 cantvol unit Hen Sends

He level set 40 Ho owdput drver whidh dums on

He motor to C\Aa-nge He level +HisHaen seds Ho

\CVQJ d W W W e leyel sensoy (+ Haen

rduvnsg +o Heo begiing and tells He contyol onit

40 seot He octual level e+t
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s

(continued)

The circuit diagram for the output driver and motor is shown.

50V0

signal from
control unit

ovo ¢

(e) Complete the circuit diagram shown above by adding the symbol for a diode
connected to protect the transistor.

Qualifications Scotland | www.understandingstandards.org.uk
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12. An electric toothbrush is shown.

The electric toothbrush is operated by a microcontroller.

Input and output connections to the microcontroller are shown in the table below.

Input connection Pin Output connection
5 LED
L motor
battery level sensor 5
(charged = 1)
start switch 1

pressed, the motor will be off.

return to the start.

* The sequence will then return to the start.

The electric toothbrush operates using the following sequence:
* When the start switch is pressed, the battery level sensor is checked. If it is not

* If the battery level is charged, the motor will turn on and the sequence will

= If the battery level is not charged, the LED will turn on for 0.5 seconds and off
for 0.4 seconds. This will repeat twenty times.

Qualifications Scotland | www.understandingstandards.org.uk
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12. (continued)
(a) Complete the flowchart for the sequence shown opposite, with reference to
the data booklet and input/output connections.
Include all pin numbers and the delay unit in your flowchart. 10
pin 4 off
—
Pin § on
Wait 0-Ssec
Wml 0. lﬁSec
Qualifications Scotland | www.understandingstandards.org.uk 21 of 87
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12.

(continued)

The motor and toothbrush head are shown below.

toothbrush head

(b) Complete the table below for the motion of thé ' motor and tootﬁl%rush head. *

Part Motion symbol Motion name
motor O An'l‘l - cleckwise
toothbrush head :| - U RQCI- P mcw{—ing
Part of the circuit for the LED is shown.
7 3300

signal from N I -
2 G¥

microcontroller

(c) Calculate the voltage across the 330 (1 resistor when the current flowing

Qualific

through the LED is 11 mA. 2
V=A% N=7
v = 0.041 x 330 j__ - 0.011A
: R= 0
- 3.3
=2 3.63VY
(d) Describe an economic impact, apart from the initial cost, of using an electric
toothbrush. 1
+ ‘damoae wildli w it | dooHa
Wit an elechic one you @ Chamge He head of He
brush,
22 of 87
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13. An air source heat pump used to replace a gas boiler for heating a home is shown.

The air source heat pump takes heat from the outside air, which is then used to
warm the home. Installing the air source heat pump will have an impact on climate
change.

(@) Explain what this impact will be. 2

Tnstead: of 3,’5:“3 bolers Hot beat wodker with

gases 3 ' ssil

; " + sall
PrduUce evough o cu- to bhaoch Your ko .
The air source heat pump sits on four supports.

(b) Calculate the cross-sectional area of one support if a stress of 14 N mm~2 acts
on it when a force of 220 N is applied. 3

220N
?

0‘:]:

L

>|

o
F
A:-.

a4 = 229

=? 45._ 344
=> 45. FNw™?
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13. (continued)

Part of a circuit used in the air source heat pump is shown.

43 k()
| IN—— |
Ra 51 kQ
S T w»—F%(
24 kO *
e ———
B2
(c) Calculate the total resistance of the circuit shown above. 3
Ra R2
b SR
R (RL+R2)
3X
R{: = _..l!'.._’];["._..
L% U
RE= 154
*

(d) (i) Calculate the current flowing through the 51 kQ resistor when 48 V was
measured across it. 3

X =7
V.‘IR ?/:: I;_‘SV
T=VE R = 51000

T= L8 *x51000

:w

(ii) Indicate, with a cross (X) on the circuit shown above, where an ammeter
would be connected to measure the current flowing through the 51 kQ
resistor. 1

Qualifications Scotland | www.understandingstandards.org.uk 24 of 87
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13. (continued)
The air source heat pump is operated by a microcontroller.

(e) Describe two advantages of using a microcontroller compared to a hard-wired
electronic circuit in the operation of the air source heat pump. 2

1. To £ind any foutk and problems with {lo vEitges

~

i!" l‘+ ) L 1

2. _1£ Heves oamy problems you Gese can Change
any of He parts ot anutive hercas Yo cant with
i+ all being wired wp.
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14. Pneumatics is used in part of a food production factory.
An incomplete pneumatic circuit is shown below.

