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ce is directly proportional to product of the m

ynal force is inversely proportional to the square o
between the centers of the two objects.
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'! Universal Law of
q‘ Gravitation

o Gravity Is a universal force

* There's a fancy equation we need to know about
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“F=

GMm
,H-

mt1kg,1"ﬂ 6x10" kg.
R=64%10"m, G=667x 10 Nm/kg

6.67 %107 "Nm? / kg® x6 x10°*kg x 1kg

2
(6.4 x 105m)
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Sample Problem #1

Newton’s Law of Universal Gravitation

* Question: What s the gravitational force of attraction between two asteroids
in space, each with a mass of 50,000 kg, separated by a distance of 3800 m?

« Answer: F :Gmlm? N

£ 2
»

50 000 L<
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Sample Problem #1

Newton’s Law of Universal Gravitation

* Question: What s the gravitational force of attraction between two asteroids
in space, each with a mass of 50,000 kg, separated by a distance of 3800 m?

* Answer: Fg = stg;;%
. (6+67><10'u N""%gq) (50000kg)(50000kg)
4 (3800m2)°
Fg =315 XIOON

* Asvyou can see, the force of gravity is a relatively weak force, and we would expect a
relatively weak force between relatively small objects. It takes tremendous masses
and small distances in order to develop significant gravitational forces. Let's take a
look at another problem to explore the relationships betweenygravitational force,
mass, and distance.
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Sample Problem #1

Newton’s Law of Universal Gravitation

* Question: What s the gravitational force of attraction between two asteroids
in space, each with a mass of 50,000 kg, separated by a distance of 3800 m?

* Answer: Fg :GF?#
2 (66? x10~1 N-%Q) (50000kg)(50000kg)
4 7N (3800m2)°
F, =1.15-0°N )
\

4

* Asvyoucan see, the force of gra\hyli! Frelatively weak force, gnd we would expect a
relatively weak force between relatively small ob)gcts. It takes Airemendous masses
and small distances in order to develop significant ieghal forces. Let's take a
look at another problem to explore the relationships between gravitational force,
mass, and distance.
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The gravitational force is always attractive, and points
along the line connecting the two massey

The two forces shown are
an action-reaction pair.

G is a very small number; this means that the force of gravity is
negligible unless there is a very large mass involved (such as
the Earth).

Ex. How strong is gravitational attraction between you and the person
next to you’7

Solutlon
Estimate: m, ~m, Py L 1 m

> F= (6 67x10 ) —— 60)( 0)‘|><10®\

2

10
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The gravitational force is always attractive, and points
along the line connecting the two masses:

a‘”-l

The two forces shown are | L
an action-reaction pair.

G is a very small number; this means that the force of gravity is
negligible unless there is a very large mass involved (such as
the Earth).

Ex. How strong is gravitational attraction between you and the person
next to you?

Solution:

Estimate: m, ~m, ~60 kg;r, | 1m

S F :(6.67><1011)(601$:.x1
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the examplg/
below Tihstrates
how Newton's law
of gravity may be
applied. Note
gravity's minuscule
effects on ordinary
objects.

INt'-:wton s Law ‘)f Universal Gravity

QUICK Example 2.1 What's the Force?

A girl takes her dog for 2 walk an a sunny beach, as shovwn below: Find the
Ioree of gravily belween the 45-ke girl and her 11-ky dog when Lhey are
separated by a distance of 1.0 m. (" Ureat the girl and her dag as point masses.}

m - 4\-'; I;;; w1l kg J I
-
| 1a0m | — M
Solution

Substitute s, = A3 kg, m; = 1 kgoand r = 1.0 m inta &' = Cartpimy s

WD
= [i—=

¥

143 k1L g
7 % In ! e
= (6.67 X 10 VN kg’ T

= N

This is reughly 3 ten-millionths of a newton—much tao small to be
nticed. {Though we chose . — 45 kgand m; — 1 kg, the same
answer is obtained with ) = 11 kg and m, = 15 kg.}

12
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Newton's Law of Universal Gravity

QUICK Example 2.1 What's the Force?

. T h e exa m p Ie A girl takes her dog for 2 walk an a sunny beach, as shovwn below: Find the
Ioree of gravily belween the 45-ke girl and her 11-ky dog when Lhey are

b e IOW i " u Strate S separated by a distance of 1.0 m. (" Ureat the girl and her dag as point masses.}

Substitute s, = A3 kg, m; = 1 kgoand r = 1.0 m inta &' = Cartpimy s

-
| (45 k@) 11 kg
e - 11 v S P T SR e S 5o

. O é\ = (667 X 10 "N g G

This is reughly 3 ten-millionths of a newton—much tao small to be
nticed. {Though we chose . — 45 kgand m; — 1 kg, the same

= 11 kg and m, = 45 kg}
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Newton's Law of Universal Gravity

QUICK Example 2.1 What's the Force?

. T h e exa m p Ie A girl takes her dog for 2 walk an a sunny beach, as shovwn below: Find the

Ioree of gravily belween the 45-ke girl and her 11-ky dog when Lhey are

b e IOW i " u Strate S separated by a distance of 1.0 m. (" Ureat the girl and her dag as point masses.}

Substitute s, = A3 kg, m; = 1 kgoand r = 1.0 m inta &' = Cartpimy s

.

