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CHAPTER ANALYSIS
• Algebraic, Exponential, Trigonometric and Logarithmic

first and second derivatives

• Application of Differentiation
o Gradient, Tangent & Normal
o Rate of Change
o Increasing & Decreasing Functions
o Stationary Points
o Maxima & Minima
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General Rules of Differentiation
Trigonometric Differentiation
Exponential & Logarithmic Differentiation
Second or Higher Derivatives
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General Rules of Differentiation 

If 𝒚 = 𝒂𝒙𝒏 and 𝒂 is a constant, 𝒏 is an integer or rational number

Rules Formulae

Power Function
𝑑
𝑑𝑥

𝑎𝑥" = 𝑎𝑛𝑥"#$

Linear Function
𝑑
𝑑𝑥

𝑎𝑥 = 𝑎

Constant Function
𝑑
𝑑𝑥

𝑎 = 0

Chain Rule
𝑑
𝑑𝑥

𝑘 𝑎𝑥 + 𝑏 " = 𝑘𝑛 𝑎𝑥 + 𝑏 "#$ . (𝑎)

If 𝒖 and 𝒗 are functions of 𝒙

Rules Formulae

Sum Rule
𝑑
𝑑𝑥

𝑢 + 𝑣 =
𝑑𝑢
𝑑𝑥

+
𝑑𝑣
𝑑𝑥

Difference Rule
𝑑
𝑑𝑥

𝑢 − 𝑣 =
𝑑𝑢
𝑑𝑥

−
𝑑𝑣
𝑑𝑥

Product Rule
𝑑
𝑑𝑥

𝑢𝑣 = 𝑢
𝑑𝑣
𝑑𝑥

+ 𝑣
𝑑𝑢
𝑑𝑥

Quotient Rule 𝑑
𝑑𝑥

𝑢
𝑣

=
𝑣 𝑑𝑢
𝑑𝑥 − 𝑢 𝑑𝑣

𝑑𝑥
𝑣%
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Trigonometric Differentiation 

𝒚 = 𝐬𝐢𝐧𝒙

Rules

𝑑
𝑑𝑥

sin 𝑥 = cos 𝑥

𝑑
𝑑𝑥

𝑎 sin 𝑏𝑥 + 𝑐 = 𝑎𝑏 cos 𝑏𝑥 + 𝑐

𝑑
𝑑𝑥

𝑎 sin" 𝑏𝑥 + 𝑐 = 𝑎𝑛𝑏 sin"#$ 𝑏𝑥 + 𝑐 cos 𝑏𝑥 + 𝑐

𝒚 = 𝐜𝐨𝐬 𝒙

Rules

𝑑
𝑑𝑥

cos 𝑥 = −sin 𝑥

𝑑
𝑑𝑥

𝑎 cos 𝑏𝑥 + 𝑐 = −𝑎𝑏 sin 𝑏𝑥 + 𝑐

𝑑
𝑑𝑥

𝑎 cos" 𝑏𝑥 + 𝑐 = −𝑎𝑛𝑏 cos"#$ 𝑏𝑥 + 𝑐 sin 𝑏𝑥 + 𝑐

𝒚 = 𝐭𝐚𝐧𝒙

Rules

𝑑
𝑑𝑥

tan 𝑥 = sec% 𝑥

𝑑
𝑑𝑥

𝑎 tan 𝑏𝑥 + 𝑐 = 𝑎𝑏 sec% 𝑏𝑥 + 𝑐

𝑑
𝑑𝑥

𝑎 tan" 𝑏𝑥 + 𝑐 = 𝑎𝑛𝑏 tan"#$ 𝑏𝑥 + 𝑐 sec% 𝑏𝑥 + 𝑐
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Exponential & Natural Logarithmic Differentiation 

𝒚 = 𝒆𝒙

Rules

𝑑
𝑑𝑥

𝑒' = 𝑒'

