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INSTRUCTIONS TO CANDIDATES
* This €ramination paper consists of twe Sections: A and B. It has six items.

* Sectiom A has two compulsory items.

* Seviion B has two parts; land I Respond to only one item from each part,
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SECTION A
Respond to all the items in this secrion.

ltem g,
Cancer i Uganda is a growing public health crisis. A private hospital plans to

catablish & cancer treatment unit usi ng a cost-cffective cobalt teletherapy machine
'I " 1 » . &0
MLEmits gamma rays from cobalt decay 1o destroy tumors. Cobalt ( 17C0) decays

10 nickel (N1), emitting a beta particle and gamma rays. Before getting the machine,
the project Manager and health workers emphasized the need to understand stability

of atoms us; : I
disi t——-ﬂ‘ﬁ_"}f_llr:dll:g energy per nucleon graph, the decay equation, the rate of
- ! ——— ¥
sinfegration, and the amount of energy the machine can possibly produce in the
r N L 5. aia'l I . *
process. The available reference data indicates that an efficient teletherapy insihise

uses 20g of Cobalt at a rate of disintegration not more than 9x10" Bq to produce

at le sX10V 4 . i .

atleast 4.5X10% Mey ofenergy. They were told to invelve a student of advanced
level physics for help af the best solutions were to be obtained.

The project manager asked the student to describe the structure and operation of a
device that uses particles with properties similar to beta particles to produce radiation
for scanning cancer patients.

They also experienced difficulty in completing the task because the machine emits
particles that do not penetrate the body effectively, resulting in a low-intensity
unage. They therefore wish to be guided on how to adjust the machine settings 0

increase the penctration of the particles through the body and produce a more intense
image.

Support material;
Half-life of *%7Co. is 5.27 years, Mass of Co = 599338 U, Mass of

Ni=59,9308 U,
Mass of an electron = 0,0005 U, Avogadro's number = 6.02x10* atoms.

1U =931 MeV .
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Task:
As a student of physics, you have been selected for help;

(a) Analyze the given data 1o address the concerns raised by the project manager.
(bYPropose the device and examine its operation 1o serve the purpose.

ltem 2.

Uganda has made significant strides in space technology, marked by the successful
launch of its first satellite, Pearl Africa Sat-1, on Tth November 2022. As part of
ongowng efforts to advance scientific research, communication, and environmental
monitaring, the country is preparing for another satellite launch, On the day of the
launch preparations, one of the engineers responsible had briefly returned 10 his
heme, located near the launch station, While at home, he recer ol an urgent call

from the project manager requining him to report back 1o the station ‘”Mﬁ—-

The road from the engineer's home 1o the launch station consists of a straight section

0.8 km long, along which the car accelerates uniformly from rest at 2 m/s*. This is
followed by a banked circular bend of radius 60 m, arc length 0.2 km, and inclination

10° 10 the horizontal. After negotiating the bend, the car travels along a further
straight section 0.3 km long, where it decelerates u_nil'onn'ly at 1m/s? before
reaching the station. The coefficient of friction between the car tyres and the road is

0.3. The engineer wishes to determine whether the car will negotiate the circular
bend safely without skidding, explain the purpose of banking the bend on the second
section of the road, and establish whether he will arrive at the launch station within ¥

the required time.

Upon arriving at the station, the only available parking space is an inclined ramp that

makes an angle of 15° with the horizontal. The mass of the car is 1.2 tones, and the

coefficient of friction between the tyres and the ramp is 0.5. The engineer is

© UMTA Joint Mocks 2026 - Pagedof 10



https://v3.camscanner.com/user/download

4

~

i
uncertain whether the parked car will remain ‘?;""‘t on the inclined ramp Withgy,
sliding down.

At the station, preparations for the satellite launch continue. The engineers need o
determine whether a speed of 1.0 x 104 /s would be sufficient to launch the satel}iy,
ey m above the Earth’s surface

50 as 10 maintain it in an orbit at a height of 3.4 x 107
ould be within the Earth’s atmosphere, the engineers also wish

Since the satellite w
to understand the effect of air resistance on the motion of the satellite.
N

Support Material
« Radius of the Earth, I'e = 6.4 x 10° m.

