[image: ]    SRI LANKAN PHYSICS OLYMPIAD                                                                    COMPETITION – 2015

Time Allocated : 02 Hours                                              Calculators are not allowed to use.                                                                      
Date of Examination : 20 – 06 – 2015                                                     Index No. : ……………….........
Time : 9.00 a.m. -  11.00 a.m. 
__________________________________________________________________________________
INSTRUCTIONS 
· Answer all questions
· There are two parts (A and B) in this paper. 
· Part A contains 15 multiple choice questions. Underline the response corresponding to your choice in each question. If you change the choice of an answer, the previous underline mark must be completely erased/removed.
· Part B contains one question. 
· Use the papers provided to do all the derivations. 
· At the end of each question an answer sheet is provided for you to write down the corresponding final expressions or numerical answers.
· At the end of the exam, handover the full question paper together with the final answer sheets.  
· Handover the papers used to work out the problems separately with your index number written on each paper.
· Do not detach any sheet from the question paper. 

1. Considering light as a wave, the unit of intensity of light in terms of base quantities is given by  
     1. 		2.  	   3.  	           4. 	              5. 
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)02.   As shown in the diagram a circular disc is rolling on a horizontal plane without slipping . The  
        correct statement/s out of the following is/are 
                                                                                                                                                                                                           
(A) Any point on the disc has the same angular speed
(B) Maximum linear speed is at H and minimum of that is at L
(C) Directions of linear speeds at H and L are the same.


`	1. Only (A)       2. Only (A) and (B)	     3. Only (A) and (C)      4. Only (B)       5. Only (C)


03. The diagram/diagrams which represents/represent stable equilibrium of objects shown, for a small displacement along any direction is/are ( Broken lines represent water)                                                   
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     1.  B only	2.  A only	 3.  B and C only	   4.  B, C  and D only	          
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)     5. All A, B, C, D
04. A light spring is fixed to a block Q which rests on a horizontal surface as shown. The masses of blocks are not equal. Block P is moving with constant velocity towards Q and makes a head-on elastic collision with Q.  After the collision, P reverses its direction of motion, while Q moves to the right.  All contact surfaces are smooth. The spring will be under a state of maximum compression,
       1.when the two blocks move with the same velocity.  2.when block P is momentarily at rest. 
      3. when block P starts to reverse its direction of motion. 
      4. when block Q starts to move to the right.                   5. when block Q is momentarily at rest.
 05 . A parachutist jumps out of a helicopter and falls down without any air resistance for 2 s and then he opens his parachute. Out of the following graphs, which of the following graphs best represents the variation of his vertical acceleration a with time t  during his fall? 
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)06. Blocks P and Q of mass m and 2m respectively are connected by a light spring balance and placed on a smooth horizontal surface as shown.  If horizontal forces F1 and F2 ( F1 > F2) act on P and Q respectively and the whole system moves to the left with constant acceleration, what is the reading of the spring balance ?





        1.                2.                   3.                 4.                 5. 
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)07. In a carnival game, a gun fires at an oscillating target in a simple harmonic motion. The gun fires automatically at random times. The player has to point the gun in a fixed direction while the target moves with simple harmonic motion. At which region should the player aim his gun to score the greatest number of hits within a given time interval? 
     1. either A or D                 2. either B or D          3.  either A or E    	   4.  any of A, C, or E
[image: ]     5.  any of A,B, C, D, or E
08. Several equi-potential lines are shown in the diagram. Consider the following statements. 
            (A) The electric field at P is in a direction tangential to the line  passing through P.
(B) The electric field intensity is the same at the points P and Q.
            (C) Work has to be done in moving an electron from point P to  point R.
        Of the above  statements
1. Only (A) is true	2. Only (A) and (B) are true	3. Only (B) and (C) are true
4.  Only (A) and (C) are true		5. Only (C) is true
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)09. In the figure, M and N are two parallel boundaries separating media (I), (II) and (III).  A light ray undergoes total internal reflection and then refraction as shown. Which of the following is true when the speeds of light in the three media are arranged in descending order?
     1. (I) > (II) > (III)        2. (I) > (III) > (II) 
     3. (II) > (III) > (I)        4. (III) > (I) > (II)
     5. (III) > (II) > (I)
 (
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Medium X
)10. A certain monochromatic light passes through medium X as shown below.  What is the refractive index of medium X ?
 (
 medium 1
)	
		1	1.25
		 2.	1.33
		3.	1.50
		4.	1.65
	         5.. 	1.75
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)11. In the resistor network shown, all the resistors other than 12  resistor has a resistance of R .  The resistance across terminals a and b is 6 .  If the 12  resistor is replaced by a 6  resistor, the resistance across terminals a and b 
        1. becomes 2 .                         2. becomes 4 .
     3. becomes 6 .                         4. becomes 8 .
     5. becomes 12 .
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)12. In the circuit shown, the battery has constant e.m.f. 6 V and the internal resistance is negligible.  Initially, at time t = 0, switch K is open.  Then, the switch K is closed and after some time, a steady state is reached.  The charges passing through  the switch K during this time interval should be 
	1.	+15 C, from Q to P.
	2.	+15 C, from P  to Q.
	3.	+35 C, from P to Q.                 		
	4.	+35 C, from Q to P    
	5.    +5 C,   from Q to P.
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 13. In the figure shown, X, Y and Z are three long straight parallel wires with Z placed midway between X and Y. X and Z carry currents of 1 A in the same direction while Y carries a current of 4 A in the opposite direction.  If the magnetic force 
       per unit length experienced by wire X due to wire Z is of magnitude F, then  
      the magnetic force per unit length acting on wire Z due to both X and Y is 
     1. 2F to the right.         2. 3F to the left         3. 4F to the right.                     
     4. 5F to the left.           5. 6F to the left.
14. A fixed mass of an ideal gas is contained in a cylinder with a light piston.  In which of the following processes will the internal energy of the gas increase always?
(A) The gas is made to expand under constant pressure.  (B) The gas pressure is increased while keeping the piston at a fixed position.  (C)	The gas is compressed suddenly so that the heat transfer to or from the gas is negligible.
       1.	(A) only             2.   (A) and (B) only        3.	(A) and (C) only      4.	(B) and (C) only        
          5.  All (A), (B) and (C) 
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)   15. The figure shows a rectangular coil PQRS moving from left to right with a uniform speed in the vicinity of a long current carrying wire. Which of the following gives the correct sequence for the direction of the current induced in the coil PQRS? 
1. Clockwise and then anticlockwise
2. Anticlockwise and then clockwise
3. Clockwise, then anticlockwise and finally clockwise again
4. Anticlockwise, then clockwise and finally anticlockwise again
5. Clockwise throughout  

