
1. lim
ℎ→0

1
ℎ

[
2𝑥 + 3 + 2ℎ
𝑥 + 4 + ℎ

− 2𝑥 + 3
𝑥 + 4

]
= lim

ℎ→0

1
ℎ

[
(2𝑥 + 3 + 2ℎ) (𝑥 + 4) − (2𝑥 + 3) (𝑥 + 4 + ℎ)

(𝑥 + 4 + ℎ)(𝑥 + 4)

]
1M

= lim
ℎ→0

5ℎ
ℎ(𝑥 + 4 + ℎ)(𝑥 + 4)

= lim
ℎ→0

5
(𝑥 + 4 + ℎ)(𝑥 + 4) 2M

=
5

(𝑥 + 4)2 2A

2.
d
d𝑥

(
𝑥5 + 4

)
= lim

ℎ→0

[(𝑥 + ℎ)5 + 4] − (𝑥5 + 4)
ℎ

1M

= lim
ℎ→0

𝑥5 + 5ℎ𝑥4 + 10ℎ2𝑥3 + 10ℎ3𝑥2 + 5ℎ4𝑥 + ℎ5 + 4 − 𝑥5 − 4
ℎ

1M

= lim
ℎ→0

(5𝑥4 + 10ℎ𝑥3 + 10ℎ2𝑥2 + 5ℎ3𝑥 + ℎ4) 1M

= 5𝑥4 1A

3. 𝑓 (1 + ℎ) − 𝑓 (1) = 10(1 + ℎ)
7 + 3(1 + ℎ)2 − 10

7 + 3

=
(10 + 10ℎ) − (10 + 6ℎ + 3ℎ2)

10 + 6ℎ + 3ℎ2

=
4ℎ − 3ℎ2

10 + 6ℎ + 3ℎ2 1

𝑓 ′(1) = lim
ℎ→0

𝑓 (1 + ℎ) − 𝑓 (1)
ℎ

1M

= lim
ℎ→0

4ℎ − 3ℎ2

ℎ(10 + 6ℎ + 3ℎ2)

= lim
ℎ→0

4 − 3ℎ
10 + 6ℎ + 3ℎ2 1M

=
2
5

1A

1



4. 𝑓 ′(𝑥) = lim
ℎ→0

1
3(𝑥+ℎ)2+4 − 1

3𝑥2+4

ℎ
1M

= lim
ℎ→0

3[𝑥2 − (𝑥 + ℎ)2] + (4 − 4)
ℎ(3𝑥2 + 4) [3(𝑥 + ℎ)2 + 4]

1M

= lim
ℎ→0

−6𝑥 + 3ℎ
(3𝑥2 + 4) [3(𝑥 + ℎ)2 + 4]

1M

=
−6𝑥

(3𝑥2 + 4)2 1A

5.
1
√
𝑥
− 1
√
𝑥 + ℎ

=

√
𝑥 + ℎ − √

𝑥√
𝑥(𝑥 + ℎ)

=

√
𝑥 + ℎ − √

𝑥√
𝑥(𝑥 + ℎ)

×
√
𝑥 + ℎ + √

𝑥
√
𝑥 + ℎ + √

𝑥
1M

=
ℎ

(𝑥 + ℎ)√𝑥 + 𝑥
√
𝑥 + ℎ

1

d
d𝑥

√
3
𝑥
= lim

ℎ→0

1
ℎ

( √
3

√
𝑥 + ℎ

−
√

3
√
𝑥

)
1M

= −
√

3 lim
ℎ→0

1
ℎ

(
ℎ

(𝑥 + ℎ)√𝑥 + 𝑥
√
𝑥 + ℎ

)
= −

√
3 lim
ℎ→0

1
(𝑥 + ℎ)√𝑥 + 𝑥

√
𝑥 + ℎ

1M

= −
√

3
2𝑥
√
𝑥

1A

2



6. 𝑓 ′(2) = lim
ℎ→0

2+ℎ√
4+ℎ − 2√

4

ℎ
1M

= lim
ℎ→0

[
2 + ℎ −

√
4 + ℎ

ℎ
√

4 + ℎ
× 2 + ℎ +

√
4 + ℎ

2 + ℎ +
√

4 + ℎ

]
1M

= lim
ℎ→0

ℎ2 + 3ℎ
ℎ
√

4 + ℎ(2 + ℎ +
√

4 + ℎ)

