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Differentiate the functions given in Exercises 1 to 11 w.r.t. x.
Question 1:

COSX .COS 2x .cOS 3x

£. Answer 1:

Let y = cosx .cos 2x .cos 3x, taking log on both the sides
logy = logcos x + log cos 2x + log cos 3x

Therefore,
ldy 1 d N 1 d N 1 d 3
ydx cosx dx X Tcoszxdx 4 T cos3x dx 0
dy 1 _ i , 1 _
=>—=y[ (—sinx) + ——.(—sin2x).2 + ——.(—sin 3x).3
Eiix cosx cos 2x cos 3x
:d—i = COSX .C0S 2x .cos3x [—tanx — 2 tan 2x — 3 tan 3x]
Question 2:

(x—=1)(x-2)
(x—3)(x—4)(x-5)

€. Answer 2:

Lety = T taking log on both the sides

logy = %[log(x —1) +log(x — 2) — log(x — 3) — log(x —4) —log(x — 5)]

Therefore,
1dy 1 1 1 1 1

1
;a_i[(x—l)—l_(x—.?)_(x—3)_(x—4)_(x—5)
d_y_l\/ (x—1)(x —2)

1 1 1 1 1
S dx 2 (x—3)(x—4)(x—5)[(x—1)+(x—2)-(x—3)_(x—4)_(x—5)]

Question 3:
(log x)COSJC

€. Answer 3:

Let y = (log x)“°%%, taking log on both the sides
logy = log(log x)“°%* = cos x.loglogx
Therefore,

1dy

d
;E = cosx.aloglogx + log]ogx.acosx

L [ ~ L oplopn )]
= =7 Cosx'logx'x oglogx.(—sinx

cos x — sinx loglog x]

= d_'y = Hagx)*95% [
xlogx

dx
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Question 4:

xX — psinx

€. Answer 4:

Let u = x* and v = 25"~ therefore,y = u — v
Differentiating with respect to x on both sides
dy _du & 1)

dx dx dx e

Here, u = x*, taking log on both the sides

logu = xlogx, therefore,

LBE o B o T ™ s s T ]
T = gplogx +logx.—mx = x.—+logx.1= ogx

d
d—: =uf[1l+logx] = x*[1 + log x] - (2)

and, v = 25in%, taking log on both the sides
log v = sinx log2, therefore,
1dv

d
i log2.—sinx =log2.cosx

dx

dv ;
— = v[cos xlog 2] = 25" *[cos xlog 2] ... (3)

dx
) du dv ) )
Putting the value of Tx from (2) and Tx from (3) in equation (1), we get
d .
d—i = x*[1 + logx] — 25""*[cos x log 2]
Question 5:
(x+3)2.(x+4)°.(x+5)*
€. Answer 5:

Lety = (x + 3)2.(x + 4)%.(x + 5)*%, taking log on both the sides

logy = 2log(x + 3) + 3log(x + 4) + 4log(x + 5)
Therefore,
ldy 1 3 1 4 1
ydx T(x+3) T(x+4) (x+5)

dy [Z(x + ) (x+5)+3x+3)(x+5)+4(x+3)(x+ 4)]

“ax 7 x+3)x+4)x+5)
dy IZ(x2 +9x +20)+3(x?+8x+15) + 4(x? + 7x + 12)]

T = (x+3)(x+4)(x+5)

gy 9x? + 70x + 133
=>Ec__(x_l_3)2_(,‘){:'1'4-)3.(J'C"l'5)4 (x+3)(x+4)(x+5)]
:Z_:=(x+3).(x+4)2.(x+5)3(9x2+70x+133)
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Question 6:

X 1
(x + l) +x(1%3)

X
£. Answer 6:
X 1

Letu = (x + i) andv = x(“i), therefore,y = u + v
Differentiating with respect to x, we get

dy _du  av
dx  dx dx (1)

X
Here,u = (x -+ i) , taking log on both the sides
logu = xlog (x + %), therefore,
1du d

B l 1 | 1N d
gy e °g(x+;)+ °g(“;)-ax

= (1= 2) +og (x+ 1) 1 = - E T tog (42
_x.( 1)( o) oglx v aer: g e oglx x)
X+E

du N [x2 -1 l 1 y
a-(“;) xz+1+°g(x+;) ()

