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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,

© OCR 2010

3.00 x 108 ms™
4 x 1077 Hm™!
8.85x 10712 Fm™
1.60x 1071°C
6.63 x 10734 Js
1.66 x 1027 kg
9.1 x 10731 kg
1.67 x 1027 kg
8.31 JK~" mol™!
6.02 x 1023 mol™!
6.67 x 107" Nm? kg2

9.81 ms™2



Formulae
uniformly accelerated motion, S
V2
refractive index, n
. . . 1
capacitors in series, o
capacitors in parallel, C
capacitor discharge, X
pressure of an ideal gas, p
radioactive decay, X
b
2

critical density of matter in the Universe, p,

relativity factor,

current, I
nuclear radius, r

sound intensity level,
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4
Answer all the questions.

1 Fig. 1.1 shows a portable radio receiver approximately equidistant from three different radio
stations, A, B and C, each broadcasting different programmes on the AM medium wave network.

()

radio
receiver

Fig. 1.1

(a) State a typical carrier frequency any one of the MW transmitters could use.

(b) Show by means of a suitable calculation that it is impractical for the portable radio to use a
dipole aerial.

[2]

(c) State two reasons why the aerial of the receiver cannot simply be connected directly to a
moving coil loudspeaker.
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(d) Fig. 1.2 shows the block diagram of an AM radio receiver.

aerial

loudspeaker

Fig. 1.2
(i) Label the blocks numbered 1 to 4. [4]
(i) Explain the function of each part of this receiver.

= U] (= TR

[Total: 15]
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2 Fig. 2.1 shows how the attenuation per kilometre in a cable varies with the frequency of the input

signal.
12 //
10 /
8
attenuation/dBkm=' 6 ///
4 R
2
0
0 2 4 6 8 10 12 14 16 18
frequency/kHz
Fig. 2.1

(a) State what is meant by attenuation.

............................................................................................................................................ [1]
(b) This cable is to be used to transmit an audio signal through several kilometres.
Use Fig. 2.1 to explain what will be heard at the receiving end when the input signal is
(i) music with the full range of audio frequencies
.................................................................................................................................... [2]
(ii) speech restricted to a maximum frequency of 3kHz.
.................................................................................................................................... [2]
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(c) The cable of Fig. 2.1 is used to transmit speech restricted to frequencies below 3kHz.

The input power to the cable is 2.7W.
The noise power in the cable is a constant 8.6 uW.
The signal-to-noise ratio must not fall below 25 dB.

(i)

(ii)

(iii)

(iv)

© OCR 2010

Calculate the lowest acceptable signal power in the cable.

[OWESE POWET = ....eeiiiiiiiiiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeees W [3]

Calculate the total attenuation of the signal at the point of lowest acceptable signal
power.

Explain quantitatively what must be done to allow the signal to be transmitted through a
distance of 30km and arrive at the other end with the same 2.7W power as at the input
to the cable.

[Total: 14]
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8

Fig. 3.1 shows a light dependent resistor (LDR) and a light-emitting diode (LED) in a circuit using
an op-amp operating from +15V power supplies.

+ 15V ® ® °
Ry
R R
51kQ
+ 15V
X +\ \\\
Y 7
—-15V
2.2kQ 39kQ
oV ° o
Fig. 3.1
(a) Label the light dependent resistor with LDR and the light-emitting diode with LED. [1]1

(b) The op-amp in this circuit is being used to compare the fixed voltage V., at Y, with the variable
voltage Vi at X. Explain how the output of the op-amp changes as V, changes.

(c) Calculate the voltage at Y.

© OCR 2010
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(d) In a certain light condition, the LDR has a resistance of 2.9k(.

Calculate the output voltage of the op-amp and write down the state of the LED.

OP-amMpP OULPUL = ... \Y

(e) Explain how the output brightness of the LED changes as the lighting conditions change from
darkness (LDR resistance = 1 M) to daylight (LDR resistance = 100€2).

(f) Calculate a suitable value for the resistor R to limit the LED current to a maximum value of
5mA.

FESISTANCE = ..oeveiiiieee e Q [3]

[Total: 15]
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Fig. 4.1 shows a geostationary satellite in orbit around the Earth. The satellite is broadcasting TV
signals into a footprint of diameter 1200 km.

