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Àj 30: Hp¶	}
({… §6.2)

	}íHp¶ú@k�}í©�d†. I F Ñ f í¥û

ƒb (.ì	}), ¹

F ′(x) = f(x)

C ∫
f(x)dx = F (x) + C

†Hp

u = g(x), du = g′(x)dx

) ∫
f(g(x))g′(x)dx =

∫
f(u)du

= F (u) + C

= F (g(x)) + C

<ð„> ;W�}í©�d†£.ì	}íì2,

d

dx
[F (g(x))] = F ′(g(x))g′(x)

= f(g(x))g′(x)

�ßÿu\	ƒb, ]A
.
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Ä¤, Hp¶Ñ, ¦

u = g(x)

l��}�

du = g′(x)dx

1Hp, )∫
f(g(x))g′(x)dx =

∫
f(u)du

Å. ¦�²¦¯Aƒbíq¶ƒbTÑ u, y° du, 1

HpcÜAªà_ç	}d†í�ä.

W 1. t°.ì	}∫
2x(x2 + 3)4dx

<j> ¦ u = x2 + 3, )�}�

du = 2xdx

HpcÜ, 	}1ø u ¥Hp[A x íbç�, )∫
2x(x2 + 3)4dx =

∫
u4du =

1

5
u5 + C

=
1

5
(x2 + 3)5 + C
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W 2. t°

∫
3

√
3x + 1dx.

<j> H

u = 3x + 1, du = 3dx

) ∫
3

√
3x + 1dx =

∫ √
udu =

2

3
u3/2 + C

=
2

3
(3x + 1)3/2 + C

W 3. t°

∫
x2(x3 + 1)3/2dx.

<j> ¦ u = x3 + 1, )�}�

du = 3x2dx

QO, |c\	ƒbí[b$A�}�, ¹°
Î 3, )∫
x2(x3 + 1)3/2dx =

1

3

∫
(x3 + 1)3/2︸ ︷︷ ︸

u3/2

3x2dx︸ ︷︷ ︸
du

=
1

3
·
2

5
u5/2 + C

=
2

15
(x3 + 1)5/2 + C
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W 4. t°

∫
e−3xdx.

<j> H

u = −3x, du = −3dx

1|c[b/;WNbƒbí	}t�, )∫
e−3xdx = −

1

3

∫
e−3x︸ ︷︷ ︸

eu
(−3)dx︸ ︷︷ ︸

du

= −
1

3
eu + C = −

1

3
e−3x + C

W 5. t°.ì	}

∫
x

3x2 + 1
dx.

<j> H

u = 3x2 + 1, du = 6xdx

1|c[b/;W 1
x í	}t�, )∫

x

3x2 + 1
dx =

1

6

∫ 1

3x2 + 1︸ ︷︷ ︸
1/u

6xdx︸ ︷︷ ︸
du

=
1

6
ln |u| + C

=
1

6
ln |3x2 + 1| + C
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W 6. t°

∫ (lnx)2

2x
dx.

<j> H

u = lnx, du =
1

x
dx

1T|�b, )∫ (lnx)2

2x
dx =

1

2

∫
(lnx)2︸ ︷︷ ︸

u2

1

x
dx︸ ︷︷ ︸

du

=
1

6
u3 + C =

1

6
(lnx)3 + C

W 7. Ø¹?Þ$íA…±Q0Ñ

−
58

(3t + 2)2
, 0 ≤ t ≤ 10

w2 t = 0 ú@k 1990 ���. Ç 1990 ���í

A…Ñ $10. t° 2000 ���íA….