1
and,v = x(“E), taking log on both the sides

logv = (1 + i) logx, therefore,
Ifle—(l+1) % logx +1 d(1+1)—(1+1)1+1 ( 1)
vdx x) dx OB* TIOBX gy x) x) xR\ T2

dv x24+1\ 1 logx (1+2) x?+1—logx
E‘”[( x )';_ xz]_x g £3 i)

du dv
Putting the value of = from (2) and =7 from (3) in equation (1), we get

dy 1\ [x2 -1 1 (1+1) x24+1-logx
a=("3) [xz+1+1°g(x+;)]+x T

Question 7:
(log x)* + x'o8*

£. Answer 7:

Letu = (logx)*and v = x'o8x therefore,y =u+v
Differentiating with respect to x, we get

dy du dv

E == E E aen (1)

Here, u = (log x)*, taking log on both the sides
logu = x loglog x, therefore,

ldu d

d
T dx = x.aloglogx + log]ogx.ax

1 1 1
= x_@.;-kloglogx.l = @Jﬂoglogx
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du 1+ logx.loglogx
—_— X
dx (log x) [ log x ]

= (logx)* " *(1 +logx.loglogx) ..(2)
and , v = x'08%, taking log on both the sides
logv = log x logx, therefore,

ldv

d d
dx logx.alogx +logx.—logx

dx

1
=logx.;+logx.;

dv [2 log x
— =17

21
o ] = yloB% [%] = gPE5-1{2 logw) (3]

X

du dv
Putting the value of Tx from (2) and Tx from (3) in equation (1), we get

d
d—i = (logx)* 1(1 + logx.loglog x) + x'°8*~1(2log x)

Question 8:

(sinx)* + sin"*/x

€. Answer 8:

Let u = (sinx)* and v = sin™! v/x, therefore, y=u+v
Differentiating with respect to x, we get

ay _au  dv
dx  dx = dx - (1)

Here, u = (sin x)*, taking log on both the sides
logu = x log sin x, therefore,

ldu d R
T dr - X g ogsinx +logsinx.
= x.——.cosx +logsin x.1 = x cotx + logsinx
sinx
u
Tx (sinx)*(x cotx + logsinx) 2}

and , v = sin~1+/x, therefore,
1dv

d d
. he logx.alogx + logx.alogx

il
—logx.;-i—logx.;

dv 1 d I 1 1 1
— = — —\/x = . —
dx +1—x dx V1—x 2vVx 2Vx — x?

(3

du dv
Putting the value of Tx from (2) and e from (3) in equation (1), we get

L (sinx)*(x cotx + logsinx) +

dx 2vVx — x2
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Question 9:

xsinx + (sin x)cosx

£. Answer 9:

Let u = x*'"* and v = (sin x)°°5* therefore,y = u + v

Differentiating with respect to x, we get
dy _ 4 . dv (1)
dx  dx = dx

Here, u = x%"%, taking log on both the sides
logu = sinxlog x, therefore,

1du d d 1 sinx

—— =sinx.—logx +logx.—sinx = sinx.—+ logx.cosx = + log x cos x
udx dx & & dx X & &

du - [sinx e vz s

a=xs”‘" T+logx cosx| = x3"*"*(sinx + xlogxcosx) ..(2)

and, v = (sin x)®°s*, taking log on both the sides
log v = cos x log sin x, therefore,

1dv
—— =—cosx.—logsinx + logsinx.—cosx = cosx .—
vdx dx & & dx sin x

dv
— = v[cos x cotx — sin x log sin x| = (sin x)°**(cos x cot x — sin x logsinx) ...(3)

dx

cos x + logsin x (— sin x)

du dv
Putting the value of Ix from (2) and = from (3) in equation (1), we get
dy

Tx xS %=1 (sin x + x log x cos x) + (sin x)°°5*(cos x cot x — sin x log sin x)

Question 10:

2
xcosx 4 x°+1

X
x2-1

€ Answer 10:

X COsSX

241
= +1 therefore,y =u+v

and v = =
T

Letu=x

Differentiating with respect to x, we get
dy _du  dv

dx  dx = dx - (1)
Here, u = x*°°5*, taking log on both the sides
logu = xlogx, therefore,

ldu d 1 .
e xcosx.alogx # logx.ax cosx = xcosx.;+ log x.(—x.sinx + cos x)

= cosx — x sinxlogx + cosxlogx

du

T u[cosx — x sinx log x + cos x log x]

= x*%5*[cos x — x sin x log x + cos x log x] -(2)

and, v = %, Taking log on both the sides
logv = log(x? + 1) — log(x? — 1), therefore,
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E@z | g 1 | x=2x(x2—1)——2x(x2+1)= —4x
vdx x%?+1 x2—1 (x24+1D(x%2-1) (x2+1D)(x%2-1)
dv x?+1 —4x 4x

—4x
dx Ul D@z = 1)] X1+ DEE-D] T (x2-1)2 - 3)

du dv
Putting the value of Ix from (2) and = from (3) in equation (1), we get
dy = x*®5X[cos x — x sin x log x + cos x log x] _

dx (x2—1)?

