30. Derivatives

Exercise 30.1

1. Question
Find the derivative of f(x) = 3x at x = 2
Answer

Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = lim % {where h is a very small positive number}

h=0
. derivative of f(x) = 3x at x = 2 is given as -

f(2 + h) —f(2)

f'[:2)=1111510 0

BN — 1 3(2+h)—3x2
= ()—hIEID A

BN — 1 3h+6—6_1. 3h
= @) = fin = = Imy

= f(2) = 11115103 =3

Hence,

Derivative of f(x) = 3x at x = 2 is 3

2. Question

Find the derivative of f(x) = X2 - 2 at x = 10
Answer

Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = 1111210% {where h is a very small positive number}

~. derivative of x2 - 2 at x = 10 is given as -

f(10 + h) —f(10

f(10) = 11111}10 ( h) (10)
(10 + h)2—2—(10% - 2)

h

= f(10) = 1llimD

100 + h? + 20h—2—100 + 2 ~ h? + 20n
= lim ———
h h—0 h

= f(10) = 1llim0

h(h + 20)
h

={(10) =0+ 20 =20

= f(10) = 1llimD = 1llimo(h + 20)

Hence,

Derivative of f(x) = x4 - 2 at x = 10 is 20
3. Question
Find the derivative of f(x) = 99x at x = 100.

Answer



Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = 111'1“0$ {where h is a very small positive number}

. derivative of 99x at x = 100 is given as -

f(100 + h) — f(100)

f(100) = 11111}10 0
99(100 + h) —99 x 100
= f(100) = lim
h—o h
9900 + 99h — 9900 99h
= f(100) = lim = lim —
h=0 h h=o h

= £(100) = lim 99 = 99

Hence,

Derivative of f(x) = 99x at x = 100 is 99
4. Question

Find the derivative of f(x) = xatx =1
Answer

Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = lim % {where h is a very small positive number}
h=0

. derivative of x at x = 1 is given as -

f(1 + h) —f(1)

f(1) = lim

h—0 h

(1) = 1 (1+h)-1
R ——

(1) = 1 1+h—1_ " h
= ) = i - g
= f(1) = 111151&1 =1
Hence,

Derivative of f(x) = xatx=1is 1

5. Question

Find the derivative of f(x) = cos xat x =0
Answer

Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = lim % {where h is a very small positive number}
h=0

. derivative of cos x at x = 0 is given as -

f(0 + h) — f(0)
h

f(0) = 11111}10

cos(h) —cos0

= f(0) = 1111510 0



cosh—1

= f(0) = 11111}10 h
. we can't find the limit by direct substitution as it gives 0/0 (indeterminate form)

So we need to do few simplifications to evaluate the limit.

As we know that 1 - cos x = 2 sir?(x/2)

—(1— cosh) 251112%
———— = —lim
h h=o h

~ f(0) = 1111910

Dividing the numerator and denominator by 2 to get the form (sin x)/x to apply sandwich theorem, also
multiplying h in numerator and denominator to get the required form.

h
P
2sin 5
= £(0) = —}1111110;“—2><h
2

Using algebra of limits we have -

f li sin% lim h
= f(0) = — lim h x lim
2
Use the formula: lim 22% — 1
x—=0 X

S f(0)=-1x0=0

Hence,

Derivative of f(x) = cos xatx =01is 0

6. Question

Find the derivative of f(x) = tan xatx =0
Answer

Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = 111'1110$ {where h is a very small positive number}

.. derivative of cos x at x = 0 is given as -

~ f(0 + h) —f(0)
1m

OB

tan (h)—tan0

= f(0) = 11111}10 h

. ta
= f(0) = zlalEloT

> we can't find the limit by direct substitution as it gives 0/0 (indeterminate form)

.. Use the formula: limo% = 1 {sandwich theorem}
K — X
Hence,

Derivative of f(x) =tan xatx =0is 1

7 A. Question



Find the derivatives of the following functions at the indicated points :

i

sinxatx =

2] A

Answer

Derivative of a function f(x) at any real number a is given by -

fla+h
1(

f(a) = 1111110% {where h is a very small positive number}

. derivative of sin x at x = /2 is given as -

f(z + b))
h

f(m/2) = 1111910

sin g + h) — sin%
h

= f(n/2) = 11111}10

coshh_l {~sin (/2 + x) = cos x }

= f(m/2) = 11111}10
. we can't find the limit by direct substitution as it gives 0/0 (indeterminate form)
So we need to do few simplifications to evaluate the limit.

