
7-2 Gravitational Acceleration
You can use the law of universal gravitation to find the gravitational
acceleration, g, of any body if you know that body’s mass and radius. For
example, let’s look at the situation on Earth. The weight of an object on
Earth’s surface is equal to the gravitational force between that object and
Earth:

mg !

The m on the left represents the mass of an object, such as a human being. The
m on the right side of the equation stands for this same mass, so the term
cancels out of the equation. The M on the right represents the mass of Earth 
or other celestial body on which the person is standing. The d in the
denominator is equal to the radius of the celestial body. So the equation
becomes

g !

In this equation, g is the acceleration due to gravity on the celestial body in
question. On Earth you already know that this value is 10.0 m/s2.

Solved Examples

Example 4: Temba is standing in the lunch line 6.38 " 106 m from the center of Earth.
Earth’s mass is 5.98 " 1024 kg. a) What is the acceleration due to gravity? 
b) When Temba eats his lunch and his mass increases, does this change the
acceleration due to gravity?

a. Given: M ! 5.98 " 1024 kg Unknown: g ! ?
d ! 6.38 " 106 m Original equation: g !
G ! 6.67 " 10#11 N $m2/kg2

Solve: g ! ! ! 9.80 m/s2

b. No, his acceleration due to gravity does not change because it is not
dependent on his mass.

Example 5: The sun has a mass that is 333 000 times Earth’s mass and a radius 109 times
Earth’s radius. What is the acceleration due to gravity on the sun?

Solution: One way to solve this exercise is to actually multiply the given
values by the mass and radius of Earth. However, there is an easier and much

16.67 " 10#11 N #m2>kg2 2 15.98 " 1024 kg 216.38 " 106 m 22GM
d2

GM
d2

GM
d2

GmM
d2

Law of Universal Gravitation 101

Hewitt: Gravitational Acceleration WS i/2



neater way to come up with the correct answer. By working with ratios, you
can find an answer without any information about Earth.

Given: MS ! 333 000 ME Unknown: g ! ?
G ! 6.67 " 10#11 N $m2/kg2 Original equation: g !
ds ! 109 dE

Solve: Set up the above equation as a ratio of sun to Earth before substituting
numbers.

!

Simplifying gives ! ! ! ! 28.0

Therefore, gS ! 28.0 gE so the acceleration due to gravity on the sun is 
28.0 times what it is on Earth. In other words, it is 28.0 times 10.0 m/s2, or
280. m/s2.

Practice Exercises

Exercise 7: In The Little Prince, the Prince visits a small asteroid called B612. If asteroid
B612 has a radius of only 20.0 m and a mass of 1.00 " 104 kg, what is the
acceleration due to gravity on asteroid B612?

Answer:

Exercise 8: In Exercise 5 in the previous section, what is the Andromeda Galaxy’s
acceleration rate toward the Milky Way?

Answer:
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Exercise 9: Black holes are suspected when a visible star is being noticeably pulled by an
invisible partner that is more than 3 times as massive as the sun. a) If a red
giant (a dying star) is gravitationally accelerated at 0.075 m/s2 toward an 
object that is 9.4 ! 1010 m away, how large a mass must the unseen body
possess? b) How many times more massive is the object than the sun?
(Ms " 1.99 ! 1030 kg)

Answer: a.

Answer: b.

Exercise 10: The planet Saturn has a mass that is 95 times Earth’s mass and a radius that is
9.4 times Earth’s radius. What is the acceleration due to gravity on Saturn?

