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الوطني  لعلوم والرياضياتا أولمبياد 

). 𝜌௪ Τ̥ͬ̊; ̠Β̊; άΊأ𝜌௢    ΐΎ Έͺ) واδ̈́Ί̠ (;̡̥̊ͬه  ΍Ί𝜌௪̊ء (;̡̥̊ͬه اΐγ̚ Έ͔̊ͫΊ اΑ͔ άͫ͛δ̼وق Αͤ ̠΍͓Ύُ̼ اή͌1:    ̴͛͋Ίال  

͸͹̵̢𝜌௢ أن   𝜌اΑ͓Ί̼وق   < 𝜌 < 𝜌௪ ̊ء؟΍Ίر في اά΍ͧ΍Ίه ا΍̶̭ Τ̙͋Β ̊΍ͬ ، 

Question 1. A solid box floats at the interface between water (with density 𝜌௪) and oil (with density 

𝜌௢ , which is less than 𝜌௪). If the density of the box is 𝜌 such that 𝜌௢ < 𝜌 < 𝜌௪ , what fraction of its 

volume is submerged in water? 
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 الوطني  لعلوم والرياضياتا أولمبياد 

 

͂;Ί Τلأͤلى والأή͌2  .  .Έͫ͌ال   ̵Ί͂ة ا أو̮̼ ̢͋̊رع في Β̊͟م اͽ̙Ί͂ات اΈͽ͏Ί̊̚ ̴͘ά΍Ί، اͽ̙Ί͂ة اγΊ͋͂ى ͹͋Ί̊̚ Τ̡̙̥Ύͪ وا΍γΊنى̶ 

  ΤΉ̡ͽΊا𝑚ଶ  .  ̌̚ن  ً̊΍ΉͤΈ̵̙Ίو  ا  ΤγΊ̥̊Ύ ا͂ت  ͽ̙Ίا )ΤΉ̡ͽΊا  ΤΉ΍هΎ  (̊كͽ̶̡ςوا̢̭̊ه ه̾ا    .وا ͹΍Ί̼ار   ΤΑͽ΍΍Ίا اς̊΍̶̡ςت  Ό̦ و̴͘ 

.ΐγ̡Ή̡ͽΊا ΐγ̚ Τ̙͋ΑΊ̡͋̊رع ̶̘͋ اΊا 

Question 2. In the pulley system shown in the figure, the left pulley is fixed to the ceiling, while the 

right pulley is free to move vertically up and down. Find the acceleration of the mass 𝑚ଶ. The rope 

and the pulleys are ideal (massless and frictionless). Then show the possible cases for the magnitude 

and direction of this acceleration depending on the ratio between the two masses. 
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 الوطني  لعلوم والرياضياتا أولمبياد 

  

= Ή̡; Ό̮͋𝑚̡ه   .ή͌3ال    10.0 𝑘𝑔     ΐΎ̈́Ίا ̼Αͤ Έ͔الأ Τ͛͹Β ̼Αͤ ̊ن;t = 0 s   و̢͋̊رͤهaሬ⃗ = (2.0ı̂ + 4.0ȷ)̂m/sଶ  ̼   وͣ̚

 ΐΎز𝑇 =  6.0 𝑠  ̠ͧΉ̚ إزا̶̡ه  ∆𝑟 = (36.0𝚤̂ − 12.0𝚥)̂𝑚. 

  .Ό̭͋Ί̙̾ول ͤلى ا΍Ίا Έͧ͏Ίأ) أو̮̼ ا 

  .Τδ̊هΑΊوفي ا Τδ̙̼اΊفي ا Τγ;͂ ̵Ίا Τͺ̊͛Ίب) أو̮̼ ا 

 ج) ;Ό ;̊ن γ̢ͧ͂ اΌ̺̈́Ί؟ و΍Ί̊ذا ΐͽδ ΌΊ اά̵ͫΎ Ό̺̈́Ί̊͠؟  

Question 3. A mass 𝑚 =  10.0 𝑘𝑔 was at the origin at time 𝑡 = 0𝑠 with acceleration 𝑎⃗ =

(2.0𝚤̂ + 4.0𝚥̂)𝑚/𝑠ଶ , and after time 𝑇 =  6.0 𝑠 it moves a displacement ∆𝑟 = (36.0𝚤̂ − 12.0𝚥)̂𝑚.  

a) Find the work done on the mass. 

b) Find the kinetic energy at the beginning and at the end.  

c) What was the change in momentum? And why is the momentum not conserved? 
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 الوطني  لعلوم والرياضياتا أولمبياد 

 

;΍̊ هάΎ ά̴͘ في اγ̵̚ ،Έͽ͏Ί̤ أن ا͹Ί̊ع   ά͜𝐿ل ذراͤه   Uͤلى ̴͌͛ أΊ ͊ΉΎه 𝑚   Έͽ̵̢̡͐͂ك ;͂ة γ͔ͧ͂ة ;Ή̡̡ه̊    .ή͌4ال  

هΤ͛͹Β β اΐγ̚ ͊Ύσ̡Ί اΊ̹͚ اΌγ͹̡͋΍Ί واΊ̭̈́ء اΊ̼اθ͂ي،   𝐵. ا𝐴 Τ͛͹ΑΊ. ̢̙̼أ اͽΊ͂ة Α̼ͤ اΒ𝑅 Τ͛͹ΑΊ͓ͪ داθ͂ي وͺ ͓ͪΒ͛͂ه  

