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SECTION A
Answer all questions in the spaces provided.

Total for this section: 25 marks

1 (a) (i) State what happens to the electrical resistance of a metal when it becomes
superconducting.

(1 mark)

(i1) State the necessary condition for this to happen.
(1 mark)

(b) State one application of a superconducting material.
(1 mark)

2 Figure 1 shows a graph of potential difference against current for a thermistor.

potential 20
difference/V N
15 i
10 »
5 -~

0
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current/mA

Figure 1

(a) Sketch an experimental arrangement that you could use to collect the data for this graph.

(3 marks)
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(b) The thermistor is connected in parallel with a 2.0k{) resistor. The current in the resistor is
6.0mA.

(i) Calculate the potential difference across the thermistor.

Potential difference = .......ccccooceeviiniiiiinninicnies
(2 marks)
(i1) Use the graph to calculate the power dissipated in the thermistor.
Power dissipated in thermistor = ........c..ccccevveennnen.
(3 marks)

(c) Describe and explain what happens to the resistance of the thermistor as its temperature
increases.

(2 marks)

3 (a) State the principle of moments.

(3 marks)

Turn over »

TP/1102/PHB1

LEAVE
MARGIN
BLANK



LEAVE
6 MARGIN
BLANK

(b) Figure 2 shows a horizontal beam pivoted close to one end. The beam is supported by a
spring and is loaded with weights of 2.0 N and 5.0N as shown. All dimensions are marked
on the diagram and are measured from the pivot.

%

spring

beam

pivot
’,l/

W

[\

S <o

z
ce— leo

z

0.03m

0.24m

(

0.47m

A
A 4

Figure 2

By taking moments about the pivot, calculate the tension in the spring when the beam is
horizontal.

TENSION = e
(3 marks)

4 Figure 3 shows three ropes attached to a ring. The ropes and the ring all lie in a horizontal plane
and are in equilibrium. The tension in rope A is shown in Figure 3.

rope B

plan view

rope C

Figure 3
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Calculate the tension in ropes B and C.

Tension inrope B = ..o

Tension in 10pe € = ..o.ooviiiiiiiiiiiinicieeieeeee
(3 marks)

S Figure 4 shows a lorry of mass 1.2 X 10° kg parked on a platform used to weigh vehicles. The
lorry compresses the spring that supports the platform by 0.030 m.

1

platform
spring

Figure 4

Calculate the energy stored in the spring.

gravitational field strength g = 9.8 Nkg ™'

Energy stored = ......oooiiiiiiiiee e
(3 marks)
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SECTION B

Answer all questions in the spaces provided.

6 Total for this question: 6 marks

Figure 5 shows a circuit that is part of a television set. Figure 6 shows the waveform produced
by the circuit.

waveform
generator 500
|
Figure 5
current/A 0.25
0.20
0.154 | | | [ |
| | | | |
\ \ \ \ \
0.10
\ \ \ \ \
0.05 | | | |
\ \ \ \
0.00
0.0 0.2 0.4 0.6 0.8 1.0
time/s
Figure 6

(a) Calculate the quantity of charge that flows through the resistor every second.

(3 marks)
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(b) An analogue-to-digital converter (ADC) is connected across the resistor as shown in
Figure 7. The conversion calibration graph for this device is shown in Figure 8.
| 1
waveform
generator 500 |:| ADC
| 1
Figure 7
digital output
1010
0101
0
0 5 10
analogue input voltage/V
Figure 8
Determine the digital output that the converter will give when the time is 0.060 s.
Digital output = ...ocooeiiiiiiii e
(3 marks)
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7 Total for this question: 16 marks

A passenger aircraft has a mass of 3.2 x 10°kg when fully laden. It is powered by four jet
engines each producing a maximum thrust of 270 kN.

(a) (i) Calculate the total force of the engines acting on the aircraft.

(1 mark)

(i1)) Show that the initial acceleration of the aircraft with the engines set to full thrust is
about 3.4ms . Ignore any frictional forces.

(2 marks)

(b) The air<1:raft starts from rest at the beginning of its take-off and has a take-off speed of
90ms .

(i) Calculate the time taken for the aircraft to reach its take-off speed if frictional forces
are ignored.

TIME taken = ooiiiiiiiieee s
(2 marks)

(ii) Frictional forces reduce the actual acceleration of the aircraft to 2.0 ms >, Calculate

the mean total frictional force acting against the aircraft during the time taken to reach
its take-off speed.