As we know that 1 - cos x = 2 sin?(x/2)

. - h

—(1—cosh) _2sin”5
— = — lim
h h=0 h

~ f(m/2) = Illiglo

Dividing the numerator and denominator by 2 to get the form (sin x)/x to apply sandwich theorem, also
multiplying h in numerator and denominator to get the required form.

2 51112%

= f(m/2) = — IlliElohzizx h
2

Using algebra of limits we have -

b
SlIl2

= f(m/2) = —11111}10 % 11111}101'1

h
2

sin x

=1

Use the formula: lim
x—=0

x
~f(2) =-1x0=0

Hence,

Derivative of f(x) = sin xatx =m/2is 0

7 B. Question

Find the derivatives of the following functions at the indicated points :
xatx=1

Answer

Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = 111'1110$ {where h is a very small positive number}



. derivative of x at x = 1 is given as -

f(1 + h) —f(1)

f(1) = 11111}10

h
. (1+h)-1
= f(1) = rlalEloT
(1) = 1 1+h-1 " h
= ) = i - g
= f(1) = 11115101 =1
Hence,

Derivative of f(x) = xatx=1is 1
7 C. Question

Find the derivatives of the following functions at the indicated points :

i

2eosxatx =

2| A

Answer

Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = 1111210% {where h is a very small positive number}

.. derivative of 2cos x at x = /2 is given as -

f(3 +h) —f3)

F(n/2) = -

fa—

im
h=0

2cos (g + h) — 2-:05%
h

= f(m/2) = 11111}10

—2zinh
h

= f(m/2) = lim {"cos (m/2 + x) =-sinx}
h—0

" we can't find the limit by direct substitution as it gives 0/0 (indeterminate form)

sinh

= f'(n/2) = -2 lim
h—=0 h

sin x

=1

Use the formula: lim
x—=0

x
S f(2) =-2x1=-2

Hence,

Derivative of f(x) = 2cos x at x = 1/2 is - 2
7 D. Question

Find the derivatives of the following functions at the indicated points :

4

sin2xatx =

(N1

Answer

Derivative of a function f(x) at any real number a is given by -

fla+h

f(a) = 11111210% {where h is a very small positive number}



. derivative of sin 2x at x = /2 is given as -

(1) -
h

f(m/2) = Illiglo

- T —sin2x X
L p/2) = IlliElUl5111 [2 X (2 + hh)} sin 2 x 3

= f(m/2) = lim sinlm + 2W)=sinT .. gin (n + x) = - sin x & sin 7 = 0}
h—0 h
Pe/2) = i —sin2h—0
= f(/2) = Jim——=—
(/) = — 1 sin 2h
= f(m/2) = — lim 0

. we can't find the limit by direct substitution as it gives 0/0 (indeterminate form)
We need to use sandwich theorem to evaluate the limit.

Multiplying 2 in numerator and denominator to apply the formula.

, , sin Zh . sin2h
= f'(n/2) = - lim x 2 = —2lim
h—=0 2h h—=0 Z2Zh
Use the formula: lim & = 1
x—=0 X

S f(m2) =-2x1=-2

Hence,

Derivative of f(x) = sin 2x at x = /2 is - 2
Exercise 30.2

1 A. Question
Differentiate each of the following from first principles:

-

<N

Answer
We need to find derivative of f(x) = 2/x from first principle

Derivative of a function f(x) from first principle is given by -

filx+h

f(x) = zlaim % {where h is a very small positive number}
-0

.. derivative of f(x) = 2/x is given as -

f(x + h) — f(x)

flx) = 11111}10 0
2 __2
= f(x) = rluiinox_'_h#
2x —2(x + h)
= f(x) = rllilﬁnox(xl’l——l_m = &1910%
—2h

=) = I e+ - M hme 0



As h is cancelled and by putting h = 0 we are not getting any indeterminate form so we can evaluate the
limit directly.