(@ () Complete the piping of the pneumatic circuit to instroke the piston in
the cylinder when valve (1) or when valve (2) is actuated.

The piston will outstroke when valve @ is actuated. 5

© 94

#ALL/
|
:
[

I

air bleed T\ Z

sy B
@®

Og
<H

(i) State the name of the actuator that is operated by the signal from the air
bleed. 1

Double Ac{-{ng C&\ wder

Qualifications Scotland | www.understandingstandards.org.uk 26 of 87
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14. (continued)

The pist%n in the cylinder has a cross sectional area of 420 mm? and instrokes with
a force of 65 N.

(b) Calculate the air pressure supplied to instroke the piston. 2

P:_E P-—-?

/ A B L MO

§ P=. &2 V7

420 F=65N
A= [ 20mam

pP= 0.15L7S
e O.Mi

During production a piston moves food a distance of 0.18 m with a force of 34 N.

(c) Calculate the work done by the piston. 2
Ew=TFd

Ew =84 Nx0.13%

F = ?>L}N
D= 0.48m

Ew=6.42T

Qualifications Scotland | www.understandingstandards.org.uk 27 of 87
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14. (continued)

A different part of the food production process is controlled electronically. A logic
diagram used in part of the control is shown.

AO———| AND pa= O
so—
cCoO

(d) Complete the truth table, shown below, for this logic diagram.

A B C D E z
0 0 o | A1 O
0 0 1 0@ o
0 1 0 1 | 0O
0 1 1 0 Q
1 0 0 1 19,
1 0 1 0 0
1 1 o (4 |1
1 1 1 0 1

[END OF QUESTION PAPER]
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Candidate Evidence

SECTION 1 — 20 marks
Attempt ALL questions

1. The symbol for a 5/2 valve is shown.

1]

Vs

VOV

Complete the table below by naming the air type symbols shown on the valve. 3
Air type symbol Name of air type
é CTenes enil
v (O("’(]CZ'?S‘W( on @
= D = P] f()* ¢
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2. Adrone is shown.

The drone has a mass of 1.2 kg and travels at 15 ms™'.

Calculate the kinetic energy of the drone. 2
E - %z v
s =
— <

P o 8
J ~
¢
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3. Adircuit diagram is shown.

120 kQ \\|/1
L =

(@) State the name given to the arrangement of the components connected in the
circuit. 1

i PO\(LL' \L'd\

(b) Draw, on the circuit diagram shown above, the symbol for a voltmeter
connected to measure the supply voltage. 2

During testing the LED did not light when the switch was pressed.

(c) Describe why the LED did not light. 1

TLL (?5\;)\(& i  prcal -L/J él éa-/;g(g
. Yy (2D
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4. Anincomplete free body diagram of a beam in equilibrium is shown.

260 N 120N

PV VoG G
| !

270N R,

(a) Calculate the reaction force R,.

«7QOyHO}Q170»pA)

4\ 200 < 270 €A
TRA

S5 o

P A . lgo N

(b) State one other piece of information that should be included on the free body
diagram.

((/(C/L YO A

Qualifications Scotland | www.understandingstandards.org.uk
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5. Alogic diagram is shown.
AQO
B Z
coO
< Complete the Boolean equation for output Z in terms of inputs A, B and C. 3
z-_ (A5 )+ ¢
6. A piece of metal is tested by applying a large force along its length.
(a) State what happens to the length of the metal when it is in tension. 1
H’ SL(ZL"([/\A/\ /"}Ca l—\ /Ooa,/)
N P
(b) State what happens to the length of the metal when it is in compression. 1
]
Hl S)‘Vc.w‘lﬁv\ (fi{ !’3 ﬂ(}".’/‘\ M/v/)
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7. A hand blender is shown.

motorised cutter

An incorrect system diagram for the hand blender is shown below.