= lim
ℎ→0

ℎ + 3
√

4 + ℎ(2 + ℎ +
√

4 + ℎ)
1M

=
3
8

1A

7. 𝑔(1 + ℎ) − 𝑔(1) = 1√
5(1 + ℎ) + 4

− 1
√

5 + 4

=
3 −

√
5ℎ + 9

3
√

5ℎ + 9
× 3 +

√
5ℎ + 9

3 +
√

5ℎ + 9
1M

=
−5ℎ

3
√

5ℎ + 9(3 +
√

5ℎ + 9)
1

𝑔′(1) = lim
ℎ→0

𝑔(1 + ℎ) − 𝑔(1)
ℎ

= lim
ℎ→0

−5
3
√

5ℎ + 9(3 +
√

5ℎ + 9)
1M

=
−5

3
√

9(3 +
√

9)

= − 5
54

1A

3



8.
d
d𝑥

(sin 2𝑥) = lim
ℎ→0

sin 2(𝑥 + ℎ) − sin 2𝑥
ℎ

1M

= lim
ℎ→0

(
2
ℎ

cos
2𝑥 + 2ℎ + 2𝑥

2
sin

2𝑥 + 2ℎ − 2𝑥
2

)
1M

= 2 lim
ℎ→0

(
cos(2𝑥 + ℎ) sin ℎ

ℎ

)
1M

= 2 cos 2𝑥 1A

9.
d
d𝜃

sec 6𝜃 = lim
ℎ→0

sec 6(𝜃 + ℎ) − sec 6𝜃
ℎ

1M

= lim
ℎ→0

cos 6𝜃 − cos(6𝜃 + 6ℎ)
ℎ cos 6𝜃 cos(6𝜃 + 6ℎ)

= lim
ℎ→0

−2 sin(6𝜃 + 3ℎ) sin(−3ℎ)
ℎ cos 6𝜃 cos(6𝜃 + 6ℎ) 1M

= 6 lim
ℎ→0

sin(−3ℎ)
−3ℎ

· sin(6𝜃 + 3ℎ)
cos 6𝜃 cos(6𝜃 + 6ℎ) 1M

= 6 × 1 × sin 6𝜃
cos2 6𝜃

1M

= 6 sec 6𝜃 tan 6𝜃 1A

10. (a) 𝑓
(𝜋
2
+ ℎ

)
− 𝑓

(𝜋
2

)
= −

(𝜋
2
+ ℎ

)
sin

(𝜋
2
+ ℎ

)
+ 𝜋

2
sin

𝜋

2
1M

= −
(𝜋
2
+ ℎ

)
cos ℎ + 𝜋

2

= −𝜋

2

[
1 − 2 sin2

(
ℎ

2

)]
− ℎ cos ℎ + 𝜋

2

= 𝜋 sin2
(
ℎ

2

)
− ℎ cos ℎ 1

(b) 𝑓 ′
(𝜋
2

)
= lim

ℎ→0

𝑓
(
𝜋
2 + ℎ

)
− 𝑓

(
𝜋
2
)

ℎ
1M

= lim
ℎ→0

𝜋 sin2
(
ℎ
2

)
− ℎ cos ℎ

ℎ

= lim
ℎ→0


sin ℎ

2(
ℎ
2

) ·
𝜋 sin ℎ

2
2

− cos ℎ

 1M

= 1 · 0 − 1

= −1 1A

4



11. 𝑓 ′(0) = lim
ℎ→0

𝑒2(0+ℎ) − 𝑒2(0)

