
 SOLUTION 

 TQ14  [35 points] 
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 14.2  The mechanical energy of Venus (before collision) is: 
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 14.3  Since the comet moves radially towards the Sun, it has no angular momentum 
 (with respect to the origin in the Sun). Then, the angular momentum of Venus is the 
 same as that of “Venus-2” 
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 collision. The angular momentum just after the collision is 
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 Since the angular momentum is conserved it follows that 
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 The comet has zero energy, so 
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 where  is the velocity of the comet just before the collision. It follows that  𝑣 
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 The collision between the comet and Venus is inelastic, thus the total energy is not 
 conserved. Also notice that the mass of “Venus-2” is  .  [2 point] ( 1 + α) 𝑚 

 We now apply the conservation of linear momentum. Along the radial direction we get 
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 14.4  Venus-2 mechanical energy (we evaluate it just after the collision) is: 

 [4 points]  𝐸 
 𝑓 

=  𝑈 +  𝐾 =−  𝐺𝑀𝑚  1 +α( )
 𝑅 

 0 
+  1 

 2  𝑚  1 + α( )  𝑣 
θ
 2 +  𝑣 

 𝑟 
 2 ( )

=    −  1 + α( )  𝐺𝑀𝑚 
 𝑅 

 0 
+  1 

 2  1 + α( )  2 α
 1 +α( ) 2 

+  1 

 1 +α( ) 2 
⎡⎢⎣

⎤⎥⎦
 𝐺𝑀𝑚 

 𝑅 
 0 

 [1 point] =    −  𝐺𝑀𝑚 
 2  𝑅 

 0 

 1 + 4α 
 1 +α( ) =  𝐸 

 𝑖 
 1 + 4α 
 1 +α( )

 14.5  ̈ Venus-2¨ orbit is no longer a circle. Since the energy is negative it must, therefore, 
 be elliptical. It follows that  [1 points] 
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 where  is the semi-major axis of the orbit of Venus-2. Now, solving for  :  𝑎 
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 14.6  Using Kepler’s third law, we have that 
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 For  , the year is shorter, for  , the year is longer, while for  the α <  2 α >  2 α =  2 
 duration of the year does not change. 

 14.7  For the ‘Venus-2’ to collide with the Sun, the perihelion radius of the post-collision 
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 Now, we apply conservation of angular momentum right after the collision and at the 
 moment “Venus-2” is at the perihelion: 
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 where  is the speed of Venus-2 at the perihelion. Solving for  𝑣 
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 Applying conservation of energy between the two same instants we obtain: 
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 14.8  For post-collision orbit, 
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