
 

 
 

 

PROBLEM 13.83 
Knowing that the velocity of an experimental space probe fired from the 
earth has a magnitude 32.5Av =  Mm/h at point A, determine the velocity 
of the probe as it passes through point B. 

 

 SOLUTION 

- 

At A, 32.5 M /h 9028 m/sAv m= =  

 ( )2 61 9028 m/s 40.752 10 m
2AT m= = ×  

2

A
A A

GMm gR mV
r r

−
= − =  

610.67 M 10.67 10 mAr m= = ×  

 66370 km 6.37 10 mR = = ×  

 
( )( )

( )

22 6
6

6

9.81 m/s 6.37 10 m
37.306 10

10.67 10 m
AV m m

×
= − = − ×

×
 

At B 
2

21 ;
2B B B

B B

GMm gR mT mv V
r r

−
= = − =  

619.07 M 19.07 10 mBr m= = ×  

( )( )
( )

22 6
6

6

9.81 m/s 6.37 10 m
20.874 10

19.07 10 m
B

m
V m

×
= − = − ×

×
 

6 6 2 61; 40.752 10 37.306 10 20.874 10
2A A B B BT V T V m m mv m+ = + × − × = − ×  

2 6 6 62 40.752 10 37.306 10 20.874 10Bv  = × − × + ×   

2 6 2 248.64 10 m /sBv = ×  

 36.9742 10 m/s 25.107 Mm/hBv = × =  25.1 Mm/hBv =  

4.3 6.37A Ar h R Mm Mm= + = +  
 

10.67Ar Mm=  

72.7 6.37B Br h R Mm Mm= + = +

19.07Br Mm=

hA = 4300 km

A

B

R = 6370 km

vA 

vB 

hB = 12700 km



  

 
 

=

 

SOLUTION 

 

  0.5vθ =  m/s, and 0rv = . 
Neglecting the mass of the rod and the effect of friction, determine the 
radial and transverse components of the velocity of the collar when 

120r =  mm.  

PROBLEM 13.95 
A 2.5 kg collar A is attached to a spring of constant 750 N/m and undeformed 
length 150 mm. The spring is attached to point O of the frame DCOB. The 
system is set in motion with 250 mm,r

0.5 m

250 m

0.5 m/s
120 mm

Conservation of angular momentum about O

mvq (0.25) = mv ¢q (0.12)

v¢ q =
0 25

0 12

.

.

vθ  = 2.08 (0.5) = 1.04 m/s

v¢q = 1.04 m/s �

Conservation of energy

T + V = T¢ + V¢

T =
1

2
 m (v 2

r + v 2
q ) = 

2 5

2

.
 (0 + 0.52) = 0.3125

V =
1

2
 k (r – rB)2 = 

1

2
 (750) (0.25 – 0.15)2 = 3.75

v¢ q = 1.04 m/s

T ¢ = 1

2 
m (v ¢ 2

q + v ¢r
2) = 

2 5

2

.
 (v ¢r

2  + 1.04) = (1.25v ¢r
2  + 1.352)

V  ¢ = 1

2 
k (r ¢ – rB)2 = 

1

2
 (750 N/m) (0.12 – 0.15)2 = 0.3375 N.m

T + V = T ¢ + V ¢ : 0.3125 + 3.75 = 1.25v¢r
2  + 1.352 + 0.3375

0.3125 + 3.75 = 1.25v¢ r
2 + 1.352 + 0.3375

1.25v ¢r
2 = 2.373

v¢r
2 = 1.90

v¢r = 1.38 m/s �







  

 
 

 

 

PROBLEM 13.105 
The optimal way of transferring a space vehicle from an inner circular 
orbit to an outer coplanar orbit is to fire its engines as it passes through A 
to increase its speed and place it in an elliptic transfer orbit. Another 
increase in speed as it passes through B will place it in the desired 
circular orbit. For a vehicle in a circular orbit about the earth at an 
altitude 1 320h =  km, which is to be transferred to a circular orbit at an 
altitude 2 800h =  km, determine (a) the required increase in speed at A 
and B, (b) the total energy per unit mass required to execute the transfer. 

  
SOLUTION 

 
 

 

Elliptical orbit between A and B 

Conservation of angular momentum 

A A B Bmr v mr v=  

7.170
6.690

B
A B B

A

rv v v
r

= =  

66370 km 320 km 6690 km,        6.690 10  mA Ar r= + = = ×  

 1.0718A Bv v=  (1) 

66370 km 800 km 7170 km,        7.170 10  mB Br r= + = = ×  

( ) 66370 km 6.37 10  mR = = ×  

Conservation of energy 

( )( )22 2 6 12 3 29.81 m/s 6.37 10  m 398.060 10  m /sGM gR= = × = ×  

Point A 

( )
( )

12
2

6

398.060 101         
2 6.690 10

A A A
A

mGMmT mv V
r

×
= = − = −

×
 

659.501 10AV m= ×  

Point B 

( )
( )

12
2

6

398.060 101         
2 7.170 10

B B B
B

mGMmT mv V
r

×
= = − = −

×
 

655.5 10BV m= ×  

A A B BT V T V+ = +  

 



 

 
 

 
 

PROBLEM 13.105 CONTINUED 

2 6 2 61 159.501 10 55.5 10
2 2A Bmv m mv m− × = − ×  

2 2 68.002 10A Bv v− = ×  

From (1) ( )22 61.0718         1.0718 1 8.002 10A B Bv v v  = − = ×  
 

2 6 2 253.79 10  m /s ,         7334 m/sB Bv v= × =  

( )( )1.0718 7334 m/s 7861 m/sAv = =  

Circular orbit at A and B 

(Equation 12.44) 

( )
12

6
398.060 10 7714 m/s

6.690 10A C
A

GMv
r

×
= = =

×
 

( )
12

6
398.060 10 7451 m/s

7.170 10B C
B

GMv
r

×
= = =

×
 

(a) Increases in speed at A and B 

 ( ) 7861 7714 147 m/sA A A Cv v v∆ = − = − =  

 ( ) 7451 7334 117 m/sB B BCv v v∆ = − = − =  

(b) Total energy per unit mass 

( ) ( ) ( ) ( )2 2 2 21/
2 A A B BC CE m v v v v = − + −  

 

( ) ( ) ( ) ( )2 2 2 21/ 7861 7714 7451 7334
2

E m  = − + −  
 

 6/ 2.01 10  J/kgE m = ×  

 





  

 
 

 
 

PROBLEM 13.113 CONTINUED 

Solving for 0

A

r
r

 

2
0

2 2
2 4 4cos 1 sin

2cos 1 sinA

r
r

α α
α α

+ ± − ±
= =

−
 

( )( ) ( )0 0
1 sin 1 sin

1 sin
1 sinAr r r
α α

α
α

+ −
= =

±
∓  

  also valid for point A′  

Thus 

 ( )max 01 sinr rα= +  ( )min 01 sinr rα= −  

 