ℎ
1M

= lim
ℎ→0

𝑒2ℎ − 1
2ℎ

· 2 1M

= 2 1A

12. 𝑓 (1 + ℎ) = [(1 + ℎ)2 − 1]𝑒1+ℎ

= (ℎ2 + 2ℎ)𝑒1+ℎ 1A

𝑓 ′(1) = lim
ℎ→0

𝑓 (1 + ℎ) − 𝑓 (1)
ℎ

1M

= lim
ℎ→0

(ℎ2 + 2ℎ)𝑒1+ℎ − 0
ℎ

= lim
ℎ→0

(ℎ + 2)𝑒1+ℎ 1M

= 2𝑒 1A

13.
d
d𝑥

(
𝑥3

)
= lim

ℎ→0

(𝑥 + ℎ)3 − 𝑥3

ℎ
1M

= lim
ℎ→0

(𝑥3 + 3ℎ𝑥2 + 3ℎ2𝑥 + ℎ3) − 𝑥3

ℎ
1M

= lim
ℎ→0

3𝑥2 + 3ℎ𝑥 + ℎ2

1
1M

= 3𝑥2 1A

5



14.
d
d𝑥

(
𝑥2

)
= lim

ℎ→0

(𝑥 + ℎ)2 − 𝑥2

ℎ
1M

= lim
ℎ→0

(𝑥2 + 2𝑥ℎ + ℎ2) − 𝑥2

ℎ
1M

= lim
ℎ→0

2𝑥 + ℎ

1
1M

= 2𝑥 1A

15.
d
d𝑥

(
𝑥3

)
= lim

ℎ→0

(𝑥 + ℎ)3 − 𝑥3

ℎ
1M

= lim
ℎ→0

(𝑥3 + 3ℎ𝑥2 + 3ℎ2𝑥 + ℎ3) − 𝑥3

ℎ
1M

= lim
ℎ→0

3𝑥2 + 3ℎ𝑥 + ℎ2

1
1M

= 3𝑥2 1A

16.
d
d𝑥

(
𝑥2 + 1

)
= lim

ℎ→0

[(𝑥 + ℎ)2 + 1] − (𝑥2 + 1)
ℎ

1M

= lim
ℎ→0

(𝑥2 + 2ℎ𝑥 + ℎ2) − (𝑥2)
ℎ

1M

= lim
ℎ→0

2𝑥 + ℎ

1
1M

= 2𝑥 1A

6



17. 𝑓 ′(𝑥) = lim
ℎ→0

1
1+(𝑥+ℎ) −

1
1+𝑥

ℎ
1M

= lim
ℎ→0

−ℎ
ℎ(1 + 𝑥 + ℎ)(1 + 𝑥) 2M

= lim
ℎ→0

−1
(1 + 𝑥 + ℎ) (1 + 𝑥) 1M

= − 1
(1 + 𝑥)2 1A

18.
d
d𝑥

(
1
𝑥

)
= lim

ℎ→0

1
𝑥+ℎ − 1

𝑥

ℎ
1M

= lim
ℎ→0

𝑥 − (𝑥 + ℎ)
ℎ𝑥(𝑥 + ℎ) 1M

= lim
ℎ→0

−1
𝑥(𝑥 + ℎ) 1M

= − 1
𝑥2 1A

19. (a) (
√
𝑥 + 1 + ℎ −

√
𝑥 + 1)(

√
𝑥 + 1 + ℎ +

√
𝑥 + 1) = (𝑥 + 1 + ℎ) − (𝑥 + 1)