—— Motor
user input <«——  hand blender
—— light

(a) Describe two errors that were made when completing the system diagram. 2
Error 1 _( 2z¢ “\F(J O (Ut \Jhm/ﬂ /24 e {(_A( [/iﬂj CiterA
Se ACvan/ de L(/P é?ov
Error2 __{2ac l(“’ﬁ:v; N j/:;./ éz gw/‘j(’k
The hand blender operates without the use of feedback.
(b) State the type of control used in the hand blender. 1
CPHe~ /ch /&Jrof
v U 1
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SECTION 2 — 90 marks
Attempt ALL questions

8. A battery powered robot used to deliver shopping to customers is shown.

-

cameras
‘ ‘/Q/,,/ storage compartment

motorised wheels

sensors

Different engineering branches were involved in the development of the robot.

(@ (i) Describe a task an electronic engineer would have completed in the
development of the robot. 1

I 1 /51 ot /((Jgg,/f/:ﬁ’/ /'LM e D

(ii) Describe a task an electrical engineer would have completed in the

development of the robot. 1
Lo ] ot (/C‘LVC}??/“ -/Z/L( /7//7//;/.u-3 A
e
(b) Explain a social impact of using the robot to deliver shopping. 2
£ ! v\
)0) e jﬂ'/d 2 /A }7A O!?th/./
i/ L 7

A X’ \ Lo ﬁalby Lot Qa2
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8. (continued)

gear B
B2 t_eeth gear C
nput motor) —He=e=—==1= =
1920 revs min™ |
= :— output (wheel)
gear A Wi [ 120 revs min™
8 teeth
gear D
64 teeth \

The drive mechanism used in the movement of the delivery robot is shown.

(c) State the name of this drive mechanism. 1
(opgnu o Jeac o,
(d) Calculate the number of teeth on gear C. 4
M ‘
=N
leyoud 3&%@&10@1 dze = Owgfﬂ»"* 5/44/ Cu//V'} DI
1970 & = oS
:
’ S_’:j(:, O -, O(/‘ ,/‘ijn‘—/
/’_)—Z
)70 _\,‘GL( = J 67\\/
@ﬂ% E=m2 =0
\L__“—/
( =
(are C gg“’u“
~
“NT -‘—od\%\‘\ \
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8.

| el

(continued)

A range of materials considered for the gears in the drive mechanism is shown in
the table below.

Material Strength Self-lubricating
A low yes
B low no
C high yes
D high no

Material C was chosen for the gears.
(e) Describe an advantage of using a material for the robot gears that is:
(i) high strength /'I’\ ) s U«r’u Lyill ﬂ/’l 1
Vreds A f/L; cad  Int u /(/(‘j; f o

Gi) self-lubricating. ]/L\O LU o Ul 4. 1

e g v

oo Ha Zlfv._:/\\ L Il ‘r‘rCLA__x /h:«.j (fi(}[‘ o
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9. A slingshot ride in a fairground is shown.

support frame

bungee cord

cage

(a) Describe two tasks a structural engineer would have undertaken during the
development of the slingshot ride. 2

1.TO et I [L“(, Shacbc ok I

jmou.,zl é&/‘u/ W Sl(‘vrj' ﬁn( W{'ol;?f(

LTJUyW L £ %P G- ffrs  Ocline

A cvé 5\f "’f\j 4
At the start of the slingshot ride a bungee cord is stretched by 6.2 m before it is
released.

(b) Calculate the original length of the bungee cord when a strain of 0.17 is
experienced. 3

AL
83
o7 54l
S
O |7~ C,\Z'Jdc

Qe < oSk
< |1
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9.

(continued)

The forces acting on the cage at the start of the slingshot ride are shown on the
scale diagram below.

2T

scale 10 mm =300 N

(c) Complete, with reference to the scale diagram, the table shown below for the

forces acting on the cage. 2
Force F, F, F3
Magnitude 2460 N 7. 3oL 21 50N
Qualifications Scotland | www.understandingstandards.org.uk 39 of 87
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9. (continued)
During the ride the cage and riders have a potential energy of 110 kJ at a height of
43 m.
(d) Calculate the total mass of the cage and riders. 3
£ L
p =7
j T |
“O - N\L?.ff‘x(fr D
o = 4 thhe
10000 . rm
G Yy
7 <26L03LG -
~ TG 0q
At its highest point, the slingshot ride has an output energy of 140 kJ.
(e) Calculate the input energy if the slingshot ride is 0.32 (32%) efficient. 3
— v ; i 'S
C LT~ O OO L C 3 ‘ - C
\ E T il
v E! o
f{n (/{ L( . 5)
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10. A machine for making pancakes is shown.

