ADVANCED HIGHER MATHEMATICS UNIT 1 OUTCOME 2

BASIC DIFFERENTIATION

DIFFERENTIATION FROM FIRST PRINCIPLES

Recall that f7(a) is the gradient of the tangent to the curve y = f(x) at the point
where x =a.
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If 4 is small, the gradient of the chord AB will be approximately equal to the gradient
of the tangent at A. As & gets smaller, the approximation becomes more accurate.

As h—>0, f(a+h2—f(a)—>f’(a).

We write f'(a) = hlimo{f(a+hh)—f(a)}'
.__)

Replacing a with x gives a formula for finding /'(x):

Lo dim | fx+hR) - f(x)
f(x)_h—>0{ P }

Using the above formula to find f'(x) is known as differentiation from first
principles.



Worked Example 1

Find the derivative of the function f(x)=3x" from first principles.

Solution

F(x)=3x*

f(x+h)=3(x+h)? =3(x" +2xh+h")
=3x% +6xh+3h°

f(x+h)-f(x) _3x* +6xh+3h* =3x’
h h
_ 6xh+3h°

h
=6x+3h

ooy lim | fx+h) - f(x)
f(x)_h—>0{ h }

lim
= lox+3ht=6
h—»le } *



Worked Example 2

Find the derivative of the function f(x) = 2x’ ~3x+1 from first principles.

Solution
f(x)=2x" -3x+1

fx+h)y=2(x+h)" -3(x+h)+1
=2(x* +2xh+h*)=3(x+h)+1
=2x*+4xh+2h* =3x-3h+1

flx+h) = f(x) 2x*+A4xh+2h" =3x-3h+1-(2x* =3x+1)

h h
_2x" +4xh+ 2k -3x-3h+1-2x" +3x -1
- h
_ 4xh+2h* =3h
B h
=4x+2h-3
, lim | f(x+h)- f(x)
T e

M oh-3)=4x3
h—0





