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Answer all the questions.

1 (a) Complete the table with the missing SI base units and physical quantities.

SI base unit Physical quantity
metre length
kilogram
time
ampere
temperature

[4]

(b) The mass of a container is measured five times.

The set of measurements taken are: 4.00kg; 4.03kg; 3.99kg; 4.02kg; 4.00kg.

The known true mass of the container is 4.60kg.

(i) Put a tick against the statement that describes the set of measurements in respect to its
accuracy and precision.

Statement tick

Precise and Accurate

Imprecise and Inaccurate

Precise and Inaccurate

Imprecise and Accurate

[1]
(ii)) Explain your answer given in (i).
.................................................................................................................................... [2]
(iii) Calculate the relative error for the first measurement of the series (4.00kg).
Relative error =.........ccoeevveiieiieieeecieee e 2]
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2 (a) A golfball shown in Fig. 1 is hit from ground level with an initial velocity # =30m s at
an angle 60° to the horizontal.

u=30ms"!

golf ball

\

Fig. 1
Calculate

(i) the vertical component of the initial velocity u,

Vertical component of the initial velocity = ..........ccceeevveninnin. ms’' [1]

(ii) the time it will take the golf ball to reach maximum height,

(iii) the maximum height reached by the golf ball.

Maximum height = .........ccooviiiiiiiiieieeeeee e, m [2]
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(b) A wheel bolt needs to be tightened to a torque of 90 Nm.

Calculate the values of forces F| and F, required to tighten the bolt using two different
tools shown in Fig. 2.1 and Fig 2.2.

0.6m . 05m . 0.5m
i |
|
|

Force F1 e N
Force F2 ettt et e et a et —ara—————— N
(4]
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3 (a) State Ohm’s Law.

(b) Fig.3 shows the variation of the resistance of a wire with temperature.

Draw a second line on Fig. 3 to show the variation of the resistance of a thermistor with
temperature.

A

Resistance

wire

>

Temperature

Fig. 3
2]
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(¢) Fig.4 shows two samples of material with identical dimensions.

sample X
sample Y

Fig. 4

They are connected in turn to a 1 V battery.

The current flowing through sample X is measured as 1 A, and the current through
sample Y is 1 pA.

The two materials are known to be iron and silicon.

State and explain which material is iron.

Iron 1S SAMPIE: ...ovuiiriiiiiiiiicceereeeeeeeeee e

EXPLANAtION ...ttt ettt e ettt e et eesbeeteeesseeaaeenbeeseeennaas
.................................................................................................................................... [2]
(d) A capacitor is charged from a 10 V power supply.
When fully charged, the total charge = 0.1 mC.
Calculate
(i) the capacitance of the capacitor,
CapacItanCe = .......ccccveeeriveeeiieeeeeeereeeereeeeree e e 2]
(ii) the energy stored in the capacitor.
Energy stored = .......ooooviiiiiiieiee e J 2]
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4 (a) Fig.5 shows three force-extension curves for three different materials: copper, cast iron
and rubber.

A 1 Diagram not to scale.

Force
)

>

Extension

Fig. 5

Complete the table to match the material type to the corresponding force-extension curve
shown in Fig. 5 and state which material (copper, cast iron or rubber) is which.

Curve number Type of material Material

Brittle

Ductile

Polymeric

[4]
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(b) The strain energy U stored within a material undergoing elastic deformation is equal to the
area under a force-extension curve as shown in Fig. 6.

_ 1 >
Show that U 5 VEe A

where V= volume,

Force

E =Young’s modulus of the material,

& = strain.

>

Extension

Fig. 6

[4]
(¢) Engineering materials can be tested using either destructive testing (DT) or non-
destructive testing (NDT).
(i) Explain why materials need to be tested.
.................................................................................................................................... [1]
(ii) Describe the difference between destructive and non-destructive testing.
.................................................................................................................................... [2]
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5 (a) Three spheres A, B and C, of different materials, are dropped into a container full of water
and observed.

Sphere A floats on the surface.
Sphere B sinks to the bottom.
Sphere C becomes submerged and remains at a constant depth.

Complete the following relationships by placing a <, = or > symbol in the spaces

provided.
. material density of sphere A ......... density of water
. material density of sphere B ......... density of water
. material density of sphere C ......... density of water

2]
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(b) A diver finds a metal container at the bottom of a lake as shown in Fig. 7.

R /

Fig. 7

(i) Calculate the resultant force acting on the hatch of the container if the depth of water
above the container is 4 m.

Density of water = 1000 kg m™

The hatch is a rectangle with height 1.4 m and width 1.2 m.

Resultant FOrce = .......oooviiiiiiiiiiiiee e [5]

(ii) Suggest a method for decreasing the force required to open the hatch.

Explain your answer.
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6 (a) Acar tyre has been inflated to a pressure of 2.3 bar in a garage where the ambient
temperature is 20 °C.

The volume of the air in the tyre is 0.055m’.
Specific gas constant for air R =287 Jkg' K.
Specific heat capacity of air ¢, =718 Jkg K.

1 bar = 100 kPa

(i) Calculate the mass of air that was pumped into the tyre.

Mass of air = [3]

(i) The car is then left on a driveway where the ambient temperature is 35 °C.

Calculate the new tyre pressure. Assume that the volume of the air in the tyre remains
constant.

Pressure = ....oooovvveeeiiiiieeee e Pa |2]

(iii) Calculate the amount of energy absorbed by air in the tyre to raise its temperature to
35°C.

Energy absorbed =
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(b) During a meeting, 10 people are seated in a room.

Each person radiates thermal heat at a rate of 30 W.

Ten 120 W bulbs are switched on.

The heat loss through the walls and windows of the room is 2500 W.

An air conditioning unit is used to maintain the room at a constant temperature.
Calculate the rate at which the air conditioning unit is supplying or extracting heat.

State in your answer if the rate of heating is supplied or extracted.

Rate of heating = ........ccocoeveveeeieennnen. W o, (4]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined page(s). The question
number(s) must be clearly shown — for example 1(b) or 6(a).
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