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Part II 

• Answer the Part A (structure essays in the paper itself. Part B (essays questions) in separate 

paper 

• Answer all the questions  

 

1) The motion of a long jumper during a jump is similar to that of a projectile moving under gravity. The 

figure shows an athlete's path above the ground during a long jump from halfway through the jump at 

position A, to position B at which contact is made with sand on the ground. The athlete is traveling 

horizontally at A and the horizontal displacement of the center of mass from A to B is measured by a 

measuring tape calibrated in cm scale as shown in the figure. (Neglecting the air resistance). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) i. What is the horizontal displacement of the center of mass of the athlete from A to B? 

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

 

ii. What is the estimated error of the measurement?  

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

 

b) i. During this part of the jump, the center of mass of the athlete falls 1.25m, calculate the time taken 

for the center of mass to move from A to B.  

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

 

ii. Find the velocity of the athlete at A.  

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 
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iii. Find the horizontal and vertical velocities of the athlete at the point of jumping.  

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

……………………………………………………………………………………………………….. 

c) i. The athlete slides horizontally through the sand a distance of 0.41m before stopping. Calculate the 

time taken for the athlete to stop sliding. (Assume that the horizontal component of the resistive 

force from the sand is constant) 

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

............................................... ………………………………………………………………………….. 

 

ii. The mass of the athlete is 75 kg. Calculate the horizontal component of the resistive force from the 

sand.  

 

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

 

iv. Why did the athlete stretch his legs and hands while landing on the sand?  

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

2) Figure shows a modified U tube experimental setup to compare the densities of two liquids A and B, 

employing a third liquid C which is immiscible with both A and B. The level XY of the liquid C in the 

two arms of the U tube is horizontal.  

 

 

 

 

 

 

 

a) Write down the inequality relationship among the densities of these liquids (d1, d2 and d3) 

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 
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b) Suppose that the levels of liquids A and B above XY are h1 and h2 respectively. Write down an 

equation relating h1, h2, d1 and d2   

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

 

c) Why is it necessary to maintain XY horizontal?  

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………. 

 

d)  i. State the experimental procedure to determine the ratio of the densities of d1 and d2 using a graphical 

method (a sufficient amount of liquids are available).  

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

ii. Comment on the accuracy the measurements of h1 and h2 when the density of C differs very much 

than that of A or B.  

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

 

e) i. Draw a rough sketch of the straight-line graph denoting h1 and h2 on the x and y axis respectively.  

 

 

 

 

 

 

 

 

ii. The gradient of the straight line is as 0.8 when A, B and C are chosen as water (density 1000Kgm-

3), copper sulphate solution and mercury (density 13600kgm-3) respectively. Find the density of the 

copper sulphate solution.  

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

……………………………………………………………………………………………………….. 

 



8 
St Peter’s College-Colombo-04                                                                          2024 A/L - 2024 Second Term Exam-August 
 

 

iii. If it is desired to measure the height of the liquid column with an accuracy less than 1% what will 

be the minimum height of the liquid column. 

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

 

 

Part B 

03)  
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02) The figure shows a system of equipment designed to convert the energy waist in riding a bicycle to useful 

work done. Riding the exercise bike (by pedals) pulls water from a well. Applying a uniform tangential force 

F1 on the pedal causes all wheels and belts to rotate. The weight of the belt can be neglected. The buckets 

attached to the Y belt, used to bring the water from well to the ground level. The water is pumped out by 

another method and collected in the tank, above ground.  
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The length of the pedal arm is 50cm, and the radii of the wheels A, B, C, and D are 40cm, 10cm, 50cm and 

50cm respectively. The height above the water level is 20m and the distance between two adjacent buckets is 

also 20m. The mass of the bucket with water is 1 kg. wheels B and C are rigidly mounted concentrically. The 

work done against water resistance in bringing the bucket from water level to ground level is 100J. Answer 

the following questions considering that the bucket moves with uniform speed and it takes 2Seconds, to reach 

the ground level.   

a) i. Find the speed of the Y belt 

ii. Find the angular velocity of wheel C 

iii. Find the speed of the X-belt 

iv. Find the angular velocity of wheel A 

v. Find the angular displacement of wheel A in bringing the bucket from water level to ground level  

b) i. Calculate the total energy received by the bucket in bringing it from water level to ground level. 

ii. Find the power acting on the pedal, if the friction force between the wheel and axle is zero 

iii Find the average force against the water-resistive force. 

iv. If the tension forces T3 and T4 are negligible. Find the tension force T1 and T2 in the belt and the 

tangential force F1 on the pedal. 

v. What is the angular acceleration of the wheel when the tangential force is increased by 20N? 

(Moment of inertia of A is 2Kgm2)  

02) The wings of the aircraft are specially shaped to provide the upward lifting force to lift and aircraft. A 

cross-section of a plan is shown in the figure.  

A)  

 

 

 

i) Draw the streamlines near the wing, when the plane moves in the given direction 

ii) Write the equation of the Bernoulli theorem and name all the terms. 
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The upstream and downstream pressures of the wing are Pa and Pb. The velocities of points A and B are Va 

and Vb. Density of air is Þ 

 

 

 

 

iii) Write the Bernoulli theorem for the Point A 

iv) Write the statement about Pa - Pb 

At takeoff, the velocity of air flowing below the lower surface of its wings is 50ms-1. The velocity of air 

passing above the top surface is 100ms-1. The density of air is 1.2 kgm-3 The effective surface area of the 

wings is 1500m2.  

v) Calculate the pressure difference above and below the wings. 

vi) Calculate the lifting force applied on the wings. 

vii) Copy the given diagram, mark the lifting force and weight acting on the wings 

 

 

 

 

 

 

viii) The mass of the lane is 6 x 105 kg. Calculate the upward acceleration of the plane. 

B) The fan blade installed in the wings of the plane provides the necessary power to move the plane forward. 

The length of the one fan blade is 50cm. 4 such fans are installed on the wings of the aircraft.  

 

 

i) A fan rotates with an angular velocity of 2000rps. It takes a time of 200 seconds to attain this velocity from 

the start, calculate the angular acceleration of the fan (π = 3) 

ii) The speed of air flows through the fan is 100ms-1 Density of the air is 1.2kgm-3. Calculate the mass of air 

drawn by one fan in one second. 
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iii) Calculate the force exerted by the gas which is calculated (ii) on the plane 

iv) Calculate the thrust exerted on the plane by all 4 fans. 

v) as the plane moves forward, a drag force is created by the air due to the viscosity. Copy the given diagram 

figure and mark the thrust force, friction force, lifting force and weight. 

C)  

i) The aircraft must be tilted slightly to the horizontal to make a turn in the sky. Copy the diagram and mark 

the weight and lifting force acting on it.  

 

 

 

ii) Calculate the angle at which the plane must be slanted to travel on a curved path of radius 500cm, when 

the plane is traveling at a speed of 720 Kmh-1 

 

 

 

 

 


