Chapter 14 - The Law of Gravity
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b, Three uniform spheres of mass 2.00 kg, 4.00 kg, and
G.00 kg are placed at the corners of a right triangle as in
Figure P13.5. Calculate the resultant gravitational force on

the 4.00-kg object, assuming the spheres are isolated from
the rest of the Universe.
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Plaskett’s binary system consists of two stars that revolve in
a circular orbit about a center of mass midway between
them. This means that the masses of the wo stars are ——

290 km/'s

T T W
equal (Fig. P13.13). Assume the orbital speed of each star J.r"" -
is 220 km/s and the orbital period of each is 14.4 days. P ;
Find the mass M of each star. (For comparison, the mass of il kY
our Sun is 1.99 % 10% kg.) I" \".l
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The Explover VIIT satellite, placed into orbit November 3, [rovn JJ’IS!)"VQVZ/'M
1960, to investigate the ionosphere, had the following or-

bit parameters: perigee, 409 km; apogee, 2 280 km ({both d;— 4 Vlj' MMCWYLMMI
distances ahove the Earth's surface); period, 112.7 min. V4 ]/a N =mynr
Find the ratio vy/v, of the speed at perigee to that at “ /o F
apogee.
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Comet Halley (Figure P13.17) approaches the Sun
to within 0.570 AU, and its orbital period is 75.6 years.
(AU is the symbol for aswonomical wunit, where
1 AU = 1.50 % 10" m is the mean Earth-Sun distance.)
How far from the Sun will Halley’s comet travel before it
starts its return journey?
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Two planets X and Y wavel counterclockwise in circular or-

X
bits about a star as in Figure P13.18, The radii of their or- /’/ i“\‘\ /’/ o N
bits are in the ratio 3:1. At some time, they are aligned as I . \\\ £ . \\‘
in Figure P13.18a, making a straight line with the star. Dur- \: r: \l‘ Y Qx [ { \:4 }
ing the next five years, the angular displacement of planet \ T / oY /
XN is 9007, as in Figure P13.18b. Where is planet Y at this \\ // \\ ,,/
time? a e
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The Solar and Heliospheric Observatory (SOHO) spacecraft
has a special orbit. chosen so that its view of the Sun is never
eclipsed and it is always close enough to the EFarth two

transmit data easily. It moves in a nearcircle around the Sun
that is smaller than the Earth’s circular orbit Its period,
however, is just equal to 1 yr. It is always located between the
Earth and the Sun along the line joining them. Both objects
exert gravitational forces on the observatory. Show that its
distance from the Earth must be between 1.47 % 10 m and
1.48 % 10° m. In 1772 Joseph Louis Lagrange determined
theoretically the special location allowing this orbit. The
SOHO spacecraft took this position on February 14, 1996,

Suggestion; Use data that are precise wo four digits. The mass
of the Farth is 5.983 % 10* kg.
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At the Earth’s surface a projectile is launched straight up
at a speed of 10.0 km/s. To what height will it rise? Ignore
air resistance and the rotation of the Earth.
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(a) What iz the minimum speed, relative o the Sun, neces- - 22> /-

sary for a spacecrafi to escape the solar system if it stans at ﬁ —Sun i - eartl
the Earth's orbitr (b Vewager T achieved a maximum speed

of 125 'EZ-.][" kmy/h on i way Lo ph r.ungraph _Tllpill:.‘l'. Beyond So \ C an “ noy e
what distance from the Sun is this speed sufficient o es- F

cape the solar system? 4 7[(°VL a CQI"'f Z~
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A satellite of mass m. originally on the surface of the Earth,
iz placed inte Earth orbic at an altitade & (a) With a circu-
lar orbit, how long does the satellite take 1o complete one
orbit? (b} What is the satellites speed? (c) What is the
minimum energy input necessary to place this satellite in
orbit? Ignore air resismnce but include the effect of the
planet’s daily rotation. At what location on the Earth's sur
face and in what direcrion should the sawellite be launched
o minimise the required energy investmentr Fepresent
the mass and radius of the Earth as Mgpand Rg.
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Determine the escape speed for a rocket on the far side of
Ganymede, the largest of Jupiter's moons (Figure P13.41).
The radius of Ganymede is 2.64 % 10° m, and its mass is