1 2

= 2T T e

Hence,

2

Derivative of f(x) = 2/x = — =
X

1 B. Question

Differentiate each of the following from first principles:

1

NS

Answer
We need to find derivative of f(x) = 1/vx

Derivative of a function f(x) from first principle is given by -
f(x) = 1111m K‘th_f(‘] {where h is a very small positive number}
=0

.. derivative of f(x) = 1/Vx is given as -

f(x + h) — f(x)

f(x) = 1111510 0
11
~ + h I
= f(x) = lim vx +h VX
h—0 h
\."E—\.X + h
/&I VE-\E+h
= f(x) = lim = lim
oo b B=0 hyxyx + b
Using algebra of limits -
f'( ) \."E—\.X + h I 1
= f(x) = 11117>< im —
h h—-O\.&\,}{-F h
£ 1 \."'_—'\-X +h
= f(x = 11
(x) = Xh h

Multiplying numerator and denominator by vx + v(x + h) to rationalise the expression so that we don’t get
any indeterminate form after putting value of h

; 1 y VX—VXx +h Jx+Vx+h
= f(x) = — lim X
(x) X h—o0 h VX + VX + h

Using (a + b)(a - b) = a? - b2

. 1 (VX)) -(Vx + n)’ 1
() = ¢ i, h EtVxih

Using algebra of limits -

F(x) = 1 x—x—h " 1
X —im —,X llm ——
-0 h h—=0yX + Vx + h

1 1
= F(X) = ;X(—l)Xﬁ



1 1
s f(x) = —1X = —
( ) ZXJE ZXJQ

Hence,

1

=

Derivative of f(x) = 1/Vx= —
2xyX

1 C. Question

Differentiate each of the following from first principles:

1

Xi

Answer

We need to find derivative of f(x) = 1/x3

Derivative of a function f(x) from first principle is given by -

f(x) = 1111m K‘th_f(‘] {where h is a very small positive number}
-0

- derivative of f(x) = 1/x3 is given as -

f(x + h) — f(x)

flx) = 11111}10 0

1 1

i ia 3

= f(x) = limM

h—0 h

x*—(x + h)?
Pix) = i 3(x + h)? " x*—(x + h)?
B — = 2 TohG)(x + )

Using algebra of limits -

fix) — x*—(x + h)? y 1
= f(x) = 1111 0 x lim 03 + h)?
1 ¥*—(x+h)?
= f(x) = 1111 T

Using a3 - b3 = (a - b)(a + ab + b?)

We have:
1 (x—x—-h)(x* + x(x+h) + (x + h)?)
f(x) = ol 1111 0

1 —h(x* + x(x + h) + h* + x? + 2xh)
= f(x) = — 111110 h

As h is cancelled and by putting h = 0 we are not getting any indeterminate form so we can evaluate the
limit directly.

1
= f(x) = —— lim(x®> + x2 + xh + x? + 2xh + h?)
X8 h—o
1 i 2 2
= f(x) = T 11111}10(3}{ + h? + 3xh)
1 3X2 3
= f(x) = —— (3x% +3x(0) + 0%) = ——— = ——



Hence,

Derivative of f(x) = 1/x3= — =
X

1 D. Question

Differentiate each of the following from first principles:

Answer

x® +1

We need to find derivative of f(x) =
X

Derivative of a function f(x) from first principle is given by -

flx+h

f(x) = ll;imo% {where h is a very small positive number}

2 . .
¥ *1is given as -

.. derivative of f(x) =

f(x + h) — f(x)

f(x) = 1111510 0
x+h*+1 x*+1
T X+ h X
= f(x) = 1111210 a

{(x+h)?+ 1x—(x+h)>+1)

- (9 = Jim x(xl;l— h)
C{x+hP+1x—(x+ hEP+ 1)
= lim
h=o0 hx(x + h)

Using algebra of limits -

eix) — 1 {(x+h)?+ 1Jx—(x+ h)(x*+ 1) y
= f0) = jim, : gty

1. {x+h)?+1lx—Ex+hE+1)
= f(x) = ;11113110 0

o fx*+hf+2xh + 1lx—{x*+hx*+x+ h}
= f(x) = = lim
XZh—o h

1 ¥ x* + h?x + 2x*°h + x—x*—hx?*—x—h
— lim

= ) = XZh>=0 h

1 h%x + x*h—h
- oarTaT

= f(x) = " &iElo h
1 h(hx +x*-1)
= f(x) = ;Illlglﬂ a

As his cancelled and by putting h = 0 we are not getting any indeterminate form so we can evaluate the
limit directly.

