
Homework 5 Solutions
ECON 441: Introduction to Mathematical Economics Instructor: Div Bhagia

Exercise 6.2

2. 𝑦 = 5𝑥2 − 4𝑥

(a)
Δ𝑦

Δ𝑥
=

𝑓 (𝑥 + Δ𝑥) − 𝑓 (𝑥)
Δ𝑥

=
5(𝑥 + Δ𝑥)2 − 4(𝑥 + Δ𝑥) −

(
5𝑥2 − 4𝑥

)
Δ𝑥

=
5
(
𝑥2 + Δ𝑥2 + 2𝑥Δ𝑥

)
− 4𝑥 − 4Δ𝑥 − 5𝑥2 + 4𝑥
Δ𝑥

=
5Δ𝑥2 + 10𝑥Δ𝑥 − 4Δ𝑥

Δ𝑥
= 5Δ𝑥 + 10𝑥 − 4

(b)
𝑑𝑦

𝑑𝑥
= lim

Δ𝑥→0

Δ𝑦

Δ𝑥
= lim

Δ𝑥→0
5Δ𝑥 + 10𝑥 − 4 = 10𝑥 − 4

(c)
𝑓 ′(2) = 10 × 2 − 4 = 16

𝑓 ′(3) = 10 × 3 − 4 = 26

3. 𝑦 = 5𝑥 − 2

(a)
Δ𝑦

Δ𝑥
=

5(Δ𝑥 + 𝑥) − 2 − (5𝑥 − 2)
Δ𝑥

=
5Δ𝑥
Δ𝑥

= 5

It is a constant function.

(b) No it doesn’t matter whether Δ𝑥 is small or large. 𝑑𝑦
𝑑𝑥

= 5
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Exercise 7.1

3. (a) 𝑓 ′(𝑥) = 18
𝑓 ′(1) = 18 and 𝑓 ′(2) = 18.

(b) 𝑓 ′(𝑥) = 3𝑐𝑥2

𝑓 ′(1) = 3𝑐 and 𝑓 ′(2) = 12𝑐.

(c) 𝑓 ′(𝑥) = 10𝑥−3

𝑓 ′(1) = 10 and 𝑓 ′(2) = 10
8 = 5

4

(d) 𝑓 ′(𝑥) = 𝑥1/3 = 3√𝑥
𝑓 ′(1) = 1 and 𝑓 ′(2) = 3√2

(e) 𝑓 ′(𝑤) = 2𝑤−2/3

𝑓 ′(1) = 2 and 𝑓 ′(2) = 2 · 2−2/3 = 21/3

(f) 𝑓 ′(𝑤) = 1
2𝑤

−7/6

𝑓 ′(1) = 1
2 and 𝑓 ′(2) = 1

2

(
2−7/6

)
= 2−1 · 2−7/6

Exercise 7.2

3. (d) (𝑎𝑥 − 𝑏)︸    ︷︷    ︸
𝑓 (𝑥)

(
𝑐𝑥2

)
︸︷︷︸
𝑔(𝑥)

𝑓 ′(𝑥) = 𝑎

𝑔′(𝑥) = 2𝑐𝑥

𝑑

𝑑𝑥
𝑓 (𝑥)𝑔(𝑥) = 𝑓 ′(𝑥)𝑔(𝑥) + 𝑓 (𝑥)𝑔′(𝑥)

= 𝑎𝑐𝑥2 + (𝑎𝑥 − 𝑏)2𝑐𝑥
= 𝑎𝑐𝑥2 + 2𝑎𝑐𝑥2 − 2𝑏𝑐𝑥

= 3𝑎𝑐𝑥2 − 2𝑏𝑐𝑥
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(e) (2 − 3𝑥) (1 + 𝑥)︸              ︷︷              ︸
𝑓 (𝑥)

(𝑥 + 2)︸  ︷︷  ︸
𝑔(𝑥)

𝑔′(𝑥) = 1

𝑓 (𝑥) = (2 − 3𝑥)︸    ︷︷    ︸
ℎ(𝑥)

1 + 𝑥)︸︷︷︸
𝑝(𝑥)

𝑓 ′(𝑥) = ℎ′(𝑥)𝑝(𝑥) + ℎ(𝑥)𝑝′(𝑥)
= −3(1 + 𝑥) + (2 − 3𝑥)
= −(6𝑥 + 1)

𝑑

𝑑𝑥
𝑓 (𝑥)𝑔(𝑥) = 𝑓 ′(𝑥)𝑔(𝑥) + 𝑓 (𝑥)𝑔′(𝑥)

= −(6𝑥 + 1) (𝑥 + 2) + (2 − 3𝑥) (1 + 𝑥)
= −6𝑥2 − 𝑥 − 12𝑥 − 2 + 2 − 3𝑥 + 2𝑥 − 3𝑥2

= −9𝑥2 − 14𝑥

= −𝑥(9𝑥 + 14)

7. (a)
𝑥2 + 3

𝑥

𝑓 (𝑥) = 𝑥2 + 3 → 𝑓 ′(𝑥) = 2𝑥
𝑔(𝑥) = 𝑥 → 𝑔′(𝑥) = 1

𝑑

𝑑𝑥

𝑓 (𝑥)
𝑔(𝑥) =

𝑓 ′(𝑥)𝑔(𝑥) − 𝑓 (𝑥)𝑔′(𝑥)
𝑔(𝑥)2

=
(2𝑥)𝑥 −

(
𝑥2 + 3

)
· 1

𝑥2

=
2𝑥2 − 𝑥2 − 3

𝑥2 =
𝑥2 − 3
𝑥2
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(b)
𝑓 (𝑥) = 𝑥 + 9

