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Goncept Summary
lhe moon and r'.rthcr objt,r:,-s in r,rbit ar-ound Lrrrth
ar-e actuall_v ta) lir r g l(1\.,,' :r i(.1 I'.i r,: 1 [, i r iri [lav,: .r r.' li
enough tangential,;elocit, to ur:oiti hiiting Lurth.

According to Nert tonis lalr of nrriversal gravita-
tion, everything prills on e.;err.Llring else rvitl-r a
force Lhat depend.s upon thc nrasses oI the objects
and the distamces beti,veen their centers clf rnass.

! The greater the rnasses, the greater is thc tbrce.

r 'I'he greatcr the distalce, the smaller is
the forr:e.

Clravitalion decreases accoiding (o {he inverse-
square lalr,. Ihe fcrce oi gravity weakens as the
distalce squarcd.

Key Terrns
inverse-square law ( i2.5)
iar,i, of universal gral'itati<-rn (i2.4)
perturbation (12.61

unlrrersal gravitationa-l constant, G (.I2. 4 )

Beview Ouestiotls Check Concepts

1. Why ciid Nei,rnon think that a force must act
on the moon? (12.1)

2. What did Ne',r,ton conclucle abour the force:
that pu[s apples to the ground and the fbrce
that holds the rnoon in orbit? (12.1)

3" II ihe moorl falls, rvliy doesn'1? get closer
to Earth? (12"2)

4. \t'hat is rnearrl [ry tangentid vc]ocit]r? (12.2)

5. Hor,r, did Nertnon checl< his hlpclthesis th,
rhc,re.; i-s an attractive force Lrenveen Ea1frq
the rnoon? (12.2) .l

6. \Ahat is lcquirecl bt:fbre a hypothesis (n5
cated gur.-ss: ;rrivarrc:cs r0 rhe status of a.
tific r heorv (orgrurized k n o',v1 edge) ? 12.Zia

7. Since the planers iire pulled to the sunbr,l
grar itaritirrirl ;rrtrar:tion, wh5' rJort't th"ysin
cra:,j i inill tlre sr-rn? ii2.l) li

8. \'\'irii: diri Nerr:l orr disc,:rvcr airclut gravity?

9. \,t.'/hat does thi. i,cry small vah:e of the
tiona.l constant [. liin standar-d ur:its) 1s11 y":r

abour the strenpjh of gravitational forces?

10. What are tlLe ti{/o irasses and the one dis-J
tance that determine ),oul weight? (12.4\ 

'

11, In,,vhat r,r.a-v is grar,,iq' reduced with
from Earthi (12.5)

I2. \{iiat would be the diffenmce in your
\,'ou \-lrere fii,e times farthc.r from the centeti
Earth than yoLl are uor,v? T'en times? (12.5)

13. l\ftat makes Earth roundz. (12.6)

14. What callses planetary perturbations? (l

Plug and Ghug Use Equatians
15. Calculare the force of grat4tv on a l-kg mass

ar Ea rth's su; face. T'he mass of Earth is
6 >i I021 kg, and its ra<lius is 6.-1 x 10G m. ,.

16. Calculate tire fbrce of gravity on the same
1-kg mass if it u,cre 6.4 x I06 rn above E
surface (that is, if it were 2 Earth radii from
Eal th's center),

17. Calculate the lbrce o1'grar.iry* berween Earlhl
(nrass = G.0 x 1024 kg) and the moon (massi
7 .! '.t. 1.gtz kg)- Tlie arrerage jiarttr-rnoon .'
distance i"s 3.8 x I08 m.

LB. Calculate the force of grar.ity between
and the sun (sun's rrrssS = 2-0 x I030 kg;
averagie Earth-sun distance = 1.5 r 1011nr).'
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lg. Ual.uurdlts urc l(XCe OI gIaVIly t)efli!'een a new-
born baby (mass = 4 kill and thc planet N[itro^

(mass = 6-4 x 1023 kg), r,r,tren N.{ars is at its
closest to Earth (distance = B X 1010 m).

20. Calculate Cre torce oi gr;rvity l:etr,veen a new-
born babv of mass 4 kg and the obstetrician
of mass 75 kg, who i-e 0.3 m from the baby.
Which exerts more gravirational force on the
baby, Mars or the otrstetricianlz By how much?

Think and Explain Think Griticalty

21. Comment on whether r)r ltot thil label on a
consunr.er product sivrulr-i [;e c:i-trisi,fcr r:on-
cern. CAUITOIII:'ihe rrw.s:; c.f this prorluct
affects euery olher mass in the uni.uerse.. with an
attracing force that k proportional ta ihe prod-
wt of the ruuaeses artd inuerseLlt proportional to
the square of the rtistanc€ bet!.ileen them.

22. Earth and the nloon are gravitationallv
atlracted to each other. lloes tire rnore mas-
si.re Earth attract the moon with a greater
force, the sanre fbrce, or less force than t}e
rnoon attracts Earth?

23. V/hat is the magnitude iind direction of the
gravitational Forcc ihat acts cn a womanrvho
rveighs 500 N at the surface of Earttr?

24. If the gravitational forces of the sun on the
planets suddenlv dr'sappeared, in ll'hat kind
of path-s would tie planeLs move?

25. The moon "falls" 1.4 mm each second. Does
this mean that it gets 1.4 mrn c.loser to Earth
each secon<t:1 Wbuld i1 get closer if its tangen-
tial velocitli were reduced? i:xplain.

26. If the rnoon r,vere twice as massive, r,vould the
atftactive force of Euth on dre moon be twice
as large? Of the moon on EzLrth?

2?. Whjch requires rnole tr.rel-a rocket going
frour Earth to the moon' or a rocket coming
from the moon to Earthlz Wh),i

28. Evidence indicates that r.he present expan-
sion of the universe is slowilg dolvn. Is this
consistent r,vith, or contt.ary to, the lalv of
gravity? Explain.

29. Tire pianet Iupiter is about 300 times as mas-
sive as Earth, but trn object on its surface
would rueigh onJ_v 2.5 times as much as it
r+.ould on Earth. Can you corre up with an
explanation? (Hint: Let lhe terns in Lhe

eqrJation fot gravitational force guide your
thinking.)

30. Some people dismiss the validit"v of scientific
theo.rics hy saying they are "oni1r" theories.
The lzrw of universal gravitation is a theory.
Does this mca-n thai scientists sti]I doubt its
validiq'? ExPiain.

TFrisxE( anql Solve
Develop Problem-Sotving Skills

3t" iithe moon orbited trvice as far from Earth,
how far rvculC it'fal]" each second?

32. By rvhat factor u,ould your rveight change if
Earth's diarneter were doubled and its mass
were also doubled?

33. If you stood atop a iaddcr that uas
so lall that you were twice as far
from Earths center, holrrwould
your weight compare with its
present value?

34. Estimate the sjze of fupiter's diameter (com-
pared with Ezlrth's diameter). See Thrlnk and
Explain 29.

35. To better comprehend the magnitude ol the
gravitational fnrce between hlarth and the
moon, pretend grar.ity is turned o11 and thc
pull replaced bi thrr tension in a steel cable
joiniog thern" l l.ow thick would such a cable
need to be? You can est-intate the diametcr by
knowingthat the tensile shength of steel
cable is about 5.0 x 10$ N/mz (each square-
meter closs section can support a force of
5.0 x 108 newtons).

More Problcm-Solving Practice
Appendix F
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