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Secondary 4 - Additional Mathematics Differentiation

Example 1:
For the following functions, ~nd the derivative with respect to 𝑥 .

a) ્ = 𝑥5
c) ઻ (𝑥) = 2 b) ઻ (𝑥) = 1𝑥2

d) ્ = √𝑥3
a) − ્ = 𝑥5હ્હ𝑥 = 5𝑥5−1= 5𝑥4
b) − ઻ (𝑥) = 1𝑥2= 𝑥−2઻ ′(𝑥) = −2𝑥−2−1= −2𝑥−3= − 2𝑥3

c) − ઻ (𝑥) = 2઻ ′(𝑥) = 0
d) − ્ = √𝑥3= 𝑥 32હ્હ𝑥 = 32𝑥 32 −1= 32𝑥 12= 32√𝑥

Example 1:
For the following functions, ~nd the derivative with respect to 𝑥 .

a) ્ = 3𝑥2 − 4𝑥 + 2√𝑥 b) ્ = 4𝑥3 − 2𝑥 + શ𝑥
a) − ્ = 3𝑥2 − 4𝑥 + 2√𝑥હ્હ𝑥 = 3 હહ𝑥 [𝑥2] − 4 હહ𝑥 [𝑥] + 2 હહ𝑥 [𝑥 12 ]= 3(2𝑥) − 4(1) + 2 (12𝑥− 12 )= 6𝑥 − 4 + 1√𝑥
b) − ્ = 4𝑥3 − 2𝑥 + શ𝑥= 4𝑥2 − 2 + શ𝑥−1હ્હ𝑥 = 4 હહ𝑥 [𝑥2] − હહ𝑥 [2] + શ હહ𝑥 [𝑥−1]= 4(2𝑥) − (0) + શ(−𝑥−2)= 8𝑥 − શ𝑥2

Example 2:
A company models its pro~t (in thousands of dollars) from with the fol-
lowing function: ફ(ૈ) = 2ૈ3 − 15ૈ2 + 36ૈ
where ૈ is the number of months since launch.
a) Find the rate at which pro~t changes over time.
b) Find the equation of the tangent at ૈ = 2.
c) Find the rate of increase in pro~t the company makes at ૈ = 3.5.

a) − ફ(ૈ) = 2ૈ3 − 15ૈ2 + 36ૈફ ′(ૈ) = 6ૈ2 − 30ૈ + 36
b) − ફ ′(2) = 6(2)2 − 30(2) + 36 = 0ફ(2) = 2(2)3 − 15(2)2 + 36(2) = 28− ્ = 0𝑥 + 28્ = 28
c) − ફ ′(3.5) = 6(3.5)2 − 30(3.5) + 36 = 4.5

The rate of increase is $4500 per month.

Example 1:
For the following functions, ~nd the derivative with respect to 𝑥 .

a) ્ = (𝑥3 − 2𝑥)5 b) ્ = 1√𝑥2 + 1
a) − Let ૉ = 𝑥3 − 2𝑥 .્ = (𝑥3 − 2𝑥)5= ૉ5− હ્હ𝑥 = હ્હૉ × હૉહ𝑥= હહૉ [ૉ5] × હહ𝑥 [𝑥3 − 2𝑥]= 5ૉ4 × (3𝑥2 − 2)= 5(𝑥3 − 2𝑥)4 × (3𝑥2 − 2)= 5(3𝑥2 − 2)(𝑥3 − 2𝑥)4
b) − Let ૉ = 𝑥2 + 1.્ = 1√𝑥2 + 1= ૉ− 12− હ્હ𝑥 = હહૉ [ૉ− 12 ] × હહ𝑥 [𝑥2 + 1]= −12ૉ− 32 × 2𝑥= −𝑥(𝑥2 + 1)− 32= − 𝑥√(𝑥2 + 1)3
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Example 1:
For the following functions, ~nd the derivative with respect to 𝑥 .
a) ્ = (2𝑥3 + 𝑥)(3𝑥2 − 5) b) ્ = (𝑥2 − 2)3√2𝑥 + 1

a) − ્ = (2𝑥3 + 𝑥)(3𝑥2 − 5)હ્હ𝑥 = હહ𝑥 [2𝑥3 + 𝑥](3𝑥2 − 5) + (2𝑥3 + 𝑥) હહ𝑥 [3𝑥2 − 5]= (6𝑥2 + 1)(3𝑥2 − 5) + (2𝑥3 + 𝑥)(6𝑥)= (6𝑥2 + 1)(3𝑥2 − 5) + 6𝑥(2𝑥3 + 𝑥)
b) − ્ = (𝑥2 − 2)3√2𝑥 + 1હ્હ𝑥 = હહ𝑥 [(𝑥2 − 2)3]√2𝑥 + 1 + (𝑥2 − 2)3 હહ𝑥 [√2𝑥 + 1]= [3(𝑥2 − 2)2(2𝑥)]√2𝑥 + 1 + (𝑥2 − 2)3 [ 12 (2𝑥 + 1)− 12 (2)]= 6𝑥(𝑥2 − 2)2√2𝑥 + 1 + (𝑥2 − 2)3√2𝑥 + 1

