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ή͌1  .)15   (Τال   ͂;Τͤ͂͋̚ Τ̙ ا̡̼̚اΤγθ   ̠أ͹Ή͜  در̮ Ύ𝑣଴ = ටଵ.଼ீெ
ோ

  𝑀و;Ή̡̡ه   𝑅ͤلى ̴͌͛ ;ά;̘ ;͂وي ͺ ͓ͪΒ ،̊Ύ̊΍̢͛͂ه  ،    

͂;Τ̙ إلى άΎ͘͢ الإσ͜ق. ;Β̠̊ أΊ Τͤ͂͌ Έͺه̊ زΤγΑΎ  ̢̭̊̊̚ه άΎازي Ίلأ͸ͬ و̼ͣ̚ ̡ͬ͂ة  σͨف ά̮ي،  ͤلى  وά̵̡δ ςي   ΍Ίͤ̊دت ا

Ή̡ه̊ هσ̺ βل 𝑣ଵ  ر̶ = ට ீெ
ସହோ

. 

a(   ΤΊς̼̚ ̘̮ا) ه̊؟Ί Τͤ͂͌ Έͺأ ̼Αͤ ̘;άͽΊا ̈́;͂ Ύ ΐͤ Τ̙;͂ ΍Ί̊ن ̼ͣ̚ ا; Ό;𝑅( 

b(   ΤΊς̼̚ ̘̮ا) ه̊؟Ί Τͤ͂͌ Έͺأ ̼Αͤ قσ͜الإ Τ͛͹Β ΐͤ Τ̙;͂ ΍Ί̊ن ̼ͣ̚ ا; Ό;𝑅( 

c(  Έͺ̌̚ ͂ة أ̺͂ىΎ قσ͜الإ ͘͢άΎ د إلىά̢ͣ ̢̭̊ه وأنςا ͊ͫΑ̚ Τ̙;͂ ΍Ίا ͊ͫΒ ͸Ή͛Β أن ̼δ͂Β ،دάͺάΊا ͂γͬά̡Ί

  ΤΊς̼̚ ̘̮؟ (اΤͤ͂͋Ίه̾ه ا Τ΍γͺ نάͽ̡͌ Ό; .ΤΑͽ΍Ύ Τͤ͂͌𝑅, 𝐺, 𝑀 ( 

d(   ΤΊς̼̚ ̘̮ا) .قσ͜الإ Τ͛͹ΑΊ دةάͣΉΊ Τ̙;͂ ΍Ίه اͺ̡̡͂ͧ͋͌ ̾يΊا ΐΎ̈́Ίا̶̘͋ ا ،Τͤ͂͌ Έͺأ ΤΊ̵̊Ί𝑅, 𝐺, 𝑀 ( 

e(   ΤΊς̼̚ ̘̮ا) .قσ͜الإ Τ͛͹ΑΊ دάͣδ ς هΒ̎ͬ ̊̚ه Ό̭͋Ίا ͸Ή͜إذا أ Τͤ͂͌ Έͺا̶̘͋ أ𝑅, 𝐺, 𝑀( 

Question 1. (15 points) A spacecraft was launched with an initial speed 𝑣଴ = ටଵ.଼ீெ
ோ

 parallel to the 

horizon on the surface of a perfectly spherical planet with radius 𝑅 and mass 𝑀 and no atmosphere. 

After some time, the spacecraft returned to its launch position. Its minimum speed during its journey 

was 𝑣ଵ = ට ீெ
ସହோ

. 

a) How far was the spacecraft from the center of the planet at its minimum speed? (Answer in 

terms of 𝑅.) 

b) How far was the spacecraft from the launch point at its minimum speed? (Answer in terms 

of 𝑅.) 

c) We want to launch the same spacecraft in the same direction and have it return to the 

launch point again. To save fuel, we want to launch with the minimum possible speed. Find 

this minimum speed. (Answer in terms of 𝑅, 𝐺, 𝑀.) 

d) For the case of minimum speed, calculate the time it will take for the spacecraft to return to 

the launch point. (Answer in terms of 𝑅, 𝐺, 𝑀.) 

e) Calculate the minimum speed at which, if launched, the spacecraft will not return to the 

launch point. (Answer in terms of 𝑅, 𝐺, 𝑀.) 
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ή͌2.  )15  (Τال   الأرض ά̶ل   در̮  Τ;͂ ̶ Έ̥Ύ  ،͖̙ͣΊا  ̊΍ͣ͗̚ه ͂;ά̶ ΐγ΍̮͋ Τل  ̶ ΤΊ̌͋Ύ أن  اδ̈́γͫΊ̊ء  ا΍Ίͣ͂وف في   ΐΎ

