Question # 1:

At the Earth’s surface a projectile is launched straight up at a speed of 10.0 km/s.  To what height will it rise?  Ignore air resistance and the rotation of the Earth.


Solution: We have the projectiles acceleration:


 INCLUDEPICTURE "http://www.mathhelpforum.com/math-help/latex/pictures/9ac03a4752367b2cd2ef043f15c3a333-1.png" \* MERGEFORMATINET 




so integrating once gives its velocity:
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Integrate again to get its displacement:
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Now the maximum height is reached when [image: image7.png]
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, so the maximum height reached is:
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Question # 2:

A system consists of three particles, each of mass 5.00 g, located at the corners of an equilateral triangle with sides of 30.0 cm.
 (a) Calculate the potential energy of the system.
 (b) If the particles are released simultaneously, where will they collide?

Solution:
 (a) The potential energy of this system is equal to the work required to remove
the points to infinity. This can be done in a number of ways, but the
result is always the same, and equal to:
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(b) The centre of mass of a free system like this remains at rest as long as there are
no external forces, so the particles must collide at their centre of mass, which is
at the centre of the equilateral triangle.
Question # 3:

An object is released from rest at an altitude h above the surface of the Earth. (a) Show that its speed at a distance r from the Earth’s center, where RE  <  r  <  RE + h, is given by 

            ____________________

v = 2GME (1/r   -       1      )

                                   RE + h

(b) Assume the release altitude is 500 km. perform the integral:

(Delta) t = (integral from i to f) dt = - (integral from i to f) dr/v

to find the time of fall as the object moves from the release point to the Earth’s surface. The negative sign appears because the object is moving opposite to the radial direction, so its speed is v = -dr / dt. Perform the integral numerically.

Solution: 
 Potential energy at height   h = - GME m / (RE +h)
 Kinetic energy = 0 because it is at rest 

  
Total energy =   PE + KE =    - GME m / (RE +h) + 0 

 
Now from the centre of the earth the KE at a distance r = 1 /( 2 m v2 )

                                                                  
                                                      PE at a distance r =   - GME m / r  

                                
Total energy =   PE + KE = - GME m / r + 1 / (2 m v2)

  
 According to law of conservation of energy the total energy is constant so we can write 

    

       - GME m / ( RE +h ) = - GME m  / r +  1 /( 2 m v2 ) 

 
 So from the above we can write v 2 = 2 (GME /r - GME / RE +h) 

                                                          
                                                 v = sqrt [2 (GME (1/r - 1 / RE +h))]
Question # 4:

The planet Uranus has a mass about 14 times the Earth’s mass, and its radius is equal to about 3.7 Earth radii.
 (a) By setting up ratios with the corresponding Earth values, find the free-fall acceleration at the cloud tops of Uranus.
 (b) Ignoring the rotation of the planet, find the minimum escape speed from Uranus.

Solution: 
A) For earth
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when you  substitute g you get
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B) Now let’s find the escaping velocity
                       For the body to escape the final gravitational potential must be zero. And because we only need the smallest velocity enough to escape the gravitational field Uranus, the final kinetic energy must be Zero.
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     Rearrange the terms you get
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Plug in    G = 6.67 *10-11                  Mu = 8.68 * 1025         Ru=2.56 *107 
                 
    we  get V=21268m/s. That is the escaping velocity.
Question # 5:

Two spheres having masses M and 2M and radii R and 3R, respectively, are released from rest when the distance between their centers is 12R. How fast will each sphere be moving when they collide?  Assume that the two spheres interact only with each other.


Solution:  
{Sphere #1 Mass}  =  M
{Sphere #2 Mass}  =  2*M

{Sphere #1 Radius}  =  R
{Sphere #2 Radius}  =  3*R

{Initial Distance Between Spheres}  =  12*R
{Final Distance Between Spheres}  =  (R) + (3*R)  =  4*R

{INITIAL System Potential Energy}  =  -G*m1*m2/D  =  
          =  -G*(M)*(2*M)/(12*R)  
          =  -G*(M2)/(6*R)  

{FINAL System Potential Energy}  =  -G*m1*m2/D  =  
          =  -G*(M)*(2*M)/(4*R)  
          =  -G*(M2)/(2*R)  

Δ{Potential Energy}  =  {-G*(M2)/(2*R)} - {-G*(M2)/(6*R)} 
          =  -G*(M2)/(3*R)