1
= f(x) = = 111121'3(}1){ + x%—1)



1 , x2—1 1
= f(x) =;(0xx+x -1) = - 1—;
1
CF) = 1=
Hence,
Derivative of f(x) =~ *1 _ 1_%
X X

1 E. Question

Differentiate each of the following from first principles:

Answer

x% -1

We need to find derivative of f(x) =
X

Derivative of a function f(x) from first principle is given by -

flx+h

f(x) = ll;imo% {where h is a very small positive number}

x*—1

.. derivative of f(x) = is given as -

f(x) = ﬁiflow

x+h*-1 x*-1

= f(x) = Jim—2+ hh X
{(x+h)?—1}x—(x+ h)*-1)
= f(x) = &iﬂlﬂ X(X;— h)
— tim {x+h)?*—1kx—(x+ h)(*-1)
h=o0 hx(x + h)

Using algebra of limits -

eix) — 1 {(x+h)?—1}x—(x+ hE*-1) ¥ 1
= f0) = jim, : o ity

= f(x) = éﬁil“o{(x +h) _1}X; (x + h)(x"—1)

{x* + h? + 2xh—1}x — {x* + hx*—x—h}
h

= f(x) = ;Illiglﬂ

1. x*+h?x+ 2x*h—x—x*-hx?+x+h
= f(x) = ;11111110 D

1. hx+x*h+h

= f(x) = ;1111}0 h
 hhx + x*2 + 1)

= f(x) = ;Illlglﬂ a

As his cancelled and by putting h = 0 we are not getting any indeterminate form so we can evaluate the
limit directly.



1

—_ 1 2

= f(x) = e 11111}10(}‘1}‘; + x° + 1)

1 , x? + 1 1
=:-f'(x)=;(0><x+x + 1) = = =1+;

1

NOESEE
Hence,
Derivative of f(x) = = *1 _ 1+ 2

x %2

1 F. Question

Differentiate each of the following from first principles:

X+1

X+2

Answer

We need to find derivative of f(x) = Y:
X

Derivative of a function f(x) from first principle is given by -

f(x) = lim ML;_KY] {where h is a very small positive number}
h=o
- derivative of f(x) = % is given as -
X

f(x + h) —fi
(x+h)+1 x+1

=)f.(x)ztlliglﬂr=<;4r}‘1+hz X+ 2

x+h+1Hx+2}-x+h+ 2)(x+1)
(x+ 2)(x+h + 2)

h
x+h+1}{x+2})-(x+h+2)x+ 1)

h(x + 2)(x+ h + 2)

= f(x) = Illiglo

= lim
h—o0

Using algebra of limits -

x+h+1x+2}-x+h+2)(x+1)
h

= f(x) = &iﬂlﬂ

. 1
xtlllglo[x + 2)(x+ h + 2)

¢ 1 " E+h+1x+2})-x+h+2)x+1)
= =
(%) (x + 2)2h1£110 h
= f(x)
B 1 y x>+ 2x+hx+2h+x+2—-x*-x—hx—h-2x-2
C(x+ 2)21:11?10 h
f ! li h
= - _
(%) (x + 2)2 A oh

im 1

1
= = G



f'(X) = m

Hence,

3-.'+1_ 1
x+2 (x+2)2

Derivative of f(x) =

1 G. Question

Differentiate each of the following from first principles:

