
(the	
  circumference	
  in	
  this	
  case)	
  divided	
  by	
  the	
  period	
  “T,”	
  or	
  

a.)	
  How	
  long	
  does	
  it	
  take	
  to	
  complete	
  one	
  
orbit?	
  

1.)	
  

Consider	
  the	
  Cny	
  satellite	
  that	
  is	
  orbiCng	
  the	
  
earth.	
  	
  

Problem	
  13.39	
  
•

M

m

R h

The	
  trickiness	
  here	
  is	
  to	
  noCce	
  that	
  the	
  
speed	
  is	
  equal	
  to	
  the	
  distance	
  traveled	
  

T = 2π R + h( )
v

All	
  we	
  need	
  is	
  the	
  velocity.	
  	
  To	
  get	
  that,	
  we	
  can	
  use	
  N.S.L.:	
  

Fcentripetal :∑
           GmM

Re + h( )2 = mac = m v2

Re + h
⎛
⎝⎜

⎞
⎠⎟

             ⇒      v = GM
Re + h

⎛
⎝⎜

⎞
⎠⎟

1/2



2.)	
  

So	
  we	
  can	
  write:	
  

 

T = 2π R + h( )
v

  = 2π R + h( )
GM

Re + h
⎛
⎝⎜

⎞
⎠⎟

1/2   = 2π R + h( ) Re + h
GM

⎛
⎝

⎞
⎠

1/2

= 2π R + h( )3/2 1
GM

⎛
⎝

⎞
⎠

1/2

  = 2π 6.37x106  m( ) + 2.00x105  m( )( )3/2 1
6.67x10−11  N i m2 /kg2( ) 5.98x1024  kg( )

⎛

⎝⎜
⎞

⎠⎟

1/2

  = 5.30x103  s           (=1.47 hr)

b.)	
  Determine	
  the	
  
satellite’s	
  speed.	
   v = 2π R + h( )

T

  =
2π 6.37x106  m( ) + 2.00x105  m( )( )

5.30x103  s( )
  = 7.79x103  m/s           



3.)	
  

c.)	
  What	
  is	
  the	
  minimum	
  energy	
  required	
  to	
  put	
  the	
  satellite	
  into	
  orbit?	
  

vearth =
2πRe

Tearth

       =
2π 6.37x106  m( )
24 hr( ) 3600 s

hr
⎛
⎝

⎞
⎠

       = 4.63x103  m/s

The	
  only	
  thing	
  that	
  is	
  tricky	
  is	
  that	
  although	
  the	
  satellite’s	
  iniCal	
  take-­‐off	
  
velocity	
  will	
  be	
  zero	
  (part	
  of	
  the	
  energy	
  required	
  will	
  be	
  needed	
  to	
  boost	
  it	
  to	
  
take-­‐off	
  speed),	
  the	
  satellite	
  will	
  sCll	
  have	
  speed	
  associated	
  with	
  the	
  fact	
  that	
  
it	
  is	
  siTng	
  on	
  a	
  rotaCng	
  earth.	
  	
  That	
  speed	
  has	
  to	
  be	
  taken	
  into	
  consideraCon	
  
and	
  is:	
  



4.)	
  

 KE1  +     U1   +∑ WenergyInput =   ∑ KE2     +∑       U2∑∑
1
2

m ve( )2 + − GmMe

Rearth

⎛
⎝⎜

⎞
⎠⎟
+   WenergyInput =

1
2

m vorbit( )2 + − GmMe

Rearth + h( )
⎛
⎝⎜

⎞
⎠⎟

   ⇒    WenergyInput = − 1
2

m ve( )2 − − GmMe

Re

⎛
⎝⎜

⎞
⎠⎟
+ 1

2
m vorbit( )2 + − GmMe

Re + h( )
⎛
⎝⎜

⎞
⎠⎟

                           = 1
2

m vorbit( )2 − ve( )2( ) + GmMe
1

Re

− 1
Re + h( )

⎛
⎝⎜

⎞
⎠⎟

                           = 1
2

200.( ) 7.79x103( )2
− 4.63x102( )2( ) +

                                           + 6.67x10−11( ) 200( ) 5.98x1024( ) 1
6.37x106( ) −

1
6.57x106( )

⎛

⎝⎜
⎞

⎠⎟

                     = 6.43x109  J

PuTng	
  everything	
  together,	
  and	
  suppressing	
  the	
  units	
  to	
  save	
  space,	
  we	
  can	
  
write:	
  