The machine is activated when a user places their hand in front of a sensor.
Part of the circuit used to activate the machine is shown below.

V,0—¢

R, solenoid

0OvVo &
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10. (continued)

(a) Describe the operation of the circuit shown on the opposite page. Make
reference to the light level, the resistance of the LDR, and the voltage V;,. 5

When the user covers the LDR .

H’“{ m V a Al serec)

>A: & //L/Lt, {Vn/ /1/"\ ) 1/'{"‘-(\‘ /1(\1{? TIA}A;[\ )
A 1 7’(/k \forw»//J // (B7 ek
<y Z::m/lév{i- /J LA/I// /(/_(/\ /'\

\J-I—’\-/l' %"7 ¥ 4 "/P
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10. (continued)

The sensing circuit is shown below.

Vic—+

i 4

110 kQ

Ut
1.8V

{4
19 kn::

OvVo =

(b) Calculate the supply voltage (V,).

VA
V1

2,
2
11O

\ _—

%
r— 17
I-%

-

-
-

| Grit = 1110

) 96
faly LN L L v

{9 =
vV =
= |bav

!

(c) Describe one alteration to the sensing circuit that would allow different
operating light levels to be set.

{4 \
o A {'ro oMU
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10. (continued)

A motorised conveyor belt used to move the pancakes through the machine is
shown.

pancake gearbox

conveyor belt

drive wheel

(d) Describe two tasks a mechanical engineer would complete during the
development of the motorised conveyor belt. 2

Ot o R RS Hedlop [

C;r’ﬁpr ” bU\L

/

2. _tlae oy [aa’w S //Qw”%/) Hon
[/{(J;’M\’ /L'Tﬁg\

Y
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11. Atelevision camera and crane are shown.

camera

counterbalance

A simplified free body diagram for the camera and crane is shown below.

F 780 N 1500 N
1.8 m 1.8 m 1.2 m

Y T Y
X

A

(@) State the name given to a group of forces that act on an object but do not
meet at a single point, such as is shown on the free body diagram. 1

CoCt R SHen

(b) Calculate the force F by taking moments about point A. 3
Q CWP’\ — £ ACWA

Grne
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115

(continued)

A motorised levelling system ensures the camera is horizontal.

camera
movement

horizontal
level

An incomplete sub-system diagram for the levelling system is shown below.

W o AN N “"'-"'\-"\

(c) Complete the sub-system diagram by adding the system boundary.

(d) Describe, with reference to the sub-system diagram, the operation of the
levelling system.

= ~ -~ ~ L
= 7
*y
; level o ;
sensor .
4
\
t \
se J |
horizontal —» ey O R W motor 3 actial
unit driver level
level > ;
. . x S, N e i L ~ - A -3

The horizontal level is set . . . &r-/ N 5»(0“ é_v

o0 el I &

(C/f\}l,{_l‘_ Lo '-'L ’[/A 2 Q) /f’f"z,ﬁ““") Af AZCO ‘{m l; /ﬂ/‘G/

i

[YA/J'IL el L :

flees e Sk, tlw "Bl ) Laug) Lot

é/ L{ff'ﬁ[ bfﬂ\r.‘ /./Ab(ﬁ %J\ ﬁ/fr‘-L/

&,

ll é/{/{;j fe Ql‘s‘-(‘ru-i "/A/m/'J
“L( ek bry e 4 z,,//

_,(’/ 0l -/" /1 éﬂ/Ct"*\L‘
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11. (continued)

The circuit diagram for the output driver and motor is shown.

50V0 12V

. a
1 1
| 1
1 _—
1 1
1 T 1
[ I ——— -

signal from
control unit

ovo b

(e) Complete the circuit diagram shown above by adding the symbol for a diode
connected to protect the transistor. 3
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12. An electric toothbrush is shown.

The electric toothbrush is operated by a microcontroller.
Input and output connections to the microcontroller are shown in the table below.

Input connection Pin Output connection
5 LED
4 motor
battery level sensor 2
(charged = 1)
start switch 1

pressed, the motor will be off.

return to the start.

« The sequence will then return to the start.

The electric toothbrush operates using the following sequence:
* When the start switch is pressed, the battery level sensor is checked. If it is not

* If the battery level is charged, the motor will turn on and the sequence will

* If the battery level is not charged, the LED will turn on for 0.5 seconds and off
for 0.4 seconds. This will repeat twenty times.
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12. (continued)

(a) Complete the flowchart for the sequence shown opposite, with reference to
the data booklet and input/output connections.

