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SECTION 1 — 20 marks
Attempt ALL questions
1. Digital electronic signals can be controlled using logic gates.
(a) State the logic gate with a single input that will change a high input to a low
output. 1
(b) Draw the symbol for an AND gate. 1
2. The symbol for an electronic component is shown below.
(a) State the name of this component. 1
(b) Indicate with an X, the location of the base connection on the symbol shown
above. 1
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. A diagram for a pneumatic circuit, designed to outstroke a piston when a push
button is pressed on a valve, is shown.
[
1
T |
1
1
> 1
1
1
- |
o8
Errors were made in the circuit diagram shown above.
(@) Describe two errors that were made in this circuit diagram. 2
Error 1
Error 2

(b) State the type of engineer that would be responsible for designing a pneumatic
circuit. 1

[Turn over
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A diagram of a simple gear train is shown below.
gear B
gear A
gear C
) output
input 820 revs min™"
120 revs min™
(@) Calculate the velocity ratio of this simple gear train. 2
(b) State the effect on the output velocity if the number of teeth on gear B is
reduced. 1
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. A wind farm is being developed on a Scottish island.
(a) State the type of engineer that would be responsible for monitoring:
(i) the construction of the access roads to the wind turbines 1
(i) the impact on the land during installation of the wind turbines. 1
An incomplete diagram showing the energy transformation in a wind turbine is
shown below.
(b) Complete the diagram by adding the missing input energy. 1
) . electrical
energy —| wind turbine et energy
The wind turbine uses feedback in its operation.
(c) State the type of control that uses feedback. 1
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6. Members in a frame structure are tested using compressive and tensile forces.

(a) (i) Draw two arrows which represent an external compressive force on
member A shown below.

member A

(i) Draw two arrows which represent an external tensile force on member B

shown below.

member B

Member B has a cross-sectional area of 36 mm?.

(b) Calculate the stress on member B when a 1152 N force is applied.
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7. Friction can cause the moving parts of a drive system to wear out.
(@) Describe how to reduce the wear on the moving parts of a drive system. 1
(b) State a form of energy lost due to friction in a drive system. 1
[Turn over
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SECTION 2 — 90 marks
Attempt ALL questions

8. A child’s microphone with built-in speaker is shown.

microphone

speaker

Part of the circuit used to control the volume of the speaker is shown.

O

390 O

. (A
; . 270 Q

1.2 kQ

—  +————

(@) For the circuit shown above:

(i) calculate the resistance of the parallel branch
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(@) (continued)

(i) calculate the total resistance of the circuit when the variable resistor R is
set to 780 Q. 2

(b) Calculate the current reading on ammeter A, when the voltage V, is 1.2 V. 3

The resistance of the variable resistor R in the circuit is increased.
(c) State the effect this will have on the:

(i) voltage V, 1

(i1) current A, 1

During the development of the child’s microphone and speaker, computer
simulation was used to test the complete circuit before constructing a prototype.

(d) Explain why it is an advantage to test the circuit using computer simulation
before constructing the prototype. 2
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. An electric bike uses a motor to assist a cyclist when pedalling. An electric bike and

charging point are shown.

charging point electric bike

GiulianiBruno/shutterstock.com

The motor and gear train used in the electric bike are shown below.

input
(motor)
|
!
gear A | | "l" | gear B
16 teeth ITI 48 teeth
gear D I'h | gear C
64 teeth m "I" 16 teeth

output
120 revs min™"
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9. (continued)
(a) Calculate the rotational speed of the motor. 4
The motor is rated at 36 V and 250 W.
(b) Calculate the current supplied to the motor. 3
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9. (continued)

(c) Explain how the efficiency of the gear train could be improved. 2
(d) Describe one positive environmental impact of using an electric bike. 1
(e) Describe one positive social impact of using an electric bike. 1
(f) Describe one negative economic impact of using an electric bike. 1
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A thermistor is used as part of a sensor to measure the water temperature in the

kettle.
The operating characteristics for a range of thermistors are shown on the graph
below.
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(@) Determine the resistance of a type 2 thermistor at a temperature of 85 °C,
with reference to the graph. 1
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10. (continued)
The sensing circuit used to detect the temperature of the water is shown below.
50V 0 *
_t°
4.8 kQ
R V, =1.4V
oOVvo .
(b) State the name of this type of series circuit. 1
(c) Calculate the resistance R in the sensing circuit shown above. 4
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10. (continued)
The kettle has coloured LEDs to indicate the temperature of the water.
A simplified circuit used to model the operation of the LEDs is shown below.
50Vo0 ’ Vs
O O—[|
N
L1
blue LED
N
L~
red LED
ovo o
(d) Describe the operation of this circuit as the water temperature increases.
Include reference to the resistance of the thermistor, the voltage V., and both
LEDs. 5

As the water temperature increases . . .
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10. (continued)

A kettle uses established technology.

