
G r a v i t a t i n a l  F o r e

? Newton surmised that there is a fore
between the Moon and the Earth since
the moon is not traveling in a straight
l i n e .

S u n
e a r t h

m

o r b i t

? Add const. of
proportibns... FG =G Mm

"Foarth Law"
G= gravitational constant

G = 6.67 XÒ" Nm

Q: What abort littleg"?
Fa = GME m

11? Me
VFG =G /G ME

RE
m

g = G
2RE

Center of F6 = g m
+ Earth

= ( 6.67X10 "Nme
ngr

/ MEarth

(5.98 x10 Kg)

( 6.38x10 m) 2

REat

= 9.799 m/s So Hearth= 9.8 m/s2



@ Orbits

Newton surmised that if a cannonball is
shot horizontally out of a cannon it could orbit
the carth

orbit!!

? Shrink earth beach ball

e  c i t e l e

? Parabala

? local, near surface, the
piece of the ell ipse looks stran
like a parabola.

? Other arbits exist
c i r c u l a r

?  a l l  o rb i t s  a re  con ie
s e c t i o t

ellinse /
nypabda

(ne time
pass )



Spherizal Objects (Earth )

airplane
? EVEN piece of earth a Macts

the plane towards it.
? Due to symmety the fore

add to me pointing towards
the center .

add
graphically

a resultant
vector.

? In calculus we can add all there piece
and sum thom up in a triple integral

I see wikipedia: "Shell Theorem" for the math y

? Inside of a sphical shel l  of mass (HollowEarth)
Due to the inverse square law, R?,

for each piece of mass on
the shell, there is R times
mass on the opposite side of
the shel l  that  cancels out

an astronaught floats in a hollow
planet

? Tubes in a solid Earth would provide "free transportatu
USA rop in hole it? Cargo acces lo center

container then slow to
a step at the

Chiha otherend.Grabit i



EX t h e  I s s  i s at 240 km abore
the surface of the Earth. whatisg"
up on statiba ?

Jess = G ME
(RE th) *

(6.38 x10°m + 240,000 m)2

= 9 . 1 0  m / s

240k - weight = 70kg (9.1 ) = 637 N

- weight = 70(9.8) = 686 N

7  3 4 r

17,500 mi/hr

5 mi/s

You feel weightlessness
because you have motion
parallel to sartace, even
though you fall towards
the sur face.  Ihat
parallel speed Kegs you
from missing the Earth.



The further away we travel from
Earth, the slower we need to trand to
maintain constant orbital distance.

Q: what is this relation between V d

- RE+240 k

R +11,000 km

F
G

17,500 mi/hr
T  = 9 0  m i n

{F=mac

spell Keep me a bon
Hesames pot on
t h e  c a t h .

"geosynchronousoch i t "

T =  2 4 h r .

Fo = Msat ac

G Me We sat
2Reth sat = yesat(REth.)



? let R= Rethset I center of Earth- to
Satellite

GME
R2 R v= GMe/R

At the Iss., how fart does the station
need to be traveling to Keep orhit constant?

V =6.6 TXIO" m N (5.98x10 2) 636x0 +2 )
ng

1 km

7 , 7 6 2 m / s
36005

1000m /hr

= 27,943.9 km/hr = 17,363. 6 mi/hr

17, 500 mph
@Homan Transter arbit "launch to the East near

equater to get help from
? astrudynamic sEarth's rotin

ellipse play"Kerbel Space game

circles "Delta Vee" used to

AV = Vs -V

G.S0.
V.f

describe the
added velocity
so get to largeror bits



@ Kepler's Law
symbol used for the SUN

M a r s ,

O r b i t s  a r e  n o t  p e r t e c t

c i rc les,  but  e l l ipses.
3 2

?  R o r i t  &  T
? The sun sits at one focus points

of the ellipse

RSun

S U N

Ellipe greatly, greath
exageater

? What is Keples Law?

Fa = m R
but

G Mom =

see-saw Center of Gravity
lies inside SuN

Circumference

2 R  g
V =

GM

- n  ,
R

4 TR
R .  F 2  ?

GM
4? ?

T E R

T '  2 R °
Newton's Yth Law: analyticatly showed what
Lester did numericalli

? Compare orbits and periods...

R3 = constant . -R.3
2

planet
1

planet



EX what is the distance from the Center of

the Earth to Geo Synchonous Orbit EGSOT?
period of orbit of G50

Kepler's Law : satellite

R = G MeTi
4? ?

=  a

3 6 0 0 $ 2

R 667x0 i (5.98 x10 k3) 24m to !
4 ??

R = 4.2,250,474.31 m

= 42. 23x106m
= 4.23 X104 km 42,300 km trom centr

Earth:
* Gravit i s  o n e  o fthe 4 fundamental fare

o f  Na tu re . The  o the r  3  a re

? Electromagnetic fare { Physics 077
? Weak-fore between sub atomic particles

? Strong - Force - fare between protons a Neutor

nor'p'
strong

fore
zoom in

weak force

T h e  A t o n

3 quarks

A Nuc leon


