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TIME  2 HOURS AND 30MINUTES
	INSTRUCTIONS 
Attempt any two items in section A and all items in section B items in this paper
 Item 1 
During a sports talent search, a long jumper of mass 60 kg lands badly, prompting concern over impulse control. He was in contact with the ground for 0.2 s and reduced his speed from 8 m/s to 0. Meanwhile, two athletes of masses 70 kg and 50 kg moving at 5 m/s and 4 m/s respectively collide at right angles and rebound at 30° and 60° to their original directions. A coach records a sprinter accelerating from rest at 2.5 m/s² and wants to know the distance covered in the 7th second. Officials seek advice on whether the trampoline collision was elastic or inelastic and how the law of conservation of momentum (with derivation) can explain such collisions.
Task: Help the officials to;
(a) know the distance covered by the sprinter in the 7th second of his journey and whether the two athletes collided with energy loss or not. 
 (b)  know how to improve training and safety protocols during athletic events. 
Item 2
A drone launched at 20° narrowly clears a 10 m wall, 30 m away, near Kampala city buildings. Two planes A at 300 km/h on 010°, another B at 200 km/h on 340° fly with A west of B 40 km from the other. City engineers need to derive the drone’s trajectory equation to predict its height and path. They must also know the drone’s speed and direction at any point in flight. Aviation officials require the time and distance of closest approach between the planes to avoid mid-air risks.
Task: Help the engineers and the officials to;
 (a) come up with an equation of trajectory and guide them in determining the drone’s launch speed, velocity at the wall.
(b)  know the time and minimum separation between the planes for safe operations.


Item 3 
During hillside construction in Mbale, two cement blocks (8 kg and 16 kg) slide down a 30° slope with 16kg ahead of 8kg connected by a rigid metal rod. Friction hinders their motion, with coefficients 0.25 and 0.5 respectively. Engineers need to know the system’s acceleration and rod tension to avoid damaging materials. They also need your help explaining why pulling loaded wheelbarrows is easier than pushing, and whether friction here is conservative. They also need a guidance how they can know the value of coefficient of kinetic friction of a similar flat surface and needs to know the conservation of energy principle to help design safer transport.
                 Task;(a) Help the engineers to
(i)  to compute the acceleration and tension in the rod and guide them on the validity of the laws of solid friction. 
(ii)  Come up with the principle of conservation of energy and why its easy for them to pull wheelbarrow than pushing it. 
(b) Advise the engineers on the best way to determine coefficient of kinetic friction on the flat surface.
Item 4
       In Gulu market, a new metal canopy was blown away during a storm when tied by ropes exerting forces of 25 N West, 35 N North-East (45°), 20 N South, 15 N upward, and 12 N downward due to poor estimation of resultant force. An engineering student working with a water harvesting NGO needs to derive an equation for volumetric flow rate (v/t) based on viscosity, pipe radius, and pressure difference without lab equipment. At a nearby school, a 5 m wooden ladder (mass 24 kg) leans at 70° against a smooth classroom wall. A mason of 12 kg (half the ladder’s mass) climbs it while the ground, made of concrete, has μ = 0.3.

Task:  
 (a) Guide the community to know the net force on the canopy.
  (b)  come up with the required flow model and guide the community to know how far the mason can climb before the ladder slips.
     SECTION B. (Attempt all the items in this section)
Item 5 
At Kasaana Clinic, the solar-powered mirror galvanometer used for detecting weak currents in patients' ECG sensors gives unstable readings. The technician suspects poor mirror alignment and wrong mirror size. Nearby, the clinic’s corridor security uses two inclined mirrors at 90°, but staff complain the images deviate confusingly. Also, some short patients, averaging 1.50 m tall, can’t see their full reflection in the mirror above the handwashing station.
Task: 
(a) Help the clinic determine the correct alignment based on laws of reflection. 
(b) Guide the technician to know the deviation angle between the two plane mirrors.
(c) advise the clinic manager on the minimum mirror height he should install for full self-view and explain to the staff how an optical lever affects galvanometer sensitivity.
Item 6
During a cultural festival in Mbale, engineers set up a static electricity show using a Van de Graaff generator to thrill the community. However, a nearby metal frame gave mild shocks, worrying the crowd. A science student noticed the metal might be positively charged yet at zero potential, and proposed testing it with a gold leaf electroscope. She also advised that the uneven charge density on the dome could be creating the shocks. To design a safer enclosure, she has to calculated the net electric force on point charges placed at the corners of a 3 m by 4 m rectangular metallic frame.       HINT;
[image: ]

Task:
(a) Help the community to know how the metal frame might have been charged at zero potential and guide them in knowing whether the metal frame is positively charged using a gold leaf electroscope.
(b)  Guide the community in knowing how the Van de Graaff generator's charge density leads to shocks.
  (C) Guide the student in obtaining   the resultant electric force at point A if charges of +3μC, +2μC, –2μC, and –3μC placed at the corners of the rectangle to advise on better placement or shielding.
Item 7
A physicist in the laboratory wanted to measure temperature of a body at different points and obtain the average in the determination of specific heat capacity. The suitable thermometer to use was a thermocouple of which he wanted the temperature in oC. this thermocouple has a relationship with the temperature on the resistance thermometer with a relation   +100   but he is not sure whether these two thermometers will agree on the measured temperature. 
Task 
(a) Explain to the physicist the structure and how he can use this thermometer to measure temperature.
(b) Guide the physicist in obtaining the corresponding temperature on the resistance thermometer to 60 0C from this thermometer.
(c) Help the physicist understand why these thermometers are showing different values for the same temperature and when are they most likely to agree. 
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