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Chapter 4 Lecture

Conceptual

Sixth Edition

Chapter 4:
Gravity,
Projectiles, and
Satellites

¢
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The Universal Law of Gravity

* Newton discovered that
gravity is universal.

« Every mass pulls on every

other mass. o 4//

Check the cavendish experiment C
https://youtu.be/MbucRPiL92Q?t=450
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https://youtu.be/MbucRPiL92Q?t=450
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The Universal Law of Gravity

 Newton's Law of Universal Gravitation

« Every body in the universe attracts every
other body with a mutually attracting force.

» For two bodies, this force is directly
proportional to the product of their masses
and inversely proportional to the square of
the distance separating them,

_ ~ Mg
T

© 2017 Pearson Education, Inc.

3

The Universal Gravitational Constant, G

« G is the proportionality constant in Newton's law
of gravitation.

* G has the same magnitude as the gravitational
force between two 1-kg masses that are 1 meter
apart:

6.67 X 10-"" N.
So G=6.67 X 10-"" N . m?/kg?.
F=6.67 x 107" N . m?/kg?(m, X m,)/d?
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Newton's Law of Universal Gravity

mymy
d2

- The greater m, and m, = the greater the force
of attraction between them.

F=G

- The greater the distance of separation d, the
weaker is the force of attraction—weaker as the
inverse square of the distance between their
centers.
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The Inverse-Square Law: Gravity and
Distance

CHECK YOUR NEIGHBOR

The force of gravity between two planets depends on their
A. masses and distance apart.

B. planetary atmospheres.

C. rotational motions.

D. All of the above.
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The Inverse-Square Law: Gravity and
Distance
CHECK YOUR ANSWER

The force of gravity between two planets depends on their
A. masses and distance apart.

B. planetary atmospheres.

C. rotational motions.

D. All of the above.

Explanation:
The equation for gravitational force,
_ ~ Mg
F=G=

cites only masses and distances as variables. Rotation and
atmospheres are irrelevant.
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The Inverse-Square Law: Gravity and
Distance
CHECK YOUR NEIGHBOR

If the masses of two planets are each somehow doubled,
the force of gravity between them

A. doubles. F-6 m
quadruples. a
C. reduces by half.
D. reduces by one quarter. [ 3&
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The Inverse-Square Law: Gravity and
Distance
CHECK YOUR ANSWER

If the masses of two planets are each somehow doubled,
the force of gravity between them

A. doubles.

B. quadruples.

C. reduces by half.

D. reduces by one quarter.

Explanation:

Note that both masses double, so double X double =
quadruple.
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The Universal Law of Gravity
CHECK YOUR NEIGHBOR

If the mass of one planet is somehow doubled, the force of
gravity between it and a neighboring planet would

A. doubles.

B. quadruples.

C. reduces by half.

D. reduces by one quarter.
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The Universal Law of Gravity
CHECK YOUR ANSWER

If the mass of one planet is somehow doubled, the force of
gravity between it and a neighboring planet would

A. doubles.

B. quadruples.

C. reduces by half.

D. reduces by one quarter.

Explanation:

Let the equation guide your thinking:
F=G "2

d2
Note that if one mass doubles, the force between them
doubles.
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Example

* Note: Gravitational force is weak when masses are small.

Example: Calculate the gravitational attractive force between
two people of masses 90 kg and 50 kg when they are 4 m
apart.

F= G D9 unaeby mi= dokg, ma=sOcg | o= tpy
1
d G 6-67 55"

F= (667xio ") (A0)(50)
Cok

|- 87FY9A ..« D :
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Example

Calculate the gravitational attractive force between an 80
kg man and Earth when he is at earth surface. Given that
mass of Earth is 6 x 1024 kg and the radius of Earth is 6380

km. j
m=R0kg C-=C £l p™" >
Mg = 6x10° kY o
Lo= 6386107 b
h=0 Tovh
F= (6-67><\C>"") (RO)C &x16>")

(20000 ?

=16, T
=TT N
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The Universal Law of Gravity

* Note that the gravitational force in the previous example
is equal to the weight of the man when calculated using
w = mg (with small difference due to approx. values)

* We can write
_ . MeartnMisan @
« Therefore: 1=
-G Mearn
gEarth - REath

* Where d is set to equal the radius of Earth (Rg,+,)

* The above formula can be used to calculate the
acceleration of gravity on anther planet, given its radius
and mass
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Calculate the gravitational attractive force betvsé%ego a 90 .
kg man and Earth when he is awove the urba' Given that =T 20m
mass of Earth is 6 x 10%* kg and the radius of Earth is 6380

km. W\»\—V‘t

m= 90ky ; M = gaio"" 1 ) L
40 by )0
e = ¢250 km J K /

= 6380 x10°
n=<S23S0Om \/\ */QE

:@%8‘0%\(}3)(‘_3‘2‘§©: 63%§2mm

G= 6-67 x IQHI‘
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Example .

Example: N

a) Find the weight of a 70 kg man when he is at(2500 km)

above earth surface. 3
. G=6.6Ftx \O " ch= QLSO lem) ¥ 10

1\
B
M- 6740“\46 =
- 5) 4 (Z500FM ‘J

R, - (€350km x(0Ym ((6350KkmxI0?) «l0Y) N

b) use your answer to part (a) to calculate the acceleration ) - W\ﬂ
of gravity at that height. (in 4cuo  aiferant menady)
B

F= mo. / \We=mA

SR Fi\_@a Q= S -Q+m/s*

.
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