  .͂Ή̙; ΐγΒاάͺ في ΐγ̡̙δ ̊΍; ،ΈΎ̊; Έͽ͏̚ ̊هΉ  ̶ΐͽ΍δ ،͊΍͏Ίا  ΐͽΊ  Έͽ͏̚ ΤΊ̌͋΍Ίا Έ ΐγ΍͋، ͬ̎ن̶   ̮ΐΎ ̥͂;أ ͼΊ̊Αن هάͽδ ̊Ύ̼Αͤ

 Τͣ̚أر ͼΊ̊Αا̡ͬ͂ض أن ه .Τγ̭̊̚ذΊفي ا Τͣ̚الأ̮͋̊م الأر ΤΊ̌͋΍Ί Τ͔̺̊ ΤΊ̶̊ Έ̵̚ ΤΊ̌͋΍Ίم في ه̾ه اά͹̡͌ .Τδ̊ͧΉΊ ̘͔ͣ ͤ̊م

̵̢̡͂ك ه̾ه اά̭ΑΊم    .𝑎، وγ̵̚ Τ̢̙͂Ύ̤ أن ;͹δ Ό̭Β Έ͢ ͤلى إ̶̼ى رؤوس ά͜ ͂̚͢Ύل Ήͣ͘ه  ά̭Β𝑚م ΑΎ Έ; ΤΉ̡; ،Τ͹̡̊͛̚Ύه̊  

  Τͤ͂͋Ίا ͊ͫΑ̚𝑣  .̴͘άΎ άه ̊΍; ،Τ̡̦̊̚ ̊هΑγ̚ Τͬ̊͋΍Ίا ̤γ̵̚  

a(   ̼ورانΊا ͂͛ͺ ͓ͪΒ ̼̮أو𝑟  .مά̭ΑΊه̾ه ا Τ;͂ ̵Ί 

b(  ̼̮̼ار أو͹Ύمά̭ΑΊͤلى إ̶̼ى ا ΤΉ̵͓΍Ίا Τγ̭̊̚ذΊة اάͺ   ΤΊς̼̚𝐺 ،𝑚 و𝑎 ̊هΒأ ΐγ̚و ، .͂̚͢΍Ίا ̈́;͂ Ύ ά̵Β ͂γ͏̢ 

c( ـ Ί ͂اγ̢̙ͣ ̼̮أو𝑣  ΤΊς̼̚𝑚 و𝑎   ͣ̊مΊ̭̾ب اΊو̦̠̊̚ ا𝐺. 

Question 2. (15 points) It is known in Physics that the problem of two bodies moving around each 

other, like motion of the Earth around the Sun, can be solved completely, as shown in Kepler’s laws. 

However, when there are more than two bodies, solving the problem in general becomes very 

difficult. In this problem, you will solve a special case of the four-body problem in gravity. Assume 

that there are four identical stars, the mass of each is 𝑚, arranged such that every star lies at a vertex 

of a square of side length 𝑎. These stars move with the same speed 𝑣 such that the distance between 

them remains constant, as shown. 

a) Find the radius of rotation 𝑟 for these stars. 

b) Find the magnitude of the net gravitational force acting on one of the stars in terms of 𝐺, 𝑚 

and 𝑎, and show that it points towards the center of the square. 

c) Find an expression for 𝑣 in terms of 𝑚, 𝑎 and the universal gravitational constant 𝐺. 
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ή͌3. )15 (Τال  ا̡̼̚اδ Τγθ̭̘  ̼ͤدΎ Τδ̊ أ𝐿.  Τͤ͂͌ Έͺͤ͂͘ه الأβ͹ͬ  و، ℎ ا΍Ί̙نى ار̢ͫ̊ع Τ اΉγ̡͛͋Ύ،Έͽ͏Ίوا̮ه̡ه ̙نى Ύ در̮

  أن ͹δُ̾ف ̚ه̊ ̶̭͂ ΐΎ ̴͌͛ الأرض άͬ ͂΍δ ̤γ̵̚ق ا΍Ί̙نى دون أن δ͓̼͛م ̚ه؟ 

  

  

