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Instructions

Time: 3 hours (approximately: Q1 40 min, Q2 45 min, Q3 45 min, Q4 50 min).
Questions: All four questions should be attempted.
Marks: The questions carry marks indicated by the times above.

Solutions: Answers and calculations are to be written on loose paper or in examination booklets, and
graph paper should be provided. Students should ensure their name and school is clearly written on all
answer sheets and pages are numbered. A standard formula booklet with standard physical constants
should be supplied.

Instructions: To accommodate students sitting the paper at different times, please do not discuss any
aspect of the paper on the internet until March.

Calculators: Any standard calculator may be used, but calculators must not have symbolic algebra
capability. If they are programmable, then they must be cleared or used in “exam mode”.

Clarity: Solutions must be written legibly, in black pen (the papers are photocopied), and working down
the page. Scribble will not be marked and overall clarity is an important aspect of this exam paper.



Important Constants

Constant Symbol | Value

Speed of light in free space c 3.00 x 108 ms~!
Elementary charge e 1.60 x 10719 C
Acceleration of free fall at Earth’s surface g 9.81ms?
Permittivity of free space €0 8.85 x 1072 Fm™!
Permeability of free space 1o 4 x 107" Hm™!
Mass of an electron Me 9.11 x 1073 kg

Mass of a neutron Ma 1.67 x 10727 kg

Mass of a proton My 1.67 x 10727 kg
Radius of a nucleon 0 1.2 x 107 m
Planck’s constant h 6.63 x 10734 Js
Gravitational constant G 6.67 x 10~ m3 kg—1 572
Boltzmann constant k 1.38 x 1078 JK!
Molar gas constant R 8.31Jmol ' K1
Specific heat capacity of water Cw 419 x 103 Jkg 1 K~}
Mass of the Sun Mg 1.99 x 103 kg

Mass of the Earth Mg | 5.97 x 10* kg

Radius of the Earth Reg | 6.38x 10%°m
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