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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,
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c=3.00x 108 ms™!
e = 4 x 107 Hm!
€, =8.85x 10712 Fm!

e=1.60x10"1°C

h=6.63x10734Js

u=1.66x 10727 kg
m, =9.11x 10731 kg
m, = 1.67 x 1077 kg

R =8.31 JK"'mol™
N, = 6.02 x 1023mol"
G=6.67x10"""Nm2kg=

g=9.81ms™



Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,
capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,
relativity factor,

current,

nuclear radius,

sound intensity level,
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sinC
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4
Answer all the questions.

Fig. 1.1 shows the frequency spectrum of the signal from a radio transmitter.

power
A

45 50 55 frequency/kHz

Fig. 1.1

(a) State the full name of the type of modulation shown in Fig. 1.1.

bandwidth = .......ccccevviiiiiiiiiieieeee, unit ............ [2]

(d) State the name and frequency range of the radio waveband which accommodates this
signal.

waveband ... from ...l kHzto ..............ell. kHz [2]
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5
(e) On the axes of Fig. 1.2, sketch a graph of the radio signal of Fig. 1.1 as a function of time.

Numerical values of signal voltage are not required.

Use the space below to show the calculations. [5]

signal voltage
A

0201140601 80-1100{+120-1140{160/180 200220 time/us

Fig. 1.2

©OCR 2007 [Turn over



6

(f) On the axes of Fig. 1.3, sketch the frequency spectrum of a radio broadcast from the same
transmitter as Fig. 1.1 to which people might be listening.

power
A

50 frequency/kHz

Fig. 1.3
Explain your answer.

[Total: 15]
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8

Fig. 2.1 shows a system where a TV cable company is transmitting TV signals through an optic
fibre cable to a receiving station.

TV staton |——-9-----c----- receiving station

optic fibre cable

< 65km

v

Fig. 2.1

The optic fibre cable is a monomode cable of length 65km. There are no amplifiers between the
two stations. The attenuation of the cable is 0.32dBkm~". The noise power at the receiving station
is 0.24 yW. The signal-to-noise ratio at the receiving end is 28 dB.

(@ (i)

(ii)

(b) (i)

(ii)

(iif)
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State what is meant by signal-to-noise ratio.

..................................................................................................................................... [1]
State and explain how this ratio changes along the length of the fibre.
..................................................................................................................................... [2]
Show that the signal power at the receiving end of the optic fibre is about 150 yW.
(3]
Calculate the attenuation in the cable.
attenuation = ... dB [2]
Calculate the signal power input to the cable.
iNput Signal POWET = ... W [2]



9
(c) (i) State the type of device used by the TV company to produce the light for the fibre.

(d) The TV company could transmit their signals in analogue or in digital format.
(i) Explain what is meant by

1 .an analogue SIgNal ...

[Total: 17]
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Fig. 3.1 shows a satellite in geostationary orbit around the Earth. The satellite is broadcasting TV
signals into a footprint of diameter 1200 km.

!

1200 km

|

Fig. 3.1
(@) On Fig. 3.1, indicate the position of the North Pole of the Earth. [1]

(b) The satellite carries both batteries and solar panels. Explain why.

(c) The solar panels have a total area of 4.5m? and produce a maximum output power of
1080 W.

The intensity of sunlight is 1.6 kWm™2.

Calculate the percentage efficiency of the solar panels in converting sunlight to electricity.

effiCienCy = oo, % [3]
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(d) The satellite transmits a power of 750W back to the Earth. 90% of this power is concentrated
in the footprint of diameter 1200 km. Calculate the maximum power which can be received on

Earth by a satellite dish of diameter 1.1 m. Assume power is uniformly distributed within the
footprint.

(e) Explain, quoting typical frequencies in your answer, how the TV signal gets from the TV station
on Earth to the satellite dish of the viewer.

(f) Explain the advantage in broadcasting TV signals by satellite instead of by terrestrial
transmissions from dipole aerials.