Example 2:
Di{erentiate ્ = (𝑥3 + 1)(𝑥2 + 2)(𝑥 + 3) with respect to 𝑥 .− ્ = (𝑥3 + 1)(𝑥2 + 2)(𝑥 + 3)હ્હ𝑥 = હહ𝑥 [(𝑥3 + 1)](𝑥2 + 2)(𝑥 + 3)+ (𝑥3 + 1) હહ𝑥 [(𝑥2 + 2)(𝑥 + 3)]= હહ𝑥 [(𝑥3 + 1)](𝑥2 + 2)(𝑥 + 3)+ (𝑥3 + 1) [ હહ𝑥 [(𝑥2 + 2)](𝑥 + 3) + (𝑥2 + 2) હહ𝑥 [(𝑥 + 3)]]= હહ𝑥 [(𝑥3 + 1)](𝑥2 + 2)(𝑥 + 3)+ (𝑥3 + 1) હહ𝑥 [(𝑥2 + 2)](𝑥 + 3)+ (𝑥3 + 1)(𝑥2 + 2) હહ𝑥 [(𝑥 + 3)]= (3𝑥2)(𝑥2 + 2)(𝑥 + 3)+ (𝑥3 + 1)(2𝑥)(𝑥 + 3)+ (𝑥3 + 1)(𝑥2 + 2)(1)= 3𝑥2(𝑥2 + 2)(𝑥 + 3) + 2𝑥(𝑥3 + 1)(𝑥 + 3) + (𝑥3 + 1)(𝑥2 + 2)

Example 1:
Di{erentiate ્ = (𝑥2 + 1)2𝑥 − 4 with respect to 𝑥 .− ્ = (𝑥2 + 1)2𝑥 + 4હ્હ𝑥 = હહ𝑥 [(𝑥2 + 1)2](𝑥 − 4) − (𝑥2 + 1)2 હહ𝑥 [(𝑥 − 4)](𝑥 − 4)2= 2(𝑥2 + 1)(2𝑥)(𝑥 − 4) − (𝑥2 + 1)2(1)(𝑥 − 4)2= [4𝑥(𝑥 − 4) − (𝑥2 + 1)](𝑥2 + 1)(𝑥 − 4)2= (4𝑥2 − 16𝑥 − 𝑥2 − 1)(𝑥2 + 1)(𝑥 − 4)2= (3𝑥2 − 16𝑥 − 1)(𝑥2 + 1)(𝑥 − 4)2

Example 1:
Find the third derivative of ્ = 𝑥4 + 𝑥2 − 1𝑥 with respect to 𝑥 .− ્ = 𝑥4 + 𝑥2 − 𝑥−1હ્હ𝑥 = 4𝑥3 + 2𝑥 + 𝑥−2હ2્હ𝑥2 = 12𝑥2 + 2 − 2𝑥−3હ3્હ𝑥3 = 24𝑥 + 6𝑥−4= 24𝑥 + 6𝑥4

Example 1:
For the following functions, ~nd the derivative with respect to 𝑥 .
a) ્ = sin2(𝑥)
c) ્ = cos(𝑥2 + ൙) b) ્ = [2 tan(𝑥) + 1]3

d) ્ = sin(3𝑥) cos(2𝑥)
a) − ્ = sin2(𝑥)હ્હ𝑥 = 2 sin(𝑥) cos(𝑥)
b) − ્ = [2 tan(𝑥) + 1]3હ્હ𝑥 = 3[2 tan(𝑥) + 1]2[2 sec2(𝑥)]
c) − ્ = cos(𝑥2 + ൙)હ્હ𝑥 = − sin(𝑥2 + ൙)(2𝑥)= −2𝑥 sin(𝑥2 + ൙)
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d) − ્ = sin(3𝑥) cos(2𝑥)હ્હ𝑥 = cos(3𝑥)(3) cos(2𝑥) + sin(3𝑥)[− cos(2𝑥)](2)= 3 cos(3𝑥) cos(2𝑥) − 2 sin(3𝑥) sin(2𝑥)