𝑑
𝑑𝑥

𝑒(')* = 𝑎𝑒(')*

𝑑
𝑑𝑥

𝑒+ ' = 𝑓, 𝑥 𝑒+ '

𝒚 = 𝐥𝐧𝒙

Rules

𝑑
𝑑𝑥

ln 𝑥 =
1
𝑥

𝑑
𝑑𝑥

ln 𝑎𝑥 + 𝑏 =
𝑎

𝑎𝑥 + 𝑏

𝑑
𝑑𝑥

ln 𝑓 𝑥 =
𝑓, 𝑥
𝑓 𝑥

Second or Higher Derivatives

A second derivative of 𝒚 is obtained by differentiating 𝒚 twice

𝒇,, 𝒙
𝒅𝟐𝒚
𝒅𝒙𝟐

A 𝑛th derivative of 𝒚 is obtained by differentiating 𝒚 𝑛 times

𝒇 𝒏 𝒙
𝒅𝒏𝒚
𝒅𝒙𝒏
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Applications of Differentiation

KEY CONCEPT
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Application 1: Increasing & Decreasing Functions

A differential function 𝑦 = 𝑓 𝑥 is known to be an increasing function if

𝑑𝑦
𝑑𝑥

> 0

A differential function 𝑦 = 𝑓 𝑥 is known to be an increasing function if

𝑑𝑦
𝑑𝑥

< 0

Why is the gradient increasing for the graph?

The added lines to the graph are tangent lines (we add tangent lines to help
find the gradient of a particular point on the curve [concept from E-Math]).
Finding the gradient of these tangent lines will tell us about the overall
general curvature (gradient profile) of the curve

Based on the drawn tangent lines, we can see that the gradient is slowing
increasing and getting steeper, implying that the gradient is increasing

Why is the gradient decreasing for the graph?

Similar reasonings above. Based on the drawn tangent lines, we can see that 
the gradient is slowly getting more and more shallow, implying that the 
gradient is decreasing
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Application 2: Stationary Point

The point on the curve of a function 𝒚 = 𝒇 𝒙 where

𝒅𝒚
𝒅𝒙

= 𝟎

Nature of Stationary Points
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Determining Nature of Stationary Points

First Derivative Test

Second Derivative Test
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Application 3: Gradients, Tangents & Normals

Gradient of a line can be found using 2 methods

• Reading off the equation of the line (if the equation is provided)

𝒚 = 𝒎𝒙 + 𝒄

• Differentiating the equation of the line, and substituting the 𝑥-
coordinate of the point in question, into the derivative

.
𝒅𝒚
𝒅𝒙 𝒙"𝜶

A normal to a point cuts the same point as to where the tangent is
taken from. This normal is also perpendicular to the tangent to the line
of that point

Let the gradient of the tangent be 𝒎 and the tangential point be 𝒙𝟏, 𝒚𝟏

Type of line Equation of line

Tangent Line 𝑦 − 𝑦$ = 𝑚 𝑥 − 𝑥$

Normal 𝑦 − 𝑦$ = −
1
𝑚

𝑥 − 𝑥$
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Application 4: Maxima & Minima

All concepts are same (as stationary point) where

𝒅𝒚
𝒅𝒙

= 𝟎

Application 5: Connected Rate of Change

Rate of Change questions are also very distinctive. Questions will always have
the element of time, and have rates introduced in them

𝒅𝒚
𝒅𝒙 =

𝒅𝒚
𝒅𝒕 ×

𝒅𝒕
𝒅𝒙

Tips on solving such questions:

Start the process by writing the term on the left and expanding it out to the
right. The denominator of the first fraction on the right, and the numerator of
the second fraction should be left blank

𝒅𝒚
𝒅𝒙 =

𝒅𝒚
×𝒅𝒙

Do note that the blanked term must be the same. Always read around the
question and find the elements that have not been used yet. Most of the time it
will be the time-element or one of the (not-used) expressions in the question
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