Include all pin numbers and the delay unit in your flowchart. 10

“ start

\ }\
\
AN \
J Pie X
|\ SN no
| g ‘ \
“ yes
\| 0 ~
- [
o GO { | /\ /
\ \ L/&A, 73 ‘3’ [ t
\ |
\ .

Gt el bandt
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12. (continued)
The motor and toothbrush head are shown below.
toothbrush head
(b) Complete the table below for the motion of the motor and toothbrush head. 2
Part Motion symbol Motion name
motor O o bex j
toothbrush head U clo | 7\
Part of the circuit for the LED is shown.
. o 330 0
signal from R ——1—oovV
microcontroller L1

(c) Calculate the voltage across the 330 Q resistor when the current flowing

through the LED is 11 mA. 2

V= R
V< 530\
2" H6 50

(d) Describe an economic impact, apart from the initial cost, of using an electric

toothbrush. 1

\\r WM 17‘ (csx TP ‘o éu/u
[ \'\\ P {,\J‘(J\c{ubx
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13. An air source heat pump used to replace a gas boiler for heating a home is shown.

supports

The air source heat pump takes heat from the outside air, which is then used to
warm the home. Installing the air source heat pump will have an impact on climate
change.

() Explain what this impact will be. 2
A o\ LI_JL Tud/14%% 1 o> / } o0ly  Udng
{ 1 < ,
tl/nvi Aalienll CALC f[(,( /uc;[;ra el
: ol
(\C‘/l ["\-r* DA "%

The air source heat pump sits on four supports.

(b) Calculate the cross-sectional area of one support if a stress of 14 N mm™ acts
on it when a force of 220 N is applied. 3

it
J—tb

:&
14 g

j& = SOISH*
< 60"
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13. (continued)

Part of a circuit used in the air source heat pump is shown.

@,
43 k0

Lkl M U

51 kQ
—4 0. bt iy

(c) Calculate the total resistance of the circuit shown above. 3

fes oot T2
_Cloec
Kt Sraoe 1€ 7C
7 ligear

= N¥&al

(d) () Calculate the current flowing through the 51 k() resistor when 48 V was
measured across it. 3

VIR
(91 < S 1as |
O.qL+“7(“' e =
15 6.9 kA

(i1) Indicate, with a cross (X) on the circuit shown above, where an ammeter
would be connected to measure the current flowing through the 51 kQ
resistor. 1
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13. (continued)

The air source heat pump is operated by a microcontroller.

(e) Describe two advantages of using a microcontroller compared to a hard-wired
electronic circuit in the operation of the air source heat pump. 2
s 2 Sl Wi ks m/w;/mf AT 3

?/(/\4, gor"}ﬂo-—:,\/éx Erx Mﬂ/ = /Zr/ /761«(11 :
2. / £ faloN  fes :4 e g Tef 2%,
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14. Pneumatics is used in part of a food production factory.
An incomplete pneumatic circuit is shown below.

(@ (i) Complete the piping of the pneumatic circuit to instroke the piston in
the cylinder when valve (1) or when valve (2) is actuated.

The piston will outstroke when valve (3) is actuated. 5

» =
@-—i\-—-~ S

—

® Ry,
l

@

air bleed 1

e s e R R — > L=
P FACYlE i
M= pf ey

4
AN
@
B
[
u

©H = = H®
- / \0

(ii) State the name of the actuator that is operated by the signal from the air
bleed. 1

(por [/l\ (T-()\\'uww\ c—rzl-nblf( .
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14. (continued)

a force of 65 N.

(b) Calculate the air pressure supplied to instroke the piston.

The piston in the cylinder has a cross sectional area of 420 mm? and instrokes with

Pt

(t
3
(2

(L
N
€4
Q
4
L
<
)
:

(c) Calculate the work done by the piston.

During production a piston moves food a distance of 0.18 m with a force of 34 N.

Ew T-Fap
2 0. 159 Ok

o O
/,Q:.\)
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14. (continued)

A different part of the food production process is controlled electronically. A logic
diagram used in part of the control is shown.

