2.10. Gravitation

Newton Gave attention to the 'World" of R. Descartes (1596-1650)

a) Law of gravitation
(Newton 1665)
All masses attract
each other!
F=F(m1,m2,r..);r
distance between ml, m2

How looks the form of the
function of attraction?

From observations.

1) Surface of the earth: g= konstant, F~ m2




2) Principle of reaction: F,, = —Foy > F ~ my

Assumption.: Newton: Planet circels around the sun : One circle: T = 22R
with v on a circular orbit
Newton knew the third law r for orbits of the planets R3 ~ T2
By other considerartions Newton found
- V2
The centrifugal force as Fe = & .
He concluded that: Fc = % In equilibrium between M1and M2
Centripetal force(Gravitation):
and found:Law of gravitation ~ L

R2

Mq-Mm
F=G 1R2 2 with G as constant of gravity!



b) Mesurement of G wit torsion balance: o ottt e
Measured by Henry Cavendish; Ished 1798

Great experiment!

: : : . : O M wire
Wire with mirror (perpendicularl to image plane)
A S—
M=1.5kg, m=15g, L=26m, r=5cm, =

eading to a balanced condition

Gravitation between O
the sheres results to unequal O .

‘ Torsion balance so sensitiv, o

d=0.5.a-t?
_ S _ S
20 = T d = L
. rZ.S.p
t2.M-2.L

With results of a previous experiment

in a empty lecture hall __ 0.05-0.05-0.15-0.05 __ . 11 m3 .2, ka1
| G 60-60-1.5-2-26 6.68 .10 m® -s™ - kg
with t=60s




c) Field of gravitation

Force of Mg onm: F ﬂ/.
: . G-m — . .
Field of gravitaton ———= . €, F = — © r:Q <€ -em /u.f’ iy
r ST
r | 7
Mass ”b creates a field of force, . ! VA
the mass m ,feels“ the force F b= E{r] % Mo f,f

Moving m fromr= o© — [g Gravitation supplies work.

o0
reverse: Fg — oo

work muf3 to be supplied against

i the force of gravitation
Ax, v = ;_12 This supplied force stays as potential energy Gem
(et ¥ of m in the field of gravitation ——=
\ )
G-mg+m |
Epot(r) = —F—

Potential



1
e.g.. m moves in the potential of mQ Axvi= ———

Fixing origin:  Ha(r = o) = [

gravitation stands as an example Gging around

of a conservative force. a closed path:
§F-d7 =0
" Change of potentiel energy:
cois | AU = Ug—Uyg = [Fd7 =—[3 2" ar
Flr) = _% or in the form of a vector :
Axy = =L " F(F) = -V« U(7)

That means:: From a potential - Kraftfeld



(Model for the earth) -
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o “Ge+07 r in radii of the earth
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d) The laws of Kepler for movements of the planets

1. Law
The planets move on ellipses,
the sun occupies one of the foci

2. Law

Area rule: The vector sweepts through in equal times

equal areas A 1 J7

E _ 1_[__. See next page
2

constant velocity of areas
<->conservation of angular momentum

3.Law |
The squares of orbital periods

behave like third power of T A

the semi-major axes T5 as



System with two particles with inner forces

N — N — — — —
M r 1= Fa1,mo ra= Fla = —Fg w1 r )ty era=

What does c.m. doing?

m1°?1+m2'?2 -

Ts = e — s =0 Center of mass moves steady!

Where is the dynamics? In relative movements:

To start the calculation: ?1 , F’E Replacingg by

) L

With H = s

Behaves like a particle with mass . L

= 1 — 72
= 3 —*
= st M1+ g
— 1
— '?15_
m1tma
_’__—!'
= 21




Gravitation between two heavenly bodies:

— myem, Ti-T
m]_'r]_ :_G. 1r22 1r 2
N myem, TpT
m, -r, =-G-. 1r22 2r1 _

or p-r=-G- mlr'zmz S

Central force: ﬁ{r] = fir-7F

—
— —

Angular momentum: - 7' = 13« 7 X7 Conserved movement, plane 1. F

Polar coordinates:  X(t) = r(t) - (:,OS((D(t)), y(t) = r(t) - sin(®d(t))

Ly=1L,=0 @gnly=p-r D= constant T I
gt

Energy conservation. .
E=Lyev?t Uy = 1utr" +7* @ )+ Ulr) = constant
9 2(E-U) . 2

- 2
solved r- - T rZ.d =r




per?

"Division" with b = L = ‘/ T —

Trick, to come to orbit
r_ ‘/Z(E—U)'“ — 1 with ﬁ __dr 1 & _ [20EThw 1
{or? L2 r2 — do T Far i? 2
dt
il 1 &*
: _ =A _ 1 _— — —
WIthU(r) — 7r und G((D) - r(®) — Rrdas) ;I-'i e
_do _  [ZuBrd<) _ 2 with _ L2 e — [+ 2EL
e J [E © P= A peA?
do/d®)2 + (6 — 1)2 = &2 ; — P
( )e + ( 5 ) o7 Willbe solved r(CI)) T+ e-0os(D—Dy)
ansatz. x=rrcos(D)+ec y=r=-sm(d) andget
o= (x—c) +yd =[p—g=recos(D)]? with « = =¥
B 1—=1
and a & = 2 -
l1—=
— t 7 1.Cases = 1 e.g.:c>a:Hyperbola aus E>0
(WP, (W,

?.Cases = 1 e.g.:c<acEllipse aus E<0



