
∫ (𝑥2 − 4𝑥 + 2) d𝑥
4

1

 

The limit definition of an integral is: 

∫ 𝑓(𝑥) d𝑥
𝑏

𝑎

= lim
𝑛→∞

∑ 𝑓(𝑥𝑖
∗) Δ𝑥

𝑛

𝑖=1

 

where 

Δ𝑥 =
𝑏 − 𝑎

𝑛
 

𝑥𝑖
∗ = 𝑎 + (

𝑏 − 𝑎

𝑛
) 𝑖 

Using the above: 

Δ𝑥 =
4 − 1

𝑛
=

3

𝑛
 

𝑥𝑖
∗ = 1 +

3𝑖

𝑛
 

∫ (𝑥2 − 4𝑥 + 2) d𝑥
4

1

 

= lim
𝑛→∞

∑ [(1 +
3𝑖

𝑛
)

2

− 4 (1 +
3𝑖

𝑛
) + 2] ⋅

3

n

𝑛

𝑖=1

 

= lim
𝑛→∞

∑ [(1 +
6𝑖

𝑛
+

9𝑖2

𝑛2
) − (4 +

12𝑖

𝑛
) + 2] ⋅

3

n

𝑛

𝑖=1

 

= lim
𝑛→∞

∑ (
9𝑖2

𝑛2
−

6𝑖

𝑛
− 1) ⋅

3

n

𝑛

𝑖=1

 

= lim
𝑛→∞

∑ (
27𝑖2

𝑛3
−

18𝑖

𝑛2
−

3

𝑛
)

𝑛

𝑖=1

 

= lim
𝑛→∞

[∑ (
27𝑖2

𝑛3
) − ∑ (

18𝑖

𝑛2
)

𝑛

𝑖=1

𝑛

𝑖=1

− ∑ (
3

𝑛
)

𝑛

𝑖=1

] 



= lim
𝑛→∞

[
27

𝑛3
∑ 𝑖2

𝑛

𝑖=1

−
18

𝑛2
∑ 𝑖

𝑛

𝑖=1

−
3

𝑛
∑ 1

𝑛

𝑖=1

] 

Using  

∑ 𝑖2

𝑛

𝑖=1

=
𝑛(𝑛 + 1)(2𝑛 + 1)
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∑ 𝑖

𝑛

𝑖=1

=
𝑛(𝑛 + 1)

2
 

∑ 1

𝑛

𝑖=1

= 𝑛 

= lim
𝑛→∞

[
27

𝑛3
(

𝑛(𝑛 + 1)(2𝑛 + 1)

6
) −

18

𝑛2
(

𝑛(𝑛 + 1)

2
) −

3

𝑛
(𝑛)] 

= lim
𝑛→∞

[
9

𝑛2
(

(𝑛 + 1)(2𝑛 + 1)

2
) −

9

𝑛
(𝑛 + 1) − 3] 

= lim
𝑛→∞

3

2𝑛2
[3(𝑛 + 1)(2𝑛 + 1) − 6𝑛(𝑛 + 1) − 2𝑛2] 

= lim
𝑛→∞

3

2𝑛2
[(6𝑛2 + 9𝑛 + 3) − (6𝑛2 + 6𝑛) − 2𝑛2] 

= lim
𝑛→∞

3

2𝑛2
[−2𝑛2 + 3𝑛 + 3] 

= lim
𝑛→∞

(−3) + lim
𝑛→∞

(
9

2𝑛
) + lim

𝑛→∞
(

9

2𝑛2
) 

= −3 + 0 + 0 

= −𝟑 

 


