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Goals for Chapter 12

« To calculate the gravitational forces that bodies
exert on each other

* To relate weight to the gravitational force

+ To use the generalized expression for gravitational
potential energy

= To study the characteristics of circular orbits

= To mvestigate the laws governing planetary
motion

+ To look at the characteristics of black holes
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Newton's Law of Universal Gravitation .

F
Every particle in the Universe attracts ‘Ig/
every other particle with a force that ¥ Q

is directly proportional to the product / !,r": s
of their masses and inversely T

proportional to the distance between fis
them
_ ~mym, i
IF!il' =G re

(7 is the wniversal gravitational constant and equals 6,673 x
1011 Nm? / kg?

G =6.673x 1011 Nm? / kg?
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Newton's law of gravitation

Ay Iwo particles atiract
iy each other through

F gravitational forces.
a(2enly 5

L ]

E~.‘ IFgll on 2j

Even if the particles
have very different mosses,
the gravitational forces they exen
on each other are equal in strength:
Foitman = Fgrzon 1y
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Gravitation and spherically symmetric bodies

a s . - {8} The gravitmional (b)) ... In dhe wome o 7
+ The gravitational interaction o Bt g i Ecaneatarabad:ai s

uf bodies hﬂ_\l’inﬂ ﬁp#ﬂﬂmﬂ}r spboncully symmeiric  mess of guch sphero al

symmeiric mass distributions " b

is the same as if all their

mass were concentrated at m,

their centers £ r'
FI

M
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Example

Three uniform spheres of mass 2 kg, 4 kg,
and 6 kg are placed at the corners of right
triangle. Calculate the net gravitational
force on the 4 kg object assuming the
spheres are isolated from the rest of the
Universe. G =6.673 x 10 Nm2 [ kg2

F =gl
Apply superpasition rule
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£ Above the Earth’s Surface

Weight

I an object is some distance f above the Eanh’s surface, r

becomes B, + it
GM:
g
(Re +h)

This shows that g decreases with increasing altitude

As = o, the weight of the object approaches zero

= The weight of a body decreases with its distance from the
earth’s center, as shown in Figure 13.8 below.

Esth. mors i,

Eanth's radius By = 638 = 10 m *

Asdrorcesi, ivors

ris 10" mi

r= Ky da 0% mi
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Interior of the earth

+ The earth is approximately
spherically symmetric, but
it is mof uniform throughout
its volume, as shown in at
the right.

.
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B

Example

A robatic lender with an earth weight of 3430 N is sent 1o Mars
which has a radius Ry,=3 4 fim and mass m,, =64 20 /0%y, Find
the weight F, of the lander on the Martian surface.

=1 F L™
Variation of g with Height Gravitational Potential Energy

TABLE 13.1 The gravitational force is conservative

Free-Fall Acceleration gat

Various Alirudes Abovie . i -

the Earth's Surface The change in gravitational potential energy of a

st system associated with a given displacement of a

2 ik member of the system is defined as the negative of
s s the work done by the gravitational force on that
B S8 member during the displacement
i 2. e
HAIHy (1] &U =L.'; —LFJ =—_|- F{f'}dﬂ"
Aj e (B
1HHHY (RT] "
il diiy (WL}
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Gravitational Potential Energy, cont

As a particle moves directly away from the Forir 2
center of the earth from ry o1y the work done | 44 e
by gravitational foree is AL
, i
Wy [ F (r) e F(r)=—o™F t:

s - -t ) 3

dar i g Cairi - FiF e

H‘pri\ 5 "-Gm;:rrr — —r —1 | 53
bore 3 m 9

U,~U,=-eMmil -1,
d Foon

Choose U, =0where ;= Ur)=- GM:m
5

This is valid only for r = Bz and not valid
for r= R

« [/ is negative because of the choice of L
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Gravitational potential energy
« The graviiational potenital

: _—Simight
energy of a system pr
consisting of a particle of ;;':‘h‘“' g .
3 5 e gravilational fonce
mass m and the carth is oo
work dome hy F does
U{r}: _w nid depersd o the pak
r Ll 1 LNy B i
=0 for r,=ccand risa

distance measured from the
center of the earth

* This is valid only for r = Ry
and not valid for r < Rg

+  Uis negative because of the
choice of L)
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Gravitational potential energy depends on distance

+ The gravitational potential
energy of the earth-astronaut
system increases (becomes ’
less negative) as the astronaut o
moves away from the earth.

Fuants, s vy

The motion of satellites
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* The trajectory of a projectile fired from A toward & depends on
its initial speed. IF it is fired fast enough, it goes into a closed
elliptical orbit (trajectories 3, 4, and 5 §. Orbital 4 15 a circle.
Most artificial satellites have circular orhit.