<j> I C(t) Ñ t �(íA…. âæ<, )

C′(t) = −
58

(3t + 2)2

/

C(0) = 10
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]H

u = 3t + 2, du = 3dt

1|c[b, )

C(t) =
∫ −58

(3t + 2)2
dt

= −
58

3

∫ 1

(3t + 2)2︸ ︷︷ ︸
1/u2

3dt︸︷︷︸
du

= −
58

3

(
−

1

u

)
+ K =

58

3(3t + 2)
+ K

yH t = 0, C = 10, )

10 =
58

3(3(0) + 2)
+ K =

29

3
+ K

¹

K = 10 −
29

3
=

1

3

Ä¤,

C(t) =
58

3(3t + 2)
+

1

3
=

58 + 3t + 2

3(3t + 2)

=
t + 20

3t + 2
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|(, H t = 10, ) 2000 ��|íA…Ñ

C(10) =
30

32
≈ 0.94

W 8. Ú7,
(í~�»¾AÅ0Ñ

2000 − 1500e−0.05t, 0 ≤ t ≤ 60

t°ø�(í�»¾.

<j> I N(t) Ñ t ~(í�»¾. âæ<, )

N ′(t) = 2000 − 1500e−0.05t

/

N(0) = 0

]H

u = −0.05t, du = −0.05dt

1|c[b/Má	}, )

N(t) =
∫

(2000 − 1500e−0.05t)dt

= 2000t −
(
−

1500

0.05

) ∫
e−0.05t︸ ︷︷ ︸

eu
(−0.05)dt︸ ︷︷ ︸

du

= 2000t + 30,000e−0.05t + C
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H t = 0, N = 0, )

0 = 30,000 + C

¹

C = −30,000

Ä¤,

N(t) = 2000t + 30,000(e−0.05t − 1)

|(, H t = 12, ) 1 �(í�»¾Ñ

N(12) = 2000(12) + 30,000(e−0.05(12) − 1)

≈ 10,464

Å. (4�² (¹ x → ax + b) íHp¶. J∫
f(x)dx = F (x) + C

† ∫
f(ax + b)dx =

1

a
F (ax + b) + C

<„> H

u = ax + b, du = adx
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1|c[b, )∫
f(ax + b)dx =

1

a

∫
f(ax + b)︸ ︷︷ ︸

f(u)

adx︸︷︷︸
du

=
1

a
F (u) + C

=
1

a
F (ax + b) + C

Wà, â ∫ 1

x
dx = ln |x| + C

) ∫ 1

ax + b
dx =

1

a
ln |ax + b| + C

/ ∫ 1

3x + 5
dx =

1

3
ln |3x + 5| + C

˛ø, ç n 6= −1,∫
xndx =

1

n + 1
xn+1 + C

) ∫
(ax + b)ndx =

1

a

1

n + 1
(ax + b)n+1 + C
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/∫ 1

(1 − 2x)7
dx = −

1

2

(
−

1

6

)
(1 − 2x)−6 + C

=
1

12(1 − 2x)6
+ C

¢;W ∫
exdx = ex + C

) ∫
eax+bdx =

1

a
eax+b + C

J£ ∫
e3−0.05tdt = −

1

0.05
e3−0.05t + C

= −20e3−0.05t + C

Self-Check Exercises

3. t°

∫
xe2x2−1dx

<j> H

u = 2x2 − 1, du = 4xdx
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1|c[b, )∫
xe2x2−1dx =

1

4

∫
e2x2−1︸ ︷︷ ︸

eu
(4x)dx︸ ︷︷ ︸

du

=
1

4
e2x2−1 + C

Exercises

t°-�®á.ì	}.

