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1 Fig. 1 shows a design for a toy catapult.

(@) (i)

(ii)

(iif)

© UCLES 2005

Fig. 1

Complete the block diagram below to show the energy conversion that takes place
when the catapult is used.

—_—
(2]
Describe briefly how energy is lost in this design.
............................................................................................................................... [2]
Suggest one modification that could be made to reduce energy losses.
............................................................................................................................... [2]
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3

(iv) During development of the catapult, a student needs to test the strength of a range
of elastic bands. Show, using sketches and notes, a suitable test rig for carrying out
these tests.

(4]
(b) Fig. 2 shows a design for catapult using a lever system.
Fig. 2
(i) Add labels to Fig. 2 to show: pivot; load; effort. [3]

(ii) The lever works on the Principle of Moments. Explain, briefly the term ‘moment’.
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(iii) Explain how the catapult could be modelled before being made from resistant v
materials.
............................................................................................................................... [2]
(c) Fig. 3 shows another design for a catapult.
@ elastic
upright —— \\
: arm
pivot
o Y
I |
Fig. 3
(i) On testing the catapult the upright became loose.
Add sketches and notes on Fig. 4 to show how the upright could be reinforced.
@\
/ upright
—
pivot\
~O =
Fig. 4
(3]
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(ii) During the building of this catapult the student decided to test the deflection of the
upright. A dial gauge was used to measure the deflection. Add sketches and notes
to Fig. 5 to show how the gauge would be set up to measure the deflection.

O

load

Fig. 5
(3]

(iii) Name one other device that could be used to measure deflection in structures
accurately.

(d) Itis decided to control the release of the elastic band using a solenoid.

(i) A solenoid is an electromagnetic device. Use sketches and notes to show how a
solenoid works.

(3]
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(ii) The solenoid is to be controlled by a light-sensitive circuit that will trigger the ”
solenoid when a light beam is broken.

Fig. 6 shows a circuit diagram for this system.

switch
—— _ o +9V
Diode
1N40017/X v———1 Solenoid
100kQ 1kQ (NO)
6V 24V
v ] -
—E--{H
/ o QV

Fig. 6
Name component A.
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2 (a) Fig. 7 shows a mechanical toy. ”

11
1

(i) Use sketches and notes to show a design for a linkage that will enable the motion
conversions shown to take place.

Fig. 7

(3]

(ii) One form of motion taking place when the toy operates is reciprocating motion. List
any three other types of motion.
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(iii) Describe one way of modelling the linkage during the design stage.

© UCLES 2005
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....................................................... [2]
A
row of electrical switches
....................................................... [1]
....................................................... [3]
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(ili) Name component B.

............................................................................................................................... 1]
(iv) Name component C.

............................................................................................................................... [1]
(v) Give one benefit of using component C in this situation.

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

(c) Itis decided to join another shaft to the motor in the toy shown in Fig. 8.

(i) Add sketches and notes to show a simple flexible coupling between the two equally
sized shafts shown below.

JID N

(3]

(ii) For higher loads a universal joint is commonly used as a coupling. Sketch a
diagram of a universal joint.

[4]
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(iii) A bearing is used to support a shaft. Complete the table below to show bearings

and their applications.

Bearing

Diagram

Application

plain journal bearing

low-speed shaft support

(A

washing machine drum

roller bearing

NN

(iv) Lubrication of shafts is very important. Give one reason for lubrication.

[4]
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3  Structures can be classified into two main types.

(a) Complete the table below.

Type of structure

Example

Application

framework

j//\\//\\//\\r

(b) Fig. 9 shows a model of a simple framework for a stool.

(i) The model is loaded with a static load in Fig. 9. Explain, briefly, the effect of

Fig. 9

applying dynamic loading to a structure.
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(ii) The student has used modelling straws to model the stool. Give one benefit and

one drawback of using modelling straws.

Benefit
............................................................................................................................... [2]
Drawback
............................................................................................................................... [2]
(iii) Describe, using sketches and notes, one method of making the joint A.
[4]
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(c) Fig. 10 shows a simple cantilever shelf. ”

20N x

i‘ 300mm -

Fig. 10

(i) Draw the shear force diagram for the shelf.

(3]

(ii) Draw the bending moment diagram for the shelf.

(3]
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(d) Fig. 11 shows a diagram for a roof truss. v

+10kN

60° 30°

tR1 3m *F"z

Fig. 11

(i) Determine by either calculation or graphical methods the reactions at R, and A,.

[4]

(ii) Use graphical methods to determine the values and nature of the forces acting in
the members of the roof truss.

[6]
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4 Fig. 12 shows a design for an electronic toy.
@ <7
@@ @@
e Ball bearing
(M) Insulation
I material
Bulb Metal/_T— materia
strip Gap
Fig. 12

(a) Each gap in the metal strip acts as a switch to control the bulb.

(i) Draw a circuit diagram to show how the toy would work if the bulb is to be lit
whenever the ball bearing rolls into a gap.

(3]

(ii) Draw a circuit diagram for the toy if all gaps need to be connected for the bulb to
light up.

(3]

(iii) An on/off switch is needed to control the whole toy. Name a suitable switch for this
purpose.
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(b) Fig. 13 shows a timer circuit that would, when triggered, light a bulb for a set period of
time.

*—O

1kQH H R1 8 4

2 555

7 timer 3

8

1 5

s|. TC1 %o.m uF
: . ooV
Fig. 13

(i) Explain briefly how the time delay period is set.

(iii) Capacitors come in two main types: ceramic and electrolytic. Briefly explain the
difference between the two types of capacitor.

© UCLES 2005 0445/04/0/N/05
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(c) An alternative light source is an LED. *

(i) Sketch and label an LED.
Clearly show its positive and negative connections.

(3]
(ii) Fig. 14 shows an LED in a circuit diagram.
Lep W7
resistor
Fig. 14
Explain the purpose of the resistor.
............................................................................................................................... [3]

© UCLES 2005 0445/04/0/N/05 [Turn over



18 For

Examiner’s

(d) Resistors can be used to bias a transistor in a circuit. This is done using an *

arrangement of resistors known as a potential divider. Fig. 15 shows a potential divider.

o o * o +9V
R1
R[] {2v
o o b o OV
Fig. 15

If the current flowing is 1 mA and the voltage drop across R, is 2V calculate the values
of R, and R,.

[4]
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