(a)

(b)

(c)

1200 km

Fig. 4.1
State three conditions which have to be met for a satellite to remain in geostationary orbit.

The area of the solar panels exposed to the Sun is 3.5m?2. They produce a maximum output
power of 1120W when the intensity of sunlight is 1.6kWm™,

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

efficiency = ..o, % [3]

© OCR 2010
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(d) The satellite transmits a power of 650W 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 circular satellite dish of diameter 0.85m.

Assume power is uniformly distributed within the footprint.

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

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

[Total: 17]
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Nowadays almost all A-level students in the UK own a mobile phone yet very few have any idea of
how the mobile phone network operates. Imagine you are to give a talk on the subject to a group of
Physics students who are not studying this module. In the space below, set out the main features
you would bring out in your talk to explain the principles of operation of the mobile telephone
network. In particular you should explain, making reference to the frequencies involved,

* why the aerial on a mobile handset is very small

e why the power transmitted from a handset must be small
*  how the system operates to allow users to call home from almost anywhere in the UK.

[Total: 9]
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This question is about a cliff railway that is entirely powered by water. The rail line links a town at
the top of a hill with another town at the bottom of the hill. The railway has two carriages running
on parallel tracks. They are connected by a continuous cable running around two pulley wheels
mounted at the top and bottom of the track bed (see Fig. 6.1). Brakes can be applied to the lower
pulley wheel to control the speed of the carriages.

pulley wheel

150m

water tank

pulley wheel

Fig. 6.1

Each carriage has a tank beneath the passenger compartment which can hold 5.0m?3 of water.
Before the start of each journey both tanks are full of water. When the passengers are aboard,
water is released from the lower carriage until the weight of the lower carriage is less than that
of the upper carriage. The brakes on the pulley wheel are released and the carriages accelerate
toward the other station. When the speed of the carriages reaches 6.6ms~!, the brakes are
partially applied to maintain a constant speed.

When the carriages reach the stations the brakes are fully applied and the carriages slow down
and stop. While the passengers leave, the water tank beneath the carriage at the top station is
refilled with water from a river. Passengers board both lower and upper carriages and the whole
process is repeated.

Data: mass of each carriage fully loaded (including a full tank of water) = 10000kg
volume of water tank = 5.0m3
length of rails = 260m
vertical height from lower station to the top station = 150m
angle of inclination of rails = 35°
density of water = 1000kgm™3
mass of each brake block = 25kg

©OCR 2010 Turn over
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(a) Describe the energy changes that occur when the lower carriage is lifted to the upper station
while the upper carriage moves to the lower station.

(b) Just before the water tank in the lower carriage begins to drain, both carriages are carrying
their full load and the tension T, in the lower cable is small enough to be ignored.

Show that the tension T, in the upper cable is about 5.5 x 10*N when both carriages are fully
loaded.

[2]

() When the brakes are released, the acceleration of both cars is 1.5ms™ and there is a
resultant force of 8.7 x 102N parallel to the track acting on the lower carriage.

(i) Calculate the volume of water which has been released from the lower carriage.

VOIUME = oo m3 [4]

© OCR 2010
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(ii) Calculate the time taken from the moment the lower carriage leaves the station to the
point when it reaches its maximum speed of 6.6ms~!. Assume the acceleration remains
constant.

(iii) Calculate the distance travelled during this time.

AiStANCE = ...uvvieeiiiii m [2]

(d) At the start of one particular journey both carriages are fully loaded. 3800kg of water is
released from the lower carriage.

(i) Show that the net change in potential energy of the system is about 5.5 MJ.

[2]
QUESTION 6 CONTINUES OVER THE PAGE
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Six iron brake blocks, each of mass 25kg, apply a force against the lower pulley wheel. This
maintains the constant speed during the journey and then, following an increase in this force,
brings the carriages to a halt.

(i) Calculate the rise in temperature of the brake blocks in this journey if the brake blocks
absorb all of the potential energy change calculated in (i).

The specific heat capacity of iron is 4.7 x 102Jkg™ K.

rise intemperature = .........cccooe K [3]

(iii) In practice the rise in temperature of the brake blocks is much less than the value
calculated in (ii). Discuss reasons why.

[Total: 20]

END OF QUESTION PAPER
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