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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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¢=23.00x 108 ms™!
to = 4T x 1077 Hm™!
€, =8.85x 1012 Fm~

e=1.60x10"10C

h=6.63x10"34Js

u=1.66 x 1027 kg
m, =9.11 x 10731 kg
m, = 1.67 x 107" kg

R =8.31 JK"'mol™
N, = 6.02 x 1023mol~"
G=6.67 x 10~ Nm2kg2

g=981ms2



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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Answer all the questions.

(a) State, giving a scientific or technical application, an example of

1

() @ SiNGIE-Crystal SOl ... e e e e e eeeeeas

F= 1] o] 7= 4] o U

an amOrPOUS SONA ... e

(ii)

[4]

=T ][ o= 11 o] o 1

(b) A bubble raft on the surface of a liquid is used to represent the arrangement of atoms in a
crystal plane of a solid. Fig. 1.1 shows a photograph of a bubble raft.

Fig. 1.1

(i) Explain why the crystal plane shown is part of a close-packed structure.

1]
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(i) By careful observation of Fig. 1.1 locate two different types of imperfections in the crystal

plane. Use the letters above and to the left of the photograph (e.g. Dh) to indicate the
position of these faults.

For each position state the type of imperfection.

Position of fault 1 ............... Type of Imperfection ...

Position of fault 2 ............... Type of imperfection ..., [4]

(c) Models made with polystyrene balls may also be used to represent crystal structures. State

© OCR 2007

one advantage of the use of

(i) a ball model rather than a bubble raft

[Total: 11]
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A specimen of semiconductor has a square cross-section, as shown in Fig. 2.1. The length of the
specimen is 18 mm. The side of the square is 7.5mm. At 25°C the charge carrier density in the
specimen is 2.1 x 10'®m=3. A potential difference of 6.0V, applied to the ends of the specimen,
causes a current of 8.2 yA.

7.5mm
8.2 pA o |
| 7.5mm |
: ~— 18mm ——— :
[ [
[ [
- 6.0V o
Fig. 2.1
(a) Calculate
(i) the conductivity of the semiconductor
CONAUCHIVILY = ..veeveirecieeeiciceecee e Q 'm [4]

(ii) the drift velocity of the charge carriers.

drift veloCity =........cceeveeieeeceeeeeee ms~ [2]
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(b) The temperature of the specimen in Fig. 2.1 is now raised to 30°C.

(i) Explain, using band theory, why the charge carrier density in the specimen increases.

(if) The equation relating charge carrier density and absolute temperature is

n 1 1
In(-2)=128 1o4<———)
<n1> 8 T1 T2
where n, and n, are the charge carrier densities in the specimen at absolute temperatures

T, and T, respectively.
Show that the charge carrier density at 30°C is about 4.3 x 10'm=3.

[3]
(iii) Calculate the potential difference needed to give a current of 8.2 yA through the specimen

at 30°C. Assume that the change from 25°C to 30°C causes negligible change in the
mean drift velocity.

potential difference = ........cooovvviviiiiiiiiiiiiieeeee V [2]

[Total: 13]
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3 (a) (i) Interms of forces between atoms, explain what is meant by the equilibrium separation of
a pair of atoms in a solid.

(i) Suggest why, when the solid is not subject to stress and not at absolute zero, the actual
separation of the atoms varies rapidly with time.

(b) The graph in Fig. 3.1 shows the variation with separation x of the resultant force F between a
pair of neighbouring atoms.

F/10712N
20

10

-
\

-10

Fig. 3.1
(i) State

1 the range of values of x over which the resultant force is attractive

2 the equilibrium separation of the two atoms.
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(ii) Explain why the shaded area in Fig. 3.1 represents the energy required to separate the
pair of atoms.

(iii) Estimate the energy represented by the shaded area.

ENEITY = ereiieeeeeeeiiierre e e e e e s e J [3]

(iv) The process of atoms leaving the surface of a solid to form a vapour without any melting

occurring is called sublimation. The energy needed for 1kg of material to sublime is

called the specific latent heat of sublimation. Suggest how this is related to the energy
calculated in (iii).

[Total: 12]
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(a) Explain what is meant by the transition temperature of a superconductor.

(b) Below the transition temperature, a material ceases to be a superconductor if placed in a
magnetic field of flux density greater than a critical value B_. This critical value of flux density
B. at which the transition occurs depends on the absolute temperature T and is given by the
relationship
B, =B,—aT?

where B is the value of B, when Tis OK and a is a constant. The table below gives values of
T and B, for the element niobium.

