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1 Fig. 1 shows a student’s design for an electronic game.

Fig. 1

(@) Draw a simple circuit using a battery and buzzer that would make a sound when the

hoop touches the wire loop.

(4]

(b) After testing the simple circuit it is decided to use a 555 timer circuit as shown in Fig. 2.
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(i) Explain two benefits of using the 555 circuit.

(iii) Label the 555 IC in Fig. 2 to show the pin numbers.

(iv) Name the type of capacitor shown as C.

(c) For the circuit shown in Fig. 2 complete the block diagram below.
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(d) Fig. 3 shows a chart for selecting values of resistance and capacitance for a time delay
circuit.
resistor time required capacitor
(ohms) (seconds) (microfarads)
1kQ ——10us ——0.1pF
== 100us -+
10kQ =E£ 1ms =E 1pF
< 100ms EE
== 100k 100ms == 10pF
T . 1s +
s S< ==
==1MQ = 10s —100pF
— ~ —4—
- 1003~ _ -+
== 10MQ 1000s =£_1000pF
<~ example
Fig. 3

(i) State the values of resistance (R) and capacitance (C) for the example time delay
of 10 seconds.

(ii) Use the chart to find the time delay created by combining a resistance of 10 MQ
with a capacitance of 100 uF.

(iii) You could calculate the value of a time delay using a standard formula.

State the formula used for calculating a time delay.

© UCLES 2006 0445/04/M/J/06
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(e) In practice it is difficult to predict accurately the time delay value.

(i) Explain two reasons why this is so.

(ii) Identify a component in the circuit shown in Fig. 2 that can help to adjust the time
delay to bring it nearer to the required value.
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Fig. 4 shows part of a student’s design for a mechanical toy.

Fig. 4

(b) Describe, using notes and sketches, what happens for one revolution of the motor.
Show clearly all motion conversions.

[3]
(c) (i) Name one factor that affects the efficiency of the toy’s mechanisms.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
(ii) Explain one way of overcoming this factor.
[2]
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(d) (i) Name one material that could be used to make mechanism A.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
(i) Explain why this material is suitable for this part.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [3]
(e) Mechanism A changes the direction of motion through 90°.
(i) Name two other mechanisms that change the direction of motion through 90°.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (2]
(ii) Give a practical application for each mechanism named in (e)(i).
Tt ba s bR AR AR AR R RS R RSB R AR R (1]
2 (1]

(iii) Sketch and label one of your chosen mechanisms named in part (e)(ii). Show
clearly its parts and the direction of input and output motion.

[3]
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(f) Fig. 5 shows a gear mechanism.

18 teeth
12 teeth

Driver _
Driven

Fig. 5

(i) Calculate the gear ratio for the gear mechanism shown in Fig. 5.

(ii) The input speed is 200 rpm.

Calculate the output speed.

(iii) Show how the gear system can be modified to ensure that the output motion
direction is the same as the input direction.

[2]

© UCLES 2006 0445/04/M/J/06
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3 Fig. 6 shows an experiment on loading of beams.

Fig. 6

(@) Explain why beam B does not bend as much as beam A.

.......................................................................................................................................... [3]
(b) For beam A draw a diagram showing the following features:
. tensile forces,
e compressive forces,
e neutral axis.
(4]
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(c) Determine the reactions at the supports at each end of the beam A for a load of 150 N.
.......................................................................................................................................... [3]
(d) Fig. 7 shows a variety of structural sections.
Square g
//I/ ~ Channel
Angle I Section O Oval tube
Fig. 7
(i) Explain why these sections are advantageous compared to solid bar material.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [3]
(ii) Explain why the I Section beam is shaped in this way.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [3]
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(ifi) Give two practical applications for any of the beams shown.

1 Beam Section:

Application: [1]

Application: [1]

(iv) The beams are made from mild steel. Describe, using notes and sketches, one
method of joining angle section beams to form a 90° corner.

[3]

© UCLES 2006 0445/04/M/J/06 [Turn over
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(e) Fig. 8 shows a framework for a simple roof truss.

10kN

Fig. 8

(i) Use graphical means to determine the reactions R, and R, and find the value of
each internal force in each member.

[7]

(ii) Label Fig. 8 to show those members in tension and those in compression. [2]

© UCLES 2006 0445/04/M/J/06
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4 Fig. 9 shows the firing mechanism for a pinball game.

plunger pin

Fig. 9

(@) Explain how the firing mechanism works in terms of energy conversions.

(b) Describe, using notes and sketches, how you could measure the forces in the spring.

(4]
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(c) The spring is made from an elastic material.

Explain the term elastic.

.......................................................................................................................................... [3]
(d) The spring could be replaced by an electrical solenoid.
Sketch a solenoid. Label clearly the following features:
. coil;
e core;
e electrical connections.
[4]

(e) Draw and label a circuit that would control the solenoid so that it would fire a ball when
a light sensor was covered over momentarily.

[6]

© UCLES 2006 0445/04/M/J/06
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(f) Fig. 10 shows the pinball game.

end A

plunger pin

Fig. 10

(i) During testing it is found that end A deflects.

Use sketches and notes to show one accurate method for measuring the deflection
of end A.

(4]
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(ii) Itis also found that the length of the plunger pin extends by 0.01 mm.

Its original length is 80 mm. Determine the strain on the pin.

(iii) The plunger pin experiences dynamic loading.

Explain, using notes and sketches, what is meant by dynamic loading.

[3]
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