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Law of Universal Gravitation A g 5| hH E£E:
Newton’s law of Gravitation 55| 1 E#:

Gmim
= rlz 2 G=6.67x 107N - m2/kg?

‘ GMzm GM
TEHWIREE [y = —pz— =mag = a4y =g =7 = 98m/s’

Example: A space module weights 15 metric tons on the
surface of Earth. How much work is done in propelling
the module to a height of 800 miles above Earth, as
shown in the figure.

o Use 4000 miles as the radius of Earth.

« Do not consider the effect of air resistance of the

weight of the propellant.

Not drawn to scale

« The weight of a body varies inversely as the Law of 3 .

Universal Gravitation by F, = C/x? =5 - e

C is the constant of proportionality.
Solution  On the surface of Earth:

F, = é = C = F.x? = 240,000,000

Calculate the work
x2 4800 240,000,000 —240,000,000y *8°°
pax = 10000000, _ (~240000000)
4000 x x 4000
= 10,000 (mile - ton) =~ 1.578 x 101 (Joule)

W =

x1

Exercise 14: Use 4000 miles as the radius of Earth. Neglecting air resistance and the

weight of the propellant:

(a) determine the work done in propelling a five-ton satellite to a height of 100
miles above Earth.

(b) Write the work Wof the propulsion system as a function of the height 4 of the
satellite above Earth. Find the limit (if it exists) of Was happroaches infinity.
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Exercise 15: In the “Return of the Jed!’ Luke Skywalker asked an Ewok to fire a large
drift bottle from a space station. The mass of the space station is 400,000 ton and the
equivalent radius of it is 20m. The mass of the drift bottle is 10kg. (G =

6.67 X 107N - m? /kg?)To make sure that the drift bottle can reach as far as
possible to escape the gravitation of the space station (fly to infinity),

(a) what is the work must be done on it?

(b) Find the minimum initial velocity (vy) of it.

Example: The left end of a thin uniform rod is placed at the origin and it lies along
the x axis. The mass of rod is Mand the length is L. A particle of mass m, is placed at
the coordinate (-z0). Find the gravitational force due to the rod on the particle.

1) Asmall segment dxis at the distance xfrom the origin. The mass of this segment

is dm.
dm = fdx r I
2) The gravitation force | I .

exerted on the particle

is dFy.

Gmgdm  GmgM

(x +7)2  (x+71)2L *
ARMFERTRE 1 M REHMEBEEE.
g

dF, =

L GmoM

———dx

o (x+1)2L
u=x+r,du=dx,whenx=0u=r,whenx=L u=r+1L

_\THL
P - GmyM J‘”Lu_zdu _GmgM u_1 _ (GmaM)T
g L ) L -1/ ul /4

E

_ GmgM  GmgM  —-GmgM
C(r+L)L rL  r(L+7)
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Example: The distance between an infinitely long uniform rod and a particle is a (m).

The mass per unit length of the rod is p (kg/m) and the mass of the particle is m,
(kg). Find the gravitational force of the rod exerted on the particle.
1) A small segment dhis at the height 4 shown in the figure. i dh
The mass of this segment is dm. rdé
dm = pdh
The distance between this segment 7
and the particleis r. 72 = a? + h? do h

9—rd9=>dh— rdo
cos =5 0

cos@ m @
rdf a

cos 6
2) The gravitation force exerted on the particle is dF

=>dm=pdh=p

JE. = Gmgdm Gma< rd6o )
9 2 72 \"cosH
dF,7E h 7510 LR BdF, 2 F TR, 3 m, REfER,
REBBIHE x5 LA RAE,_, F
dF. . = dF 9= Gma( rd6 ) g = Gm,pd0
g-x = Mg ST =T \Plose) 7 T T & ® 4 P
g-X
a a
cosf=—=r=
T cos @
d _ Gmgpd®  Gmgpd® GmgpcosB do
9=* =y " a/cosf a

FRUREARFRE 1N EE0HMEBEFE.

3) Fy_y=J"? dF,_, =" ("2 556 d6

—-1T/2 a —-1/2
Gmyp (™2 Gm T2 2Gm
= aP f cosfdf = ( aP sin 9) = aP
a —1/2 a —-m/2 a

Exercise 16: A thin uniform 20 kg rod with a length equal to 5.0 m is bent into a

semicircle. What is the gravitational force exerted by the rod on a 0.10 kg point mass

located at the center of curvature of the circular arc?

1) The unit mass of the rod is
M Rl

2) The radius of the semicircle is

i)

m

v
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Exercise 14: Use 4000 miles as the radius of Earth. Neglecting air resistance and the %%
weight of the propellant:
(a) determine the work done in propelling a five-ton satellite to a height of 100

miles above Earth.

On the surface of Earth: F, = x—CZ = C = F,x?> = 5-(4000)% = 80,000,000
Calculate the work

x2 4100 _g(,000,000 —80,000,000y *1°° )
w = F.dx = J. dx = ( ) = 487.8 (mile - ton)
x1 4 4000

2
000 x x

(b) Write the work Wof the propulsion system as a function of the height 4 of the
satellite above Earth. Find the limit (if it exists) of Was happroaches infinity.

4000+h 4000+h —80.000.000 1 1
Fedx = f e ix=8%X107 (e ————)
000 4

W= f 000 x 4000 4000 + h

4

1 1 8 x 107
lim W (k) = lim [8 x 1o7< )] - = 20000 (mile - ton)

4000 4000+ h/1 — 4000

Exercise 15: In the “Return of the Jedi’ Luke Skywalker asked an Ewok to fire a large

drift bottle from a space station. The mass of the space station is 400,000 ton and the
equivalent radius of it is 20m. The mass of the drift bottle is 10kg. (G =
6.67 X 10711N - m? /kg?)To make sure that the drift bottle can reach as far as
possible to escape the gravitation of the space station (fly to infinity),
(a) what is the work must be done on it?
Known: Mass of the space station: M, = 400,000 ton = 4 x 10%kg
Mass of the bottle: m;, = 10kg
Radius of the space station: 1y = 20 m

Law of Universal Gravitation: F(r) = %
" "GMsmy -1y 1 1
w(r) = f Fdr = f = (GMsmy T)m - GMsm, (ﬁ _ ?)

1 1\]  GMgm, _ (6.67x 107 ") (4 x 10)(10)
T_O F B To o 20

=0.01334 (J)
(b) Find the minimum initial velocity (vy) of it.

lim W) = lim [GMsmb (

Work= kinetic energy

1 5 2w 2x0.01334 m
>W=-my; >vy= [—= [———— =0.052 (—) Haha, Not a hard work.
2 my 10 s
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Exercise 16: A thin uniform 20 kg rod with a length equal to 5.0 m is bent into a
semicircle. What is the gravitational force exerted by the rod on a 0.10 kg point mass
located at the center of curvature of the circular arc?

1) The unit mass of therodis p = ? =4 (k—g)

m Rl

M
2) The radius of the semicircleis R = % (m)

3) Asmall segment with length dl = Rdf and mass dm =

7}
pdl = pRAO '"\

R
4) The gravitational force dF; = G’Z“de, m, = 0.10kg
x component of dF; is dF;_, = G":lzdm cos 6

V3
_ % GmgpRcosOdo % Gmgpcosfdl  (Gmgpsinf\2
g f—_fr R2 B j—_fr R B ( R >_E
2 2

_26mgp  2(6.67 x 10711)(0.1) x 4

— -11
- S =3.4x 10711 (N)