X+2
3x +5
Answer
We need to find derivative of f(x) = :;rzs

Derivative of a function f(x) is given by -

KXL;_KX] {where h is a very small positive number}

f(x) = lim
(x) = lim
- derivative of f(x) = g is given as -

f(x + h) — f(x)

flx) = 11111}10 0
x+h)+2 x+2
= P(x) — limB(x+ h) +5 3x+5
h=0 h

x+h+2H3x+5}—(Bx+3h+ 5)x+ 2)
(3x + 5)(3x + 3h + 5)

h

x+h+23x+5}—-(3x+3h+5)(x+ 2)
h(3x + 5)(3x + 3h + 5)

= f(x) = &iﬂlﬂ

= f(x) = &iﬂlﬂ

Using algebra of limits -

x+h+23x+5}—-(3x+3h+5)(x+ 2)
h

= f(x) = &iﬂlﬂ

1
X i
h-0(3% + 5)(3x + 3h + 5)

flx) — 1 i {x+h+2}3x+5}—-(3x+ 3h + 5)(x+ 2)
= I = Grr i, h
= f(x)
B 1 y 3x® + 5x + 3hx + 5h + 6x + 10— 3x? — 6x — 3hx — 6h — 5x — 10
C(3x + 5)2h1E10 h
frx) — 1 y 5h — 6h
=0 = sy
£ lim
= - N
(%) (3x + 5)? A0 h
f ! lim —1
= - —
(%) (3x + 5)2h1E10
-1
f'(x) =

(3x + 5)2



Hence,

x+2 -1

Derivative of f(x) = 3x+5  (3x+3)2

1 H. Question

Differentiate each of the following from first principles:
kx"n

Answer

We need to find the derivative of f(x) = kx"

Derivative of a function f(x) from first principle is given by -

filx+h

f(x) = I111111 % {where h is a very small positive number}
-0

. derivative of f(x) = kx" is given as -

1 f(x + h) — f(x)

flx) = 1111”0 0
¢ _ k(x + h)" — kx"
= f(x) = lm A
(x + h)» —x"

= f(x) = kllliglﬂ h

Using binomial expansion we have -
(X + h)"="Cox" +"Cy x"~1h + "Cy x"~2h2 + ...... +NC, h"

Xn + nclxn—lh + nCEXn—E + .+ ncnhn _Xn
h

=~ f(x) = kllllglo

11C1X11—1h+11C2X11—2h2 + . _l_ncnhn
h

= f(x) =k &iﬂlﬂ

Take h common -

h(+11C1X11—1+11C2Xn—2h + . +11Cnh11—1)
h

= f(x) =k 1111910
= f(x) =k I111210( +8C,x™ 1 +°C,x"%h + ... +°C,h*1)

As there is no more indeterminate, so put value of h to get the limit.

= £(x) = k lim (+7C,x"" +7C,x" 0 + ... +7C,0%™)

=>f(x)=k"C; x""1=knx""1
Hence,

Derivative of f(x) = kx"is k nx" -1
1 I. Question

Differentiate each of the following from first principles:

1
3—x

:

Answer

We need to find derivative of f(x) = 1/V(3 - x)



Derivative of a function f(x) from first principle is given by -

filx+h

f(x) = 11{@(}% {where h is a very small positive number}

. derivative of f(x) = 1/v(3 - x) is given as -

f(x + h) — f(x)

f(x) = 11111}10 m
1 1
3—(x+ h) V3—-x
= P = tl,ilnov ( h) v
V3—x—+v3—x—h
- (9 = Jim mﬁ3—xvf(h?,—x—h) _ Illiinowiﬁgf;f?_—xx_—hh

Using algebra of limits -

V3—-x—+v3-x-h 1
= f(x) = lim x lim
h—0 h h-0y3 -xy3—x—h

. V3—-x—+3-x—h
lin

= I = Gy i, h

Multiplying numerator and denominator by V(3 - x) + v(3 - x - h) to rationalise the expression so that we
don’t get any indeterminate form after putting value of h

V3—-x—v3—-x—-h V3-x++V3—-x—h
X
(3—x) n-o h V3—x +V3—-x—h

= f(x) =

Using (a + b)(a - b) = a? - b?

