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SECTION A

Respond to all the items in this section.

Item |
As part of preparations for the PAMOJA AFCON Tournament, the Uganda((}ragv,
condueted a series of training sessions involving football skills, physical conditioning
and transportation to their hill top training camp. ;
During a free-kick practice session, a striker places the ball 20.0 m directly in front of the
centre of the goal. A defensive wall stands __9?9_ m from the ball and is 2.0 m high, while
the crossbar is 2.44 m above the ground. The sticker intends to kick the ball so that it ju
clears the wall before entering the goal. Air resistance during the kick is neglected.
In another training drill, the same football of mass 0.43 kg is released from rest from a
height of 30.0 m above the ground. As it falls, the ball experiences air resistance and
eventually reaches terminal velocity before striking the ground. The ball has a
circumference of 68 cm and an internal pressure of 1.2 x 105 p,.

The team’s training camp is located at the top of a hill inclined at 30" to the horizontal. A
team bus of mass 2500 kg starts from rest and accelerates uniformly at 5.0 ms? for 10s
while travelling up the slope, neglecting friction at the tyres.

The players appreciated the training activities and transportation but were unable to
explain the physics involved in the different situations.

Task
(a) Analyse the information provided to explain the mechanics involved in football
training activities and the team’s journey to the training camp.
(b) Evaluate the performance of the football and the team bus using appropriate
principles of mechanics and recommend suitable measures to improve their
performance.

Item 2
Al a national research and energy innovation center, a group of students visits

laboratories studying nuclear energy, radiation detection and electron behavior in electric
and magnetic fields. The visit aims to expose students to how atomic and electronic

" principles are applied in modern science.
In the nuclear research section, scientists explain how the stability of nuclei depends on

. binding energy per nucleon and how energy is released in nuclear processes. }
The students observe a graphics relationship between binding energy per nucleon and
mass number. 5 : 4
In the radiation laboratory, a Geiger-Muller tube is used to detect radiation fro
thorium sample. The scientists note that counts are still recorded even when no
radioactive source is present. The thorium-230 of mass lg and half-life 75,400 years
detected by the machine, ‘
[n another experiment, students study the emission of electrons from metal surfaces
when illuminated by light and observe how X-rays are produced in a vacuum tube.
Finally in the electron dynamics laboratory, they observe the motion of electrons inf!
electric [ields and how their specific charge can be determined experimentally.
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Respond to one item from this part
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The refractive index of the lens material increases to n = 1.48 due to therm
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Item 4 i TH
A company is planning to start a project of wave power around Lakel Yi:;m; 1}:‘-

company project manager approached an engineer. The engincer SApE litude
available wave power device can only generate electricity if the wave aatrll(p lw . o
least 0.155 m. The manager therefore needed to determine whether the lake €5 are

suitable for the project. . =
The lake wave is modelled by the equation y =A sin {z_T_ — kx), W

the wave and k is the wave number, y is the displacement of one
undisturbed surface and x is the distance moved by the wave.
purposes the manager would like to have a record of the wave equat
waves.

Because the direct measurement of the moving wave is difficult, the
use a screen method based on reflection of light to determine amplitude. .
A narrow laser beam is directed onto the water surface. The reflected beam falls ona
vertical screen placed 100 m way. When light is reflected from the crest of the wave
reaches the mean position O on the screen. When light is reflected from the wave surface
at it’s greatest positive slope, the reflected sports shifts 0.8 m above the mean position €
The students need to use knowledge of light reflection on rotated reflecting surface
determine the inclination of greatest slope of the wave. p
To check the accuracy of the manager’s results, engineer used as second metho
converging lens is placed in the path of the reflected beam so that the light is focuse
an optical fiber. The optical fiber carries the light to a photo detector an
electronically recorded signal is compared with the manager’s screen measuremen
manager does not know how the optical fiber transmits the light and why a conve:
was used in this option by the engineers.

here T is the period
wave in meters

ion of the

manger decidedt

Support material A
o The angle of inclination of greatest slope of the wave is equal to the maximum slopé

of the wave.
e Wave length 2 =25.0 m and period T=10.0 §

Task:
(a) Analyse the information provided to help the manager determine whether the

waves can support power generation and establish the wave equation.

(b) Discuss the accuracy of the optical measurement method and explain how the
method using a lens and optical fiber improves reliability.
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