$O—=y, ‘ 2
e

y4
< E
(oo >c
(d) Complete the truth table, shown below, for this logic diagram. 3

A B C D E ya

o | o | o | ¢ || |

0 0 1 o | & |0

0 1 0 o 1 |

0 1 1 0 O |o

1 0 o |J \ \

1 0 1 0O O |a

1 1 0 \ ! |

1 1 1 l O
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ADDITIONAL SPACE FOR ANSWERS

Steqt
O
(f!"\ !Q;r;LrC({>
Yoy
ﬁr\ boor

nfﬂl{ﬁ__
z
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SECTION 1 — 20 marks
Attempt ALL questions

1. The symbol for a 5/2 valve is shown.

__D___

\

iy

-

Complete the table below by naming the air type symbols shown on the valve.

VOV

Air type symbol

Name of air type

/’,L/uw;,

%{w/a/«

/4«5/" r
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2. A drone is shown.

The drone has a mass of 1.2 kg and travels at 15 ms™".
Calculate the kinetic energy of the drone. 2

[K=7 nv?
2[5
— {5/
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3. Acircuit diagram is shown.

1
_E I~

(a) State the name given to the arrangement of the components connected in the
circuit. 1

(b) Draw, on the circuit diagram shown above, the symbol for a voltmeter
connected to measure the supply voltage. 2

During testing the LED did not light when the switch was pressed.

() Describe why the LED did not light. / 1
I C«t’HAA/ I@ﬁw W[ %Mﬁ
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4. Anincomplete free body diagram of a beam in equilibrium is shown.
260 N 120N
L 1
270N Ry
(a) Calculate the reaction force R,. 2
et
760+ [20
—3§ov = JJ00
R0
Iy #4
(b) State one other piece of information that should be included on the free body
diagram. 1
7'4 La&‘g}/ beltyen, % Wemands
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5. A logic diagram is shown. //;lon :W I° 0
2 O

AO _Dior«’: [+O
Bo——-[>o-— z

cO

Complete the Boolean equation for output Z in terms of inputs A, B and C. 3

;i (A‘i‘g)'c‘:z-.

6. A piece of metal is tested by applying a large force along its length.

(a) State what happens to the length of the metal when it is in tension. 1
/,{,4 Aﬂ/ﬁﬂz} R/‘M 47,
s L "l 7 Ll 1
(b) State what happens to the length of the metal when it is in compression. 1

f/é @”} pu{/ﬁap Oh
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7. A hand blender is shown.

motorised cutter

An incorrect system diagram for the hand blender is shown below.

» motor

user input <«=——  hand blender
— light

(a) Describe two errors that were made when completing the system diagram. 2
Error 1 s /S

o

Error 2 __fov Q&W q.é ;ﬂﬁn—/ ﬁézﬁ/%“ ()4 72.
Cordeal it

The hand blender operates without the use of feedback.

(b) State mf control used in the hand blender. 1
Udel ) 128
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SECTION 2 — 90 marks
Attempt ALL questions

8. A battery powered robot used to deliver shopping to customers is shown.

-

cameras
- /Q// storage compartment

motorised wheels

Sensors

Different engineering branches were involved in the development of the robot.

(@ (i) Describe a task an electronic engineer would have completed in the
development of the robot. 1

(if) Describe a task an electrical engineer would have completed in the
development of the robot. 1

J /
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8. (continued)
The drive mechanism used in the movement of the delivery robot is shown.
gear B
32 t_eeth gear C
input(meotor) -t I=—==F1 [T
1920 revs min™' g
i :_ output (wheel)
gear A = [~ 120 revs min™
8 teeth
gea_r D
64 teeth \ )
(c) State the name of this dgve mechanism. 1
(d) Calculate the number of teeth on gear C. 4
lai/ m,«/ J J
/ 1.4,, l/ A 5 JM/
2.
i égf-: Y
(920 ( |Zo
Yz 28
! 7/ 4
Vo T
I ’ )
y - Bove/ or _ 1y il
= = b 1]
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8. (continued)

the table below.

A range of materials considered for the gears in the drive mechanism is shown in

Material Strength Self-lubricating
A low yes
B low no
C high yes
D high no

Material C was chosen for the gears.