PART B
 (1) EVOLUTION OF THE EARTH-MOON SYSTEM

Scientists can determine the distance from the Earth to the Moon with great precision. They achieve this by  bouncing a laser beam on special mirrors deposited on the Moon´s surface by astronauts in 1969, and measuring the round travel time of the light. With these observations, they have directly measured that the Moon is slowly receding from the Earth. That is, the Earth-Moon distance is increasing with time. In this problem you have to derive the basic parameters of the phenomenon.
[image: ] The Moon’s gravity produces tidal deformations or “bulges” on the Earth. Because of the Earth’s rotation, the line that goes through the bulges is not aligned with the line between the Earth and the Moon. 
This misalignment produces a torque that transfers angular momentum from the Earth’s rotation to the Moon’s translation. All the diagram are not drawn to a scale.


Make the following assumptions throughout the problem.

   (i) The Moon’s orbit is circular and the Moon can be taken as a point. (ii) The Earth’s axis of rotation and the Moon’s axis of revolution are parallel. (iii) Consider the motion of the moon to be around the center of the Earth and not the center of mass. (iv) All moments of inertia, torques and angular momenta are defined around the axis of the Earth. (v) Ignore the influence of the Sun.

The symbols are defined as follows: Mass of the Earth - , Mass of the Moon - , Radius of the Earth -  R , Universal gravitational constant - G, Present distance from the Earth to the Moon - D 

(a) (i) Derive an expression for the present angular velocity ) of the Moon around the Earth in terms of G, 

      (ii) Derive an expression for the present angular momentum ) of the Moon around the Earth in terms of G, and D.
[image: ](b)
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)Now, you have to find how much the Moon is receding from the Earth each year. For this, you will need to know the equation for the torque acting at present on the Moon. Assume that the tidal bulges can be approximated by two point masses, each of mass m, located on the surface of the Earth as shown in the above figure. Let be the angle between the line that goes through the bulges and the line that joins the centers of the Earth and the Moon.
To find the appropriate distances in parts (i), (ii), (iii), and (iv) below, you have to use the theorems of cosines and sines. i.e. For a triangle (ABC) of sides a, b, c 
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)                                                                                    

                                                                                                                                                             
  



    (i) Write down an expression for the magnitude of the force exerted on the Moon by the closest bulge in terms of  G, , D, R and . 
    (ii) Similarly write down an expression for the magnitude of the force exerted on the Moon by the farthest bulge in terms of  G, , D, R and . 
    (iii) Write down an expression for the magnitude of the torque exerted on the Moon by the closest bulge in terms of  G, , D, R and . 
     (iv) Write down an expression for the magnitude of the torque exerted on the Moon by the    farthest bulge in terms of  G, , D, R and .
      (v) Write down an expression for the net magnitude of the torque exerted on the Moon by the two bulges in terms of   and .

(c) Since the net torque is the rate of change of angular momentum with time,  . Using your expression derived for  in (a) (ii) above, obtain an expression for , in terms of , , G, and D. 

(d) (i) The expression for  in (b) (v) above can be simplified to yield as  .  Taking  N m2  ;  kg ;  kg ;  m ;  m ;  ; sin() = 0.1, find the value of . Express your answer to the nearest smallest integer times some 10 to the power. 

       (ii) Use the value obtained for  above to find the increase in the distance  between the Earth and the Moon at present, per year. [ s = 1 year ;  kg]. Take .
(e) This torque in turn will increase the length of the day of the Earth. 
     (i) Calculate the present angular velocity, , of the Earth around its rotational axis.   
     (ii) For the Earth   , where  is the moment of inertia of the earth around its  rotational axis. Calculate the decrease of  per year. [ kg m2]
     (iii) Hence calculate the amount of time (that the day lengthens in a year. 

    
ANSWER SHEET                                                                                                                                                                          
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