Question 11:
(xcosx)* 4+ (xsin x)?lc
€. Answer 11:

1
Let u = (x cos x)* and v = (x sin x)x, therefore,y = u + v

Differentiating with respect to x, we get
9y . du, a

dx  dx | dx (1)
Here, u = (x cos x)*, Taking log on both the sides
logu = x log(x cos x), therefore,

ldu dl ( )+ log( ) d
T = X7 lo8(xcosx 0g(x cosx) .-
1
= x.m(—x sinx + cosx) +log(xcosx).1 = —xtanx + 1 + log(x cos x)

d—z = (x cos x)*[1 — x tan x + log(x cos x)]

= (xcosx)*[1 — xtanx + log(xcos x)] ...(2)

and, v = (xsin x):_lc, Taking log on both the sides
logv = ilog(x sin x), therefore,
1dv 1 d d1l

e ;.alog(x sinx) + log(x sin x) s

1 1 1
- ; 1 y 1

7 xsinx(xcosx+51nx)+ og(xsmx)( xz)
dv xcotx + 1 — log(x sinx)
—_— =7
dx x?

1f{xcotx +1—log(xsinx

=(xsinx)x[ po B )] . (3)

u dv
Putting the value of Tx from (2) and ax from (3) in equation (1), we get

d
P (x cosx)*[1 — xtanx + log(x cos x)] + (x sinx)x

1|xcotx + 1 —log(xsinx)
dx

x2
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Find Z—i of the functions given in Exercises 12 to 15:
Question 12:
x¥+y*=1

£. Answer 12:
Letu = x¥ and v = y*, therefore,u + v =1
Differentiating with respect to x, we get

du dv

—te =il -1

Here, u = x¥, Taking log on both the sides, logu = y log x, therefore,
ldu  d ] | a 1 l dy

aa—ya ogx+ ogx.ay—y.;+ ng.a

o 4 y+l 4y 2

dx " [x ogx.dx] w{2)

and, v = y*, Taking log on both the sides
log v = xlogy, therefore,

1dv d d 1dy
Ea=x.alogy+logy.ax =x.;a +logy.1
dv_ 1xdy L [xdy

Tx v[;a +logy] =y [J—}a +logy] e[ 2}

du dv
Putting the value of = from (2) and v from (3) in equation (1), we get
y dy] [x dy ]
y|L == x| 22 —
x [x+logx.dx +y ydx+10gy 0
dy dy
y—1 y s x—1 5= x —
=>yx¥ +x logxdx+xy dx+y logy =0
dy _ _
= a(xy logx + xy* 1) = —(y*logy + yx¥™1)
dy  y*logy+yx¥™!
dx  x¥logx + xy*-1

Question 13:
: i
€. Answer 13:
y*=x
Taking log on both the sides, x logy = y log x, therefore,

el 8 = e e 1 -
x'dx ogy ogy.dxx—y.dx ogx ogx,dxy
dy

1dy+l 1 1+l
= x.—— A =y.— —
xydx EX yx e dx

dy (x y
a()—}—logx)zz—logy
dy (x —ylogx y—xlogy
~a(y )T
dy y(y—xlogy)

dx  x(x —ylogx)
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Question 14:

(cosx)¥ = (cosy)*
€. Answer 14:

(cosx)¥ = (cosy)*
Taking log on both the sides, y cos x = x cos y, therefore,

d .. d__.d . d _

Y- 77 COSX +COSX. -y = X.——COSY + cOSy. -
i) 4 posen e ]

= y(— —=x.(- —— ;
y(=sinx) + cosx. - = x.(—siny) o= + cosy

dy . . dy cosy + ysinx
ﬁa(cosx+xsmy)=cosy+ysmx = —

dx cosx +xsiny
Question 15:

Xy = e(x_y)

€. Answer 15:

Taking log on both the sides,

logx +logy =(x—vy)loge =logx+logy = (x —y), therefore,
1 L., 2 1 dy g dy

X ydx dx
dy /1 1 dy 14y x-—1 dy ykx-1)
=Z(Cr1)=1-- =Z(ZF)- e At
dx = dx y X dx x(y+1)

Question 16:

Find the derivative of the function given byf(x) = (1 + x)(1 + x?)(1 + x*)(1 + x®)
and hence find f'(1).

