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Time Allowed — 1.5 hours

This examination paper consists of a data analysis exercise and six questions. Try to
attempt all. Please indicate each question number at the beginning of your working
and highlight your final numerical answers (including units) by, for example,
underlining or framing].

Marks will be awarded for correct approaches, thoughts, ideas, or methods, even if

the final answer is missing or incorrect. No negative marks will be given for inaccurate
or faulty arguments or incorrect answers.

Feel free to use any standard booklets of fundamental constants and/or formulas,
provided by your school or the short list of constants and formulas below.

Any calculators are allowed to be used.

Approximate values of a few Fundamental Constants

Electron charge e=1.60x10"1C

Electron mass m, = 9.11 x 10731 kg
Gravitational constant G =6.67x10"11m3kg 1s72
Planck’s constant h=6.63x10"3*m?kgs™!
Speed of light c=3.00x108ms™!

Gas constant R =8.31]JK *mol™?!
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Further Useful Constants

Gravitational acceleration g = 9.8 ms™2

Mass of an alpha particle m, = 6.64 x 10727 kg

Boltzmann constant
Astronomical unit
Angstrom
Electronvolt
Avogadro number

Temperature conversion
Formulas
PV = NkgT

AU = Qo gas — Wby gas
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kg = 1.38 x 10723 JK~!
1AU =15x%x10"m
1A=10"1"m
leV=16x10"1]

Np = 6.22 x 10?3 mol ™!
Ty — Toc = 273.15

PV = nRT _N
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Data Analysis Exercise

One of the radioactive isotopes of gold changes into a stable isotope of mercury by
beta decay: (*23Au — 28Hg + e~ + V)

The mass of the gold isotope (*9Au) content in a Petri dish was measured seven
times during a week, and the following values were obtained:

Monday 3 pm: my; = 2.2 mg
Tuesday 3 am: m, = 2.0 mg
Wednesday 3 am: mj; = 1.6 mg
Wednesday 3 pm: m, = 1.4 mg
Thursday 3 am: ms = 1.3 mg
Friday 3 pm: mg = 0.9 mg
Saturday 3 pm: m, = 0.6 mg

The uncertainty of each measurement was: e,,, = £50 ug
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The above diagram with Welsh axes:
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From the measured masses,

i) Find the half-life, t, ,, of the gold isotope.

i) Work out the mass, m,, of the gold isotope in the dish on Sunday 3 pm, a
day before the first measurement.

iii) Predict the mass, m,, of the gold isotope in the dish on Sunday 3 pm, a
day after the last measurement.

Question 1

On a smooth horizontal surface, block A, of mass m, = 0.5 kg, is moving towards

block B at speed u:

After elastic collision, the two blocks are moving in opposite directions at the same

speed:

How heavy is block B?
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Question 2

The diagram below shows the pressure of an ideal gas (perfect gas) of n = 25 mol
against the gas temperature as it is going through a thermodynamic process from
initial state A to final state B.
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Make a simple sketch (no graph paper is needed) of the gas pressure, P, against

the volume, V, of the gas from state A to B.
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Question 3

How far is an object from a magnifying glass (a thin converging lens of focal distance
f = 3 cm) if, when looking at the object through the glass, it appears M = 2.5 times

larger than it is?
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Question 4

The below schematic diagram shows a circuit with five identical appliances
(Rp = Rg = Rc = Rp = Rg) connected to a power supply of fixed voltage, V. When all

the five appliances are working, the current through the resistor of appliance Cis I =

[ g
i ¢ |
—

E

Calculate I when appliance D is taken out of the circuit by turning on switch S.
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Question 5
Ultraviolet light of wavelength A = 250 nm shines at a copper block.

a) Show that, by the photoelectric effect, electrons can escape from the surface of
the copper;

b) And find their possible speed at which they can leave the surface.

The work function of copper is: W¢, = 4.9 eV

Question 6

A light beam from a light source under a glass of water is propagating through the
bottom of the glass at angle of incidence 9; = 45° and enters the water at angle of

refraction 9, = 54°.

Find out what happens to a light beam that enters the water from the glass at angle

of incidence 93 = 60°.

water
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