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以下において、x は変数、 a は定数であるとする。

1 期待値記号の計算

• E(x + a) = E(x) + a

• E(x − a) = E(x) − a

• E(ax) = aE(x)

• E(
x

a
) =

E(x)
a

簡単な例 x1 = 3, x2 = 2, x3 = 4 であり、a = 2 であるとする。

E(x) =
3 + 2 + 4

3
=

9
3

= 3

• E(x + a) =
(3 + 2) + (2 + 2) + (4 + 2)

3
= 5 = 3 + 2 = E(x) + a

• E(x − a) =
(3 − 2) + (2 − 2) + (4 − 2)

3
= 1 = 3 − 2 = E(x) − a

• E(ax) =
2 × 3 + 2 × 2 + 2 × 4

3
= 6 = 2 × 3 = aE(x)

• E(
x

a
) =

3
2 + 2

2 + 4
2

3
= 1.5 =

3
2

=
E(x)

a

証明

• E(x + a) =
∑

(xi + a)
n

=
∑

xi + na

n
=

∑
xi

n
+

na

n
= E(x) + a

• E(x − a) =
∑

(xi − a)
n

=
∑

xi − na

n
=

∑
xi

n
− na

n
= E(x) − a

• E(ax) =
∑

(axi)
n

=
a

∑
xi

n
= aE(x)

• E(
x

a
) =

∑
(xi

a )
n

=

∑
xi

a

n
=

∑
xi

na
=

∑
xi

n

a
=

E(x)
a
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2 分散記号の計算

• V (x + a) = V (x)

• V (x − a) = V (x)

• V (ax) = a2V (x)

• V (
x

a
) =

V (x)
a2

簡単な例 x1 = 3, x2 = 2, x3 = 4 であり、a = 2 であるとする。

V (x) =
(3 − 3)2 + (2 − 3)2 + (4 − 3)2

3
=

0 + 1 + 1
3

=
2
3

• V (x + a) =
(3 + 2 − 5)2 + (2 + 2 − 5)2 + (4 + 2 − 5)2

3
=

0 + 1 + 1
3

=
2
3

• V (x − a) =
(3 − 2 − 1)2 + (2 − 2 − 1)2 + (4 − 2 − 1)2

3
=

0 + 1 + 1
3

=
2
3

• V (ax) =
(2 × 3 − 2 × 3)2 + (2 × 2 − 2 × 3)2 + (2 × 4 − 2 × 3)2

3
=

0 + 4 + 4
3

=
8
3

= 4 × 2
3

= a2V (x)

• V (
x

a
) =

(3
2 − 3

2 )2 + (2
2 − 3

2 )2 + (4
2 − 3

2 )2

3
=

0 + 1
4 + 1

4

3
=

1
6

=
2
3

4
=

V (x)
a2

証明

• V (x + a) =
∑{(xi + a) − (E(x) + a)}2

n
=

∑
(xi − E(x))2

n
= V (x)

• V (x − a) =
∑{(xi − a) − (E(x) − a)}2

n
=

∑
(xi − E(x))2

n
= V (x)

• V (ax) =
∑

(axi − aE(x))2

n
=

∑
a2(xi − E(x))2

n
=

a2
∑

(xi − E(x))2

n
= a2V (x)

• V (
x

a
) =

∑
(xi

a − E(x)
a )2

n
=

∑ (xi−E(x))2

a2

n
=

∑
(xi−E(x))2

a2

n
=

∑
(xi − E(x))2

a2n
=

V (x)
a2

2


