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b1 Unosrsal Gavesttakion

Concept Summary

The moon and cther o:ic(‘1 Sin erbit around Latth
are actually talling toward Farth ban have gl
e¢nough wl"entml velocity to avoid hutmz\ Earth.

According to Newtons law of universal gravita-
don, everything pulls on evervthing else with a
force that depends upon the masses of the objects
and the distances between their centers of mass.

m The greater the masses, the greater is the force.

® The greatcer the distance, the smaller is

the force.
Gravitation decreases according (o the inverse-
square law. The force of gravity weakens as the
distance squared.

Key Terms

inverse-square law (12.5)

law of universal gravitation (12.4)
perturbation (12.6)

universal gravitational constant, G {12.4)

Review Questions Check Concepts

1. Why did Newton think that a force must act
on the moon? (12.1)

2. What did Newton conclude abourt the force
that pulls apples to the ground and the force
that holds the moon in orbit? (12.1)

3. 1l the moon falls, why doesn't Tt get closer
to Earth? (12.2)

What is mmeant by tangential velocity? {12.2)
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5. How did Newton check his hyp()thesm th _
there is an attractive force between Earth’
the moon? (12.2)

6. What is required before @ hypothesis (g .4
cated guess) advances 10 the status Ofa«,p

tific theory (organized knowledge)? (12

&>

Since the planets ire pulled to the sup by
gravitalional attraction, why don't they Slk
crasihvinin lh)‘ﬂ_"]?’ 2 ﬂ\ g

8. Whar dia Newion discover about gravity? {15 '

9. What does the very small value of the grayigg]
tional constant G (in standard units) te]l yg:
abour the strength of gravitational forces? (3§

10. What are the two masses and the one dj
tance that determine your weight? (12.4)

11

3

In what w’n 1% gravity reduced with d:qf.mm'
from Earth? {12.5) 3

12. What would be the difference in your weighrif
vou were five times farther from the center of
Earth than you are now? Ten times? (12.5) - 4

13. What makes Earth round? (12.6)

=
14. Whalt causes planetary perturbations? (12.6]%

Plug and Chug Use Equations

15. Calculate the force of gravity on a 1-kg mass
at Earth's surface. The mass of Earth is
6 > 102 kg, and its radius is 6.4 X 106 m.

16. Calculate the force of gravity on the same
1-kg mass if it were 6.4 X 108 m above Barth¥
surface {that is, if it were 2 Earth radii from.}
Earth’s center). .'54

17. Calculate the force of gravity between Earth“
(mass = 6.0 X 10%* kg) and the moon (massz,
7.4 % 10*? kg). The average Earth—moon
distance is 3.8 % 108 m.

18. Calculate the force of gravity beiween Earth’]
and the sun (sun's mass = 2.0 X 1039%kg,
average Barth-sun distance = 1.5 x 10"} m}:3




45014, Ldlludie LE LOLCe O gravity Detween 4 new-

° porn baby (mass = 4 kg} and the planet Mars
{mass = 6.4 X 10= kg), when Mars is at its
closest to Earth (distance = 8 X 10! mj).

20. Calculate the force of gravity between a new-
porn baby of mass 4 kg and the obstettician
of mass 75 kg, who is 0.3 m from the baby.
Which exerts more gravitational force on the
baby, Mars or the obstetrician? By how much?

Think and Explain Think Critically

21. Comment on whether or not this label on a
consumer product should be caus» for con-
cern. CAUTION: The mass cf this product
affects every other mass in the universe. with an
attracting force that is proportional to the prod-
uct of the masses and inversely proportional 16
the square of the distance between them.

22. Earth and the moon are gravitationally
atitacted to each other. Does the more mas-
sive Earth attract the moon with a greater
force, the same force, or less force than the
moon attracts Earth?

23. What is the magnitude and direction of the
gravitational force that acts on a woman who
weighs 500 N at the surfuce of Rarth?

24. If the gravitational forces of the sun on the
planets suddenly disappeared, in what kind
of paths would the planets move?

25. The moon “falls” 1.4 mm each second. Does
this mean that it gets 1.4 mm closer to Earth
each second? Would it get closer if its tangen-
tial velocity were reduced? Fxplain.

26. If the moon were twice as massive, would the
attractive force of Earth on the moon be twice
as large? Of the moon on Earth?

27. Which requires more fuel—a rocket going
from Earth to the moon, or a rocket coming
from the moon to Earth? Why?

28, Evidence indicates that the present expan-
sion of the universe is slowing down. Is this
Consistent with, or contrary to, the Jlaw of

gravity? Explain.

29. The planet Jupiter is about 300 times as mas-
sive as Earth, but an object on its surface
would weigh only 2.5 titnes as much as it
would on Earth, Can you come up with an
explanation? (Hint: Let the terms in the
equation for gravitational force guide your
thinking.)

30. Some people dismiss the validity of scientific
theories by saying they are “oniy” theories.
The law of universal gravitation is a theory.
Does this mean that scientists still doubt its
validity? Explain.

Think and Solve

Develop Problem-Solving Skills
31. If the moon orbited twice as far from BEarth,
how far would it “fall” each second?

32. By what factor would vour weight change if
Earth’s diameter were doubled and its mass
were also doubled?

w
e

If you stood atop a iadder that was .ki ?
so fall that you were twice as far .,
from Earth's center, how would
your weight compare with its
present value?

34, Estimate the size of Jupiter's diameter {com-
pared with Farth's diameter). See Think and
Explain 29.

35. To better comprehend the magnitude of the
gravitational force between Earth and the
moon, pretend gravity is turned off and the
pull replaced by the tension in a steel cable
joining them. How thick would such a cable
need to be? You can estimate the diameter by
knowing that the tensile strength of steel
cable is about 5.0 X 10% N/m? {each square-
meter cross section can supportt a [orce of
5.0 X 108 newtons).

More Preblem-Solving Practice
Appendix F
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