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2.

EX = p1 + 2p2 + 3(1 − p1 − p2) = 3 − 2p1 − p2

EX2 = p1 + 4p2 + 9(1 − p1 − p2) = 9 − 8p1 − 5p2

-X =
n1 + 2n2 + 3n3

n
= 3 − 2p1 − p2§X2 =

n1 + 4n2 + 9n3

n
= 9 − 8p1 − 5p2

��Ý�O� p̂1 =
n1

n
, p̂2 =

n2

n

5.

EX =

∫ +∞

0

4x3

θ3
√
π

e−
x2

θ2 dx
t= x2

θ2
=====

2θ
√
π

∫ +∞

0
te−tdt =

2θ
√
π

∴ θ�Ý�Oθ̂ =

√
π

2
X

EX2 =

∫ +∞

0

4x4

θ3
√
π

e−
x2

θ2 dx
t= x2

θ2
=====

2θ2

√
π

∫ +∞

0
t

3
2 e−tdt =

2θ2

√
π

Γ

(
5
2

)
=

3
2
θ2

∴ Var(X) =

(
3
2
−

4
π

)
θ2

∴ Var(θ̂) =
π

4
Var(X) =

π

4n
Var(X) =

π

4n

(
3
2
−

4
π

)
θ2

6.

(1)

P(X = 0) = e−λ

∵ λ�MLE�X

∴ e−λ�MLE�e−X
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(2)

p = P(X = 0) = e−λ§MLE�e−X

X =
44 × 0 + 42 × 1 + 21 × 2 + 9 × 3 + 4 × 4 + 2 × 5

122
=

137
122

9.

q,¼êL(x; θ) = (θ2)n1 (2θ(1 − θ))n2 (1 − θ)2n3 = θ2n1+n2(1 − θ)n2+2n3 · 2n2

éêq,l(x; θ) = (2n1 + n2) ln θ + (n2 + 2n3) ln(1 − θ) + n2 ln 2

q,�§
∂l(x; θ)
∂θ

=
2n1 + n2

θ
−

n2 + 2n3

1 − θ
= 0

MLE�θ̂ =
2n1 + n2

2n

10.

(1)

L(x; θ) =
1

(2θ)n exp
{
−

∑n
i=1 |xi|

θ

}
l(x; θ) = −n log(2θ) −

∑n
i=1 |xi|

θ

-
∂l(x; θ)
∂θ

= −
n
θ

+

∑n
i=1 |xi|

θ2 = 0

��MLE�θ̂ =

∑n
i=1 |xi|

n

(2)

L(x; θ) = I(θ−1/2<x(1)≤x(n)<θ+1/2) = I(x(n)−1/2<θ<x(1)+1/2)

∴
(
X(n) − 1/2 , X(1) + 1/2

)
¥?¿�Ñ´MLE

(3)

L(x; θ) =
1

(θ2 − θ1)n I(θ1<x(1)≤x(n)<θ2)

∴ MLE�θ̂1 = X(1) , θ̂2 = X(n)

11.

θ = P(X ≥ 2) = P
(

X − µ
σ
≥

2 − µ
σ

)
= 1 − Φ

(
2 − µ
σ

)

∴ θ�MLE�1 − Φ

2 − X
√

m2

§Ù¥m2 =
1
n

n∑
i=1

(Xi − X)2
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16.

L(x; θ) =
1

(c − 1)nθn I(θ≤x(1)≤x(n)≤cθ) =
1

(c − 1)nθn I( x(n)
c ≤θ≤x(1)

)
∴ MLE�θ̂ =

X(n)

c

∵ EX =
c + 1

2
θ

∴Ý�O�θ̂ =
2

c + 1
X§�Eθ̂ = θ§Ã 

18.

n1 ∼ B(n, p1)§n2 ∼ B(n, p2)§n3 ∼ B(n, 1 − p1 − p2)

q∵ p2 = 2p1 = 2p

∴ E( p̂1) =
1
n

E(n1) =
1
n

np = p

E( p̂2) =
1

2n
E(n2) =

1
2n

n · 2p = p

E( p̂3) =
1
3
−

1
3n

E(n3) =
1
3
−

1
3n

n · (1 − 3p) = p

∴Ñ´Ã �

Var( p̂1) =
1
n2 np(1 − p) =

p(1 − p)
n

Var( p̂2) =
1

4n2 n · 2p(1 − 2p) =
p(1 − 2p)

2n

Var( p̂3) =
1

9n2 n · 3p(1 − 3p) =
p(1 − 3p)

3n
∴ Var(p̂3)��

19.

oNX :�Å¹Ñ��M1ë�üg§�Ñ�¡�gê

P(X = 0) =
θ

4N

P(X = 1) =
θ

2N

P(X = 2) =
θ

4N
+

N − θ
N

∴ EX = 2 −
θ

N

θ�Ý�O�θ̂M = (2 − X) · N
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q∵ X =
n1 + 2n2

n

∴Ý�Oθ̂M =
(2n0 + n1)N

n

L(x; θ) = pn0
0 pn1

1 pn2
2

l(x; θ) = n0 ln
θ

4N
+ n1 ln

θ

2N
+ n2 ln

(
θ

4N
+

N − θ
N

)
-
∂l(x; θ)
∂θ

=
n0

θ
+

n1

θ
−

3n2

4N − 3θ
= 0

��θ�MLE�θ̂MLE =
4N(n0 + n1)

3n

20.