(V3=x%)'-(V3=x=n) ) 1

f(x) =
(x) V3i—-x ++vV3—x—-h

lim
3—Xh-o

Using algebra of limits -

¢ - l 3—x—(3—x—h) " 1
() = 3-— hlglo h X hlglo\j?,_x +V3—x—h
= f(x) = ¥
(%) G-% (1) N
f(x) 1x 1 1
2(3—x)W3—x 2(3—x)v3-—-x
Hence,

1
Derivative of (f(x) = E) = m
1 ). Question
Differentiate each of the following from first principles:
x2+x+3
Answer

We need to find the derivative of f(x) = x2 + X + 3

Derivative of a function f(x) from first principle is given by -



flx+h

f(x) = ll;imo% {where h is a very small positive number}

- derivative of f(x) = x2 + x + 3 is given as -

f(x) = Jim "X
h—=o0 h
(x+h)Z+(x+h)+3-(F +x+3)
h

= f'(x) = lim
h=o

Using (a + b)2 = a2 + 2ab + b?

¥ +2xh +h®+(x+h)+3-(x®+x+3)
h

= f'(x) = lim
h=o

, . 2xh+h®+h
=f(x) = lim ——
h—0

Take h common -

h(2x+1+h)

=f'(x) = 1l;imo -

= f'(x) = ll;iflol:zx + h + 1)

As there is no more indeterminate, so put value of h to get the limit.
=2f(x)=02x+ 0+ 1)

=>f(x)=2x+1=2x+1

Hence,

Derivative of f(x) = x2 + x + 3is (2x + 1)

1 K. Question

Differentiate each of the following from first principles:

(x +2)°

Answer

We need to find the derivative of f(x) = (x + 2)?

Derivative of a function f(x) from first principle is given by -

f(x + h)—f(x
h

f'(x) = 1llim ) {where h is a very small positive number}
-0

~. derivative of f(x) = (x + 2)3 is given as -

f(x) = Jjm R
h—0

. x+2+h)¥-(x+2)?
1111( 1E=( )

f =
=) 111—-0 h

Using a3 - b3 = (a - b)(a? + ab + b?)

(x+h+2-x2)(x+h+2PF+(x+h+2}(x+2)+(x+2)%)
h

= f'(x) = lim
h=o

m (e +h+2)% + (x+h+2)(x+2) + (x+2)%]

= f'(x) = 1]
h—=o h

As h is cancelled, so there is no more indeterminate form possible if we put value of h = 0.
So, evaluate the limit by puttingh =0

= f'(x) = zllil“o{(x +h+2)2+x+h+2)(x+2)+ (x+2)7}



=f(x) = (x+ 0+ 2P+ (X +2)(X+2) + (x + 2§

= f'(x) = 3 (x + 2)?

= f'(x) = 3 (x + 2)?

Hence,

Derivative of f(x) = (x + 2)3is 3(x + 2)?

1 L. Question

Differentiate each of the following from first principles:

X3 4+ 4x2 + 3x + 2

Answer

We need to find the derivative of f(x) = X3 + 4x% + 3x + 2

Derivative of a function f(x) from first principle is given by -

f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

- derivative of f(x) = x3 + 4x2 + 3x + 2is given as -

f(x) = Jjm R
h—=o h
(x+h)?+4(x+h)Z+3(x+h) +2—(x® + 4x% + 3x + 2)
h

= f'(x) = lim
h=o

(x+h)(x+h)%+ 4(x+ h) + 3} + 2-x?—4x®—3x-2
h

= f'(X) = lim
h=o

Using (a + b)2 = a2 4+ 2ab + b?, we have -

(x + h][:-.'2 +2xh+h®+4x+4h + 3}—3-.'3—4:(2—33-.'
h

= f'(x) = lim
h=o

, e % +3x%h +3xh® + 4x® + Shx+ 3x+ 3h+ h? + 4h®—x®—ax®-3x
=f(x) = 1111111 -
=0

im 3x*h + 3x%h® + 8hx + 3h + h? + 4h?

f'(x) =
= f'(x) 111_.0 -

Take h common -

h(3x%+3xh+ 8x+3 + h% + 4h)
h

= f'(x) = lim
h=0
As h is cancelled, so there is no more indeterminate form possible if we put value of h = 0.