Frictional fOrCe = ...ouuueeeeiiiiiiiieeeee e
(2 marks)
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(c) Calculate the minimum runway length required by this aircraft for take-off when the
acceleration is 2.0ms "~

Minimum runway length = ...,
(2 marks)

(d) The cruising speed of the aircraft in level flight with the engines at maximum thrust is a
constant 260ms . The pilot adjusts the thrust so that the horizontal acceleration is always

2.0ms >

Calculate the time taken from take-off for the aircraft to reach its cruising speed.

Time taken = ....ooovvvvviiiiiiiiiiiiiiiiii
(2 marks)

(e) When it is at cruising speed, the aircraft travels at a constant velocity and at a constant
height. Explain, in terms of the horizontal and vertical forces acting on the aircraft, how this

is achieved. Two of the 5 marks in this question are available for the quality of your written
communication.

(5 marks)
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8 Total for this question: 11 marks

A manufacturer asks you to design the heating element in a car rear-window de-mister. The
design brief calls for an output of 48 W at a potential difference of 12V. Figure 9 shows where
the eight elements will be on the car window before electrical connections are made to them.

4 0.75m )

B
>

A

3.0mm

>l e

G J

Figure 9

(a) Calculate the current supplied by the power supply.

CUITENE = ittt et
(1 mark)
(b) One design possibility is for the eight elements to be connected in parallel.
(i) Calculate the current in each element in this parallel arrangement.

CUITENE = 1t e

(1 mark)

(i) Calculate the resistance required for each element.

ResSiStance = ....c.ooovieeeiiiiii e

(2 marks)
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(c) Another design possibility is to have the eight elements connected in series.

(i) Calculate the current in each element in this series arrangement.

CUITENE = i
(1 mark)
(i) Calculate the resistance required for each element.
ResIStance = ......cooviieiiiiiiiiiieee e
(2 marks)
(d) State one disadvantage of the series design compared to the parallel arrangement.
(1 mark)

(e) The series design is adopted. Each element is to have a rectangular cross-section of 0.12 mm
by 3.0mm. The length of each element is to be 0.75 m.

(i) State the units of resistivity.

(1 mark)

(i) Calculate the resistivity of the material from which the element must be made.

RESISHVILY = oo
(2 marks)
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9 Total for this question: 17 marks

A farmer living on a remote Scottish farm wishes to provide the farm with an electrical supply
independent of the mains electricity. He opts for a combination of solar energy and tidal energy
with each type of energy contributing half of his total needs.

(a) The farmer estimates that he will consume energy at an average rate of 4.9kW. Calculate
the number of joules of energy he requires per day.

Energy required per day = ........cccceevieriennieenieennenne
(1 mark)

(b) The tidal contribution to his energy comes from a sea loch that is filled twice per day by the
tide. The farmer intends to build a barrage across this loch and to use the outgoing tide to
drive turbines that will generate electrical energy. The surface area of water retained by the
barrage is 55 000m’ and the average difference between high and low tide water levels is
1.2m.

(i) Show that about 7.3 x 10’ kg of water moves through the turbines with each tide.

density of the seawater = 1100kg m’

(1 mark)

(i1) Calculate the gravitational potential energy made available by this water flow each tide.

1

gravitational field strength g = 9.8 Nkg

Gravitational potential energy = .......ccccceevueeenenn.
(2 marks)

(iii) The generator can transform 25% of this energy into an electrical form. Calculate the

total electrical energy that this system will output every day given that the loch will be
filled twice during this time.

Energy output per day = ......ccccvvviiiiiiieeieeeee.
(1 mark)
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(c) The specifications for the solar panels are shown in Figure 10.

Operating current = 4.6 A

Operating voltage at the
operating current = 17 V

Open-circuit voltage =21 V

Figure 10

(i) Explain why the open-circuit voltage and the operating voltage are not the same.

(3 marks)
(i) The panels produce 0.25 kW m .
Estimate the average time per day during which the solar panels will produce energy.

(1 mark)

(iii) Estimate the total area of solar panels that will be needed in order to generate half the
energy needs of the farm.

Area of solar panels = ......ccccooceevieniiiiinninicee
(2 marks)
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(d)

TP/1102/PHB1

A third option for the farmer is for him to obtain his energy from the wind.

Compare the advantages and disadvantages of solar-based and wind-based energy sources
for the farmer’s needs. Two of the 6 marks in this question are available for the quality of
your written communication.

(6 marks)

END OF QUESTIONS
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