DIFFERENTIATION

Derivative

(1) The rate of change of one quantity with respect to some other quantity has a great importance. For example the
rate of change of displacement of a particle with respect to time is called its velocity and rate of change of
velocity is called its acceleration. The rate of change of a quantity ‘y’ with respect to another quantity ‘x’ is called

the derivative or differential coefficient of y with respect to x .
(i) Let y = f(x) be a continuous function of an independent variable x. Let dx be an arbitrary small change in the
S , . .
S—i as ox — 0, if exists, is named

as the derivative or differential coefficient of x with respect to y and it is denoted by dy / dx

value of x and dy be the corresponding change in that of y. Then limit of the ratio
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Derivative of y with respect to x is also denoted by the following symbols : y ¢,y, , Dy
The process of finding derivative of a function is called differentiation.

Derivatives of some standard functions

Some Differentiation Formulae

: d - d n n—1
(1) x (constant) = 0 (i1) ax (x) =nx
(i) 5 () =¢" (iv) ™ (@a")=a"log, a
d 1 : d 1
(v) gy (ogx)= < V) gx (08, %)= Y0g. 2
(vii) ax (sin x) = cos x (viii) ax (cos x) = —sin x
. 2 d 2
(ix) ax (tan X) = sec” x (%) ax (cot x) = —cosec” x
. .. d
(x1) ax (sec x) = sec x tan x (xit) ax (cosec x) = —cosec x cot X
ol e L O P L S
(xii1) dx (sin 'x) |2 315X (x1v) dx (cos x)=-— 12 o Isx
(V) o (tan'x)= — 5 : xeR () o (o) R
xv) —— (tan x)= ;X xvi - X)=— X
/ dx a 1+X2 ’ € ¥ dx co 1+X2 > V €

1
.. d —1 L — e d —1 _ -1 .
(xvii) i (sec” x) = ]x| 2 _1 > |x|>1 (xviil) ax (cosec x) = 7‘)(’\/@ x| >1
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d b
(xix) ™ (™ sinbx) =e™ (asinbx +bcosbx) = /a2 +p2 sin (bx + tan! g)

) b
(xx) ax (¢™ cos bx) =¢™ (acos bx —bsinbx) = /324 p2 ¢“cos (bx + tan' g)

X

d 1
= x| (x=0 (o) o log x| =~ (x 2 0)

. d
(xxi) o X ax

Some theorems of differentiation

d d )
i) 5,000 £ 900) = —(f(x) + ——(g(x))

d d
(ii) a(k f(x))= ka(f(x)) , where k is any constant

d d d
(i) gy (1002 = (X))~ (R () + (1(x)) = (f(x))

d d

. d [ﬂ(x)] B0 (BN =) (F(x)

vy 2 :
dx \ () (R()

(v) Derivative of the function of the function .

If ‘y’ is a function of ‘t” and ‘t’ is a function of ‘x’, then

dy _dy dt
dx  dt dx
d dg{f(x) d
Thus &{g[f(x)]}= d{f(x)} .&f(X) =g {fx}. f' )

(vi) Derivative of parametric equation
Ifx= ¢ (t),y= w(t) then

d_y dy/dx

dx dt dt
(vii) Derivative of a function w.r..t another function
If f(x) and g(x) are two function of a variable x, then
d(f(x)) d
d(g(x)) dx

(1)) [ =-(g(x)

Differentiation of Implicit Functions

If in an implicit function (X, y) = 0, y cannot be expressed in terms of x, then we differentiate both sides of the

d
given equation w.r.t. x and collect all terms containing & on L.H.S.

NOTE : In the above process we obtain dy/dx in terms of both x and y. If we want dy/dx in terms of x only, then
let us first express y in terms of x .

Short method of differentiation for implicit functions
If f(x,y) = constant, then
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dy __[of),[of
dx oX oy

of and
where ax
[By partial derivative of f(x , y) with respect to x, we mean the derivative of f(x, y) with respect to x when y is
treated as a constant.]

of
[8_y] are partial derivatives of f ( x ,y ) with respect to x and y respectively.

Logarithmic differentiation

If differentiation of an expression or an equation is done after taking log on both sides, then it is called logarithmic
differentiation. Generally we apply this method when given expression is in one of the following forms

G [fx)EY

(i) product of three or more function

Some Suitable substitutions

(1) If the function involve the term /52 _x2 , then substitute x =asin § or x =a cos ¢
(i) If the function involve the term /x2 4 52, then substitute x =a tan @ or x = a cotg
iii) If the function involve the term /x2 _ 52, then substitute X =a sec § or X = a cosec g
X‘-a
. . . a — X .
iv) If the function involve the term , then substitute x =a cos @ orx =a cos 24
a+x

Differentiation of a Determinant Function

h

f g
If Fx=|[’™n"
u v w

Where f, g, h, 4 , m, n, u, v, w are functions of x and differentiable , then

f''g hn f g h f g h

Fi(x) = ' m n| + | m n| + [/ m n

u v w u v w u vow
f' g h f g h f g h'
or Fi(x) = ("' m n|+ |/ m n|+ |/ m n
vV W u v' w u v w'
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