€. Answer 16:

fl)=0+x)A+x3)A+xH(A +x®)

Taking log on both the sides,

logf(x) =log(1+ x) + log(1 + x?) + log(1 + x*) + log(1 + x®), therefore,

1 _ 1 1 d " 1 d 2 1 d g

f(x) dxf() 1+x 1+x2'ax +1+x4'ax +1+x3'ax
— 1 1 3 7
f()f() e w12 ke S L i T

2x 4x3 8x7 ]

=>f(x)—f(x)[1+x 1+xz+1+x4+1+x8

3 7
= f’(X) = (1 + X)(1 + xz)(]_ + x4)(1 g xs) ll " 2x 4x 8x ]

+1+x2+1+x4+1+x3
=W B
141 14+1 1+1

= (1) = (2)(2)(2)(2) [2 += + - 2] =16 (125) =120

>fD=0+DA+1D0+ 1)(1 +1) [1 i Tl
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Question 17:

Differentiate (x? — 5x + 8)(x3 + 7x + 9) in three ways mentioned below:
(i) by using product rule

(ii) by expanding the product to obtain a single polynomial.

(iii) by logarithmic differentiation.

Do they all give the same answer?

€. Answer 17:
Lety = (x> —5x+8)(x*+7x+9
(i) Differentiating using product rule

Q= (xz-—5x+8)£(x3+7x+9)+(x3+7x+9)i(x2—5x+8)
dx dx dx

=x?2-5x+8)Bx2+7)+(x*+7x+9)(2x — 5)
= (3x* + 7x% — 15x3 — 35x + 24x? + 56) + 2x* — 5x3 + 14x? — 35x + 18x — 45
= 5x* — 20x3 + 45x% — 52x + 11
(ii) Differentiating by expanding the product to obtain a single polynomial
y=x?-5x+8)(x*+7x+9)
= x° 4+ 7x% + 9x% — 5x* — 35x? — 45x + 8x3 + 56x + 72
= x> —5x* + 15x3 — 26x2 + 11x + 72
dy _ d

5 Sd 4+15d 3 26d 2+11d +d72
dx_dxx dxx dxx dxx dxx dx

= 5x* — 20x3 + 45x% — 52x + 11
(iii) Logarithmic differentiation
y=x*-5x+8)(x*+7x+9)
Taking log on both sides, logy = log(x? — 5x + 8) + log(x® + 7x + 9)

1dy 1 d 1 d .

v E—Ear d s At e oy s T
1dy 1 )
;.a—m.(zx-'5)+m.(3x +7)

dy (2x—5)(x*+7x+9) + (3x*+ 7)(x* —5x + 8)
dx (x2—5x+8)(x3+7x +9)

_[2x* + 14x? + 18x — 5x® — 35x — 45 + 3x* — 15x° + 24x% + 7x? — 35x + 56
—7 (xZ —5x + 8)(x* + 7x + 9)

dy 5x° —20x3 + 45x% — 52x + 11
=—=(x2-5 8)(x3+7 9
dx (x *EE) + 7r-9) (x2=5x+8)(x3+7x+9)

d
d—i' —= 5x* — 20x% + 45x% — 52x + 11

Hence, all the three answers are same.
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Question 18:

If u, vand w are functions of x, then show that

d( )_du 4 dv 4 dw
e u.v.w —dxv.w u.dx.w u.vdx

in two ways - first by repeated application of product rule, second by logarithmic
differentiation.

€. Answer 18:

Lety =uw.v.w = u. (v.w)

Differentiation by repeated application of product rule
dy d d

— = u.ﬁ(v.w) + (v.w).au

dx
B d & d 3 du
=21 vdxw dev v.w.dx

dy dw dv du

=2—=UV.— W W
s uvdx+uwdx+vwdx

Differentiation using logarithmic
Lety =uw.v.w

Taking log on both the sides, logy = logu + logv + logw
ldy 1du 1dv 1dw

& wdr v dx wax
dy 1ldu 1dv 1 dw

Tax Vludx vl Twidx

dy ldu 1dv 1 dw
:a=u.v.w[a.a+;.a+;.a

dy wv.wdu uv.w dv uwv.w dw
TaxT Tu dx v dxw dx
dy du dv dw
=>d—=vw.a+u.wd—+uvd—
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