
12.2) Finding the derivative



Worked example Your turn

The point 𝐴 with coordinates 8,64 lies on 
the curve with equation 𝑦 = 𝑥2.
At point 𝐴 the curve has gradient 𝑔.
a) Show that 𝑔 = lim

ℎ→0
16 + ℎ

b) Deduce the value of 𝑔.

The point 𝐴 with coordinates 4,16 lies on 
the curve with equation 𝑦 = 𝑥2.
At point 𝐴 the curve has gradient 𝑔.
a) Show that 𝑔 = lim

ℎ→0
8 + ℎ

b) Deduce the value of 𝑔.

Shown



Worked example Your turn

Prove from first principles that the derivative 
of 3𝑥 is 3

Prove from first principles that the derivative 
of 5𝑥 is 5

𝑓 𝑥 = 5𝑥

𝑓′ 𝑥 = lim
ℎ→0

𝑓 𝑥 + ℎ − 𝑓 𝑥

ℎ

= lim
ℎ→0

5(𝑥 + ℎ) − 5(𝑥)

ℎ

= lim
ℎ→0

5𝑥 + 5ℎ − 5𝑥

ℎ

= lim
ℎ→0

5ℎ

ℎ
= lim

ℎ→0
5

= 5



Worked example Your turn

Prove from first principles that the derivative 
of 3𝑥2 is 6𝑥

Prove from first principles that the derivative 
of 5𝑥2 is 10𝑥

𝑓 𝑥 = 5𝑥2

𝑓′ 𝑥 = lim
ℎ→0

𝑓 𝑥 + ℎ − 𝑓 𝑥

ℎ

= lim
ℎ→0

5 𝑥 + ℎ 2 − 5(𝑥)2

ℎ

= lim
ℎ→0

5𝑥2 + 10𝑥ℎ + 5ℎ2 − 5𝑥2

ℎ

= lim
ℎ→0

10𝑥ℎ + 5ℎ2

ℎ

= lim
ℎ→0

ℎ 10𝑥 + 5ℎ

ℎ
= lim

ℎ→0
(10𝑥 + 5ℎ)

= 10𝑥
[As ℎ → 0, 5ℎ → 0]



Worked example Your turn

Prove from first principles that the derivative 
of 𝑥4 is 4𝑥3.

Prove from first principles that the derivative 
of 𝑥3 is 3𝑥2

𝑓 𝑥 = 𝑥3

𝑓′ 𝑥 = lim
ℎ→0

𝑓 𝑥 + ℎ − 𝑓 𝑥

ℎ

= lim
ℎ→0

𝑥 + ℎ 3 − (𝑥)3

ℎ

= lim
ℎ→0

𝑥3 + 3𝑥2ℎ + 3𝑥ℎ2 + ℎ3 − 𝑥3

ℎ

= lim
ℎ→0

3𝑥2ℎ + 3𝑥ℎ2 + ℎ3

ℎ

= lim
ℎ→0

ℎ 3𝑥2 + 3𝑥ℎ2 + ℎ3

ℎ
= lim

ℎ→0
(3𝑥2 + 3𝑥ℎ + ℎ2)

= 3𝑥2

[As ℎ → 0, 3𝑥ℎ → 0 and ℎ2 → 0]


