
Gravity
An Introduction

Reiner Rummel
Institute of Advanced

 
Study

 
(IAS)

Technische Universität München

Lecture

 

One  

5th ESA Earth Observation Summer School

2-13 August 2010, ESA-ESRIN, Frascati

 

/ Italy



micro-g
 

environment:

e.g. boiling
 

water

fundamental physics:

e.g. equivalence
 

principle

earth
 

sciences
e.g. gravitational

 
field

of earth
 

moon
 

and planets

gravitation
 

and space
 

science



global map

 

of gravity

 

anomalies



Lecture

 

One:
Theoretical

 

basics

 

of gravitation

 

as applied

 

to the

 

earth
[gravitational

 

law, properties, mathematical

 

representation]
The

 

„language“

 

for

 

the

 

two

 

other

 

lectures
Lecture

 

Two:
The

 

role

 

of the

 

earth‘s

 

gravitational

 

field

 

in earth

 

sciences
[gravity

 

anomalies, geoid

 

as a reference, temporal variations]
Lecture

 

Three:
Principles

 

of satellite

 

gravimetry; in their

 

logic

 

derived

 

from

 

free

 

fall tests
in a laboratory

 

on earth
[the

 

orbit, principles

 

of GRACE, ESA‘s

 

mission

 

GOCE and satellite

 

gradiometry]

the
 

plan



Newton‘s

 

law

 

of gravitation:

Newton‘s

 

second law:

gravitational

 

acceleration:
AB

A

B

AF


ABe


introduction
 

to gravitation

 2 3
A B A B

A AB A B
AB A B

m m m mF G e G x x
x x

    


   
 



I
AA AmF a

 

2
B

A AB
AB

A
I
A

m
m

ma G e 
 





Fundamental properties

 

of Newton‘s

 

law

 

of gravitation:
• central

 

force
• action

 

= reaction
• inverse

 

square

 

distance
• superposition

 

of all partial forces
• instantaneous

introduction
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from

 

single
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masses, to a continuum
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a vector
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with

 

the

 

following

 

properties:
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sphere flattened

 

sphere real earth

a nice
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orbit

What

 

about

 

the

 

attraction

 

of sun, moon

 

and planets?

Answer: They

 

determine

 

the

 

earth‘s

 

orbit

 

about

 

the

 

sun

Tides

 

are

 

acceleration

 

relative

 

to the

 

earth‘s

 

center

 

of mass

Marshak, 2005
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…almost a Fourier series

Laplace

 

equation

 

(PDE)

solution

 

in Cartesian

 

coordinates

 

(after

 

determination):

solution
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in analogy

 

to signal

 

processing: characteristics

 

of signal

 

and noise
Here: degree
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degree
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summary
 

of lecture
 

One
1.

 

Newton‘s

 

law

 

of gravitation

 

describes

 

all its

 

relevant properties

 

such as
inverse

 

square

 

distance, principle

 

of superposition, its

 

stationary

 

part
being

 

vorticity

 

free, and source

 

free

 

outside

 

the

 

earth

 

(Laplace

 

equation)
2. Gravity

 

is

 

the

 

sum

 

of gravitation

 

and the

 

centrifugal

 

part
3. Satellite

 

orbits

 

are

 

essentially

 

described

 

by

 

gravitation
4. Tides

 

are

 

an accelertation

 

(a force) relative to the

 

earth‘s

 

center

 

of mass
5. The

 

global gravitational

 

field

 

is

 

represented

 

as a series

 

of spherical

 

harmonics,
being

 

a solution

 

of Laplace

 

partial differential equation

 

(Dirichlet) 
6. Spherical

 

harmonics

 

on a sphere

 

are

 

analogous

 

to a Fourier

 

series

 

in a plane
7. Therefore

 

there

 

exists

 

a closed

 

theory

 

of „signal

 

and noise

 

processing“
8. With

 

increasing

 

distance from

 

the

 

earth

 

sphere

 

the

 

series

 

coefficients

 

are
dampening

 

out per degree

 

n like

 

(R/R+h)n+1

9. With

 

each

 

radial derivative

 

of the

 

gravitational

 

potential the

 

series

 

coefficients
are

 

amplified

 

per degree

 

n like

 

(n+1)
10. The

 

strategy

 

of satellite

 

missions

 

GRACE and GOCE rests

 

on the

 

principle
of compensating

 

the

 

dampering

 

effect

 

by

 

amplification

 

(see

 

8. and 9.)
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