
Derivative of 𝑥ଶ

𝐴 = 𝑥ଶ

𝐴 + Δ𝐴 = (𝑥 + Δ𝑥)ଶ = 𝑥ଶ + 2𝑥Δ𝑥 + (Δ𝑥)ଶ

Δ𝐴 = 2𝑥Δ𝑥 + (Δ𝑥)ଶ

Δ𝐴

Δ𝑥
⎯⎯⎯= 2𝑥 + Δ𝑥, lim

௫→
ቆ

Δ𝐴

Δ𝑥
⎯⎯⎯ቇ = 2𝑥

Derivative of 𝑥ଷ

𝑉 = 𝑥ଷ

𝑉 + Δ𝑉 = (𝑥 + Δ𝑥)ଷ = 𝑥ଷ + 3𝑥ଶΔ𝑥 + 3𝑥(Δ𝑥)ଶ + 3(Δ𝑥)ଷ

Δ𝑉 = 3𝑥ଶΔ𝑥 + 3𝑥(Δ𝑥)ଶ + 3(Δ𝑥)ଷ

Δ𝑉

Δ𝑥
⎯⎯⎯= 3𝑥ଶ + 3𝑥Δ𝑥 + 3(Δ𝑥)ଶ, lim

௫→
ቆ

Δ𝑉

Δ𝑥
⎯⎯⎯ቇ = 3𝑥ଶ

Derivative of Natural Exponential

𝐴 = 𝑒௫

𝐴 + Δ𝐴 = 𝑒௫ା௫ = 𝑒௫𝑒௫

Δ𝐴 = 𝑒௫𝑒௫ − 𝑒௫ = 𝑒௫൫𝑒௫ − 1൯

lim
௫→

ቆ
Δ𝐴

Δ𝑥
⎯⎯⎯ቇ = 𝑒௫ lim

௫→
ቆ

൫𝑒௫ − 1൯

Δ𝑥
⎯⎯⎯⎯⎯⎯⎯⎯⎯ቇ = 𝑒௫ lim

௫→
ቆ

𝑒௫ − 𝑒

Δ𝑥
⎯⎯⎯⎯⎯⎯⎯⎯ቇ = 𝑒௫ ×

𝑑

𝑑𝑥
⎯⎯⎯(𝑒௫)ቤ

௫ୀ

𝑑

𝑑𝑥
⎯⎯⎯(𝑒௫)ቤ

௫ୀ

= 100% growth of 𝑒 = 1, ∴ lim
௫→

ቆ
Δ𝐴

Δ𝑥
⎯⎯⎯ቇ = 𝑒௫ × 1 = 𝑒௫

Derivative of the Natural Logarithm

𝑡 = log(𝑥) = ln(𝑥)

𝑡 + Δ𝑡 = ln(𝑥 + Δ𝑥)

Δ𝑡 = ln(𝑥 + Δ𝑥) − ln(𝑥)

Δ𝑡 is the time it takes for 𝑒௨ to increase from 𝑥 to (𝑥 + Δ𝑥).

Since
𝑑

𝑑𝑢
⎯⎯⎯(𝑒௨) = 𝑒௨, 𝑒௨ is increasing at a rate of 𝑥 when 𝑒௨ = 𝑥.

An increase of Δ𝑥 is the product of the rate, 𝑥, and the time: (think distance = speed × time)

Δ𝑥 = 𝑥Δ𝑡  ⇒  Δ𝑡 =
Δ𝑥

𝑥
⎯⎯⎯, lim

௫→
ቆ

Δ𝑡

Δ𝑥
⎯⎯⎯ቇ = lim

௫→
ቆ

Δ𝑥

𝑥
⎯⎯⎯/Δ𝑥ቇ =

1

𝑥
⎯⎯

Derivative of Sine
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Derivative of Sine

ℎ = sin(𝑥)

lim
௫→

(ℎ + Δℎ) = lim
௫→

(sin(𝑥 + Δ𝑥)) = sin(𝑥) + Δ𝑥 cos(𝑥)

lim
௫→

(ℎ + Δℎ) − ℎ = lim
௫→

(Δℎ) = Δ𝑥 cos(𝑥)

lim
௫→

ቆ
Δℎ

Δ𝑥
⎯⎯⎯ቇ = cos(𝑥)

Derivative of Cosine

𝑤 = cos(𝑥)

lim
௫→

(𝑤 + Δ𝑤) = lim
௫→

(cos(𝑥 + Δ𝑥)) = cos(𝑥) − Δ𝑥 sin(𝑥)

lim
௫→

(𝑤 + Δ𝑤) − 𝑤 = lim
௫→

(Δ𝑤) = −Δ𝑥 sin(𝑥)

lim
௫→

ቆ
Δ𝑤

Δ𝑥
⎯⎯⎯ቇ = − sin(𝑥)

Derivative of Tangent

𝑑 = tan(𝑥) , ℓ = 𝑟𝜃 = Δ𝑥 sec(𝑥)

lim
௫→

(𝑑 + Δ𝑑) = lim
௫→

(tan(𝑥 + Δ𝑥))

lim
௫→

(Δ𝑑) = lim
௫→

(tan(𝑥 + Δ𝑥) − tan(𝑥))

lim
௫→

(sec(𝑥 + Δ𝑥)) =
lim

௫→
(Δ𝑑)

Δ𝑥 sec(𝑥)
⎯⎯⎯⎯⎯⎯⎯⎯

lim
௫→

(Δ𝑑)

Δ𝑥
⎯⎯⎯⎯⎯⎯⎯⎯ = lim

௫→
(sec(𝑥 + Δ𝑥)) sec(𝑥)

lim
௫→

ቆ
Δ𝑑

Δ𝑥
⎯⎯⎯ቇ = secଶ(𝑥)

      