= ℎ 1A

(b)
d𝑦
d𝑥

= lim
ℎ→0

√
(𝑥 + ℎ) + 1 −

√
𝑥 + 1

ℎ
1M

= lim
ℎ→0

√
𝑥 + 1 + ℎ −

√
𝑥 + 1

ℎ
×
√
𝑥 + 1 + ℎ +

√
𝑥 + 1

√
𝑥 + 1 + ℎ +

√
𝑥 + 1

1M

= lim
ℎ→0

ℎ

ℎ(
√
𝑥 + 1 + ℎ +

√
𝑥 + 1)

= lim
ℎ→0

1
√
𝑥 + 1 + ℎ +

√
𝑥 + 1

1M

=
1

2
√
𝑥 + 1

1A

7



20. (a) (
√

2(𝑥 + ℎ) −
√

2𝑥) (
√

2(𝑥 + ℎ) +
√

2𝑥) = [2(𝑥 + ℎ)] − (2𝑥)
= 2ℎ 1A

(b)
d
d𝑥

(√
2𝑥

)
= lim

ℎ→0

√
2(𝑥 + ℎ) −

√
2𝑥

ℎ
1M

= lim
ℎ→0

√
2(𝑥 + ℎ) −

√
2𝑥

ℎ
×

√
2(𝑥 + ℎ) +

√
2𝑥√

2(𝑥 + ℎ) +
√

2𝑥
1M

= lim
ℎ→0

2ℎ
ℎ(

√
2(𝑥 + ℎ) +

√
2𝑥)

= lim
ℎ→0

2√
2(𝑥 + ℎ) +

√
2𝑥

1M

=
1

√
2𝑥

1A

21.
d
d𝑥

(√
𝑥
)
= lim

ℎ→0

√
𝑥 + ℎ − √

𝑥

ℎ
1M

= lim
ℎ→0

√
𝑥 + ℎ − √

𝑥

ℎ
×
√
𝑥 + ℎ + √

𝑥
√
𝑥 + ℎ + √

𝑥
1M

= lim
ℎ→0

(𝑥 + ℎ) − (𝑥)
ℎ(
√
𝑥 + ℎ + √

𝑥)

= lim
ℎ→0

1
√
𝑥 + ℎ + √

𝑥
1M

=
1

2
√
𝑥

1A

8



22. (a)
1

√
𝑥 + ℎ

− 1
√
𝑥
=

√
𝑥 −

√
𝑥 + ℎ

√
𝑥
√
𝑥 + ℎ

=

√
𝑥 −

√
𝑥 + ℎ

√
𝑥
√
𝑥 + ℎ

×
√
𝑥 +

√
𝑥 + ℎ

√
𝑥 +

√
𝑥 + ℎ

1M

=
(𝑥) − (𝑥 + ℎ)

√
𝑥(
√
𝑥 + ℎ) (√𝑥 +

√
𝑥 + ℎ)

=
−ℎ

√
𝑥(
√
𝑥 + ℎ) (√𝑥 +

√
𝑥 + ℎ)

1

(b)
d
d𝑥

(
1
√
𝑥

)
= lim

ℎ→0

1√
𝑥+ℎ − 1√

𝑥

ℎ
1M

= lim
ℎ→0

[
1
ℎ
· −ℎ
√
𝑥(
√
𝑥 + ℎ) (√𝑥 +

√
𝑥 + ℎ)

]
= − lim

ℎ→0

−1
√
𝑥(
√
𝑥 + ℎ) (√𝑥 +

√
𝑥 + ℎ)

1M

= − 1
2𝑥
√
𝑥

1A

23.
d
d𝑥

(√
𝑥 + 1

)
= lim

ℎ→0

√
(𝑥 + ℎ) + 1 −

√
𝑥 + 1

ℎ
1M

= lim
ℎ→0

[(𝑥 + ℎ) + 1] − (𝑥 + 1)
ℎ(
√
𝑥 + ℎ + 1 +

√
𝑥 + 1)

1M

= lim
ℎ→0

1
√
𝑥 + ℎ + 1 +

√
𝑥 + 1

1M

=
1

2
√
𝑥 + 1

1A

–試卷完 –


