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DIFFERENTIATION

SYNOPSIS

Let y f(x) be a real function defined in (}3-x +d) which is a neighbourhood of

real number Xx.

a) thO FOx+ ht:_ Y If it exists, is called the derivative of f at “anhd is denoted

by f(x) or dy/dx.

b) Lt f(x) If it exists, is called the right hand derivatiokf at ‘x and

h- 0+

f(x+h) -
h

is denoted by R¢x) or f'(x+).

f(x-h) -

c) Lt 1) |t it exists, is called.the left hand derivativefat ‘x’ and

h- 0+

is denoted by L{x) or f'(x=)

A function f is differentiable at x or'tx) exists f(x+) and f(x—) both exist and

are equal.

Differentiability on an Interval: A function f(x), defined on [a, b] is said to be

differentiable-on [a, b] if it is differentiable avery cll (a, b) and both

L @I @) hg 1

h- 0+ h h- 0+

exist.

f(b—h) - f (b)
—h

Remark: If a function has a derivative at ‘c’, then f ec®ntinuous at c. The
converse need not be true. For example the fun¢tip sin (1/x) are continuous

at x = 0 but none of these has a derivative abx =

Fundamental theorems: Let u, v be the functions of x whose derivatiessst.

a) i(k) = 0 where k is a constant an%l (ku) = k. d—u.
dx dx dx
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b) —(u V) = _x+ o , (sum or difference rule).

C) —(uv) = uﬂ + vOIu (product rule).
adx adx
du dv
d Vo
d) — (uiv) = %% (quotient rule)
dx \Y
Note: i(ax+bj = ad-hbe
dx lex+d)  (ex+d)?
dy _ dy dt
e) If y = 1(t) and t = g(x), the e (functionef a function rule)
dy dx
f) —.—=1(0 )— = 1/(dy/dx) . (Derivative of inverse of a functjon

L ogarithmic Differentiation: If y = [f(x)]°® where f(x) > 0 and f(x), g(x) are the

differentiable functions at x; thegq’i [f001°%| g(x) (( ))+gl(x)logf(x).

Parametric Equations:. If X = f(t), y = g(t), then dy/dx = (dy/dty (dx/dt)

Derivative of‘one.function w.r.t. another furcti Let u = f(x) and v = g(x) be

1
differentiable‘at x and g(>d O. Thend—u: -(x) :

dv  g'(x)
. . d —of /0x
If f(X, y) = c is a function of x and theR = .
% y) y dx of /oy

_ dy _ —(ax+hy+g)
If ax® + 2hxy + by + 2gx + 2fy + c = 0 thep>- = =~ 7 "9/
) It ax’ + 2hxy + by + 2gx + 2fy O hxtby+

i) IFx™y" = d" "then Y = =M
dx nx
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If f(x, y) = 0 is a homogeneous function th%q =

x <

If f(x) = x| then [{O)| does not exist.

f(x) = |x| is continuous at x = 0 but not diffatiable at x

X sinl, X cosE are continuous at x = 0 but not differentiable &t0.
X

X

If f(x +y) = f(x) + f(y) for all x, yOI R then f(x) = f(x) . f

Derivatives of some important function.

S. No. f(x) f(%)
1. R R
2 X 1
3. X, nON nX'~*
4, X,nlz X' 1
5. X, n0OR nx"~*
6 é e
7. & aldR' a'log a
8. log x 1/x
9. log |X| 1/x

10. X sgn(x) or
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X

sin X
COS X
tan x
cot x
sec x

cosecC X

sin® x

codx

tantx

cotlx

sedx

cosecx

sinhx
coshx

tanhx

x*(1 + log x)
Ccos X
—sin x
seéx

— coset x
sec x tan x

— cosec X cot X

|x|vVx? -1

-1

|x|vVx? -1
coshx
sinhx

sechhx
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27. cothx — coseéh
28. sechx — sechx tanhx
29. cosechx — cosechx cothx
30. sinhAtx !
1+ x2
31. coshx 1
Vx? -1
32. tanhtx 1 :
1-x
33. coth'x 1 :
1-x
34. secHx 1
| x| V1-x2
35 cosechix 1t
| X |V1+x?
. m X#0 . . . . . )
Note: i) sgn (X) =<.% ' is called signum function its domain = R and its
0, x=0

range {-1, 0, 1}.
i) If f(x) = m, x # 0 then its domain = R — {0} and its range = {-}, 1
X

: : : . dy dy d
14.  If yis a function of u where u is a function thlmen—y =2Y 2
dx du dx

. d
15. Ifx=aco$, y = a sifio thend—z =—tan®
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dy

dx =—tan?0

If x = a codB, y = a sifid then

If x =a@® + sir), y=a (1-coB) then% =tan§

If x = a (0-sinB), y = a(1-coB) thend—y = t9
- Y= dx 2

. . d
If x =a (cost +tsint), y = a(sint - t cost) rha% =tant.

_l t] dy _
If x = aLcost+log tan 2J,y—a[ sin t] then dx =tan t.

d
2 (ciny0) = —— 0
dX(smx ) 150 <o X

While differentiating the given function using gonometric transformation,

observe the following points
a) If the function involve theiterata2 —x?, then put x = asBor x = aco8
b) If the function involve-the termia? +x?, then put x = atehor x = a cod

c) If the function involve the termix? -a?, then put x = as€oor x=a coseg

) . - +
d) If the«function involve the terr:daJrX or \/a x , then put x = acdsor
aTXx a-X

X.= acosh
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