𝑥

𝑓 ′(𝑥) = 1 · 𝑥 − 1 · (𝑥 + 9)
𝑥2 =

−9
𝑥2

(c)
𝑓 (𝑥) = 6𝑥

𝑥 + 5

𝑓 ′(𝑥) = 6 · (𝑥 + 5) − 1.6𝑥
(𝑥 + 5)2 =

30
(𝑥 + 5)2

(d)
𝑓 (𝑥) = 𝑎𝑥2 + 𝑏

𝑐𝑥 + 𝑑

𝑓 ′(𝑥) =
2𝑎𝑥(𝑐𝑥 + 𝑑) −

(
𝑎𝑥2 + 𝑏

)
𝑐

(𝑐𝑥 + 𝑑)2

=
2𝑎𝑐𝑥2 + 2𝑎𝑑𝑥 − 𝑐𝑎𝑥2 − 𝑏𝑐

(𝑐𝑥 + 𝑑)2

=
𝑎𝑐𝑥2 + 2𝑎𝑑𝑥 − 𝑏𝑐

(𝑐𝑥 + 𝑑)2

8. 𝑓 (𝑥) = 𝑎𝑥 + 𝑏

(a) 𝑓 ′(𝑥) = 𝑎

(b) 𝑑
𝑑𝑥
𝑎𝑥2 + 𝑏𝑥 = 2𝑎𝑥 + 𝑏

(c)
𝑑

𝑑𝑥

1
𝑎𝑥 + 𝑏

=
0(𝑎𝑥 + 𝑏) − (𝑎) · 1

(𝑎𝑥 + 𝑏)2 =
−𝑎

(𝑎𝑥 + 𝑏)2

(d)
𝑑

𝑑𝑥

𝑎𝑥 + 𝑏

𝑥
=
𝑎𝑥 − (𝑎𝑥 + 𝑏) · 1

𝑥2 =
−𝑏
𝑥2
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Exercise 7.3

1.
𝑦 = 𝑢3 + 2𝑢

𝑢 = 5 − 𝑥2

𝑑𝑦

𝑑𝑢
= 3𝑢2 + 2

𝑑𝑢

𝑑𝑥
= −2𝑥

𝑑𝑦

𝑑𝑥
=
𝑑𝑦

𝑑𝑦
· 𝑑𝑦
𝑑𝑥

=

(
3𝑦2 + 2

)
(−2𝑥)

=

(
3
(
5 − 𝑥2

)2
+ 2

)
(−2𝑥)

2.
𝑤 = 𝑎𝑦2

𝑦 = 𝑏𝑥2 + 𝑐𝑥

𝑑𝑤

𝑑𝑥
=
𝑑𝑤

𝑑𝑦
· 𝑑𝑦
𝑑𝑥

= 2𝑎𝑦(2𝑏𝑥 + 𝑐)

= 2𝑎
(
𝑏𝑥2 + 𝑐𝑥

)
(2𝑏𝑥 + 𝑐)

3. (a) 𝑦 =
(
3𝑥2 − 13

)3
Denote, 𝑧 = 3𝑥2 − 13

Then, 𝑦 = 𝑧3

𝑑𝑦

𝑑𝑥
=
𝑑𝑦

𝑑𝑧
· 𝑑𝑧
𝑑𝑥

= 3𝑧2(6𝑥) = 18𝑥
(
3𝑥2 − 13

)2
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(b)
𝑦 =

(
7𝑥3 − 5

)9

𝑧 = 7𝑥3 − 5 → 𝑦 = 𝑧9

𝑑𝑦

𝑑𝑥
=
𝑑𝑦

𝑑𝑧
· 𝑑𝑧
𝑑𝑥

= 9𝑧8
(
21𝑥2

)
= 189𝑥2

(
7𝑥3 − 5

)8

(c)
𝑦 = (𝑎𝑥 + 𝑏)5

𝑧 = 𝑎𝑥 + 𝑏 → 𝑦 = 𝑧5

𝑑𝑦

𝑑𝑥
=
𝑑𝑦

𝑑𝑧
· 𝑑𝑧
𝑑𝑥

= 5𝑧4(𝑎) = 5𝑎(𝑎𝑥 + 𝑏)4

4.
𝑦 = (16𝑥 + 3)−2

𝑧 = 16𝑥 + 3

𝑑𝑦

𝑑𝑥
=
𝑑𝑦

𝑑𝑧
· 𝑑𝑧
𝑑𝑥

= −32(16𝑥 + 3)−3

Using the quotient rule:
𝑦 =

1
(16𝑥 + 3)2

𝑑𝑦

𝑑𝑥
=

0 · (16𝑥 + 3)2 − 32(16𝑥 + 3)
(16𝑥 + 3)4

=
−32

(16𝑥 + 3)−3

5.
𝑦 = 7𝑥 + 21 → 𝑑𝑦

𝑑𝑥
= 7
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𝑥 =
𝑦 − 21

7
→ 𝑑𝑥

𝑑𝑦
=

1
7

6. (a)
𝑑𝑦

𝑑𝑥
= −6𝑥5 < 0

For 𝑥 > 0, this function is strictly decreasing as its derivative is negative.

𝑑𝑥

𝑑𝑦
=

1
𝑑𝑦/𝑑𝑥 =

−1
6𝑥5

(b)
𝑦 = 4𝑥5 + 𝑥3 + 3𝑥

𝑑𝑦

𝑑𝑥
= 20𝑥4 + 3𝑥2 + 3 > 0

This function is strictly increasing as 𝑑𝑦

𝑑𝑥
> 0 for all 𝑥.

𝑑𝑥

𝑑𝑦
=

1
20𝑥4 + 3𝑥2 + 3
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