{Conservation Of Energy}  
          ---->    -Δ{Potential Energy}  =  Δ{Kinetic Energy}
          ---->    G*(M2)/(3*R)  =  (1/2)*m1*(v1)2 + (1/2)*m2*(v2)2  
          ---->    G*(M2)/(3*R)  =  (1/2)*(M)*(v1)2 + (1/2)*(2*M)*(v2)2  
          ---->    G*M/(3*R)  =  (1/2)*(v1)2 + (v2)2  

{Conservation Of Momentum}
          ---->    m1*v1 + m2*v2  =  0
          ---->    v2  =  -{m1/m2}*v1  
          ---->    v2  =  -{(M)/(2*M)}*v1  
          ---->    v2  =  -(1/2)*v1  

          ---->    G*M/(3*R)  =  (1/2)*(v1)2 + {-(1/2)*v1}2  
          ---->    G*M/(3*R)  =  (1/2)*(v1)2 + (1/4)*(v1)2 
          ---->    G*M/(3*R)  =  (3/4)*(v1)2    
          ---->    (v1)2  =  (4/9)*G*M/R
          ---->    v1  =  (2/3)*{G}(1/2)*{M/R}(1/2)  
                     =  (2/3)*{6.6742e-11}(1/2)*{M/R}(1/2)    
                     =  (5.446e-6)*{M/R}(1/2)  

          ---->    v2  =  -(1/2)*v1  =  -(1/3)*{G}(1/2)*{M/R}(1/2)  
                     =  -(1/3)*{6.6742e-11}(1/2)*{M/R}(1/2)   
                     =  -(2.723e-6)*{M/R}(1/2)  

---->    | v1 |  =   (2/3)*{G*M/R}(1/2)
                       =  (5.446e-6)*{M/R}(1/2)  

---->    | v2 |  =  (1/3)*{G*M/R}(1/2)  
                       =  (2.723e-6)*{M/R}(1/2) 
Question # 6:

A ring of matter is a familiar structure in planetary and stellar astronomy. Examples include Saturn’s rings and a ring nebula.  Consider a uniform ring of mass 2.36 x 1020  kg and radius 1.00 x 108 m. An object of mass 1000 kg is placed at a point A on the axis of the ring, 2.00 x 108 m from the center of the ring.  When the object is released, the attraction of the ring makes the object move along the axis toward the center of the ring (point B).  
(a) Calculate the gravitational potential energy of the object-ring system when the object is as A. 
(b) Calculate the gravitational potential energy of the system when the object is at B.  
(c) Calculate the speed of the object as it passes through B.

Solution: Diagram below illustrates problem.  Blue circle represents Ring of 
mass (M = 2.36 x 1020  kg) and radius (r = 1.00 x 108 m).  Red
dot denotes object of mass (m = 1000 kg) located on Ring's Z-axis 
a distance (z = 2.00 x 108 m) from Ring's center.
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(a):
Object's initial (rest) position is equidistant from all Ring mass elements.
This distance "D" can be determined from Pythagorean Theorem:

     D  =  {r2 + z2}(1/2)  
         =  {(1.00e+8 m)2 + (2.00e+8 m)2}(1/2)  
         =  {5.0e+16}(1/2)  
         =  2.236e+8 m

Gravitational Potential Energy of Object-Ring system is therefore:

     {Potential Energy (Initial)}  =  -G*M*m/D  =
               =  -(6.6742e-11)*(2.36e+20 kg)*(1000 kg)/(2.236e+8 m)  
               =   -70443  Joules             

(b):
Gravitational Potential Energy of Object-Ring system when object is 
located at Ring center, a distance {D = r = 1.00e+8 m} from all Ring
mass elements:

     {Potential Energy (Ring Center)}  =  -G*M*m/D  =
               =  -(6.6742e-11)*(2.36e+20 kg)*(1000 kg)/(1.00e+8 m)  
               =   -157511  Joules      

(c):
Loss of system Potential Energy equals gain in system Kinetic Energy
because no external forces are involved.  Since Ring's mass greatly 
exceeds object's mass, the former's Kinetic Energy (velocity) remains 
Zero (0), and object's Kinetic Energy (velocity) can be determined from:

     -Δ{Potential Energy}  =  Δ{Object's Kinetic Energy}

     ---->    -{(-157511) - (-70443)}  =  (1/2)*m*v2  

     ---->    87068  =  (1/2)*(1000 kg)*v2 

     ---->    v  =   13.2  m/sec

If you have any questions with this please let me know...