W~

2

N
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Motion of satellites

For satellite in circular
motion about the carth

cMem _ mv?

rr "y
and

2xr - _
¥aat "y G;‘ T=T T

where T is a period of satellite, For the satellite:

v

M,
r=G'—-E-—=—=
£ rfor 2

Circular satellite orbits
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* Fora circular orbit, the speed of a satellite is just right to keep its distance
from the center of the carth constant.

= Astronauts inside the satellite in orbit are in a state of apparen
weightlessness because inside the satcllite N-mg =-ma, g=a. N=1
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Total Energy of Satellite

Total energy of a satellite in a circular

Example , Geosynchronous Satellite

Find the altitude and the velocity

motion is £= K<L ; of geosynchronous satellite.
[ o _GMm \ - A geosynchronous satellite
2 r 1 appears to remain over the same
GMEm mv? 5 . point on the Earth. The period of
r£  r geosynchronous satellite is 24 h
1 my?. EMem . M, = 5.96x102 kg, R, = 6.37x10°m
2 Ir
K=U2 andE=K+U=Ui2-U=-Ui2 CEE "
E= _GMm
2r
Example Escape Speed from Earth

You wish to put o 1000 kg satellite into a circular orbit 300 km
above the earth’s surface,
(a) What speed, period and radial acecleration will it have?

(b} How much work muest be done 1o the satellite to put it in orbit?
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An object of mass m is projectad upward from the
Earth's surface with an initial spasd, v

Using energy considerations the minimuem value of
the initial speed [ escape spead) needed 1o allow the
object 1o move infinitely far away from the Earth can
be found:

U + K; = 0+0

. . +Ef mvd = )+ 0
r

2GM;
Vi s
Re
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Kepler’s laws and planetary motion

= Each planet moves in an I 3
elliptical orbit with the - \
sun at one focus. L e |

* A line from the sun to a
given planet sweeps out
equal areas in equal
times (see Figure 13.19

at the right). g g SO ION
« The periods of the

planets are proportional L T =

to the ¥/ powers of the { A

major axis lengths of T ——

their orbits. b e
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Kepler’s Second
LEWCDHSEE]UEHCE

of conservation of
angular
momentum
» The force
produces no
torgue, so
angular
momentum is
conserved
sL=rxp=Merxv

-
M

My

|l
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Kepler’s Third Law,

QQHE can be extended to an
elliptical orbit

= Replace r with a
« Remember a is the semimajor axis
'Ir.‘ =I|l'-4-|-|' .)“' :Kﬂfl
\GM :
= K; is independent of the mass of
p@net, and so is valid for any
planet

&

Planetary
Mean Dist. | T2/R2=K,

B ~Mass Mean Period
ﬁat:{:;, Radius {s) From Sun | ¥10-19

{m) {m) {s2im3)

‘Mercury |3.18x102 2.43x10¢ | 7.6x10¢ |5.79x10® |2.97
Venus | 4.88x102 6.06x10% | 1.94x107 |1.08x10" |2.99
Earth | 5.98x10 6.37x108  3.16x107 |1.5x100 | 2.97

Mars | 6.42x102 3.37x10¢  594x107 |2.28x10" |2.98
1.90x10%7 | 6.99x107 | 3.74x10¢ |7.78x10" |2.97
Saturn | 5.68x10% 5.85x107 |9.35x10° |1.43x107 |2.99
Moon | 7.36x10% | 1.74x108 .
Sun 1.99x10% | 6.96x108

Jupiter

Some orbital examples

{a) The orbit of Comet Halley

{b) Comet Halley as it appeared in 1986
']

fay [

Example

Comet Halley moves in an elongated elliptical orbit around the sun
(Fig. 13.200. Its distances from the sun at peribelion and aphelion
are 875 % 107 km and 5.26 % 10° km, respectively. Find the
orbital semi-major axis, eccentricity, and period,

Apparent weight and the earth’s rotation

« The triwe weight of an
object is equal to the
earth’s gravitational

attraction on it |
/ T s
* The apparent weight of fod. b T

an object, as measured
by the spring scale in
Figure 13,25 at the
right, is less than the
true weight due to the
earth’s ramtion.

Black holes

1T sphencal nonmotating body his radius less than the Sefwarzsekilid rodius,
nothing can escape Trom it Such a body is a Mack bole, (See Figure 13,26
below. )

The Schwarsschibd mdius s B = 20000

The evenr korizon is the surface of the sphere of radius Ry surrounding a black
hole,




Detecting black holes

+ We can detect black holes by looking for x rays emitted
from their accretion disks. (See Figure 13.27 below.)




