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Answer all the questions.
(@) A 12V 36W lamp is lit to normal brightness using a 12V car battery of negligible internal
resistance. The lamp is switched on for one hour (3600s). For the time of 1 hour, calculate

(i) the energy supplied by the battery

ENEIGY = .ot J[2]

(ii) the charge passing through the lamp

(iii) the total number of electrons passing through the lamp.

number of electrons = .............ccociiiennl. [2]

(b) The wires connecting the 36 W lamp to the 12V battery are made of copper. They have a

cross-sectional area of 1.1 x 107 m2. The current in the wire is 3.0A. The number n of free
electrons per m? for copper is 8.0 x 1028 m3,

(i) Describe what is meant by the term mean drift velocity of the electrons in the wire.
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(ii) Calculate the mean drift velocity v of the electrons in this wire.

[Total: 12]
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(a) Define the resistivity p of a metal wire.

(b) Inthe UK the National Grid is used to transmit electric power. Each pylon supports 24 cables.
See Fig. 2.1. Each cable consists of 38 strands of aluminium. See Fig. 2.2.

pylon

cables

Fig. 2.2

(i) The resistance per km of a cable is 0.052 () km~'. Explain why the resistance per km of
a single strand is approximately 2.0 Q km~.

(i) The resistivity of aluminium is 2.6 x 1078 (0 m. Calculate the cross-sectional area A of a
single strand of the cable.

© OCR 2010



5

(c) The input voltage to each cable in Fig. 2.1 is 400kV. The cable carries a current of 440A.
Calculate

(i) the input power to one cable

iNnput power = ........ocoovviiiiiiienn. W [2]

(i) the number of cables required to transmit the power from a 2000 MW power station

number ofcables = ................coooeienel. [11

(iii) the power lost as heat per km of cable

lostpower = ... [3]

(iv) the percentage of the input power that is available at a distance of 100 km from the power
station.

percentage of power =...........cccoveiiiiininnnn. % [2]

[Total: 14]
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Fig. 3.1 shows a circuit containing a battery of e.m.f. 12V, two resistors, a light-dependent
resistor (LDR), an ammeter and a switch S. The battery has negligible internal resistance.

8.00
L .
120V i X ){/
12.0Q
(A )—Y
N
Fig. 3.1

(@) When the switch S is open, show that the potential difference between the points X and Y is
7.2V.

[2]

(b) The switch S is now closed. Describe and explain the change to each of the following when
the intensity of light falling on the LDR is increased:

(i) the ammeter reading

(ii) the potential difference across XY.

[Total: 6]
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4 (a) Fig. 4.1 shows the I-V characteristic of a light-emitting diode (LED).

40
J
30 y
I1/1078A
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20
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0

1.0 1.5 2.0

VIV

Fig. 4.1
(i) Describe the significant features of the graph in terms of current, voltage and resistance.

/ In your answer you should make clear how the features of the graph are related to the
action of an LED.
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(ii) Calculate the resistance of the LED
1 ati1.2Vv

resistance = ................... Q[1]

2 at1.9Vv.

resistance = .................. QO [2]

(b) In order to carry out an investigation to determine the I-V characteristic of an LED a student
connects the circuit shown in Fig. 4.2.

100
A

6.0V i
°B

Fig. 4.2

On Fig. 4.2 add an LED with a 100 () resistor in series, an ammeter and a voltmeter to
complete the circuit between terminals A and B. [3]

(c) When designing a circuit which includes an LED, it is normal practice to connect a resistor in
series with the LED, in this case 100 (). Suggest and explain the purpose of this resistor.
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(d) Another student uses the 10 () variable resistor as a potentiometer (potential divider) as shown
in Fig. 4.3. The rest of the circuit is then completed between terminals A and B as for Fig. 4.2
in (b).

Rl A

6.0V | 10Q| [+—e

Fig. 4.3

Explain why the circuit of Fig. 4.3 is more suitable for obtaining the I-V characteristic of the
LED than the circuit of Fig. 4.2.

