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Solutions

Problem 1:
a) Spherical Cordinates:

Inserting the gradient expression into the Boltzmann equation in Cartesian coordi-
nates and writing the scalar products explicitly gives:
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To obtain the Equations of Motion, we use
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Inserting v,, Uy, Uy into expression (1) gives the required result.
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b) Cylindrical Cordinates:

Inserting the gradient expression into the Boltzmann equation in Cartesian coordi-
nates and writing the scalar products explicitly gives:
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We have

Up =T, Vg =TQ, U, =2

and the Lagrangian

1 .
L= 5 (7'“2 + ¢ + 22> — P(r, 2)

To obtain the Equations of Motion, we use

i@L_@L_

dt dg;  9q;
For ¢; = r:

d . oy 0D

&T—rgb +8__O

2

o o=l 00

ooy or
For ¢; = ¢:

d /. 1

T r(b) =——7-T¢
. UTU¢

Vp = .



For ¢; = z:

4,9
dt 0z
o - 9%
0z

Inserting v,, ¥y, ¥, into expression (2) gives the required result.
Problem 2:

In Cartesian coordinates, the collisionless Boltzmann equation writes:
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The only term that will be influenced by the rotation is the acceleration a. In a rotating
frame, the Lagrangian is:

L:%(v+ﬂ><x)2—<b(x) (4)

Defining the effective potential as:

Dar(x) = B(x) — 3 (2 % %)°, )
the Lagrangian writes:
L= %VZ + v (2 X x) — Do (x). (6)
Using the Euler-Lagrange equation we get:
a=—-Vdg(x)—2(Q xV) (7)

We conclude that the collisionless Boltzmann equation in the rotating frame writes:
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