
Matrix mechanics 2

Show that for hydrogen the indicated elements of angular momentum matrices are1

L1 =



ψ1,0,0 ψ2,1,−1 ψ2,1,0 ψ2,1,1

ψ1,0,0 0 0 0 0 · · ·
ψ2,1,−1 0 0 ℏ√

2
0 · · ·

ψ2,1,0 0 ℏ√
2

0 ℏ√
2

· · ·
ψ2,1,1 0 0 ℏ√

2
0 · · ·

...
...

...
...

. . .



L2 =



ψ1,0,0 ψ2,1,−1 ψ2,1,0 ψ2,1,1

ψ1,0,0 0 0 0 0 · · ·
ψ2,1,−1 0 0 iℏ√

2
0 · · ·

ψ2,1,0 0 − iℏ√
2

0 iℏ√
2

· · ·
ψ2,1,1 0 0 − iℏ√

2
0 · · ·

...
...

...
...

. . .



L3 =



ψ1,0,0 ψ2,1,−1 ψ2,1,0 ψ2,1,1

ψ1,0,0 0 0 0 0 · · ·
ψ2,1,−1 0 −ℏ 0 0 · · ·
ψ2,1,0 0 0 0 0 · · ·
ψ2,1,1 0 0 0 ℏ · · ·

...
...

...
...

. . .


and

L2 =



ψ1,0,0 ψ2,1,−1 ψ2,1,0 ψ2,1,1

ψ1,0,0 0 0 0 0 · · ·
ψ2,1,−1 0 2ℏ2 0 0 · · ·
ψ2,1,0 0 0 2ℏ2 0 · · ·
ψ2,1,1 0 0 0 2ℏ2 · · ·

...
...

...
...

. . .


Verify

L2 = L1
2 + L2

2 + L3
2

and

L2L3 − L3L2 = iℏL1

L3L1 − L1L3 = iℏL2

L1L2 − L2L1 = iℏL3

1See Quantum Mechanics in Matrix Form by Günter Ludyk, p. 73.
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In spherical coordinates the angular momentum operators are

L̂1 = iℏ
(
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∂

∂θ
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)
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)
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∂ϕ

and
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