» Gravitational field strength, G = 6.67x107"" Nm [, °

¢ Mass of the earth, Mg = 6.0x10* kg (ot Ve
.--"""'-

Task:
As a student of Advanced level Physics, analyze the information provided and assist

in addressing the concerns raised.
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SECHoN g

Pan |
Ferpond 15 one itgm froom his pse
Tem ),

A family Prepaing for o Jurge wedding e foliraing day
FUests are expected Chrallenges
explain So,

il severy gntead
had come up that e famadv memden donld met
they needed sameone with & good krowedge of phvencs %o b

Ihe

first worry was whether the food would be ready i@ ume The SpELrag wan

12 kg boeh ot I8°C, then adils
wove supplies S8 bt ooty T1%
reach the pot. Everything must reach 100°C Nacd bt 3 kg of maser hols ey &
sleam dunng this h:;linf:l'iw a;r:k_p?[}__"ﬂ the toam et the fond w1l B readv @
“ml}@ the whole programme depends on this, 80 the supen 1T FOO3S .
o know if this 18 true and by how many Minutes 10 sdust if Bot w'y 1olne

pours 8O kg of water into an alumnium pot of mass

NS kg of food from 8 €00l store w1 18%C Thew

Une of the relatives also brngs an extra pot with a tight lockung 1l and 4 sl vaive
1 R L
O 10p and starts cooking After a while, someone notices the valve releasng pulls W

OF vapour and wonders how 1 15 used 1o cook food dffereatly from e crinan ® =
ones

Midway through, the team runs short of firewood. A nerghbous brings 3 devce wish
@ large curved shiny surface that be uses to cook with sunlight He places 1 pot i
front of the surface and 1t begins to heat up, but no one can emene
surface does to the sunlight to produce that much heat

By evening, the music group had set up and were testing the sound The coordmmer,
walking between two speakers placed facing cach other, noticed that i some spots
the sound was very loud while in others sound wes soft, and when e asked e musw
group to explain it, none of them could. The musicians were aled suggling 1o wune
their instruments, as each string had to produce a speaific frequency, but they could
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ased. One of them mentioned that 4 day

. : hs 1o be
sy s e had scen @ device that could be useq g,

hefore, while in the music laboratory, he

tuming strings, but he did not know how it worked

Hint:
o Specific heat capacity of water - 4200 JIkg/K
o Specific heat capacity of the food mixture 3400. J/Kg/k

o Specific heat capacity of aluminium = 880 Jikg/k
o Specific latent heat of vaporization of water = 2.26 X 10° J/kg
Task:
As o student of Physics,
(a) Help the wedding preparation coordinator 10 address the challenges the team

is faced with,
(b) Provide clanity on the cooking devices advising them on which one would be

the best choice for the purpose.

[tem 4.
John and Petet are guitar makers dc;;gniﬂg a new instrument. Duning the process,

they plucked the string mounted on a hollow box producing sound but John being a
54 leaver would not explain why and how sound was produced. The string of a
guitar was of length of 0,6m and mass of 4.2g. The string was tuned to fundamental
frequency of 82.4Hz. Both want to know how to tune the stringed instrument and
understand how tension affects the pitch for the string.

To produce pleasant sound at its fundamental note, the tension in the string should
not exceed 74.14Hz but they were not sure with how to determine the tension in the
string. Afier tiresome work, in the evening they went to cinema hall to relax and
watch a movie. On entering the hall, they were given glasses to put on the eyes to
enhance them visibility. They wondered how the images were appearing after
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sprlied 0 the glasses but he was
sdrustment. The

: L s
his friend that he had ever heard a device " 1
ROt aware with how that device works in nonnd

o dl'b’l“ m a convey .m of focal kﬂ“h 60 cm mm‘gd I.tl-l.lll“?
il & Q1IN
W FTENE lems of focal length 15 em 10 view & dmtant object. In the normal

visthahity. Howey the device should be ot least 8,1 for ol
- .k V. €ver, they “""“'“““ﬁ"“‘““"‘h'?ﬁewnhchmtmdﬂ.uwmh
ask:

As 2 5.6 physics studen,

P . ok
DITT0pOce the device and help the guitar makers address thewr concems

Part 11

Respond to one item from this part.
ltem 5.

