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Check that the National Studant Numbar (NSN) on your admission slip is the same as the number al the
top of this paga.

You should answer ALL the guestions in this booklet.

For all numerical answers, full working must be shown, and the answer must be rounded to the corract
number of significant figures and given with an Sl unil.

For all ‘'describa’ or ‘explain’ questions, the answers should be writtan or drawn clearly with all logic fully
explained.

Formulae you may find useful are given on page 2.

If you need more space for any answer, use the paga(s) provided at the back of this booklet and claarly
number the guestion.

Check that this booklet has pages 2-8 In the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.
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You are advised to spend 35 minutes answering the questions in this booklet,

You may find the following formulae useful.

E=hf hf =¢+ E, E = Amect E ==
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QUESTION ONE: NUCLEAR REACTIONS

Mass of nuclei:
neutron:  1.67492 = 107" kg
proton:  1.67353 x 107" kg
devterium: 3.34449 = 107" kg
ritium:  5.00827 x 10¥ kg
heliom-4: 664648 x 107 kg
lithium-6; 9.98835 % 107 kg

Speed of light = 3.00 x 10* ms™
Thres bottles of water and some rocks can provide, in theory, enough energy for a family for one
year, The water and rocks can be used to obtain the raw materials for a thermonuclear reaction that
can take place between deuterium and tritium,

Tritium can be made from lithium SLi, which can be extracted from the rocks.

(a) Show that the mass deficit of a lithium nucleus is 5.700 x 107 kg.
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(b) Calculate the binding energy per nucleon for the lithium nucleus.
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(¢} State how the binding energy per nucleon can indicate the stability of a nucleus.
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Deuterium (hydrogen—2) can be extracted from the water. Thermonuclear reactors heat a mixture of
deuterium and tritium to 100 million degrees Celsins to produce the reaction illustrated below.

Deutarium

Helium-4

Source wew, iter.org

The nuclear equation for. this reaction is: fH + :H - :H:: + .;T't

(d) Calculate the amount of energy produced in this reaction.
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{e) Explain why it is necessary for the temperature to be so high for this reaction to occur.
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QUESTION TWO: SOLAR POWER ﬁn

Rydberg’s constant = 1.097 x 10° m™
Planck’s constant = 6.63 x 10~ Jg
Speed of light =3.00 = 10° ms*

Nuclear reactions in the Sun produce light. The main element in the Sun is hydrogen. The spectrum

of hydrogen can be observed in the laboratory with a hydrogen discharge tube.
The visible lines in the hydrogen spectrum are called the Balmer series and are described by the
formula:

-5t

where §=12,

(a) Calculate the wavelength of the lowest frequency line in the Balmer series I:L = 3). Give the

answer to the mﬂﬂﬂt\numbﬂ'ﬂfﬂlﬂ]’ﬂflﬂmt gures. j
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(b) Explain how light of this particular frequency is produced in the hydrogen atom.
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An electron in the 6th excited state (L = T) returns to the ground state in two jumps. It releases
one photon with a wavelength of 2,165 > 10~ m.

wavelength = 172 3‘-:"3“ ¥ o1

The Sun emits all wavelengths. However, when a solar spectrum is observed on Earth, it
contains black lines that correspond to missing wavelengths.

Give an explanation, in terms nfrm:rg}' absorption by electrons, for why some of the
wavelengths of light in the solar spectrum are missing when the light reaches Earth, ;.
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QUESTION THREE: NIGHT VISION CAMERA
Planck’s constant = 6.63 % 10~ J g

A night vision camera, like the one shown below, detects low levels of light on the photo-cathode,
which releases a few electrons. A photomultiplier increases the number of electrons, which then hit
the screen to produce an image.

(a) Name the effect that causes electrons to be released by the photo-cathode.
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(b} The phum.-.caﬂi':;de material of this night vision camera prevents it detecting infrared radiation.

State why this 15 so.
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The pham-mtﬁndn is made of a material that has a work function of 2.58 % 107 .

(¢) Calculate the lowest frequency of light that could release a photoelectron.
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(d) Explain the effect on the number and energy of the electrons released when the frequency of
the light is decreased.
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The photo-cathode is replaced with a -Eiiﬂ'EIl:Ill material. When it is illuminated with light of
wavelength 2.80 x 10" m, electrons with a maximum kinetic energy of 3.04 x 10-"* J are produced.

(e) | Calculate the threshold frequency for the material.
hi=¢ +3 .
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