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30. (a) Given 
 6

E 6.37 10 mr = ×  
 Required 
 speed of the cannon ball ( v ) 
 Analysis and Solution 
 Determine the speed by treating the cannonball as a satellite and equating c gF F= . 

 

c g

2

2

6
2

3

where  is the radius of Earth

m(6.37 10 m) 9.81
s

7.91 10 m/s

F F

mv mg r
r
v g
r
v rg

=

=

=

=

⎛ ⎞= × ⎜ ⎟
⎝ ⎠

= ×

 

Paraphrase 
The cannonball must travel at a speed of 7.91 × 103 m/s to orbit Earth at the surface. 

(b) Given 
 37.91 10 m/sv = ×  
 66.37 10 mr = ×  
 Required 
 mass of Earth ( Earthm ) 
 Analysis and Solution 
 Determine the mass of Earth from Newton’s version of Kepler’s third law. 

 

c g

2
cannonball cannonball

2

2
Earth

2

Earth

3 2 6

2
11

2

24

m m(7.91 10 ) (6.37 10 )
s s  

N m6.67 10
kg

5.98 10 kg

−

=

=

=

=

× ×
=

×

= ×

i

Earth

F F

m v Gm m
r r

v r Gm

v rm
G  

 Paraphrase 
 The mass of Earth is 5.98 × 1024 kg. 

 (c) Analysis and Solution 
 The mass of the cannonball is not related to its orbital speed. 



Pearson Physics Solutions Unit III Chapter 5 Copyright © 2007 Pearson Education Canada  37

  

Earth

Earth
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2

2 (6.37 10  m

rv
T
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π

π

π

=

=

×
=
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)
m7.91 10×

3

s
5.06 10  s   = ×

 

  The time it takes the cannonball to orbit Earth once is independent of its mass, and 
 is 5.06 × 103 s. 

31. Analysis and Solution 

 
( )

( )

( )

6

2
Earth

c 2

2 8

26

2

c c

22
2

20

27.3d
2.359 10 s
4

4 3.844 10 m

2.359 10 s

0.00273m/s

m7.36 10 kg 0.00273
s

2.01 10 N

=

= ×

=

×
=

×

=
=

⎛ ⎞= × ⎜ ⎟
⎝ ⎠

= ×

T
T

ra
T

F ma

π

π

 

 The centripetal acceleration of the Moon in orbit around Earth is 0.002 73 m/s2.  
The Moon experiences a centripetal force of 2.01 × 1020 N. 

32. Given 
7

G 6.20 10 mr = ×  
Required 
Galatea’s orbital period (TG) 
Analysis and Solution 
Use the orbital period and radius of one of Neptune’s moons, such as Nereid, to find the 
orbital period of Galatea using Kepler’s third law. 
 

N
9

N

360.14 d

5.5134 10 m

T

r

=

= ×
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( ) ( )
( )

2 2
G N

3 3
G N

2 3
N G

G 3
N

32 7

39

360.14d 6.20 10 m

5.513 10 m

0.430 d

0.430 d

T T
r r

T rT
r

=

=

×
=

×

=

=
86 400 s 

d
×

43.72 10  s= ×

 

Paraphrase 
The orbital period of Galatea is 0.430 d or 3.72 × 104 s. 

33. Given 
25

U 8.67 10  kgm = ×  
81.909 45 10 mr = ×  

Required 
speed of Ariel ( v ) 
Analysis and Solution 

c g

2
A UA
2

2 U

U

2
11 25

2

8

3

r

N m6.67 10 (8.67 10  kg)
kg

1.90945 10  m

  5.50 10 m/s

F F

Gm mm v
r r

Gmv

Gmv
r

−

=

=

=

=

⎛ ⎞
× ×⎜ ⎟

⎝ ⎠=
×
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i

 

Paraphrase 
The speed of Ariel is 5.50 × 103 m/s. 

34. (a) Given 

 
4

10

4.46 x 10  s
2.38 x 10  m

T
r
=

=
 

Required 
 mass of star ( Starm ) 
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 Analysis and Solution 

  

( )
( )

c g

2
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2 2

2 3
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32 10
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4

4
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−

=

=
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×
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⎛ ⎞
× ×⎜ ⎟

⎝ ⎠
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i
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T r
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 Paraphrase 
  The mass of the star being orbited is 4.01 × 1033 kg. 
(b) Given 

 
4

A
10

A

4.46 x 10  s

2.38 x 10  m

T

r

=

=
 

 Required 
 orbital radius of second planet ( Br ) 
 Analysis and Solution 

 
( ) ( )

( )

2 2
A B

3 3
A B

3 2
A B3B 2

A

3 210 6

3 24

11

2.38 10 m 6.19 10 s

4.46 10 s

6.38 10 m

=

=

× ×
=

×

= ×

T T
r r

r Tr
T  

 The orbital radius of the second planet is 6.38 × 1011 m. 
Extensions 
35. Students’ answers will vary. Two misconceptions were: 
 (i) Centripetal force acts radially outward. 
 (ii) Centripetal force is a force unto itself. 
36. A person standing at the equator is moving around in a circle that has a radius of 

6.37 × 106 m, and a period of 24 h. As a result, the person experiences a centripetal force 

given by 
2

c 2
4m rF
T
π

= , which is the force of gravity. 

 A person standing on one of the poles is standing on Earth’s axis of rotation. The person’s 
period is the same: 24 h, but the radius of the circular path is zero. Therefore, the centripetal 
force is zero, even though the person experiences the force of gravity. 