A growing community market has cxpanded rapidly and now depends on clecinciny

for highung, refrigeration, charging their electronic devices, and other machinery
eperations. Electnicity is supplied from a distant power station through transmission
lines and some devices before reaching the market.

Dunng a community awareness, David. Solomon and Kevin were among the

vendors that leamt some devices in power transmission that are used 1o sigp up.or
5"‘7"‘30“11_%:. They were told that electricity is transmitted at high voluages and

later stepped down for safe use in homes and businesses.

David and Solomon wondered why high voltage transmission is preferred and how

the devices achieve the safe transmission of power. At the market, one of the
machines owned by Kevin used for processing agricultural products is rated at 200W \
and operates at 230V, The resistance of the transmission line connecting the power

station to this machine is 3.00). For the machine to operate efficiently, utmost 2.2TW
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should be the pow er lost in the transmission 1n€ put Kevin could not easily tey) ;¢
the machine could operate efficiently.
Meanwhile, the market recently experenc

heen caused by overheating extension cables. An
0ss

od several fire outbreaks suspected o haye
avestigation reveals that a typicy)

stall uses 28m long copper extension cable with ¢ sectional area of 1.8mm?, 1y,
current of 12A for 6 hours cach day. The safety regulationy
e should not exceed BR2 k) per
cable withan aluminum cahle
know whether the aluminum

cable carmes an average
state that the energy dissipated as heat in the cabl
working day Solomon suggested replacing the copper
of the same dimensions The vendors would like 0

would be a better replacement in this situation
anic 1o understand why

¢ the discussion, one vendor consulted from the mech

[unn
_rges faster but slows down with tme

ahenever he charges his phone, it imitad!

before getting 4 fully charged battery.

Support material;
Resistivity of copper is .71 10°* Om.

Resistivity of aluminum is 2.8 X 10°* Qm.

Task:
(a) Analyze the scenario and examine the operational concerns of the device,

(b) Address the concerns and queries raised by the vendors.

ﬁj.’
P
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241 on and ¢g :
; “: 010 Queen Elizabeth nationy) park, mmunity health outreach,
F

1;,;;110“51 photographer wag invi
| e o Vited 10 document the activities including
\oprephing NOCKIMAT animals,

His camera used a flash i

unit containing a 2200y
spocitor ArEed 10 P.d of 330V, Each fash lasted about 1S, the flash tuog g
et gpacitor was recharged by a current of 120mA before the next photograph could

pe taken. However, for next flash, the power dissipated should be at least T9KW 5o
that the photograph is very clear but they were not certain with how to determine it

puring the program the photographer noticed that for each flash, the charging
indicator on the camera responded rapidly at first but then slowed at least 6s before
the capacitor becomes fully charged. Curious about this, he asked the laboratory

i ; s . |
physicist to determine the actual time it takes to fully charge so that they're not 1€
for the next photograph.

as used
The inspection team later visited the hospi

\al's laboratory, where a device i
i intai al
to supply charge. The device had a spherical dome of diameter 4.0m mauin

4 I““I?I'llitﬂ Of 5,0] lﬂ‘ V. h 5150 had an insu‘-aiing be“ dﬁvc“ hy a 24“\’ Clﬂﬂnc
motor drawing a current of 2.5A for 8.0s while charging the dome.

The inspectors requested the laboratory staff to explain to them how the device
operates and how charge is distributed on it, Based on its operating manual, the

device had 1o be at least 60% efficient 1o supply the required charge to run all

machines in the hospital, The irispection team wanted 1o determine the efficiency of
the device, know whether the device had a mechanical problem. This was all about
the device not supplying enough charge to fun the machines in the hospital. In case
the mechanical problem wasn't there, what could have been the cause of low charg¢

supply? As the inspection team prepared to leave, the engine of one of the hospital’
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ambulances was difficult to start on the cold morning but started immediately latey

. . lain the rea
m the aftfernoon. The laboratory physicist was asked to exp son for thiy
behavior but couldn’t

Support material
. =12 |
Relative permittivity of free space is 8.85x10 2 Fm

Task:
(a) As a physics student, analyze the information and address the inspectiop team

concems.
(b) Interpret the operation and a real-life application of the device.
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