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This question paper must not be taken out of the exam room

Instructions

Time: 1 hour 20 minutes for this section.

Questions: Students may attempt any parts of Section 1, but are not expected to complete all
parts.

Working: Working, calculations, explanations and diagrams, properly laid out, must be
shown for full credit. The final answer alone is not sufficient. Writing must be clear.

Marks: A maximum of 50 marks can be awarded for Section 1. There is a total of 87 marks
allocated to the problems of Question 1 which makes up the whole of Section 1.

Instructions: You are allowed any standard exam board data/formula sheet.

Calculators: Any standard calculator may be used, but calculators cannot be programmable
and must not have symbolic algebra capability.

Solutions: Answers and calculations are to be written on loose paper or in examination
booklets. Graph paper and formula sheets should also be made available. Students should
ensure that their name and their school/college are clearly written on each and every answer
sheet. Number each question clearly.

Setting the paper: There are two options for sitting BPhO Round 1:

a. Section 1 and Section 2 may be sat in one session of 2 hours 40 minutes plus 5 minutes
reading time (for Section 2). Section 1 should be collected in after 1 hour 20 minutes and
then Section 2 given out.

b. Section 1 and Section 2 may be sat in two sessions on separate occasions, with 1 hour 20
minutes plus 5 minutes reading time allocated for Section 2. If the paper is taken in two
sessions on separate occasions, Section 1 must be collected in after the first session and
Section 2 handed out at the beginning of the second session.
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Important Constants

Constant Symbol Value

Speed of light in free space c 3.00⇥ 10
8
ms

�1

Elementary charge e 1.60⇥ 10
�19

C

Planck constant h 6.63⇥ 10
�34

J s

Mass of electron me 9.11⇥ 10
�31

kg

Mass of proton mp 1.67⇥ 10
�27

kg

atomic mass unit u 1.661⇥ 10
27
kg

(1u is equivalent to 931.5 MeV)

Gravitational constant G 6.67⇥ 10
�11

m
3
kg

�1
s
�2

Acceleration of free fall at Earth’s surface g 9.81m s
�2

Permittivity of free space "0 8.85⇥ 10
�12

Fm
�1

Permeability of free space µ0 4⇡ ⇥ 10
�7

Hm
�1

Avogadro constant NA 6.02⇥ 10
23
mol

�1

Mass of Sun MS 1.99⇥ 10
30
kg

Radius of Earth RE 6.37⇥ 10
6
m

T(K) = T(�C) + 273

Volume of a sphere =
4
3⇡r

3

ex ⇡ 1 + x+ . . . x ⌧ 1

(1 + x)n ⇡ 1 + nx x ⌧ 1

1
(1+x)n ⇡ 1� nx x ⌧ 1

sin ✓ ⇡ ✓ for ✓ ⌧ 1;

tan ✓ ⇡ ✓ for ✓ ⌧ 1;

cos ✓ ⇡ 1� ✓2/2 for ✓ ⌧ 1;
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we assume that the rate of loss of thermal
energy is the same in both cases at anygiven temperature
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