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Section A For
Examiner’s
. —_— . Use
Answer all questions in this section.

1 Fig. 1 shows a building site.

Fig. 1

Identify one man-made and one natural structure in Fig. 1.

Man-made structure:

............................................................................................................................................ [1]
Natural structure:
............................................................................................................................................ [1]
2 Fig. 2 shows four cross-sections of material found on a building site.
Name the four cross-sections shown.
L - ©
() I (b) ..o €) ., d) ..
Fig. 2
(4]
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3 Fig. 3 shows four designs for frameworks. For
Examiner’s
Z @ E E{ Use
A B C D
Fig. 3
(a) Identify the framework that best uses members for rigidity.
..................................................................................................................................... [1]
(b) State the name of a framework member that serves no structural purpose within a
structure.
..................................................................................................................................... [1]
4 Fig. 4 shows a loaded wheelbarrow.
Fig. 4
Indicate on Fig. 4 the load, the effort and the fulcrum. [3]
5 Explain the meaning of the term mechanical advantage.
............................................................................................................................................ [3]
© UCLES 2012 0445/41/0/N/12 [Turn over
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6 Fig. 5 shows the drive mechanism of a lawn mower. For
Examiner’s
Use

blades

roller
Fig. 5

(a) Name the type of drive mechanism shown in Fig. 5.

..................................................................................................................................... [1]
(b) State one benefit of this type of mechanism.

..................................................................................................................................... [1]
(c) Give one reason why it is important to lubricate mechanisms.

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

7 Fig. 6 shows a circuit design for a kitchen timer.

N S S
=D 555 —
) o
start 1 T | T
i oV
Fig. 6
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(a) Give one benefit of using the 555 IC in this application. For
Examiner’s
Use
..................................................................................................................................... [1]
(b) Name the output device shown in Fig. 6.
..................................................................................................................................... [1]
(c) Give one benefit and one drawback of using this output device for a kitchen timer.
LT = PR [1]
D= 1o =TSRRI 1]
8 Sketch and label the circuit symbol for a relay.
[2]
9 Sketch the circuit symbol for a NOT logic gate.
[2]
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Section B

Answer one question from this section.

10 Fig. 7 shows a model car.

direction
indicators

head lights

Fig. 7

(@) The head lights on the model car only come on when the car is in darkened conditions.

Complete the block diagram below to show a system to perform this function.

........................... PROCESS OUTPUT
light sensor | | s | | e
(3]
(b) (i) Name a suitable light sensor that can be used.
.............................................................................................................................. [1]
(ii) The front lights use standard 60 mA, 4.5V lamps.

Calculate the power rating for one lamp.

(3]
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(iii) The power source for the lamps is a 9V battery. For
Examiner’s

Use a sketch to show how the lamps and battery would need to be arranged. vse

(2]

(iv) Draw the circuit diagram of a simple circuit that could be used to turn the head lights
on in the dark. You should include the light sensor you have named in (b)(i).

(5]
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(c) Itis decided to add a sound feature to the model car. When the car bumper touches an For
obstacle a buzzer will sound. The buzzer switches off when the bumper is released. EX"”L’;’;’;”S

(i) Name two types of switch that could be placed in the bumper to trigger a buzzer
circuit.

(i) Draw the circuit symbol for one of the switches you have named.

[1]
(d) The model car is modified to switch on the direction indicators when the bumper switch
is pressed and it is dark.

e The bumper switch gives a logic 1 signal when pressed.
e The light sensor circuit gives a logic 0 signal when it is dark.

(i) Draw a logic circuit that will detect these two conditions and will output a logic 1
signal to switch on the direction indicators.

[5]

(ii) Draw the truth table for this circuit.

[3]
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11 (a) Fig. 8 shows a two-dimensional card model of an adjustable lamp.

(i)

(iii)

(iv)

© UCLES 2012

paper fastener

card base
/ X

Fig. 8

Give two reasons why making a model could help in developing the design of the
lamp.

.............................................................................................................................. [1]
Name the type of mechanism shown.

.............................................................................................................................. [1]
Label one fixed pivot and one moving pivot on Fig. 8. 2]

For
Examiner’s
Use
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(b) Fig. 9 shows a design for a hand-held mechanical toy. For
Examiner’s

U
By moving the tail, the head will move as shown. *

R

Q\

reverse view of hand-held toy

Fig. 9

(i) State the type of motion made by:
T ARG NEAT e [1]
P2 | =N = 1| RS [1]

(i) Add sketches and notes to Fig. 9 to show details of a mechanism that would achieve
the motion conversion required.

The sketches and notes should clearly show:

e details of the connecting pieces and pivots;
e a method of limiting the distance moved by the head. [5]

© UCLES 2012 0445/41/0/N/12
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(c) Fig. 10 shows a mobile crane used to transport boats. For
Examiner’s
Use

front jack : -
jack—_| -M-l

(

Fig. 10

(i) Name the force present within the ropes of the pulley system.

.............................................................................................................................. [1]
(ii) Name the force present in the front jack.
.............................................................................................................................. [1]
(iii) State the velocity ratio of the pulley system shown in Fig. 10.
.............................................................................................................................. [1]
(d) The efficiency of the pulley system is 90 %.
(i) Give the formula used for calculating the mechanical advantage of the system.
.............................................................................................................................. [1]
(ii) Calculate the mechanical advantage of the system.
(2]
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(e) Give one reason why the efficiency is not 100 %. For
Examiner’s
Use

(f) Fig. 11 shows the arrangement for the winding drum on the mobile crane, driven by a
simple pulley system.

\winding drum

pulley B

Fig. 11

The drive belt is found to slip. Use sketches and notes to show a method of reducing belt
slip.

5]

© UCLES 2012 0445/41/0/N/12
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12 Fig. 12 shows a portable bench.

seat

leg stand leg stand

Fig. 12

(a) Consider the loading on the bench if a person sits at the centre of the bench.

(i)

(ii)

© UCLES 2012

Show, on Fig. 12, the position of tensile forces and compressive forces acting on the
bench. [3]

Fig. 13 and Fig. 14 show two cross-sections of two ways of making the wooden seat.

Fig. 13 Fig. 14

Explain why the section shown in Fig. 14 is more structurally sound than the section
shown in Fig. 13.

For
Examiner’s
Use
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(iii) Fig. 15 shows a design for a foot stool. For
Examiner’s
Use
Fig. 15

Explain why the foot stool has been made with the base wider than the top.

(b) Fig. 16 shows the outline of a tubular framework for a temporary outdoor platform.

/L

4 A

Fig. 16

(i) Use sketches to show how the framework could be modified to improve its rigidity
when people move about on the platform.

(2]

© UCLES 2012 0445/41/0/N/12
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(ii) Use sketches and notes to show a joining method that could be used on the tubular For
framework, so that it is easy to put together and take apart. Exal’zgers
3]

(iii) Fig. 17 shows an enlarged view of one foot of the framework.

Fig. 17

Explain the purpose of the plate P of the foot.

(iv) If the force on the plate is 1 kN and the plate measures 150 mm x 150 mm, calculate
the pressure exerted on the ground.

[2]
(v) Plate P is permanently joined onto the tube T of the foot by welding.

State one temporary method that could be used to join the plate P to the tube T.

© UCLES 2012 0445/41/0/N/12 [Turn over
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(c) Fig. 18 shows a design for a toy boat hull. For
Examiner’s

Use

70
(
49

‘ 150
%

Fig. 18

(i) Name the type of structure of the toy boat hull.

(i) The toy boat hull is found to be too flexible.

Explain, using sketches and notes, how it would be made more rigid.

[4]
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