An emerging technology is one that is being developed and still to be tried
commercially within a product or system.

(e) Explain a possible impact of an emerging technology which you are familiar
with. 2

Name of emerging technology

Impact
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11. A dishwasher in a restaurant kitchen is shown.
Part of the specification for the dishwasher is given below:
* A user selects a set temperature.
* A sensor detects the actual water temperature and sends a signal to the control.
* The control compares the actual water temperature with the set temperature.
e If the actual water temperature is lower than the set temperature a heating
element will switch on.
An incomplete sub-system diagram for the dishwasher is shown below.
6. T i
1 1
1 1
1 1
1 1
1 1
1 1
1 1
i i
—» control H driver |- —e—L—p actual
! ! temperature
e :
(@) Complete the sub-system diagram with reference to the specification. 4
[Turn over
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11. (continued)
The dishwasher is operated by a microcontroller.
Input and output connections to the microcontroller are shown in the table below.
Input connection Pin Output connection
7 red LED
6 water pump
5 heating element
4 buzzer
3
start switch 2
door sensor 1

0

A drying cycle used in the dishwasher operates using the following sequence:

* When a start switch is pressed a red LED will turn on.

» After a door sensor is activated a water pump will turn on for 35 seconds and

then turn off.
* A heating element will then turn on for 5 minutes and then turn off.
e A buzzer will then sound six times, turning on for 0.3 seconds and turning off
for 0.3 seconds each time.

* The red LED will then turn off.

* The sequence will return to the start.

(b) Complete the flowchart shown opposite for the sequence with reference to the

data booklet and input/output connections.
Include all pin numbers and delay units in your flowchart. 11
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12. A portable power supply used when camping can produce a range of output
voltages.

The portable power supply can be charged using solar panels as shown below.

solar panels

portable power
supply

er:Stoék. com.

(@) Explain why using solar panels can contribute towards limiting climate change. 2

A 24 V mini fridge is powered by the portable power supply for 7.5 hours.

(b) Calculate the electrical energy used by the mini fridge when the current is
0.42 A. 3
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12. (continued)
The Boolean equation for part of a circuit used in the portable power supply is
shown.
Z=(A+B)e(A+C)
(c) Draw the logic diagram for this Boolean equation. 4
AO
B O Oz
co
[Turn over
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A hydrofoil board allows a rider to glide over water.
The hydrofoil board and handheld wireless controller are shown.
board
mast
motorised
propeller
handheld
S —— wireless
— wing controller
Several different engineers were involved during their development.
(@) Describe a task that each of the following types of engineer would complete
during the development of the hydrofoil board and handheld wireless
controller:
(i) mechanical engineer 1
(ii) structural engineer 1
(iii) electronic engineer. 1
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The hydrofoil board and rider have a combined mass of 115 kg.

(b) Calculate the velocity of the hydrofoil board and the rider when their kinetic
energy is 13 kJ. 3

The hydrofoil board is to be used in the sea and must be able to withstand a range
of different forces.

The properties of four materials considered for the mast are shown in the table
below.

Material | Corrosion resistant Strength

A yes low

no high

B
C yes high
D

yes medium

(c) Select, from the table, the most suitable material to be used for the mast and
justify your choice. 2

Selected material

Justification
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14. Arefrigerated lorry trailer used to transport fresh food is shown below.

LTI

L

support leg

A simplified free body diagram for the empty lorry trailer is shown.

46 kN

*

45m

55m T1.2 mT

R,

3.9kN R,

(@) (i) Calculate the reaction force R, by taking moments about R,.
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(@) (continued)
(i) Calculate the reaction force R,. 2

When loaded, the lorry trailer’s support leg has a strain of 0.00038 and a change in
length of 0.46 mm.

(b) Calculate the original length of the support leg. 3

[Turn over
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14. (continued)

The temperature inside the trailer is monitored.

Part of the logic circuit used in the temperature monitoring system is shown below.

A o— D
F
B o— : :>—0 z
C o
(c) Complete the truth table for the logic circuit shown. 3
A B o D E F y4
0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 0
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15. Pneumatics is used to stamp a logo onto products.

l cylinder @

cylinder @

A diagram for a pneumatic circuit that is used to stamp the logo onto the products
is shown below.

cylinder @
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(continued)
(@) Describe the operation of the circuit shown opposite. 5
When the air bleed is covered valve @ is actuated . . .
Cylinder (B) requires an outstroking force of 18 N.
(b) Calculate the air pressure required if the diameter of the piston is 12 mm. 3
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15. (continued)
The piston in the double-acting cylinder is required to outstroke slowly and
smoothly. The speed of the instroke should not be changed.
(c) Describe how this would be achieved. 2

(d) State the type of motion a pneumatic piston produces when it outstrokes and
then instrokes. 1

[END OF QUESTION PAPER]
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ADDITIONAL SPACE FOR ANSWERS
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