29.
∫ 2e

√
x

√
x

dx

<j> H

u =
√

x, du =
1

2
√

x
dx

1|c[b, )∫ 2e
√

x

√
x

dx = 2(2)
∫

e
√

x︸︷︷︸
eu

1

2
√

x
dx︸ ︷︷ ︸

du

= 4e
√

x + C

33.
∫

e2x(e2x + 1)3dx
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<j> H

u = e2x + 1, du = 2e2xdx

1|c[b, )∫
e2x(e2x + 1)3dx

=
1

2

∫
(e2x + 1)3︸ ︷︷ ︸

u3

2e2xdx︸ ︷︷ ︸
du

=
1

2

(
1

4

)
u4 + C =

1

8
(e2x + 1)4 + C

37.
∫ 3

x lnx
dx

<j> H

u = lnx, du =
1

x
dx

1;W	}d†, )∫ 3

x lnx
dx = 3

∫ 1

lnx︸ ︷︷ ︸
1/u

1

x
dx︸ ︷︷ ︸

du

= 3 ln |u| + C = 3 ln | lnx| + C

39.
∫ √

lnx

x
dx
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<j> H

u = lnx, du =
1

x
dx

1;W	}d†, )∫ √
lnx

x
dx =

∫ √
lnx︸ ︷︷ ︸√
u

1

x
dx︸ ︷︷ ︸

du

=
2

3
u3/2 + C =

2

3
(lnx)3/2 + C

42.
∫ (

xe−x2
+

2ex

ex + 3

)
dx

<j> Má	}, 1ø

u = −x2, du = −2xdx

Hp�øá/|c[b, )∫
xe−x2

dx = −
1

2

∫
e−x2︸ ︷︷ ︸

eu
(−2x)dx︸ ︷︷ ︸

du

= −
1

2
e−x2

+ C

yø

v = ex + 3, dv = exdx
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Hp�ùá, )∫ 2ex

ex + 3
dx = 2

∫ 1

ex + 3︸ ︷︷ ︸
1/v

exdx︸ ︷︷ ︸
dv

= 2 ln |ex + 3| + C

|(, ¯9, )∫ (
xe−x2

+
2ex

ex + 3

)
dx

= −
1

2
e−x2

+ 2 ln |ex + 3| + C

44. 2
∫

e−u − 1

e−u + u
du

<j> H

v = e−u + u, dv = (−e−u + 1)du

1|c[b, )

2
∫

e−u − 1

e−u + u
du

= 2(−1)
∫ 1

e−u + u︸ ︷︷ ︸
1/v

(1 − e−u)du︸ ︷︷ ︸
dv

= −2 ln |e−u + u| + C
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45.
∫

x(x − 2)5dx

<j> H

u = x − 2, du = dx, x = u + 2

1�Ç(, Má	}, )∫
x(x − 2)5dx =

∫
(u + 2)u5du

=
∫

(u6 + 2u5)du =
1

7
u7 +

1

3
u6

=
1

7
(x − 2)7 +

1

3
(x − 2)6 + C

46.
∫ 2t

t + 1
dt

<j> cÜ}ä, CàÅÎ¶, yMá	}1;WÅjí

(4�²Hp¶, )∫ 2t

t + 1
dt =

∫ 2(t + 1) − 2

t + 1
dt

=
∫ (

2 −
2

t + 1

)
dt

= 2t − 2 ln |t + 1| + C

47.
∫ 1 −

√
x

1 +
√

x
dx
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<j> H

u = 1 +
√

x, du =
1

2
√

x
dx

J£

√
x = u − 1, dx = 2

√
xdu = 2(u − 1)du

1cÜ(, Má	}, )∫ 1 −
√

x

1 +
√

x
dx =

∫ 1 − (u − 1)

u
2(u − 1)du

= 2
∫ (2 − u)(u − 1)

u
du

= 2
∫ −u2 + 3u − 2

u
du

= 2
∫ (

−u + 3 −
2

u

)
du

= 2
(
−

1

2
u2 + 3u − 2 ln |u|

)
+ C

= −(1 +
√

x)2 + 6(1 +
√

x)

−4 ln(1 +
√

x) + C

50.
∫

x3(x2 + 1)3/2dx

<j> H

u = x2 + 1, du = 2xdx, x2 = u − 1
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1|c[b, �Ç(Má	}, )∫
x3(x2 + 1)3/2dx

=
1

2

∫
x2(x2 + 1)3/2(2x)dx

=
1

2

∫
(u − 1)u3/2du =

1

2

∫
(u5/2 − u3/2)du

=
1

2

(
2

7
u7/2 −

2

5
u5/2

)
+ C

=
1

7
(x2 + 1)7/2 −

1

5
(x2 + 1)5/2 + C
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