T (kelvin) B, (tesla) | T2 (kelvin?)
2.0 0.185
4.0 0.155
6.0 0.115
8.0 0.055

() Complete the table and plot T2 against B, on Fig. 4.1. Draw the best straight line through
the points. [3]

(i) Using the graph, determine

1 the value of B,

2 the transition temperature of niobium, when BC =0.

transition temperature = ..........ccccooe K

(c) The compound YBCO is described as a high-temperature superconductor. Suggest what
is meant by a high-temperature superconductor and why such a material is economically
important.

[Total: 10]
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(a) A student makes a transformer by winding coils of copper wire around a solid hard iron core.
He carries out an experiment to show how the efficiency of the transformer varies with the
frequency of the supply. Describe the experiment, including the following aspects in your
answer

a sketch of the apparatus

the quantities which are kept constant
the procedure followed

the readings taken

how the efficiency is calculated.

© OCR 2007
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(b) The student concludes that the efficiency of the transformer decreases with increasing
frequency. Explain why this decrease takes place.

[Total: 14]
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6 (a) Aslight and infra-red radiation pass through glass their intensities decrease. With reference to
the different processes causing this decrease, explain why a wavelength of 1.5um is preferred
for optic-fibore communication systems.

(b) Two beams of infra-red radiation, A and B, enter a 1 km length of fibre-optic cable. Due to
Rayleigh scattering, the intensity of A is reduced by 5.0%, and the intensity of B is reduced by
10%. The wavelength of A is 1.5um. Calculate the wavelength of B.

wavelength =........oooiiieeeeen pm [3]

[Total: 10]
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A champion BMX cyclist wishes to become a professional and seeks help from an A-level Physics
student in creating an act. The student suggests two stunts; one involving a horizontal take-off on
to a sloping ramp and the other involving a loop-the-loop manoeuvre.

(a) The student begins by finding out the maximum speed the cyclist can produce on level ground.
Two flags are positioned 240 m apart on a flat road. The cyclist is told to accelerate to the first
flag and to pedal as hard as he can until the second flag is passed. This is shown in Fig. 7.1

Fig. 7.1
The student gets the cyclist to repeat the test three times and records the following results :
14.8s 17.2s 15.6s

Show that the mean speed the cyclist can maintain over the 240m is about 15ms™.

(2]

(b) The student designs the stunt shown in Fig. 7.2 where the cyclist must take off at 15ms™!
from a horizontal launch pad and land smoothly just at the edge of a sloping ramp.

15m s!

launch pad

Fig. 7.2
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The student reasons that in order to land smoothly, the direction of the velocity of the cyclist

on reaching the edge of the ramp must be at the same 45° angle as the ramp itself.
Ignore air resistance in all calculations.

(i) Explain why the vertical component of velocity on reaching the ramp must be 15ms™.

(i) The student calculated the vertical fall y to the ramp to be about 11 m. Show how he
arrived at this result.

[2]

(iii) The student calculated the horizontal jump x to the ramp to be about 23 m. Show how he
arrived at this result.

[1]

(iv) The total mass of the cyclist and bike is 86 kg. Show that the kinetic energy of the cyclist
on reaching the ramp is about 19kJ.

[3]
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(c) The student next designs a loop-the-loop stunt shown in Fig. 7.3. The cyclist must enter the
circular runway at the same 15ms~" speed in order to exit from it smoothly.

E
Fig. 7.3

In order to calculate the maximum diameter of loop in which the cyclist can safely execute the
manoeuvre, the student makes the following assumptions

the cyclist stops pedalling once he enters the loop at E

the normal reaction of the runway on the tyre just becomes zero at the top of the loop T

therefore the centripetal force at the top T is provided by the force of gravity only
e airresistance and runway friction can be ignored.
As a result, the student calculates the diameter of the track to be 9.17m.

(i) Show that the speed of the cyclist at the top T of the loop should be 6.7ms™".

(3]
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(i) The total mass of the cyclist and bike is 86 kg. Calculate

1 the kinetic energy of the cyclist atthe top T

KinetiC energy = ....oooociiiiiieeie e J [2]

2 the gravitational potential energy of the cyclist at the top T. Take the gravitational
potential energy at E to be zero.

potential energy = ... J [2]

(iii) Show that the sum of the kinetic and potential energies at the top T of the loop is equal to
the kinetic energy of the cyclist as he enters the loop at E.

(2]
(iv) The cyclist suggests that removing the top half or semicircle of the loop from A to B
would allow him to fly in a semi-circular arc through the air and thus make a more

spectacular stunt. How should the student should respond to this suggestion? Explain
your reasoning.

[Total: 20]
END OF QUESTION PAPER
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