I 3 k)i

3310 N € g
| 2

This is reughly 3 ten-millionths of a newton—much tao small to be
nticed. {Though we chose . — 45 kgand m; — 1 kg, the same

= 11 kg and m, = 45 kg}
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) Gm. m
Solution: £, = r:* 2
(E,ET X 10" H;E)I:E.DD kg) (2.00 kg)
- (0.500 m)*

F, = 1.07 x 100N

Statement: The magnitude of the gravitational force of
attraction between the two spheres is 1.07 x 100N,

15



3_ley gravitacion.notebook

April 29, 2019

) Gm. m
Solution: £, = r:* 2
(E,ET X 10" H;E)I:E.DD kg) (2.00 kg)
- (0.500 m)*

F, =107 X 107N

Statement: The magnitude of the gravitatiopal force of
attraction between the two spheres is 1.07
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rce between the J
mass of the Jupiter is 1
stois 1.08 X 10*-kg. The distance

Jupiter and Callisto is 1.88 X 10°-m.

M Jupiter M Callisto
d 2

F.=G

17
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- The mass of the J upiter is 1.9

isto is 1.08 X 10%*-kg. The distan
Jupiter and Callisto is 1.88 X 10°-m.

M, M,
FG = G Juplte(rl - Callisto

(1.99%x10%7)(1.08 % 1(
(1.88x10°)

::QN

(6.67x10 )

18
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- The mass of the J upiter is 1.9

isto is 1.08 X 10%*-kg. The distan
Jupiter and Callisto is 1.88 X 10°-m.

M, M,
FG = G Juplte(rl - Callisto

(1.99%x10%7)(1.08 % 1(
(1.88x10°)

-_ Y \OON
B s

(6.67x10 )
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e mass of the Jupiter is 1
listo is 1.08 X 10%3-kg. The distance betwe
Jupiter and Callisto is 1.88 X 10°-m.

M Jupiter M Callisto

F.=G T

(1.99%x10%7)(1.08 X
(1.88x10°)°

4 10° N
T

5.67x107"")
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Ejercicio resuelto.

Calcular la atraccion gravitatoria entre el Sol y la Tierra vy las
aceleraciones de cada astro.

Datos: . N
m, =210 kgm, = 610" kg;r_ =1,510%km

Usamos la ley de la gravitacion universal (con unidades del 5I)

21
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Ejercicio resuelto.

Calcular la atraccion gravitatoria entre el Sol y la Tierra vy las ”

aceleraciones de cada astro. '
Usamos la ley de la gravitacion universal (con unidadésdel 51)

_ Sy Nemt 210" kg 610 kg O
—L ~6.6710 - ——— - 3.610VN
r kg~ (1,510 "y m~

36107y

Datos: ; .
m_= 210 kg 0 610 " kg; o

nt -m
o 5 i

F -G

22
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Ejercicio resuelto.

Calcular la atraccion gravitatoria entre el Sol y la Tierra vy las
aceleraciones de cada astro.

Datos: . N
m, =210 kgm, = 610" kg;r_ =1,510%km

Usamos la ley de la gravitacion universal (con unidades del 5I)

n sy Nem® 210 kg 610" kg O
— = 6,6710 - ———— -3.610VN
r kg~ (1,510 "y m~

3¢ @l\/

n -
I &

F -G
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i,

Iﬁ

e

B =ga ot

k, =9.8m,

5.98x10"" m.

-

(6.37x10°)

Example problem

Now let’s use Newton’s law of universal gravitation to
calculate the force of gravity here on Earth.

As you can see
Newton’s law of
universal gravitation
1s really another
version of his second
law of motion F=ma

24
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" (i
[ S Fram:t.l'u.u:.'= i = mf-:'
e e
E d I
e de '\ Ouertice M, = 5.98x10% kg
las casillas para p
R, =638x10"m (Medio)

realclar
G =6,67259x107" Nm* [ kg

25
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9}
" /
[ S Fram:t.l'u.u:.'= i = mf-:'
e e
E d I
e de '\ Ouertice M, = 5.98x10% kg
las casillas para p
R, =638x10"m (Medio)

realclar
G =6,67259x107" Nm* [ kg
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e

v
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e gravitational force if the red

M1M2
d2

only the mass of only one object changes, it is all that affe
change in the gravitational force.

2xM, = 2xF,

F.=G

ubling the mass also doubles the gravitatio

=2xF; = 2x100=

28
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e gravitational force if the red

M1M2
d2

only the mass of only one object changes, it is all that affe
change in the gravitational force.

2xM, = 2xF,

F.=G

ubling the mass also doubles the gravitatio

=2XF; =2x100=2
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he gravitational for
them is cut in half?
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e gravitational fo
them is cut in half?

only the distance changes, it is all that affects the chang
gravitational force.

1 F{“ —>FIG — 4 xF,
— 2 —
G 3

the distance gets you four times the gravitatio

—xXd—
2
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e gravitational fo
them is cut in half?

only the distance changes, it is all that affects the chang
gravitational force.

1 F{“ —>FIG — 4 xF,
— 2 —
G 3

the distance gets you four times the gravitatio

=4xF, =4x100 =400

—xXd—
2
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1 The radius of the Earth is 6.4 x 10° m and the gravitational field strength at its
surface is 10 N kg™
At what height above the surface of the Earth is the gravitational field strength
equal to 2.5 N kg™'?

2 Two 2.5 kg masses are placed with their centres 10 ¢cm apart.

Calculate the size of the gravitational attractive force between them.
G=6.7 x 107" N m? kg™

3 The mass of the Moon is 7.4 x 10” kg and its radius is 1.7 x 10° m.
Using the value of G from Q2, calculate the value of free-fall acceleration at the

Moon'’s surface.
LSW L E
NeOL*XZV Z
WOl XE9 |
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