So, evaluate the limit by puttingh =0

= f(x) = lim(3x® + 3xh + 8x + 3 + h? + 4h)
h—=0

= f'(x) = 3x2 + 3x(0) + 8x + 3 + 0* + 4(0)

=f(x) = 3x2 + 8x + 3

Hence,

Derivative of f(x) = x3 + 4x2 + 3x + 2is 3x2 + 8x + 3
1 M. Question

Differentiate each of the following from first principles:

(x2 + 1)(x - 5)



Answer

We need to find the derivative of f(x) = (X2 + 1)(x - 5)

Derivative of a function f(x) from first principle is given by -

f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

~. derivative of f(x) = (x2 + 1)(x - 5) is given as -

f(x) = Jim "R
h—=o0 h
{x+h)? + 1}{x + h-5}—(x® + 1)(x~5)
h

= f'(X) = lim
h=o

{(x +1)? + x + h—5(x + h)*-5}—(x*-5x% + x~5)
h

= f'(X) = lim
h=o

Using (a + b)2 = a2 + 2ab + b% and (a + b)3 = a3 + 3ab(a + b) + b® we have -

{x* +3x%h + 3h%x+ h? + x + h—5x"—10hx—5h% -5} (%% -5x% + x-5)
h

= f'(X) = lim
h=o

b3 -1 3 _ R
= f(X) = lim {3x®h + 3h%x + h® + h-10hx—5h?]
h—0 h

Take h common -

-1 2 _ _c
= f(X) = lim h{3x® + 3hx + h® + 1-10x-5h)]
h—o0 h

As his cancelled, so there is no more indeterminate form possible if we put value of h =0
L f(x) = 111121':;[3){2 + 3hx + h? + 1 —10x — 5h}

So, evaluate the limit by putting h = 0

= f'(x) = 3x% + 3(0)x + 02 + 1 - 10x - 5(0)

= f'(x) = 3x2 - 10x + 1

Hence,

Derivative of f(x) = (x? + 1)(x - 5)is 3x? - 10x + 1

1 N. Question

Differentiate each of the following from first principles:

V2x® +1
Answer
We need to find derivative of f(x) = V(2x2 + 1)

Derivative of a function f(x) from first principle is given by -

f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

. derivative of f(x) = V(2x2 + 1) is given as -

) f(x + h)—f(x)

f'(x) = lin
h=o

V2 +hZ +1-2x2 + 1
h

=f(X) = lim
h—0

As the above limit can’t be evaluated by putting the value of h because it takes 0/0 (indeterminate form)



- multiplying denominator and numerator by \,fz(x + h)2 + 1 + /2x2 + 1 to eliminate the indeterminate
form.

= f(x) = lim V2 +hPE +1—2x®+1  J2(x+h)Z+1+2x2 +1
h—=o0 h Y2 +h)P+1+4/2x% +1

Using algebra of limits & a% - b2 = (a + b)(a - b),we have -

{V-'E(x ThE+ 1)2—{\,-'2 N 1)2 « Bm 1

h h—0,2(x+hPP+1+2x% +1

= f(X) = Jim
h—0

. 2x+h)F+1-2¢%1
lim

= f'(x) = —
2y2x2+1h—=0 h

(x + h)*—x*

=f'(x) = lim

22«2 +1 h=0

Using a2 - b2 = (a + b)(a - b), we have -

lim (x+h—x)(x+h+x)

= f'(x) = =
2J2x2+1 h—=0

. h(zx+h
lim ( )

= f'(x) =
V2x2+1 h—-0 h

= f(x) = % lim (2x + h)

W 2X
Evaluating the limit by putting h =0

1

2P0 = e (2x + 0)
2x
~P = Hen
Hence,
. . 2 _ 2x
Derivative of f(x) =V(2x¢ + 1)= ——
\.'2:(2+ 1

1 0. Question

Differentiate each of the following from first principles:

2x +3

X — ]
Answer

2x+3

We need to find derivative of f(x) =

Derivative of a function f(x) from first principle is given by -

f(x + h)-f(x

f'(x) = 1llim ) {where h is a very small positive number}
-0

. derivative of f(x) = M—Jj is given as -
—

f(x) = Jjm R
h—0

zlx+hl+3 zx+z
h-o0 h

{zx+zh+al{x—2}l-(x+h-2llzx +3)
= f'(x) = lim (x—z)(x +h—2)
h—=0 h




{2x+2h+3Hx-2)}—(x + h-2)(2x + 3)
hi{x—2)(x + h—2)

