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單元 26: 指數函數的導函數
({… §4.3)

ø. Nbƒbíûƒb

q u Ñ x íª�ƒb. †

(1) úkAÍNbƒb,

d

dx
[ex] = ex

?¹, AÍNbíûƒbÿuƒb…™.

(2) úkAÍNbƒbDª�ƒbí¯Aƒb,

d

dx
[eu] = eu ·

du

dx
= eu · u′

?¹, AÍNb¯AƒbíûƒbÑ¤¯Aƒb
J

q¶ƒbíûƒb.

(1) íÃ�„p, I, ªAW¡5{…íòhzp.

(2) í„p: 根W©鎖d†£ (1) í!�,

d

dx
[eu] =

d

du
[eu] ·

du

dx
= eu ·

du

dx
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)„.

W 1. t°-�®ƒbíûƒb.

(a) f(x) = e2x

(b) g(x) = e−3x2

(c) h(x) = 6ex3

(d) k(x) = e−x

<j> (a) ƒb f Ñ ex D 2x í¯Aƒb, ]根W©

鎖d†J£Nbƒbíûƒbt�,

f ′(x) = e2x d

dx
(2x) = 2e2x

(b) ÄÑ g Ñ ex D −3x2 í¯Aƒb, ]

g′(x) = e−3x2 d

dx
(−3x2) = −6xe−3x2
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(c) °Ü, ÄÑ h Ö� ex D x3 í¯Aƒb, ]

h′(x) = 6ex3 d

dx
(x3)

= 6ex3
· 3x2 = 18x2ex3

(d) ÄÑ k Ñ ex D −x í¯Aƒb, )

k′(x) = e−x d

dx
(−x)

= e−x · (−1) = −e−x

W 2. t°-�®ƒbíûƒb.

(a) f(x) = xex

(b) g(x) =
ex − e−x

2

(c) h(x) =
ex

x

(d) k(x) = xex − ex
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<j> (a) 根W
¶d†£Nbƒbíûƒbt�, )

f ′(x) = (x)′ex + x(ex)′

= ex + xex = ex(1 + x)

(b) eÎJ 2 Ñ
J 1
2, †根W�b
¶d†, Nbƒb

íûƒbt�, 1逐á�}, )

g′(x) =
1

2
[ex − e−x(−1)]

=
1

2
(ex + e−x)

(c) 根WÎ¶d†J£Nbƒbíûƒbt�, )

h′(x) =
(ex)′x− ex(x)′

x2

=
exx− ex(1)

x2
=

ex(x− 1)

x2

(d) 逐á�}, 1J
¶d†�}�øá, J£Nbƒb

íûƒbt�, )

k′(x) = (x)′ex + x(ex)′ − (ex)′

= (1)ex + xex − ex

= xex
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W 3. qÛ°ƒb

p = 56e−0.000012x

t°ª×)|×Yïí»g.

<j> 根Wæ<, Ÿ½æ4óçk|×“Yï

R = xp = 56xe−0.000012x, x > 0

íl, %â�}1“�, )

dR

dx
= 56[(1)e−0.000012x +

xe−0.000012x(−0.000012)]

= 56e−0.000012x(1− 0.000012x)

ÄÑNbƒb0Ñ£, ]

e−0.000012x > 0

Ä7 dR
dx = 0 4óçk

(1− 0.000012x) = 0

)�øé@äb

x =
1

0.000012
≈ 83333
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Ì�ùé@äb, ÄÑ dR
dx 0ì2.

ð„: 根WF°)íø_@äb, )ù_ä–ÈJ£ dR
dx

Ê©_ä–í¯U, à-述£Çý.

(
0, 1

0.000012

)
: dR

dx = (+)(+) = (+), 遞Ó.

(
1

0.000012,∞
)
: dR

dx = (+)(−) = (−), 遞Á.

Ä¤, ç銷»¾

x =
1

0.000012
≈ 83333

?¹, ú@í»g

p = 56e−0.000012· 1
0.000012 = 56e−1

v, ª)|×Yï.

ù. �Gœ0ò�ƒb

�Gœ0ò�ƒb (normal probability density

function) ì2Ñ, úF�í −∞ < x < ∞,

f(x)
def
=

1

σ
√

2π
e−(x−µ)2/(2σ2)
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w2�b (¡b) µ, 讀T mu, Ñ‚�M (mean), 4

[ý¤ƒbí2-P0;Çø_¡b σ, 讀T sigma, Ñ

™Ä差 (standard deviation), 4[ý¤ƒbR×2

-P0í˙�.

�Gœ0ò�ƒbíà¤4Êk模型“ (modeling) 鐘

型 (bell-shaped) í’eòjÇ.

ç µ = 0 / σ = 1 v, )™Ä�Gœ0ò�ƒb

(standard normal pdf)

f(x) =
1√
2π

e−x2/2

Ç$à-.

ÑSà¤? 根WNbƒbíûƒbt�, ú x �}, )

f ′(x) =
1√
2π

e−x2/2(−x)

ÄÑ e−x2/2 > 0, ] f ′ = 0 4óçk

−x = 0

)�øé@äb

x = 0
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Ì�ùé@äb, ÄÑ f ′ 0ì2.

ð„: f ′ Êù_ä–Èí¯Uà-述£Çý.

(−∞,0): f ′ = (+)(+) = (+), 遞Ó.

(0,∞): f ′ = (+)(−) = (−), 遞Á.

Ä¤, f Ê x = 0 �óú”×M, ?Ñ"ú|×M,

f(0) =
1√
2π

e−02/2 =
1√
2π

根W
¶d†J£Nbƒbíûƒbt�, yú x �}1

“�, )

f ′′(x)

=
1√
2π

[e−x2/2(−x)(−x) + e−x2/2(−1)]

=
1√
2π

e−x2/2(x2 − 1)

ÄÑ e−x2/2 > 0, ] f ′′ = 0 4óçk

x2 − 1 = 0
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)�øé¥曲`²õ

x = −1, 1

Ì�ùé¥曲`²õ, ÄÑ f ′′ 0ì2.

ð„: f ′′ Êú_ä–Èí¯Uà-述£Çý.

(−∞,−1): f ′′ = (+)(+) = (+), ,凹.

(−1,1): f ′′ = (+)(−) = (−), -凹.

(1,∞): f ′′ = (+)(+) = (+), ,凹.

ÄÑ f Ê x = −1 D x = 1 Ë¡í凹4ÌZ‰, ])

ù_¥曲õ�

(−1, f(−1)) =

(
−1,

1√
2π

e−1/2
)

J£

(1, f(1)) =

(
1,

1√
2π

e−1/2
)

|(,·|F°)íø_"ú|×M, ù_¥曲õ, 1ø f ′

D f ′′ í¯U}�™pÊ x 軸í,jD-j, y逐ŸËâ
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˝B¬, 根W f Ê©_ä–Èí遞Ó遞Á4J£凹4, ú

|ú@í曲(, 1©!·|í®õ, à-述£Çý.

(−∞,−1): f ′ = (+), f ′′ = (+), 遞Ó/,凹.

(−1,0): f ′ = (+), f ′′ = (−), 遞Ó/-凹.

(0,1): f ′ = (−), f ′(−), 遞Á/-凹.

(1,∞): f ′ = (−), f ′′ = (+), 遞Á/,凹.

Ä¤, ) f íÇ$, w2‚�M

µ = 0

4ußÞ|×MíËj, /™Ä差

σ = 1

4U)â‚�MR×™Ä差(íP0ußÞ¥曲õíËj.
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