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Àj 16: ùáœ0}Ó
({… §3.4)

ì2 1. ùáõðË�-�4”:

(1) õð (experiment) â	ìí n _ó°ítð

(identical trial) F A.

(2) ©�tð}ßÞs�!‹2íø�, ˚w2ø�Ñ

AŠ (S), Çø�ÑÜÝ (F ).

(3) ÀøtðíAŠœ0ÑøbM p, /úF�ítð

Ìó°. ÜÝíœ0Ñ q = 1 − p.

(4) tðÈuó�Ö
í.

(5) >E� (k«n) íÓœ‰b Y
def
= n Ÿtð2,

hôƒíAŠŸb.

Å. “AŠ” 1.øìub°n�àx2F‚ “ßí” 9

8, cH[øtð2ù�ª?!‹2íø_¹ª.
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W 1. øàVW¿ìWÂío‚ã†Í$uâ 4 _ó°

/Ö
«TíÊ®F A. q©øÊ®?W¿ƒp<ìW

Âíœ0Ñ 0.95, />E�íÓœ‰b Y ÑÌ¶W¿

ƒìWÂíÊ®b. t½¤Ñøùáõðý?

<j> ì2 “AŠ” = “Ì¶W¿ƒ”. �Œ 5 �4”

à-:

(1) 4 �ó°ítð, ©�ÑøÔìÊ®u´W¿|ì

WÂ.

(2) ©�tðßÞ: “AŠ” = “Ì¶W¿|” C “Ü

Ý” = “W¿|”.

(3) F�tðí

p = P (AŠ (S))

= P (Ì¶W¿|)

= 1 − 0.95

= 0.05

(4) ÄÑuÖ
«T, ]tðÈuó�Ö
í.
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(5) Y = 4 _tð2AŠíŸb.

FJ, ¤Ñø n = 4, p = 0.05, / q = 0.95 íùá

õð.

W 2. qø×‚ñ2/`²AíXM0Ñ 40%. Óœ²

¦ø×üÑ n = 10 íš…, /I Y = hôƒíXM

b. t½¤Ñøùáõðý?

<j> ÄÑuJ “.[�íj�” ¦š, íl

P (²|í�øAXM) = 0.4

O (‘Kœ0, conditional probability)

P (²|í�ùAXM|²|í�øAXM)

=
|A| − 1

|S| − 1
6= 0.4

¤4ÄÑq |A| = XMíAb, † |A|/|S| = 0.4. ]

tðÈ1.ó�Ö
. Ä¤, .Ñøùáõð.

Å 1. I9K S1 = ²|í�øAXM, / S2 = ²

|í�ùAXM, †;Wrœ0
, )Ì‘Kœ0
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(unconditional probability)

P (²|í�ùAXM)

= P (S1)P (S2|S1) + P (S1)P (S2|S1)

= (0.4)
|A| − 1

|S| − 1
+ (0.6)

|A|
|S| − 1

=
|A| − 0.4

|S| − 1

=
(0.4)|S| − 0.4

|S| − 1
(ÄÑ |A|/|S| = 0.4)

= (0.4)
|S| − 1

|S| − 1
= 0.4

9õ,, úL< k, Ì‘Kœ0

P (²|í� k AXM) = 0.4

;;õ!

Å 2. øO7k, J‚ñD×/š…óúËü, (Vtð

ÑAŠí‘Kœ0}¡NËó°, 7ÌÉk‡Þtðí!

‹ (ÄÑÊ×‚ñ, üš…5-, �ÎøACýbA1.

}õ”ËZ‰XM0). Ä¤tðÈÑ¡NËÖ
, /)ø

¡Níùáõð.
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Å 3. 9K (Y = y) óçk9K

A
def
= {F� n j |n _P02� y _[ S,

”-í n − y _P0[ F}

¢úk A 2í©ø_ n j , wœ0Ñ

py(1 − p)n−y

(;WÖ
4D
¶>²0), /

|A| =
(

n

y

)
FJ,

p(y) = P (A) =

(
n

y

)
py(1 − p)n−y

ì2 2. ˚Óœ‰b Y x� “;W n Ÿtð/AŠœ

0Ñ p íùá}Ó” J/ÑJ

p(y) =

(
n

y

)
py(1 − p)n−y

w2 y = 0,1,2, . . . , n / 0 < p < 1, 1J

Y ∼ b(n, p)
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[ý5. 6ÿuz,

Y ∼ b(n, p) ⇔ p(y) =

(
n

y

)
py(1 − p)n−y

W 3. qø™ 5000 _\Ôá2, � 5% u�¡jí.
J‚ 5 _�¿, t°Bý�ø_¡jíœ0.

<j> ÄÑu×‚ñ (N=5000), üš… (n = 5),
]ªcqÓœ‰b

Y
def
= ¡jb ∼ b(5,0.05)

FJ,

P (Bý�ø_¡j) = 1 − P (Y = 0)

= 1 −
(
5

0

)
(0.05)0(0.95)5

= 1 − (0.95)5

= 1 − 0.774

= 0.226

uø_óç×íœ}ªõƒBý�ø_u¡jí, ¹Uš

…uà¤íü.

W 4. %ðéý>2/èíA2, }� 30% }A�ì

+. “�ûê|ø�h“, 1Óœ²¦ 10 PèA, 8J
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�à(, ) 9 Pì+. cqh“êrÌ^, t°�“í

10 PèA2, Bý� 9 Pì+íœ0.

<j> I Y = �“í10 PèA2, ì+íèAb. †

Y ∼ b(10,0.3)

¤4ÄÑÊÌ“^ícq-, A�ì+0Ñ 0.3. Ä¤,

F° = P (Y ≥ 9)

= P (Y = 9) + P (Y = 10)

=
(
10

9

)
(0.3)9(0.7) +(

10

10

)
(0.3)10(0.7)0

= 0.000138 + 0.000006

= 0.000144

Ñø”Qíœ0M.

