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スピン演算子の行列表現は以下のように与えられる：

ŝx =

[
0 h̄

2
h̄
2

0

]
, ŝy =

[
0 −i h̄

2

i h̄
2

0

]
, ŝz =

[
h̄
2

0

0 − h̄
2

]
. (1)

1. 次の交換関係が成立することを示せ。

[ŝx, ŝy] = ih̄ŝz, [ŝy, ŝz] = ih̄ŝx, [ŝz, ŝx] = ih̄ŝy. (2)

2. スピン行列の 2乗を ˆ⃗s
2
≡ ŝ2x + ŝ2y + ŝ2zと定義し、次のように表したとき、sの値は

どうなるかを求めよ。

ˆ⃗s
2
= s(s+ 1)h̄2

[
1 0

0 1

]
(3)

(解答例)

1. (a) 題意より

[ŝx, ŝy] =

(
h̄

2

)2 ([
0 1

1 0

] [
0 −i

i 0

]
−
[
0 −i

i 0

] [
0 1

1 0

])
,

=

(
h̄

2

)2 ([
i 0

0 −i

]
−
[
−i 0

0 i

])
=

h̄2i

2

[
1 0

0 −1

]
= ih̄ŝz. (4)

(b) 同様に

[ŝy, ŝz] =

(
h̄

2

)2 ([
0 −i

i 0

] [
1 0

0 −1

]
−
[
1 0

0 −1

] [
0 −i

i 0

])
,

=

(
h̄

2

)2 ([
0 i

i 0

]
−
[

0 −i

−i 0

])
=

h̄2i

2

[
0 1

1 0

]
= ih̄ŝx. (5)

(c) 同様に

[ŝz, ŝx] =

(
h̄

2

)2 ([
1 0

0 −1

] [
0 1

1 0

]
−
[
0 1

1 0

] [
1 0

0 −1

])
,

=

(
h̄

2

)2 ([
0 1

−1 0

]
−
[
0 −1

1 0

])
=

h̄2i

2

[
0 −i

i 0

]
= ih̄ŝy. (6)

2.

ˆ⃗s
2

=
h̄2

4

([
0 1

1 0

] [
0 1

1 0

]
+

[
0 −i

i 0

] [
0 −i

i 0

]
+

[
1 0

0 −1

] [
1 0

0 −1

])

1



=
3h̄2

4

[
1 0

0 1

]
,

→ s(s+ 1) =
3

4
→
(
s− 1

2

)(
s+

3

2

)
= 0 (s > 0)

→ s =
1

2
. (7)
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