DIFFERENTIATION

DERIVATIVE OF A FUNCTION

Let y = f(x) be a function defined on the interval [a, b]. Let
for a small increment 8x in x, the corresponding increment in
the value of y be 6y. Then

y =f(x)and y + 8y = f(x + &x)

On subtraction, we get
& =f(x+8x) - f(x)

Sy 2 f(x+d) - f(x)
Ox ox

Taking limit on both sides when ox — 0 we have,

. f+) - f(x)
e

)
lim = li

or

dx—0 Ox x—0 ox =3

if this limit exists, is called the derivative or differential coefficient
: e d .
of y with respect to x and is written as "dl or /' (x). Thus
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Derivative at a Point

The value of 7' (x) obtained by putting x = a, is called the
derivative of f(x) at x = a and it is denoted by f'(a) or

@
v .,

Standard Derivatives

The following formulae can be applied directly for finding the
derivative of a function:
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o (sin x) = cos x
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3. — (tan x) = sec’x
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4. — (cot x) = — cosec™x
dx :
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5. — (secx) —seextan x
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d
6. — (cosec x) = — cosec x cot x
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dx ex2 -1
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17 o (x)h= ] or x,x#O.

RULES FOR DIFFERENTIATION

1. The derivative of a constant function is zero, i.e.

e
dx =0,

2 The derivative of constant times a function is constant

times the derivative of the function, i.e.

. .
= {e-f@}=c /@)

3. The derivative of the sum or difference of two function
is the sum or difference of their derivatives, i.e.

s =5 <
S0 g} = @) * 5 g @)
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—sin i :
If the function f(x) = —————1—— is continuous at each
2x+tan" x

point of its domain, then the value of f(0) is
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[Based on PET (Raj.) 2000]
1w = 1% "% tien atx =0, ihe et

0, x=0
f(x)is:
(a) Differentiable (b) Not differentiable
(c) Continuous but not differentiable
(d) None of these [Based on PET (Raj.) 1998]

If £(x) = |x — 3|, then f” (3) is:

@ -1 (b 1
© 0 (d) Does not exist
[Baséd on PET (Raj.) 1997, 1998]
The function f(x) = S5 : x#0
X
%’ x=0,

is continuous at x = 0, then k =

10.

11.
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The value of the constants a, b and ¢ for which the function

(d+an)* 520
b ,x=0
(Fee)? =1

may be continuous at x = 0, are

2. -2
(a)azlog—,b= ,c=1

3
-
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fx)=

(b) a—log— b=

c=-1
3 -]

[\

© a=log3,b=7,c=

(d) None of these [Based on Roorkee 1999]

i) = then graph of the func-
tion f(x)

(a) is broken at the point x = 0

(b) is continuous at the point x = 0

(c) has a definite tangent at the point x = 0

(d) does not have a definite tangent at the point x = 0.
The function f(x) = a [x + 1] + b [x — 1], where [x] is the
greatest integer function is continuous at x = 1, if:

(@ 3 () 6 o @ a+b=0 (b) a=b
© 9 @ 12 (© 2a-b=0 (d) None of these
[Based on EAMCET 2000] [Based on UPSEAT 2001]
Answers
1. (d) 2. (© 3. © 4. (b) 5. (b) 6. (© 7. @)
8. (b) 9. (¢) 10. (b) 11. (a)




Product Rule of Differentiation The derivative of the
product of two functions

—{f(X) g} =/()- ‘{g(X)} +g(x)- —{f(r)}
= (first function) x (derivative of second function)
+ (second function) x (derivative of first function)

Quotient Rule of Differentiation The derivative of the
quotient of two functions

)y —f(x)~—j {g(0)}
X
{g(x)}?

(denom. x derivative of num.) — (num.X derivative of denom. )

i
d e ",
de lgm )

(denominator)?

Derivative of a Function of a Function (Chain Rule) If
y is a differentiable function of 7 and ¢ is a differentiable

function of x i.e. y = f(¢) and ¢ = g (x), then
‘_bi dy dt
dx dt dx

Similarly, if y = f(u), where u = g
@ dy du dv

dx du dv dx’
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Sometimes x and y are separately given as functions of a
single variable 7 (called a parameter) i.e. x = f(¢) and y = g ().
In this case,

(v) and v = h (x), then,

dy _dyldt  f'(1)
dx de/dt g'(t)’
e
= Al iy Wk
(D), & _d() fu
dr \ dx dx  dt\dx )] dt’

DERIVATIVE OF IMPLICIT FUNCTIONS

The derivative of an implicit function, given by the relation
f(x, y) = 0 in which y is not expressible explicitly in terms of
x, can be found by the following steps:

Step 1. Differentiate each term of the equation f (x, y) = 0
d dy
I.t. x, keeping in mind that — (%) = 2y—:
w.r.t. x, keeping in min a e ") ydx
d d
'd-;(y3) = 3y2£ and so on.
= fdy :
Step 2. Collect the terms containing - on one side and the
X
. . ay :
terms not involving = on the other side.
X
= : dy dy .
Step 3. Divide by coefficient of e to get - as a function
X X

of x or y or both.
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-Shorter Method for Fmdmg the: Derwatlve of an'
|mpllC|t Functlon - : - -

Step 1 Take all the terms of the function to be differentiated
to the left hand sxde aﬁd put Ieft hand side equa,i to

'Q(x,y)

. dé:ﬁszé;tif of O(x,) W.I.t. x treating y as constant
dx  derivatie of 9(x,¥) W.rI.t. y treating x as constant -

DIFFERENTIATION OF A FUNCTION WITH
RESPECT TO ANOTHER FUNCTION

If y = f(x) and z = g (x), then in order to find the derivative
of f(x) w.r.t. g (x), we use the formula

dy dyldx )
dz dz [ dx o)

LOGARITHMIC DIFFERENTIATION

The process of taking logarithms before differentiation is called
logarithmic differentiation. When the function to be differentiated
involves a function in its power or when the function is the
product or quotient of a number of functions, we first take log
on both sides and then differentiate each logarithmic term
separately.

Properties of Logarithms

(1) 1ogg(mn}==,log m+logen' (i) log, {i:f‘} xyloggm—mgen

{m} 3Ggg (m)" =nlogm (iv) loge=1

; log m
v) lognmm&
- log n

- () log m log n=1
e , - -

Shorter Methods of Finding the Denvatlve of a
Loganthmlc Function .

- ‘ & - 7 7
Ity = [f ()} U") . then to find ;g— in addition to the method

discussed above we can also apply any of the foﬂowmg
two methods:

Method 1 . ,
Step L Express v lf (x}}g B eg ® g G [ a2
,Step 2 D}fferenuate wrt x to obtain E“;
X

Method 2

Step 1. Evaluate

A Dxfferennal coefﬁctent of y treatmg 7 (x) as eonstant ,
Step 2 '

Evaluate . .
B szferezma{ ccse{ﬁcxem of y tteatmg g (x’) as cemstam /

s 3-=A+B
tep -