(1)

EX = σ + θ

∴Ý�Oθ̂1 = X − σ

L(x; θ) =
1
σn exp

{
−

∑n
i=1(xi − θ)
σ

}
I(x(1)>θ)

∴ θ�MLE�θ̂2 = X(1)

(2)

Eθ̂1 = θ§∴ θ̂1 Ã 

e¡k¦X(1)��Ý¼ê

P(X(1) ≤ t) = 1 − P(X(1) ≥ t) = 1 − P(X1 ≥ t)P(X2 ≥ t) · · · P(Xn ≥ t) (t > θ)

= 1 − [1 − FX(t)]n

∴ X(1)��Ý¼ê� fX(1)(t) = n
[
1 − FX(t)

]n−1
fX(t) =

n
σ

exp
{
−

n(t − θ)
σ

}
(t > θ)

∴ Eθ̂2 = EX(1) =
σ

n
+ θ§Ø´Ã �

?�θ̃2 = X(1) −
σ

n

(3)

Var(θ̃1) =
Var(X)

n
=
σ2

n

Var(θ̃2) = Var
(
X(1)

)
=
σ2

n2

∴ n = 1���§n > 1�§θ̃2�`
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21.

(1) σ®�

1 − α�&«m�
[
X −

σuα/2
√

n
, X +

σuα/2
√

n

]
Ù¥n = 9 , X = 6 , σ = 0.6 , α = 0.05 , uα/2 = 1.96

�\O��95%�&«m�[5.608, 6.392]

(2) σ��

1 − α�&«m�
[
X −

S tn−1(α/2)
√

n
, X +

S tn−1(α/2)
√

n

]
Ù¥n = 9 , X = 6 , S = 0.574 , α = 0.05 , tn−1(α/2) = 2.306

�\O��95%�&«m�[5.558, 6.442]

23.

(1)

[0.163 , 0.717]

(2)

[−0.146 , 1.026]

25.

������/

[1783.85 , 2116.15]

27.

(1) µ®�

PS 2
n =

1
n

n∑
i=1

(Xi − µ)2§K
nS 2

n

σ2 ∼ χ
2
n

∵ P
(
χ2

n(1 − α/2) ≤
nS 2

n

σ2 ≤ χ
2
n(α/2)

)
= 1 − α

∴ σ2�1 − α�&«m�
[

nS 2
n

χ2
n(α/2)

,
nS 2

n

χ2
n(1 − α/2)

]
�\êâ�[0.142 , 0.893]
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(2) µ��

�&«m�

[
(n − 1)S 2

χ2
n−1(α/2)

,
(n − 1)S 2

χ2
n−1(1 − α/2)

]
�\êâ�[0.152, 1.074]

29.

(1)

σ1Úσ2®�

µ1 − µ2�1 − α�&«m�

(X − Y) − uα/2

√
σ2

1

n1
+
σ2

2

n2
, (X − Y) + uα/2

√
σ2

1

n1
+
σ2

2

n2


�\êâ[−0.712, 0.412]

(2)

σ2
1 = σ2

2��

µ1−µ2�1−α�&«m�
[
(X − Y) − S tn1+n2−2(α/2)

√
n1 + n2

n1n2
, (X − Y) + S tn1+n2−2(α/2)

√
n1 + n2

n1n2

]

Ù¥S 2 =

 n1∑
i=1

(Xi − X)2 +

n2∑
j=1

(Y j − Y)2

 /(n1 + n2 − 2)

�\êâ[−0.648, 0.348]

32.

µ1Úµ2���

σ2
1/σ

2
2�1 − α�&«m�

[
(S 2

1/S
2
2)Fn2−1,n1−1(1 − α/2) , (S 2

1/S
2
2)Fn2−1,n1−1(α/2)

]
�\êâ[0.22, 3.61]

34.

�n�<¥kYn�<|±§KYn ∼ B(n, p)

�nv
��§d¥%4�½n

Yn − np√
np(1 − p)

∼ N(0, 1)

∴ P

−uα/2 ≤
Yn − np√
np(1 − p)

≤ uα/2

 ≈ 1 − α
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�U��
P(A ≤ p ≤ B) ≈ 1 − α

Ù¥A, B´�g�§
(Yn − np)2

np(1 − p)
= u2

α/2

�ü��§=

A, B =
n

n + u2
α/2

 p̂ +
u2
α/2

2n
± uα/2

√
p̂(1 − p̂)

n
+

u2
α/2

4n2


A�KÒ§B��Ò§ p̂ = Yn/n§

�\êâ�«m�O�[0.689, 0.850]

(2)

∵ P

 Yn − np√
np(1 − p)

≤ uα

 ≈ 1 − α§��p�1 − α�&e��

n
n + u2

α

p̂ +
u2
α

2n
− uα

√
p̂(1 − p̂)

n
+

u2
α

4n2


Ù¥uα�þα© ê§�L�u0.05 = 1.6449§�\êâ�p�95%�&e.�0.705
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