Question 3. (15 points) A building has a rectangular front with height ℎ and horizontal width 𝐿. What 

is the minimum initial speed required for a stone to be thrown from ground level so that it passes 

over the building without striking it? 
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ή͌4.  )15  (Τال   𝑚ଵر̠͛̚ ;ΤΉ̡    در̮ = 2.0 𝑘𝑔 β͹̙ͬ͂ك أΒتي زδ̊هΒ ̶̼̎̚ى  ΤΉ̡ͽΊا Έ΍هΎ  ̡̦̊̚ه  و𝑘 = 200.0𝑁/𝑚 ̊΍Αγ̚ ،

𝑚ଶاΑΊهΤδ̊ الأ̺͂ى ̶͂ة، أΤΉ̡; .Έͽ͏ΉΊ ͂͟Β أ̺͂ى   = 1.0 𝑘𝑔  ̵͂ةΊا Τδ̊هΑΊا Τ̮ه ΐΎ الأولى ΤΉ̡ͽΉΊ ̢̡̭ه   Τͤ͂͋̚ ̙͂كΒ̈́ΉΊ𝑢 =

6.0 𝑚/𝑠 ̴͛͌ ̡̊ن ͤلىΉ̡ͽΊا .β͹ͬأ .͊ΉΎوأ  

a(  ΤΉ̡ͽΉΊ ΐγ̡γθ̊هΑΊا ΐγ̡ͤ͂͋Ί1أو̮̼ ا  ΤΉ̡ͽΊ2وا  ،𝑣ଵ௙ و𝑣ଶ௙  ̡̼͓ͣ̊̚دΊم. ا 

b(  ،̙͂كΒ̈́ΉΊ ̙͂;͗ͧ̊ط الأΒςأو̮̼ ا𝛥𝑥max. ̴γ΍Ή̢ ؟Τ̵͟ΉΊه̾ه ا ̼Αͤ ΐγ΍̭͋Ίا ΐγ̚ Τγ̙͋ΑΊا Τͤ͂͋Ίا β̊هΎ : 

Question 4. (15 points) A block of mass 𝑚ଵ = 2.0 𝑘𝑔 is attached to one end of a horizontal spring 

with negligible mass and spring constant 𝑘 = 200.0 𝑁/𝑚, while the other end of the spring is free, 

see the figure. Another block of mass 𝑚ଶ = 1.0 𝑘𝑔 is approaching the first block from the free end 

of the spring with speed 𝑢 = 6.0 𝑚/𝑠. The blocks are on a horizontal smooth surface. 

a) Find the final velocities of block 1 and block 2, 𝑣ଵ௙ and 𝑣ଶ௙ after the collision . 

b) Find the maximum compression of the spring, Δ𝑥max. Hint: What is the relative velocity 

between the two objects at that moment? 
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ή͌5.  )15  (Τال   ΤΉδά͜. اΊ̭̾ع الأδ͋͂ والأΐ΍δ   (Ύ ̙͂ͣΎ̊ئي)  ά̢ͫ͛ في Αͺ̊ة 𝑚̮̾وع ΑΎ Έ; ΤΉ̡; ΤΉδά͜ Τ͹̡̊͛̚Ύه̊    Τ̦σ̦ در̮

ع اΊ̭̊ذΤγ̚  و  Ύσ͊ ̴͌͛ ا΍Ί̊ء άδ ς .͚͹̮̼ͬ اͽ̶̡̊ك في اΑΊ̊͟مδ  ͚͌ون في ا΍Ί̊ء إلى اΑΊ͓ͪ. اΊ̭̾ع الأ ا ά΍ͧΎر  الأرΤγ͘  ̢͋̊ر

𝑔 . 

a( ̊ء΍Ίا Τ̥ͬ̊; ̭̾وع إلىΊا Τ̥ͬ̊; Τ̙͋Β ̼̮أو. 

b( ̊ةΑ͹Ίو̮̼ار ا ͂͋δ̭̾ع الأΊا ΐγ̚ ةά͹Ίأو̮̼ ا. 

 

 

 

Question 5. (15 points) Three identical long logs of mass 𝑚 each float in a long channel. The left and 

right logs are half submerged in water. The central log touches the surface of the water. There is no 

friction in the system. Acceleration due to gravity is 𝑔. 

a) Find the ratio of density of logs to density of water. 

b) Find the force between the left log and the channel wall. 
 

 

 

 

 

 