[Total: 15]
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It is required to set up an optic fibre system capable of communicating speech from one room to
another room a few metres away. The optic fibre has already been laid between the two rooms.
You have available a microphone, which produces a maximum output of £ 30mV, dual + 15V
power supplies, a loudspeaker and a range of standard electronic components.

+15V

optic fibre

o= -+ !

microphone

ov

—15V o

Fig. 4.1

(@) (i) On Fig. 4.1 complete the op-amp circuit diagram showing how the input to the optic fibre
is produced. [4]

(ii) Calculate the maximum possible gain for the op-amp.

MAXiMUM QaIN = ..ooiiiiiiiiieicee e [1]

(iii) Label all resistors with appropriate values. Use the space below for your calculations and
assume the LED current is not more than 10mA.

(3]
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(iv) Outline how your transmission system operates.

(b) Fig. 4.2 shows part of the circuit required at the receiving end of the fibre.

®
+15V

optic fibre

— +
/ loudspeaker

ov

~15V o

Fig. 4.2

(i) Draw on Fig. 4.2 the circuit required. The amplifier you draw should have a voltage gain
of about 500. (5]

(ii) Explain how your receiver system operates.

[Total: 17]
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There are three different ways in which electromagnetic waves may be propagated from a
transmitting aerial to a receiving aerial. The mode of propagation depends on the transmission
frequency. For each of the waves listed below, state their range of frequencies and describe the
means by which they are propagated.

Surface waves

[Total: 6]

© OCR 2007



15
BLANK PAGE

PLEASE DO NOT WRITE ON THIS PAGE

©OCR 2007 [Turn over



16

The suspension system for road vehicles can be modelled using springs and masses. The natural
frequency of oscillation ffor a mass m supported by a spring is given by

1 k
f_ﬁ m

where k is the spring constant.

(@) (i) A spring is found to compress by 40 mm when loaded with a mass of 5000 kg. Show that
the spring constant kis 1.2 x 108Nm™".

(2]

(ii) A 5000kg mass is supported by four such springs as shown in Fig. 6.1.

=

Fig. 6.1

Calculate the natural frequency of oscillation of the mass.

natural frequenCy = ... Hz [2]
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(b) The suspension systems of large lorries require springs made from rods which may be
several centimetres thick. Steel rod of this diameter would snap if bent into shape at room
temperature. To prevent this the rod is ‘hot-coiled’: it is heated from 20°C to 1000°C before
being wound into a spring.

The method of heating is electrical, using a supply of 50V, which passes a current of 12000 A
through the steel rod. Large contacts at each end of the rod are necessary and these are
water-cooled (see Fig. 6.2).

e 50V e
contact — rod ¥ contact
in out in out
water water
Fig. 6.2

(i) Calculate the resistance of the rod, assuming that the voltage across it is 50V.

rESISTANCE = ..ovviiciiieee e Q1]

(ii) Show that the electrical power generated in the rod is 600 kW.

(1]
The mass of the rod is 15kg.
The specific heat capacity of steel is 420Jkg™1 K.

(iii) Calculate the energy required to heat the rod from 20°C to 1000 °C.

ENEIJY = eeiiiiieiiiiieiee et ee e e e e J [2]

(iv) Calculate the minimum time required to heat the rod to 1000 °C.

minimumtime = ... s [2]
©OCR 2007 [Turn over
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(c) In practice the time taken to reach 1000°C is greater than the value found in (b)(iv).
Consequently, the total energy supplied is found to vary according to the time taken for the
heating process. The relationship between the energy supplied and time taken is shown in

Fig. 6.3.

total energy
supplied
/MJ

0 time/s ——»

Fig. 6.3

Discuss two ways in which energy is lost from the rod during heating and explain the trend
shown by the graph in Fig. 6.3.

© OCR 2007
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(d) A spring is made from a steel rod of the same length but with twice the radius.

Suggest, with reasons, how the following will change.

(i) The resistance of the rod.

rod.

[Total: 20]

END OF QUESTION PAPER
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