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Newton’s law of gravitation: Any two particles with masses
my and m,, a distance r apart, attract each other with forces
inversely proportional to r*. These forces form an action—
reaction pair and obey Newton’s third law. When two or
more objects exert gravitational forces on a particular
object, the total gravitational force on that individual ob-
ject is the vector sum of the forces exerted by the other
objects. The gravitational interaction between spherical
mass distributions, such as planets or stars, is the same as
if all the mass of each distribution were concentrated at the
center. (See Examples 13.1-13.3 and 13.10.)

Gravitational force, weight, and gravitational potential
energy: The weight w of an object is the total gravitational
force exerted on it by all other objects in the universe. Near
the surface of the earth (mass mp and radius Rg), the weight
is essentially equal to the gravitational force of the earth
alone. The gravitational potential energy U of two masses
m and mg separated by a distance r is inversely proportional
to r. The potential energy is never positive; it is zero only
when the two objects are infinitely far apart. (See Examples
13.4 and 13.5.)

Orbits: When a satellite moves in a circular orbit, the
centripetal acceleration is provided by the gravitational at-
traction of the earth. Kepler’s three laws describe the more

general case: an elliptical orbit of a planet around the sun or

a satellite around a planet. (See Examples 13.6—13.9.)

F, (13.1)
g 2
Gmgem
w=F,= ) (13.3)
Rg
(weight at earth’s surface)
GmE
&= "5 (13.4)
Rg
(acceleration due to
gravity at earth’s surface)
Gmgem
U= ——— (13.9)
r
GmE
v —
-

(speed in circular orbit)

2
T=£=27Tf‘ L
v

GmE

(period in circular orbit)

Black holes: If a nonrotating spherical mass distribution
with total mass M has a radius less than its Schwarzschild
radius Ry, it is called a black hole. The gravitational inter-
action prevents anything, including light, from escaping
from within a sphere with radius Rg. (See Example 13.11.)

_2GM

C2

(Schwarzschild radius)

Rs
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NEWTON’S LAW OF GRAVITATION Every particle of matter in the universe at-
tracts every other particle with a force that is directly proportional to the product

of the masses of the particles and inversely proportional to the square of the dis-
tance between them.

FHPHNESMIRAFERRS S8 EA T, W55 FRE
HYSRIRBKIELL, SRIFZIBIEEEAYFTT AL,

(deVltdthﬂdl con%tant (same for any two particles)

Newton’s law of gravitation: s,
Magnitude of attractive == —_— Gml m, “+Masses of particles
gravitational force between g 2

r
. ¥. - .
any two particles *--- Distance between particles
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Figure 13.25 A hole through the center of the earth (assumed to be
uniform). When an object is a distance r from the center, only the
mass inside a sphere of radius r exerts a net gravitational force on it.

Cross section

’] through earth
Spherical region
m of radius r
/ R EXECUTE The ratio of the mass M of the sphere of radius r to the
0 > Re mass my of the earth is
4
" M 37K . r Iy r
= = — SO = mg—3

mg  iwRE  Rp Rg

Mg

The magnitude of the gravitational force on m is then

F = =
g 2 2

r

GMm  Gm ( r ) Gmgm
_ mg _

Rg RE
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Gravitational constant OV Mass of the earth

Weight of an object »======-.., u Gmgm <., .
at the earth’s surface ... w = 1Fg = 3 Mass of object

... equals gravitational force -

, "Radius of the earth
the earth exerts on object.

Gravitational constant ««-., o Mass of the earth

Acceleration due to gravity ="y GmE
at the earth’s surface

R 2
E "~ Radius of the earth

SIEAHRN T GRIA/NATS, 1B THEEKEIEE

Rp = 6370 km = 6.37 X 10°m and ¢ = 9.80 m/s2, we find

RE
g =E?E= 5.96 % 102 kg
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Gravitational constant --., .-+Mass of the earth
S
L 4o, o
Gravitational --="*""u . GmEm Mass of object
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Planet’s orbit around the center of mass
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Mo The star 1s more massive than
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Up ~ the planet and so orbits closer
to the center of mass.

The planet and star are always on
opposite sides of the center of mass.
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At the north or south wo = true weight of object of mass m
mvz Potlle: appak enttwelght N F = force exerted by spring scale on object of mass m
_ is the same as true - % .
wo — F=— weight. F + wy = net force on object of mass m;
RE due to earth’s rotation, this is not zero
’ F (except at the poles)

muv = apparent weight = opposite of F

W= wo (at the equator)
E

ARERE ST\ —5 =Rz

____________ a g =w/m
v° Gy T
g =gy — — (at the equator)
REg
- = = _
=0 LN

~ 2m(6.37 % 10°m) 465 m/
v %6.164 s - A0 m/s

v (465 m/s)*
R 637 % 10°m

Away from the poles:
due to the earth’s
rotation, apparent
weight 1s not equal
to true weight.

= 0.0339 m/s’

C | ‘5 Rotation of the earth
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April 10, 2019: Astronomers Capture First Image of a Black Hole
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Cv......-Speed of light in vacuum




This is the first-ever image of a black
hole released by the Event Horizon
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