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1 THE DERIVATIVE

1 The Derivative

1.1 Derivative of a Function

The derivative of a function f(z) with respect to x is defined as:

: . fle+h) - f(x)
f'(x) = lim . ,

h—0

where h represents a small change in z, and the limit represents the instantaneous rate

of change of the function.
The derivative can also be denoted as:

dy d

f,(x)a %7 %

Example: For the function f(z) = 22, the derivative is calculated as:

h)? — o2 24 90h + h? — o2 2wh + h?
f’(gv):}llimw:]imx tLeh + Ty
—0 h h—0 h h—0

Thus, the derivative of f(z) = 2% is f'(x) = 2.

1.2 Rules of Derivation

= lim(2z+h) = 2z.
h—0

The following are the basic rules for finding derivatives of functions, along with exam-

ples:

1. Constant Rule: The derivative of a constant is zero.

d
—[c] =0, where c is a constant.
dz
Example:
d
5 =0
7 19]
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2. Power Rule: The derivative of 2", where n is a real number, is given by:

%[x"] =na"?
Example:
i[zﬁ] = 322
dx

. Sum and Difference Rule: The derivative of the sum or difference of two func-

tions is the sum or difference of their derivatives.

(@) £9(@)] = f'(@) £ 4'(2).

Example:

d
%[12 + 3z] = 2z + 3.

. Product Rule: The derivative of the product of two functions is:

d

[ (@)g@)] = f'(@)g(e) + f2)g (@)

Example: Let f(z) = 2 and g(x) = sin(z). Then:

%[932 sin(x)] = 2z sin(z) + 2? cos(x).

. Quotient Rule: The derivative of the quotient of two functions is:

d { 7 } _2z(x+1)—2%(1) _z(x+2)
(z +1)7 (z+1)*
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1 THE DERIVATIVE

6. Chain Rule: The derivative of a composite function f(g(z)) is:

L 1o = Flg(e)) o' (2).

Example: Let f(z) = sin(z?). Then:

dx

—[sin(2?)] = cos(x?) - 22 = 2x cos(z?).

Derivatives of Trigonometric Functions

Function Derivative

sin(ax) acos(axr)

cos(ax) —asin(ax)

tan(ax) asec’*(ax), ar#5+nm, nel
cot(ax) —acsc*(ax), ax #nm,ne’
sec(ax) |asec(ax)tan(ar), ax # 5 +nm,ncZ
csc(ar) | —acsc(ar)cot(ar), ar#nm,n€

Derivatives of Hyperbolic Functions

Function Derivative
sinh(ax) a cosh(ax)
cosh(ax) a sinh(ax)
tanh(ax) a sech?(az)
coth(ax) | —acsch®(ax), ax #0
sech(ax) | —asech(az)tanh(ax)
csch(az) | —acsch(ax) coth(ax)
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1 THE DERIVATIVE

Derivatives of Inverse Trigonometric Functions

Function Derivative

sin”* (ax) m, lax| < 1

cos ! (ax) —\/ﬁ, laz| < 1

tan~! (ax) THen?

cot™(ax) —THan?

sec(ar) | —FA——, Jaz|>1
laz|y/(az)2—1

cset(ax) —W, laz| > 1

Derivatives of Inverse Hyperbolic Functions

Function Derivative
. —1 a
sinh™" (ax) N
cosh™ ! (azx) ( “)2_1, ar > 1
tanh™ (ax) e lax| <1
coth™ ' (ax) T lax]>1
sech™!(ar) | ——~2——, O0<azr<1
( ) (az)4/1—(azx)? -
csch™Hax -
( ) laz|y/ 1+ (ax)?

Derivative of Logarithmic Functions

The derivatives of the following logarithmic functions are given below:
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1 THE DERIVATIVE

Derivative of Exponential Functions

The derivatives of the following exponential functions are:
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