1495 % 10* kg, The mass of Jupiter is 1.90 % 10% kg,
and the distance between Jupiter and Ganymede is Ganymede
1071 % 10" m. Be sure to include the gravitational effect
due © Jupiter, but you may ignore the motion of Jupiter

" . upater
and Ganymede as they revolve about their center of mass, 2
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[ The acceleration of an object moving in the gravita-
tional field of the Earth is
__GMr

a=
JS

where r is the posidon vector directed from the center of
the Earth toward the object. Choosing the origin at the
center of the Earth and assuming that the small object is
moving in the xy plane. we find that the rectangular
(Cartesian) components of its acceleration are

. Mg o= GMEy
= - & = - S L
. T ' s

Use a computer to set up and carry out a numerical pre-
diction of the motion of the object, according w Euler's

N V= [S56 eo? §TC-

method. Assume the initial pesition of the objectis x =10
and y = ZHy, where Ry is the radius of the Earth. Give the
object an initial velodty of 5 00 m/s in the x direction.
The time increment should be made as small as practical.
Try 5= Flot the x and y coordinates of the object as ime
goes on. Dioes the object hit the Earthr Vary the initial ve-
locity until voul find a circular orbit.
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1 |Mass of Planet: 5.98E+24

2 Radius of Planet: b6.37EHIG

3 |Initial X 0.00 Planet radii Acc =GR

4 lnitial % 200 Planet radii Acc-x = Acc " (cosine angle = /1)

5 nitial % A.,000.00 Acc-y = Acc " (sine angle = v/

B |Initial %y 0.00

i |G B.67E-11

8 Time interval: 10.00

9
10 t (sec) #(m) Y m) r object {m) R Wy Acc Acc-x Acc-y
11
12 0.0a 0.000 1274000000 12740000.00  5,000.00 0.000 24534 00000 -2.4584
13 10.00 5000000 12739537705 1273997520 500000 -24.58 24534 00096 -2.4534
14 20.00 99899952 1273950832 1273980073 4593950 4917 245850 00183 -2.4534
15 S0.00 149 997 580 1273889371 1273877678 459971 -Fa375 24535 00M59 -24553
16 40.00 198995326 1273003327 1273960317 459942 95,34 24586 00386 -2.4553
17 50.00 24898553 127368592700 12739379598 4599904 S122592 24557 -0.0452  -2.4532
15 RO.00 29997347 1273557491 12739107.200 499555 -147.500 24588 -0.0579  -2.4531

]

10 t (sec) » ) Y () t object (m) Wi Wy Acc Acc-x Acc-y
1126 11,140.00 SA7AB59.10)0 13,321 32512 13324160041 4 BE9.F1 12413 22476 00464 22471
1127 11,150.00 -226,158.64 1332245405 13,324 57349 487028 10165 22475 0.0331 22472
1128 11 ,160.00 77453950 1332335820 13324 53892 4 BY0.6ER 7918 22475 00298 22473
1128 11,170.00 125745860 13324037658 13,324 B59.68 4 870.595 56.71 22474 00217 22473
1130] 11,180.00 8003519 13324 45242 13324 73279 487118 3424 22474 00135 22474
1131 11,180.00 S 32276 1332472243 13324 75024 4 87151 M76 22474 00053 -2.2474
1132 11 ,200.00 17 38061 1332472770 1332473905 4571.36 -10.71 22474 00029 22474
1133 11 210.00 65104100 13324 508.25 13324 572200 4.871.33 -33.18) 22474 00111 2.2474
1134 11,220.00 M4316.89 13324 064.02 1332455872 4571.22 5566 224740 001940 22474
1135 11 ,230.00 16352515 1332339508 1332439359 4 571.03 7813 22475 D026 22473

212,237 .06 22475 00358 22473
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