(e) Describe an advantage of using a material for the robot gears that is:

() high strengthﬁ%ﬁﬂ_mwwm 1

(ii) self-lubricating. 1/ W(IFMI 744 M_MML 1

OB St 4 fpe
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9. Aslingshot ride in a fairground is shown.
support frame
bungee cord
cage
(@) Describe two tasks a structural engineer would have undertaken during the
development of the slingshot ride. 2
b
s Haw g st 5 b yeo ol
At the start of the slingshot ride a bungee cord is stretched by 6.2 m before it is
released.
(b) Calculate the original length of the bungee cord when a strain of 0.17 is
experienced. 3
Counte< JL 04»#
% D.17x62
e —
=] O5¢
—
=lor
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9. (continued)

The forces acting on the cage at the start of the slingshot ride are shown on the
scale diagram below.

B8 L 7o mm

(% o,

]
w

scale 10 mm =300 N

(c) Complete, with reference to the scale diagram, the table shown below for the
forces acting on the cage. 2

Force F, F, ' Fy

Magnitude 2460 N 2/00 N| 2 78p N

iz
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9.

(continued)

During the ride the cage and riders have a potential energy of 110 kJ at a height of
43 m.

(d) Calculate the total mass of the cage and riders.

Lp =

m= EX
FAS

Q?Y%O?Zé (.O3644 4
26703k

At its highest point, the slingshot ride has an output energy of 140 kJ.

(e) Calculate the input energy if the slingshot ride is 0.32 (32%) efficient.
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10. A machine for making pancakes is shown.

pancakes

The machine is activated when a user places their hand in front of a sensor.

Part of the circuit used to activate the machine is shown below.

V,0—s

R, solenoid

ovVo s ¢
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10. (continued)

(a) Describe the operation of the circuit shown on the opposite page. Make
reference to the light level, the resistance of the LDR, and the voltage V,,. 5

When t ./h user covers the LDR . ﬁ @:{ 25&4 / WM‘@ &7, ZZ;
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10. (continued)

The sensing circuit is shown below.

V,0——¢

110 kQ

19kﬂ§ 1.8V

oOvVo ? S
(b) Calculate the supply voltage (V). 4
R |

N Ty K

77

7070 7Y 7368uz 105

bB._ 7
g = =526 Joory
ity
(c) Describe one alteration to the sensing circuit that would allow different
1

operating light levels to be set.

& LED or bih
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10.

(continued)

A motorised conveyor belt used to move the pancakes through the machine is
shown.

pancake gearbox

conveyor belt

drive wheel

(d) Describe two tasks a mechanical engineer would complete during the
development of the motorised conveyor belt.

. 7,4/% (et il Ol et
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11. A television camera and crane are shown.

camera
counterbalance
A simplified free body diagram for the camera and crane is shown below.

E 780 N 1500 N
1.8 m 1.8 m 1.2m

|
A
A

(a) State the name given to a group of forces that act on an object but do not

meet at a single point, such as is shown on the free body diagram. 1
A eomuds
(b) Calculate the force F by taking moments about point A. 3

LA
rdcw =9 Lw

70% )8 t(7%

= (G936 2z
=boby 4 205Y.4 = 7200
=505 %

[0 F Y412 ¥1,9: (lg
g +/,g)) ~Kay 77c0)
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11. (continued)

A motorised levelling system ensures the camera is horizontal.

camera
movement

horizontal _
level

An incomplete sub-system diagram for the levelling system is shown below.

level
sensor
set
il control | | output | | actual
level unit driver level
() Complete the sub-system diagram by adding the system boundary. 1

(d) Describe, with reference to the sub-system diagram, the operation of the
levelling system. ‘ 4

The horizontal level is set . . . ()'h/é WM/ (44«( W
Y S Dsr do Psb Lo spotor 95 Ao Doniel Juef

(ot tiif if) Loy ore Ma/;%és,@/__
e
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11. (continued)

The circuit diagram for the output driver and motor is shown.

50V0 12V

Py
T
I
e '

signal from
control unit

ovo &

(e) Complete the circuit diagram shown above by adding the symbol for a diode
connected to protect the transistor. 3 3

Qualifications Scotland | www.understandingstandards.org.uk 76 of 87



National 5 Question Paper 2026 Candidate Evidence

12. An electric toothbrush is shown.

The electric toothbrush is operated by a microcontroller.
Input and output connections to the microcontroller are shown in the table below.

Input connection Pin Output connection
5 LED
4 motor

battery level sensor
(charged = 1)

start switch 1

The electric toothbrush operates using the following sequence:

« When the start switch is pressed, the battery level sensor is checked. If it is not
pressed, the motor will be off.