QO«n|Û 9 Pì+íª?ŸÄ:

(1) “üõÌ^, ¤4øÓ˘Í¯í™�9K.

(2) “�^.
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R�: b²Sà� (2) _ŸÄ, ÄÑø”QêÞ0 (.

ª?êÞ) í9K�Í}êÞ, éÛuâkcq˜Ï7¨

Aí”üœ0M.

W 5. (Q/W 3.) J‚ 20 _�¿, t°Bý� 4 _

¡jíœ0.

<j> ÄÑš…×ü n = 20 ¿ ‚ñ×ü

N = 5000, ªq

Y ∼ b(20,0.05)

],

F° = P (Y ≥ 4)

= 1 − P (Y ≤ 3)

= 1 − 0.984 (Œ[1)

= 0.016

øóçüíM. FJ, J�¿ 20 _\Ôáv, üõhô

ƒ 3 _J, (.Ö) í¡j¹, †ªaO 5% í¡j0

u˜Ïí.

ìÜ 3.7. q Y ∼ b(n, p). †

µ = E(Y ) = np
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/

σ2 = Var(Y ) = npq, q = 1 − p

<„> ;W‚�Míì2,

E(Y )

=
n∑

y=0

y ·
(

n

y

)
py(1 − p)n−y

=
n∑

y=1

y ·
n!

y!(n − y)!
py(1 − p)n−y

= np
n∑

y=1

(n − 1)!

(y − 1)!(n − y)!
py−1(1 − p)n−y

QO%âà-í‰b‰²: I

z = y − 1

J£

y = 1 ⇒ z = 0

y = n ⇒ z = n − 1

ªâ,�)|

E(Y ) = np
n−1∑
z=0

(n − 1)!

z!(n − 1 − z)!
pz(1 − p)n−1−z
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¢,�Ú‹¯Uqí�ä�ßu b(n − 1, p) í pmf,

];W pmf íì2, êcí¸ (?¹, * z = 0 ‹ƒ

z = n − 1) Ñ 1. Ä¤,

E(Y ) = np(1) = np

Å. ‡ú×àÓœ‰b Y , œ0ƒb (probability

function) p(y) ¢˚Tœ0”¾ƒb (probability

mass function), 1�pA pmf.

;W‰æbít�

σ2 = E(Y 2) − [E(Y )]2

]Ûl°

E(Y 2) = E[Y (Y − 1)] + E(Y )

7

E[Y (Y − 1)]

=
n∑

y=0

y(y − 1)
n!

y!(n − y)!
py(1 − p)n−y

= n(n − 1)p2 ·
n∑

y=2

(n − 2)!

(y − 2)!(n − y)!
py−2(1 − p)n−y
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QO%âéNí‰b‰² z = y − 2, ªâ,�)|

E[Y (Y − 1)]

= n(n − 1)p2 ·
n−2∑
z=0

(n − 2)!

z!(n − 2 − z)!
pz(1 − p)n−2−z

°šªhô|,�Ú‹¯Uqí�äÑ b(n − 2, p) í

pmf, ]êcí¸Ñ 1. FJ,

E[Y (Y − 1)] = n(n − 1)p2(1) = n(n − 1)p2

Ä¤, )

E(Y 2) = E[Y (Y − 1)] + E(Y )

= n(n − 1)p2 + np

/

σ2 = E(Y 2) − [E(Y )]2

= n(n − 1)p2 + np − n2p2

= n2p2 − np2 + np − n2p2

= np(1 − p)

= npq

W 6. |Œø×t−2 20 Pº	�Éu´ı°/á\

µ. J) 6 PXM, t,l “ö£O„ø” íXM0 p.
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<j> ÄÑ×‚ñ (t−), üš…, ]ªq

Y
def
= 20 A2ı°íAb ∼ b(20, p)

†

P (Y = 6) =
(
20

6

)
p6(1 − p)14

@uø_×íM, ÄÑ (Y = 6) üõêÞ7. FJ, ª

SàU) P (Y = 6) (ø_ p íƒb) Ñ|×í p M,
TÑö£í p Mí,lM. ¢

|×“ P (Y = 6) ⇔ |×“ p6(1 − p)14

ÄÑ�b
(
20
6

)
> 0. ¤?óçk

|×“ g(p)
def
= 6 ln p + 14 ln(1 − p)

ÄÑ ln(·) Ñø]Óƒb.

|×“í™Ä¬˙à-:

(1) °@äõ (critical points): I

d

dp
[6 ln p + 14 ln(1 − p)] =

6

p
−

14

1 − p
= 0

â¤û|

6(1 − p) − 14p = 0 ⇔ 6 − 20p = 0
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Ä¤,

p =
6

20
∈ (0,1)

(2) ð„: ú| g′(p) í¯UÇ (sign chart) à-.

], Ê

p =
6

20

v�|×M.

Ä¤, J 6
20 ,l p, Dòhó¯ (ÄÑ p [ýLøtð

AŠíœ0, Ö�óúä0í<â, ]J 20 Ÿ2 6 ŸA

ŠíªW 6
20 ,l p uóç¯Üí).

Å. ¤�,l p íj¶˚T|×–N¶ (method of

maximum likelihood). )ƒí,lM˚T|×–N

,lM (maximum likelihood estimate, �˚

mle).
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