Example 1:
For the following functions, ~nd the derivative with respect to 𝑥 .
a) ્ = ઺2𝑥3+𝑥 b) ્ = ln(𝑥2 − 3𝑥 + 4)

a) − ્ = ઺𝑥3+2𝑥હ્હ𝑥 = ઺2𝑥3+𝑥 (3𝑥2 + 2)= (3𝑥2 + 2)઺2𝑥3+𝑥
b) − ્ = ln(𝑥2 − 3𝑥 + 4)હ્હ𝑥 = 1𝑥2 − 3𝑥 + 4 (2𝑥 − 3)= 2𝑥 − 3𝑥2 − 3𝑥 + 4

Example 2:
Let ઻ (𝑥) = 𝑥 ln(𝑥)

sin(𝑥)
a) Di{erentiate ઻ (𝑥) with respect to 𝑥 .
b) Find the gradient at 𝑥 = ൙2 .− ઻ (𝑥) = 𝑥 ln(𝑥)

sin(𝑥)઻ ′(𝑥) = [𝑥 ln(𝑥)]′ sin(𝑥) − 𝑥 ln(𝑥)[sin(𝑥)]′
sin2(𝑥)= [ln(𝑥) + 1𝑥 (𝑥)] sin(𝑥) − 𝑥 ln(𝑥) cos(𝑥)

sin2(𝑥)= [ln(𝑥) + 1] sin(𝑥) − 𝑥 ln(𝑥) cos(𝑥)
sin2(𝑥)઻ ′ (൙2 ) = [ln (൙2 ) + 1] sin (൙2 ) − 𝑥 ln (൙2 ) cos (൙2 )

sin2 (൙2 )= [ln (൙2 ) + 1] (1) − 𝑥 ln (൙2 ) (0)(1)2= ln (൙2 ) + 1

Example 1:
Let ઻ (𝑥) = 𝑥3 + 3𝑥2 − 9𝑥 + 1
a) Find ઻ ′(𝑥).
b) Find the coordinates of the turning points of ્ = ઻ (𝑥).
c) Find the regions where ઻ (𝑥) is increasing.
d) Find the regions where ઻ (𝑥) is decreasing.

a) − ઻ ′(𝑥) = 3𝑥2 + 6𝑥 − 9
b) − At turning points, ઻ ′(𝑥) = 0⇒ 3𝑥2 + 6𝑥 − 9 = 0𝑥2 + 2𝑥 − 3 = 0(𝑥 − 1)(𝑥 + 3) = 0𝑥 = 1 or 𝑥 = −3− ઻ (1) = (1)3 + 3(1)2 − 9(1) + 1= −4− ઻ (−3) = (−3)3 + 3(−3)2 − 9(−3) + 1= 28

Coordinates of the turning points are (1, −4) and (−3, 28).
c) − (𝑥 − 1)(𝑥 + 3) > 0𝑥 < −3 or 𝑥 > 1
d) − − 3 < 𝑥 < 1
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Example 1:
Let ઻ (𝑥) = 𝑥3 + 9𝑥2 + 24𝑥 − 16
Find the coordinates and nature of the stationary points of ્ = ઻ (𝑥).− ઻ ′(𝑥) = 3𝑥2 + 18𝑥 + 24− At the stationary points, ઻ ′(𝑥) = 0.3𝑥2 + 18𝑥 + 24 = 0(𝑥 + 2)(𝑥 + 4) = 0𝑥 = −2 or 𝑥 = −4− ઻ ′(−1) = 3(−1)2 + 18(−1) + 24= 9− ઻ ′(−3) = 3(−3)2 + 18(−3) + 24= −3− ઻ ′(−5) = 3(−5)2 + 18(−5) + 24= 9− ઻ (−2) = (−2)3 + 9(−2)2 + 24(−2) − 16= −36− ઻ (−4) = (−4)3 + 9(−4)2 + 24(−4) − 16= −32− The point (−2, −36) is a maximum point.− The point (−4, −32) is a minimum point.

Example 1:
Let ઻ (𝑥) = 𝑥3 − 12𝑥 + 6
Find the coordinates and nature of the stationary points of ્ = ઻ (𝑥).− ઻ ′(𝑥) = 3𝑥2 − 12− At the stationary points, ઻ ′(𝑥) = 0.3𝑥2 − 12 = 0𝑥 = ±2𝑥 = −2 or 𝑥 = 2− ઻ ″(𝑥) = 6𝑥− ઻ ″(−2) = 6(−2)= −12− ઻ ″(2) = 6(2)= 12− ઻ (−2) = (−2)3 − 12(−2) + 6= 22− ઻ (2) = (2)3 − 12(2) + 6= −10− The point (−2, 22) is a maximum point.− The point (2, −10) is a minimum point.

Math Hawker. All Rights Reserved. 2025 5


