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gravitational analogue
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Gravitational potential energy of this system =

• gravitational potential energy of m2 in the field of m1
or
• gravitational potential energy of m1 in the field of m2

Potential field of m2 at position r1 :

And hence :
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How to treat the double integral?  Laplace expansion
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Assumption: the mass distributions are such that any r1 is smaller than any r2

r r’

Imagine an example where
this is not fulfilled…
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Consequence: r< = r1
r> = r2

Condition: consider only cases for which any r1 is smaller than any r2
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Discussion :

monopole term

scalar

scalar

dot product scalar

monopole moment

monopole field

monopole energy
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vector

vector

dot product scalar

Discussion :

dipole term

dipole moment

dipole field

dipole energy
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interpretation of the
dipole moment of m1:

interpretation of the
dipole field by m2:

position vector of
center of mass of m1

opposite of the 
gravitational field 
by m2 at the origin
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tensor

tensor

dot product  scalar

quadrupole moment

quadrupole field

quadrupole energy

Discussion :

quadrupole term

11

• symmetric
• trace-less (show)

quadrupole moment :
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Traceless?

Poisson equation

quadrupole field :

• symmetric
• trace-less (show)

 (gravitational) field 
gradient tensor

The meaning of this tensor is more 
clear when deriving it using a
cartesian Taylor expansion: 
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Taylor expansion of a scalar function defined on a vector domain:

dot product between scalars, vectors, tensors,...

14

•monopole and dipole terms from Taylor expansion are identical 
to the Laplace expansion

•difference in the quadrupole term:

15

monopole shift :

only if m2 extends up to the origin !
(i.e. impossible if always r1 < r2  this was a more general derivation)
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no overlap

with overlap

monopole
term

dipole
term

quadrupole
term

m1

m2

mass of m1

potential by m2
at origin

position vector
center of mass 
of m1

opposite of 
field by m2
at origin

quadrupole moment 
of m1

gradient of 
gravitional field 
by m2 at origin

correction
depending on the
size of m1 and the
mass contribution of
m2 at the origin