[Total: 16]
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(@) (i) Define the terms wavelength, frequency and speed used to describe a progressive

wave.
WAVEIENGIR, A ...ttt ettt e e et e e e e e e e e e e e ees
=0 1V =g o3 VA PSSR
LS 0= T= o PP PPPTPPPRP
...................................................................................................................................... [3]
(ii) Hence derive the wave equation v = fA which relates these terms together.
[2]
(b) (i) Explain what is meant by infra-red radiation.
...................................................................................................................................... [2]
(i) For infra-red radiation emitted at a frequency of 6.7 x 103 Hz, calculate
1 its wavelength
wavelength = ..o, m [2]
2 its period of oscillation.
period = ......ccooiiiiiiiiiii, s [2]
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(iii) Infra-red radiation is absorbed by molecular ions in a crystal causing them to vibrate at a
frequency of 6.7 x 10'3 Hz. The amplitude of oscillation of the ions is 8.0 x 10712 m.

On the grid of Fig. 5.1 sketch a graph showing the variation with time of the displacement
of an ion.

15

10
displacement
/1072m 5

1
-5 time/107"4s

-10

-15

Fig. 5.1
[3]

[Total: 14]
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(a) Interference of waves from two sources can only be observed when the waves are coherent.
Explain the meaning of

(i) interference

(b) Fig. 6.1 shows two microwave transmitters A and B 0.20m apart. The transmitters emit
microwaves of equal amplitude in phase and of wavelength 30 mm. A detector, moved along
the line PQ at a distance of 5.0m from AB, detects regions of high and low intensity forming
an interference pattern.

P
A
My
0.20m \A 5.0m
[
B
Q
Fig. 6.1

(i) Use the ideas of path difference or phase difference to explain how the interference
pattern is formed.
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Calculate the separation between one region of high intensity and the next along the line
PQ.

separation = .........ccoeiiiiiiiiin, m [2]

State the effect, if any, on the position and intensity of the maxima when each of the
following changes is made, separately, to the experiment.

1 The amplitude of the transmitted waves is doubled.

3 The phase of transmitter A is reversed so that there is now a phase difference of
180° between the waves from A and B.

[Total: 14]
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(@) A helium-neon laser emits red light of wavelength 6.3 x 10~/ m.

(i) Show that the energy of a single photon is about 3 x 1071° J.

[2]

(i) The power of the laser beam is 1.0 mW. Show that about 3 x 10'® photons are emitted by
the laser each second.

1]
(iii) The photons of red light are emitted by the neon atoms in the gas inside the laser.

Explain what energy levels are and how they can be used to explain the emission of
photons from atoms.

/ In your answer take care to make your explanation clear.

(iv) Another laser emits blue light. The power in its beam is also 1.0 mW.

Explain why the laser emitting blue light emits fewer photons per second compared with
a laser of the same power emitting red light.
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(b) A photodiode is a circuit component which can be used to convert a light signal into an
electrical one. Fig. 7.1 shows an enlarged cross-section through a photodiode to illustrate
how it is constructed. Light incident on the thin transparent conducting surface layer of the
diode passes through it to be absorbed in the insulating layer. The energy of each photon
is sufficient to release one electron in the insulating layer. The potential difference V applied
across the insulating layer causes these electrons to move to one of the conducting layers.

incident light
transparent \ \ \ \
conducting layer °
insulating layer —— X =
4

conducting layer ——

®

Fig. 7.1

(i) Draw an arrow on Fig. 7.1 to show the direction of motion of an electron released at point
X in the centre of the insulating layer. [11

(ii) The red light from the laser in (a) is incident on the photodiode. Experiments show that
only 20% of the red light photons release electrons in the insulating layer and hence in
the circuit of Fig. 7.1. Calculate the current through the photodiode.

[Total: 14]
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8 In 1927 it was shown by experiment that electrons can produce a diffraction pattern.

(@) (i) Explain the meaning of the term diffraction.

(ii) State the condition necessary for electrons to produce observable diffraction when
passing through matter, e.g. a thin sheet of graphite in an evacuated chamber.

(b) Show that the speed of an electron with a de Broglie wavelength of 1.2 x 10710 m is
6.0 x 106 ms™1.

[3]
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(c) The electrons in (b) are accelerated to a speed of 6.0 x 106 ms~! using an electron gun
shown diagrammatically in Fig. 8.1.

cathode anode
I >electron
beam
- + |
d.c.
supply
Fig. 8.1

(i) Calculate the potential difference V across the d.c. supply between the cathode and the
anode.

(ii) Suggest why, in an electron gun, the cathode is connected to the negative terminal of the
supply rather than the positive terminal.

[Total: 10]
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