  Τ͛͹ΑΊوا𝐶  Τγ̭̊̚ذΊإذا ;̊ن ̢͋̊رع ا .Έͽ͏Ί̊ع اͺ βه𝑔  :الآتي ΐͤ ̘̮̌ͬ ،Ό̡͟ΑΎ 

1(  ΐγ̡͛͹ΑΊا ̼Αͤ Ό̭͋Ίا Τͤ͂͌ ̼̮أو𝐵   و𝐶 ، 𝑣஻و𝑣஼  .̊تγ͛ͣ΍Ίا ΤΊς̼̚ 

2(   ΐγ̡͛͹ΑΊا ̼Αͤ Τδدά΍ͣΊة اά͹Ίأو̮̼ ا𝐵 و𝐶   ، 𝑁஻و𝑁஼  .̊تγ͛ͣ΍Ίا ΤΊς̼̚ 

Question 4. A small ball of mass 𝑚 moves on a U-shaped smooth surface of arm length 𝐿 as shown 

in the figure, such that its base is a semicircle of radius 𝑅. The mass starts at point 𝐴. Point 𝐵 is the 

contact point between the straight line and the circular part, and point 𝐶 is at the bottom. If the 

gravitational acceleration 𝑔 is uniform, answer the following: 

a) Find the particle’s speed at points 𝐵 and 𝐶, 𝑣஻  and 𝑣஼  in terms of the given parameters. 

b) Find the normal force at points 𝐵 and 𝐶 , 𝑁஻  and 𝑁஼  in terms of the given parameters.  
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 الوطني  لعلوم والرياضياتا أولمبياد 

  

Ή̡; Ό̮͋𝑚̡ه    .ή͌5ال   = 10.0𝑘𝑔    ̡̦̊̚ه Τ΍γͺ ͖̊̚Α̚ طά͂̚Ύ𝑘 = 300.0𝑁/𝑚    ̡هδ̵̼ر زاوΑΎ ع ͤلىά͘άΎ𝜃 = 30.0଴  

  Τͬ̊͋Ύ  ̡̼΍Ύ  ͖̊̚ΑΊوا  ،(Έͽ͏Ίا في   ̊΍;)𝑥଴ = 15.0𝑐𝑚    ΐͤ͘͢άΎ    ̊كͽ̶̡ا  ΈΎ̊ͣΎ Α΍ΉΊ̵̼ر  ;̊ن  إذا  اΒ́̈ه.  𝜇ا̢ = 0.70  

  ΐͤ ن ̼ͣ̚هάͽγ͌ Όͽͬ (نيάͽ͋Ίوا Ѿ̵͂Ί̊ك اͽ̶̡σΊ ͫ͋هΒ ̊كͽ̶̡ςا ΈΎ̊ͣΎ ا̡ͬ͂ض أن)͘͢άΎ    ͪ؟ͺά̡δ ̊Ύ̼Αͤ ͖̊̚ΑΊا̢̈́ان ا

 ͂ 𝑔هΈ͟γ͌ Έ اΑ;̊͌ Ό̭͋Ί̊؟ ا̡̙ͤ = 9.81𝑚/𝑠ଶ   

Question 5. A body of mass 𝑚 = 10.0𝑘𝑔 is attached to a spring with a spring constant 𝑘 = 300.0𝑁/𝑚 

and placed on an incline with an angle 𝜃 = 30଴ (as shown in the figure). Spring is stretched by a 

distance 𝑥଴ = 15.0𝑐𝑚 from its equilibrium position. If the coefficient of friction of the incline is 𝜇 =

0.70 (assume the same coefficient for both kinetic and static friction), What will be its distance from 

the spring’s equilibrium position when it comes to rest? Will the body remain at rest? Consider 𝑔 =

9.81𝑚/𝑠ଶ . 
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 الوطني  لعلوم والرياضياتا أولمبياد 

  

̢̭̊̊̚ه ;͂ة ͌̊;Ί ΤΑه̊ Βͫ͊ اΤΉ̡ͽΊ ͤلى ̴͌͛ أΉΎ͊. ̼ͣ̚ اΊ̡͓̊دم ا΍Ί͂ن، اΒ̼̠ͬͣ اͽΊ͂ة   𝑢أ͹Ή̠͜ ;͂ة ή͌6 . Τͤ͂͋̚ال 

  Τδͤلى زاو ΤγΒ̥̊Ίا̢̭̊ه  ∘30ا ΐΎ 𝑢ሬ⃗   Τδ̈́اوΊأو̮̼ ا .̴͘άΎ άه ̊΍;𝜃   .͂ة الأولىͽΊه̊ اΊ ̘تي ̢̾هΊا  

.ͼ̚اά̮ ُ̢̠̙̥ أن ̘̭δ ،ΤΉΎ̊ͽΊا Τ  Τ̶͟σΎ: ̶تى Έ̵̢͓ ͤلى اΊ̼ر̮

  

Question 6. A ball was launched with speed 𝑢 towards a stationary ball with the same mass on a 

frictionless surface. After an elastic collision, the second ball moves at an angle 30∘ from the 

direction of 𝑢ሬ⃗  as shown. Find the angle 𝜃 along which the first ball scatters. 

Note: to receive full credit, you must prove your answer. 
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