Answer:
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Chapter 1
1. 884 m
3. a) 10.7 s
5. !9.00 m/s2

7. a) 2.2 m/s
9. a) 28.3 m/s

11. 0.36 s
13. 25.9 m

A1. 3.78 " 108 m
A3. a) 16.61 m/s

b) 37.16 mi/h
A5. Tortoise wins by 47 s
A7. 5 s
A9. !19 500 m

A13. a) 1.11 s
b) The same

A15. 3.9 m/s2

Chapter 2
1. 145 km south
3. 50. N forward
5. 175 m/s northeast
7. 6360 km
9. Horizontal: 752 N

Vertical: 274 N
11. 40.0 m/s
13. 37° to horizontal
15. 465 m

A1. a) 1450 km south
b) 1650 km

A3. 4.1 m/s
76° east of north

A5. 14.1 m
45° north of west

A7. Horizontal: 50. N
Vertical: 42 N

A9. 4.2 m
A11. 13.4 m/s
A13. 1.2 m (does not clear)

Chapter 3
3. 4500 N
5. a) !34 000 N
7. 102 N
9. a) 78 N

11. 0.20
13. 14.5 N
15. 10 600 N
17. 1860 N
19. Culp: 1.5 " 107 N/m2

Vance: 1.0 " 106 N/m2

21. a) .0079 m2

b) 0.050 m
A1. 50. N
A3. !1400 N
A5. 100 N
A7. 0.20
A9. 17.7 N

A11. 625 N
A13. 0.080 N
A15. a) 37 500 N

b) 75 000 N/m2

Chapter 4
1. 4.91 " 109 kg #m/s
3. a) 3750 N

b) 1.5 " 106 N
c) 400 times as great

5. 11.3 m/s
7. a) 9.0 m/s
9. 10. m/s

11. 215 m/s
13. 9.42 m/s

A1. 1470 kg #m/s
A3. 6080 N
A5. 50 000 N
A7. 1.04 m/s
A9. !0.22 m/s

A11. 17 004 m/s

Chapter 5
1. a) 1430 J
3. 4 N
5. 600 J
7. 17.4 m/s
9. 24.5 m/s

11. 7.7
13. 280 N
15. a) 6.0

b) 4.4
c) 73%

A1. 18 800 J
A3. a) 1 610 000 J

b) 53 700 W
c) 1 040 000 J

A5. 12 J
A7. a) 1.6 J
A9. 15 200 m

A11. 38
A13. 3

Chapter 6
1. 0.034 s
3. a) 1.6 m/s
5. a) 0.63 m/s
7. a) Jessica: 1.3 m/s

Julie 0.94 m/s
b) 0.15 m/s2

9. 2.5 m/s
11. 1.50 " 10!15 N
13. 0.12 N #m
15. a) 17 N up
17. Anita: 384 N up

Orin: 246 N up
19. 9.74 " 1037 kg #m2

21. 5.4 " 10!8 kg #m2

23. 5.6 m/s
A1. 0.6 s
A3. 3.8 m
A5. a) 2.2 m/s

b) 35 N
A7. a) 5.9 " 10!3 m/s2

b) 3.5 " 1022 N toward sun
c) 3.5 " 1022 N toward

Earth
A9. Outstretched: 12 N #m

Bent: 5.6 N #m
A11. 1.5 " 10!4 kg #m2
A13. 18 m/s

Chapter 7
1. Twice as large.
3. a) 9.78 " 10!8 N

b) 1.63 " 10!8 N
5. 4.2 " 1021 m
7. 1.67 " 10!9 m/s2

9. a) 9.9 " 1030 kg
b) 5.0 times

11. a) 618 000 m/s
13. a) 2.58 " 10!4 m/s

A1. 1/8100
A3. 4.1 " 10!47 N
A5. a) 1.66 " 10!3 N
A7. a) 4.9 " 1023 kg
A9. 1.33 " 10!9 m/s2

A11. a) 1340 N
b) 3560 m/s

Chapter 8
1. 2 m/s
3. 28 h
5. Albert 33 y

Henry 39.6 y
7. 13.0 m
9. a) 94 450 km

11. 1.0 " 10!3 kg
A1. 15 m/s same direction
A3. 8.3 y
A5. 1390 m
A7. 1068 J

Chapter 9
1. a) 710. kg/m3

3. 1.76 " 10!3 kg
5. 1.3 " 108 N/m2

7. 5.3 " 10!3 m2

9. a) 3.0 " 10!6 m
11. 4.2 " 106 Pa
13. 1330 kg/m3

15. 1.61 N
17. 0.50 m
19. Decreases by 314 m3

21. 0.015 m3

A1. 880 kg/m3
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