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單元 13: 高階導函數
({… §2.6)

ø. ò¼ûƒbíì2

Iƒb

y = f(x)

†ø¼ûƒb (1st derivative)

f ′(x)
def
= lim

∆x→0

f(x + ∆x)− f(x)

∆x
=

dy

dx

?ª[ýA

y′,
d

dx
[f(x)], Dx[y]

ù¼ûƒb (2nd derivative)

f ′′(x)
def
=

d

dx
[f ′(x)] =

d

dx

[
dy

dx

]
=

d2y

dx2

?ª[ýA

y′′,
d2

dx2
[f(x)], D2

x[y]
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ú¼ûƒb (3rd derivative)

f ′′′(x)
def
=

d

dx
[f ′′(x)] =

d

dx

[
d2y

dx2

]
=

d3y

dx3

?ª[ýA

y′′′,
d3

dx3
[f(x)], D3

x[y]

...

n ¼ûƒb (nth derivative)

f(n)(x)
def
=

d

dx
[f(n−1)(x)] =

d

dx

[
dn−1y

dxn−1

]
=

dny

dxn

?ª[ýA

y(n),
dn

dxn
[f(x)], Dn

x[y]

W 1. Iƒb

g(t) = −t4 + 2t3 + t + 4

t° g′′′(2).

<j> Ûâø¼ûƒbÇá, ø¼ø¼Ë°, ?¹,

g′(t) = −4t3 + 6t2 + 1
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J£

g′′(t) = −12t2 + 12t

]

g′′′(t) = −24t + 12

Ä¤,

g′′′(2) = −24(2) + 12 = −36

註. ./微}W 1 2íƒb, )

g(4)(t) = −24 = −4! (4ø�b)

/

g(n)(t) = 0, n ≥ 5

ªø¤ø!�R�à-: q n ŸÖá�

p(x) = anxn + an−1xn−1 + · · ·+ a1x + a0

† n ¼ûƒb

p(n)(x) = n(n− 1)(n− 2) · · · (1)an = n!an

/

p(m)(x) = 0, m ≥ n + 1
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W 2. Iƒb

y =
1

x

t° y íò¼ûƒb.

<j> íl, %âZ寫,

y = x−1

]

y′ = (−1)x−2 =
−1

x2

QO, ú y′ 微}, )

y′′ = (−1)(−2)x−3 =
(−1)22!

x3

yú y′′ 微}, )

y′′′ = (−1)(−2)(−3)x−4 =
(−1)33!

x4

J¤éR, )

y(4) = (−1)(−2)(−3)(−4)x−5

=
(−1)44!

x5

...
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J£ø般í n ¼ûƒb

y(n) = (−1)(−2) · · · (−n)x−(n+1)

=
(−1)nn!

xn+1

ù. @à (‹§�)

q某ÓñíP0ƒb (position function) Ñ

s = f(t)

†¤Óñí§� (velocity)

v(t)
def
= lim

∆t→0

s(t + ∆t)− s(t)

∆t

=
ds

dt
= f ′(t)

4�¾¤ÓñÊ瞬ÈíP0��¾, /‹§�

(acceleration)

a(t)
def
=

d

dt
v(t)

=
d

dt

(
ds

dt

)
=

d2s

dt2
= f ′′(t)

4�¾¤ÓñÊ瞬Èí§�Z‰¾, ÑP0ƒbíù¼û

ƒb.
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W 2. qø汽šâÓ¢Õ態Çáó�, wš§Ñ

v(t) =
80t

t + 5
, t ≥ 0

w2�×íÀPÑ呎/vÈíÀPÑ秒. t°Êåø} 

q, ©½ 10 秒í‹§�.

<j> 根Wì2, ¤ší‹§�

a(t) =
dv

dt

=
80(t + 5)− 80t(1)

(t + 5)2

=
400

(t + 5)2

]Êåø} q, ©½ 10 秒í§�D‹§�à-[:

t (秒) 0 10 20 30
v(t) (呎/秒) 0 53.3 64 68.6
dv
dt (呎/秒2) 16 1.78 0.64 0.33

t (秒) 40 50 60
v(t) (呎/秒) 71.1 72.7 73.8 → �穩
dv
dt (呎/秒2) 0.20 0.13 0.09 → 0

Ê‹§2, }pé>§ƒ‹§� (?¹, §�úvÈí‰

“率); ‹§�â×‰ü, B§��穩v, ‹§�?�¡k

0, DÞº,í%ðó符.
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