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-: Differentiation (Part II) :-

3. Derivative of implicit functions

For the implicit function {(X,y) = 0, differentiate each term with respect to x treating
y as a function of x and then collect the terms of dy/dx together on left hand side
and remaining terms on the right hand side and then find dy/dx.

Example| 1.

. 0 = ) ) 1
If ax®+ 2hxy + by*+ 2gx+ 2y + ¢ = 0 then find -
Solution
ax> + 2hxy + by2 +2gx+2fy+c=0
Differentiating both side with respect to x,

‘ dy dy dy
2ax+ 212(,\E+y)+ 2by—-+2g+2f7- =0

(2ax+ 2hy + 2g)+(2hx + 2by + 2])% =0
dy (ax+hy+g)

dx (hx+by+f)"




Example 2

1y
If x*+y’ = 3axy, then find ?X

Solution
x°+y° = 3axy
Differentiating both sides with respect to x,

_ 4 ——(3axy)

dx

dy

—=— = 3glx==4+1v
a[\dx !

dy

= ax——+ay
E dx T

= (ay - x2)

2
ay —x

)
y-—ax




Example 8.

dy _
Find % at (1,1) to the curve 2x*+3xy+5y* =10
Solution

2x*+3xy+ 5y =10
Differentiating both sides with respect to x,

i

dx 10]

%\,[sz +3XY+5 y‘"] =

&
dx

dy
4x + 3XTX+ 3y+ 10y

1v

(3x+10y) T

@
dx

dy
% at (1, 1)




Example 4.

dy sin“(a+y)

If sin y = x sin (a+y), then prove that == sing

Solution
sin y = x sin (a+y)

siny
sin(a+ y )

X =

Differentiating with respect to y,

dx sin(@+y)cosy—siny-cos(a+y)
dy sin”(a+y)

sin(a+y—y)
sin®(a+y)

sina
sin? (a+y)

dy sin’(a+y)

dx sina

4. Logarithmic differentiation

Sometimes, the function whose derivative is required involves products, quotients,
and powers. For such cases, differentiation can be carried out more conveniently if
we take logarithms and simplify before differentiation.




Example 5.

Differentiate the following with respect to x.

)C 0sSX

(i) x* (i) (logx
Solution
(i) Let y=x*
Taking logarithm on both sides
logy = x log x
Differentiating with respect to x,

1
%% = x‘%—klogx‘l

&
dx

y[l +logx|

% x*[1+logx]

COSX

(ii) Let y = (logx)
Taking logarithm on both sides
log y = cosx log(logx)
Differentiating with respect to x,

1 4y
g = COSX

1 : ; 53
y dx '?‘*‘[log(logl)k—smx)

1
log x
dy COS X

dx = 7 xlogx-smx log(logx)

)COSX _COSX
/ xlogx

—sinx log(lOg.\’)]

(logx




Example 6.

dy  logx
dx — (1+logx)’

If x) = e¥7, prove that
Solution
=e=
Taking logarithm on both sides,
ylog x = (x-y)

y(l+log x) = x

X
A log x

Differentiating with respect to x

(1+logx)(1 )—x(:O +1?)

dy log x

dx ~ (1+logx) (1+logx)




Example 7.

[(x—3)x%+4)
3x+4x+5

Differentiate: \

Solution

Let B ,-":(x—3)(x2+4) - ("'_3)(x2+4)
Y= N T3+ 4x+5 VS M P

Taking logarithm on both sides,

log y = %[log(-\‘—3)+log(x2+4)—log(3x2+4x+5)]

logab = loga+logb and log%= loga—logb

Differentiating with respect to x,

L. 1
y dx 2| x

1 i 2x = 6xt4
== 2 2
< x“+4 Ix-+4x+S5

L
dx = 2V 3% +4x+5

f(x=3)x2+4)[ 1 i 2 6x +4
x—3

x>+ 4 il 3x*+4x+5

5. Differentiation of parametric functions

[f the variables z and y are functions of another variable namely £ then the
functions are called a parametric functions. The variable Z1s called the
parameter of the function.

If x=f(t) and y = g(t), then

dy  dy/dt
dx — dx/dt




6. Differentiation of a function with respect to another function

Let v = f{z) and v = g(x) be two functions of x. The derivative of f{x) with
respect to g(x) is given by the formula,

d( fix)) _ du/dx
d(g(x)) dvldx

Example 8

Find i_) if (i)x=at?, y=2at (i) x=acosf, y=asinl

Solution

. - 2 ' ]
(1) x=at x=acosb, y=a sin ¢/

dx )
= 2at —_
2 ¢ dx =—asinf
do

dy
dy  ar
dx ~— 4dx
dt

_ _acosf
—asinf

—cotf

Example 9.

2

Differentiate 1 :_ - with respect to x?
X




Solution

e (1 + x%)(2x)— x%(2x)
dx (1_{__’\:3)3

2x
(14 x2)
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