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

Instructions

Time: 5 minutes reading time (NO writing) and 1 hour 20 minutes for writing on 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 94 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.

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 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 I and Section 2 may be sat in one session of 2 hours 40 minutes plus 10 minutes reading time.

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



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
Planck’s constant h 6.63 x 10734 Js
Mass of electron Me 9.11 x 1073 kg
Mass of proton mp 1.67 x 10727 kg
Gravitational constant G 6.67 x 10~ m3 kg~ g2
Acceleration of free fall at Earth’s surface g 9.81ms~2
Permittivity of free space €0 8.85 x 1072 Fm™!
Permeability of free space Lo 47 x 107 "Hm™!
Avogadro constant Na 6.02 x 103 mol !
Mass of Sun Mg 1.99 x 103 kg
Mass of Earth Mg 5.97 x 10** kg
Radius of Earth Rg | 6.37x10°m




Question 1

a) Physicists sometimes use the approximation that light travels in a vacuum at a speed of 1 foot in
1 ns. What is the percentage error in using this value?

(1.000 m = 1.094 yards and 1.000 yard = 3.000 feet)
[3]

b) A window cleaner’s ladder shown in Figure 1 is narrower at the top than the bottom. It has a
weight of 350 N and a length of 5.0 m. When it lies flat on the ground, a force of 80 N is needed
to lift the narrow end off the ground.

(1) How far is the centre of mass from the narrow end?

(i) What force is required to lift the wide end of the ladder off the ground?

Figure 1

[5]

c) A particle moves in a straight line with an intial acceleration of 10ms~2. The acceleration

decreases uniformly with time until, after ten seconds, the acceleration is 5 m s~2, and from then

on the acceleration remains constant. If the intial velocity is 100 m s71,

(1) find when the velocity has doubled;

(ii) sketch a graph of the velocity against time.

[7]

d) A student standing at a distance a from a vertical wall kicks a ball from ground level with velocity
V' at an angle « to the horizontal in a plane perpendicular to that of the wall. The ball strikes the
wall and rebounds. The coefficient of restitution for the collision is e = 2/3. The ball first strikes

the ground at a distance 2a from the wall. e is the ratio of the components of velocity at normal
Vafter
— < 1.

Ubefore
Find a in terms of V, « and g, the gravitational field strength.

incidence to the wall, before and after collision; e =

[6]



e)

g)

h)

A helicopter of total mass 1000 kg is able to remain in a stationary position by imparting a uniform
downward velocity to a cylinder of air below it of effective diameter 6 m. Assuming the density
of air to be 1.2 kg m ™3, calculate the downward velocity of the air.

[5]

In this question, distances are measured in nautical miles and speeds in nautical miles per hour.
A motor boat sets out at 2 p.m. from a point with position vector —4i — 5j relative to a marker
buoy (where i andj are two fixed perpendicular unit vectors) and travels at a steady speed of
magnitude /41 in a straight line to intercept a ship S. The ship S maintains a steady velocity
vector i + 4j and at 3 p.m. is at a position 3i— j relative to the buoy. Find

(i) the position vector of the ship at 2 p.m.,
(ii) the velocity vector of the motor boat,

(iii) the time of interception.

[7]

In a factory heating system, water enters the radiators at 60 °C and leaves at 38 °C. The system
is replaced by one in which steam at 100 °C is condensed in the radiators, the condensed steam
leaving at 82°C. What mass of steam will supply the same heat energy as 1.00 kg of hot water
described in the first instance? (The latent heat of vaporisation of water is 2.260 x 105 Jkg~! at
100 °C. The specific heat capacity of water is 4200 J kg~ °C~1)

(4]

A cell, a resistor and an ammeter of negligible resistance are connected in series and a current of
0.80 A is observed to flow when the resistor has a value of 2.00 2. When a resistor of 5.00 2 is
connected in parallel with the 2.00 €2 resistor, the ammeter reading is 1.00 A.

Calculate the emf and the internal resistance of the cell.

[5]

A battery with an emf of 6 V can produce a maximum current of 3 A. A resistor is connected
to the terminals whose value is such that the power dissipated in it is a maximum. Calculate the
maximum energy which can be dissipated in the external resistor in one minute.

(4]



)

k)

)

n)

0)

Calculate the number of photons emitted in a one nanosecond (10~?s) pulse of light from a
0.5 mW laser of wavelength 639 nm.

[3]

A lead ball is attached to the end of a light metal rod of length [, the other end being attached to
a horizontal axle of negligble friction. The rod is given an intial impulse and swings round in a
vertical circle. When it is at the top of the circle, the tension in the rod is zero. What is the tension
in the rod at the lowest point of its swing?

[6]

Some sand is sprinkled onto a loudspeaker cone which is pointing vertically upwards. The
louspeaker is driven in simple harmonic motion when attached to a signal generator and the
frequency is gradually raised. At a particular frequency, when the amplitiude of oscillation is
0.20 mm, the sand begins to lose contact with the cone. At what frequency does this occur?

[3]

Two radio stations on the equator, diametrically opposite each other, communicate by sending and
receiving radio signals that are tangential to the Earth’s surface via two geostationary satellites
in circular orbits at 3.59 x 10% km above the Earth’s surface. Calculate the time delay between
sending and receiving a signal.

[6]

A thin film of transparent material of refractive index 1.52 and thickness 0.42 um forms a thin
coating on glass of refractive index 1.60. It is viewed by reflection with white light at normal
incidence. What visible wavelength in vacuo is most strongly reflected?

[5]

Monochromatic light of wavelength 600 nm is incident on two vertical slits hence producing two
coherent sources. Before the light leaving these slits overlaps and interferes, each beam passes
through a tube 5.0 cm long. One of the tubes is now gradually evacuated and it is noted that the
fringe pattern shifts 25 fringes. Calculate the refractive index of air.

[5]



p)

Q

A submerged wreck is lifted from a dock basin by means of a crane to which is attached a steel
cable 10 m long of cross-sectional area 5.0 cm? and Young modulus 5.0 x 10'° Pa. The material

being lifted has a mass of 1.0 x 10*kg and mean density 8000 kgm 3. Find the change in

extension of the cable as the load is lifted clear of the water. Assume that at all times the tension
in the cable is the same throughout its length. (Density of water is 1000 kg m~3.)

[5]

A uniform beam AOB, O being the midpoint of AB, mass M, rests on three vertical springs with
stiffness constants ki, ko, k3 at A, O and B respectively. The bases of the springs are fixed to a
horizontal platform. Determine the compression of the springs and their compressional forces in
the following two instances:

(1) k:lzkg:k:andk‘Q:Qk

(ii) ki = k, ko = 2k and k3 = 3k
[8]

A pond is covered by a layer of ice 5 cm thick. How long will it be before the ice is 10 cm thick
if the air temperature stays constant at —10 °C?

Assume the density of ice = 900 kg m—3; the latent heat of fusion of ice = 330kJkg™!; the
thermal conductivity of ice = 2.1 Wm ™1 K~1.

The power flowing perpendicular to the faces through a uniform material is given by power flow

Ty — T
P = AALC), in which A is the thermal conductivity of the material, 73 is the hotter

x
temperature at one face of the material, T is the colder temperature on the other face, A is the
area of a face, and x is the thickness of the material.

[7]

END OF SECTION 1
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