Solution for assignment 13:
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Locally orthonormal unit vectors are given by

,? = cos(¢) T+ sin(¢) y
¢ = —sin(¢) T + cos(
71’ = sin(#) p + cos(0)
0 cos(f) p —sin(0) 2
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cos(f) cos(¢) & + cos(0) sin(¢) g — sin(0) 2
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Usefull is table 1 of dot products between the Cartesian and the new, local orthonor-

mal unit vectors.

T 7 Z
p cos ¢ sin ¢ 0
¢ | —sing cos ¢ 0
7 | sinflcos¢ | sinfsing | cosf
0 | cosfcos ¢ | cosfsing | —sinf

Table 1: Dot products between Cartesian and local orthonormal unit vectors.

The velocity vector is in Cartesian, cylindrical and spherical coordinates
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Application (Landau-Lifshitz, p.21, Problems 1 and 2): Cartesian angular
momentum components and angular momentum squared in cylindrical and spherical

coordinates.
Vector products between cylindrical unit vectors:

~

pXd =2, ¢xi=p, Exp =0
Angular momentum in cylindrical coordinates:

M=mixt = mpp+22)x(pp+pdo+:2)
= m (PP0i—pio+zpd—2pdp)
= m (~2pdp+(zp—p2) 6+ %)

Therefore,
M2= M2 — m2p2¢2(p2+22)—|—m2(zp—pz')2

Vector products between spherical unit vectors:

~

dpxF =0, Px0 =6, Ox¢ =7
Angular momentum in spherical coordinates:
M=mrx7 = mrfx(ff+rsin(9)q§g§+r99)
= mr? (GQB — sin(0) qﬁé)
Therefore,
M?=M* = m2r4(92+¢23in29)
Now use M, = M - # and so on.

Cylindrical coordinates:

M, = M-& = m (pz—zp) sing —mpzd cosd
M, = M- —m (pi—zp) cos¢—mpzosing
M, = M-2 = m p? ¢

Spherical coordinates:
M, = M- = —mr? (0 sin ¢ + ¢ sin @ cos@cosgb)
M, = Mi/ = mr? <9 cos¢ — ¢ sin 0 cos@singb)
M, = M-2 = mr? (6’2+q52$in29)