= If the battery level is charged, the motor will turn on and the sequence will
return to the start.

« If the battery level is not charged, the LED will turn on for 0.5 seconds and off
for 0.4 seconds. This will repeat twenty times.

* The sequence will then return to the start.
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12. (continued)
(@) Complete the flowchart for the sequence shown opposite, with reference to
the data booklet and input/output connections.
Include all pin numbers and the delay unit in your flowchart. 10
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12. (continued)
The motor and toothbrush head are shown below.
toothbrush head
(b) Complete the table below for the motion of the motor and toothbrush head. 2
Part Motion symbol Motion name
motor O l/ M@l /
toothbrush head 1 g
Part of the circuit for the LED is shown.
- // 330 0
signal from N 1 oV
microcontroller L~
(c) Calculate the voltage across the 330 Q resistor when the current flowing
through the LED is 11 mA. 2
Ihx10~6x¢ 391,
= 1.63x0y
(d) Describe an economic impact, apart from the initial cost, of using an electric
toothbrush. 1
lowsage in Fltes M
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13. An air source heat pump used to replace a gas boiler for heating a home is shown.

supports

The air source heat pump takes heat from the outside air, which is then used to
warm the home. Installing the air source heat pump will have an impact on climate

change.
(a) Explain what this impact will be. l S 2
) Yeshooe Jedes au @M%_M_Z»mﬁf
7 7 7 4
The air source heat pump sits on four supports.
(b) Calculate the cross-sectional area of one support if a stress of 14 Nmm™ acts
on it when a force of 220 N is applied. 3
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13. (continued)
Part of a circuit used in the air source heat pump is shown.

43 kQ
51 kQ
— — 1+
24 kQ
(c) Calculate the total resistance of the circuit shown above. 3
L [
nt35 ¥51=5],06K)
(d) (i) Calculate the current flowing through the 51 kQ resistor when 48 V was
3

measured across it.

|~

=029 7405097
Sy

~
A

(i) Indicate, with a cross (X) on the circuit shown above, where an ammeter
would be connected to measure the current flowing through the 51 kQ
1

resistor.
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13. (continued)
The air source heat pump is operated by a microcontroller.

(e) Describe two advantages of using a microcontroller compared to a hard-wired
electronic circuit in the operation of the air source heat pump. 2

1”&'}//14/@/ 0o Lndy Lo sobllsee
5 /Mwlygmj% &é {4&&( L0 z;égq (st
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14. Pneumatics is used in part of a food production factory.
An incomplete pneumatic circuit is shown below.

(@ (i) Complete the piping of the pneumatic circuit to instroke the piston in
the cylinder when valve (1) or when valve (2) is actuated.

The piston will outstroke when valve @ is actuated. 5

<H
On

air bleed
—~ g \ / e
: T T

@
-

@—j —[ —®
o L

(i) State the name of the actuator that is operated by the signal from the air
bleed. 1

==l Sobuil
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14.

(continued)

The piston in the cylinder has a cross sectional area of 420 mm? and instrokes with
a force of 65 N.

(b) Calculate the air pressure supplied to instroke the piston.

A
Pu'a' é}_):
Go
= ] 5%/6 190
s o5

During production a piston moves food a distance of 0.18 m with a force of 34 N,

(c) Calculate the work done by the piston.

Ew=Fd

34 x 0./8:6/21%
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14. (continued)

A different part of the food production process is controlled electronically. A logic
diagram used in part of the control is shown.

AO—\_
so— | !
O

>OL.

G

(d) Complete the truth table, shown below, for this logic diagram. 3
A B C E Z
0 0 0 e o
0 0 1 (¥ O
0 1 0 I i
0 O

[ = B (<= )

g s
b 2% a1

— 10D N V|00 |o

<
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ADDITIONAL SPACE FOR ANSWERS

%. Al
/7: erfz‘/ P’M/ 1/75/,7((/

%o K} XEK’ xﬂw
.Z/fQ\ - /0‘72"7}({06 .
e — T E Z327.¢f  [Yoygexa
261,03
i =(0]2. 673639
/1/0;32 /ZBLZ—: = ,/0\726]5_/1 [072. 67im/™
= 4375 2

k(o ¢
937.5 2100 @% lO. 7&6760%/0%&%
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