=f'(x) = 1l;imo

Using algebra of limits -

{2x+ 2h+ 3Mx-2}—(x + h-2)(2x + 3) .
h X 11115110 {(x-2)(x + h—2)

= f(x) = Illimo

= f'(x) = (_{_1 lim {2x+ 2h+ 3¥x-2}—(x + h-2)(2x + 3)

2}h =0 h
, 1 . 2x%—4x + 2hx—4h + 3x—6—2x°—3x—2hx—3h + 4x+ 6
=f'(x) = lim
(x—2) h =0 h
1 —7h
= f'(x) = lim —
(x) (x—2)2h—=po h
=f(x) = —— lim —7
(x-2)2h =0
, 7
P =~
Hence,
N 2x+3 7
Derivative of f(x) = = —
x—2 (x—2)2

2 A. Question

Differentiate the following from first principle.
e~ X

Answer

We need to find derivative of f(x) = e =X

Derivative of a function f(x) is given by -

f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

- derivative of f(x) = e ~ X is given as -

’ \ flx + h)—f(>
h—=0
—(x+h)__-x
= f'(x) = lim °
h—=o0
-x _-h__-x
= f'(x) = lim ————
h—o h

Taking e ~X common, we have -

1
= f'(x) = lim = TET
h—o0

Using algebra of limits -

e g

=f'(x) = lim e™ x lim

=0 —=0

e B3

As one of the limits 1llim can’t be evaluated by directly putting the value of h as it will take 0/0 form.
=0

So we need to take steps to find its value.

-h

2 x (1)

y . - R =]
= f'(x) = lim e™® x lim
h—=o h—=0 -h

x_
Use the formula: lim =— = log.e =1
x—=0 X



=>f(x)=e Xx(-1)

=f(x)=-e X
Hence,
Derivative of f(x) = e " X =-e X

2 B. Question
Differentiate the following from first principle.

e3x
Answer

We need to find derivative of f(x) = 3%

Derivative of a function f(x) is given by -

f(x + h)—f(x

f'(x) = 1llim ) {where h is a very small positive number}
=0

- derivative of f(x) = e3% is given as -

f(x) = Jjm R
h—0

Ea-\x+h)_eax

= f'(x) = i
(x) 11111}10 -

e3X Eah_eax

= f'(x) = lim
hoo

Taking e ~* common, we have -

h
= F(x) = Jim =1
h—o0 h
Using algebra of limits -

ey

= f'(x) = lim e3* x lim
h—o h=0
zh_
As one of the limits lim ETI can’t be evaluated by directly putting the value of h as it will take 0/0 form.
h—o

So we need to take steps to find its value.

eah—l

= f'(x) = lim e¥* x lim % 3
h—=o0 h—0o 3h
. e¥-1
Use the formula: lim — = lag.e = 1
x—=0 X

= f'(x) = e3X x (3)

= f'(x) = 3e3X

Hence,

Derivative of f(x) = 3% = 3e3X
2 C. Question

Differentiate the following from first principle.

eax+b

Answer

We need to find derivative of f(x) = e@x t P



Derivative of a function f(x) is given by -

f(x + h)-f(x

f'(x) = lim ) {where h is a very small positive number}
h—0

- derivative of f(x) = €@* * P s given as -

’ . flx + h)—f(x
fr(x) = Jim EERE)
h—o h
, a(x+h)+h_eax+b
= f'(x) = lim
h—o h
ax+b ah_eax+h

= f'(x) = lim
h—o0 h

Taking € * P common, we have -

Eax+b(eah_1]

f! X = .
= f'(x) 11111}10 -

Using algebra of limits -

, b eall_
=f'(x) = lim e %" x lim
h—o0 h—o0
eah—l

can’t be evaluated by directly putting the value of h as it will take 0/0 form.

As one of the limits lim
h—0

So we need to take steps to find its value.

edll_y

= f(x) = lim e®**P? x lim X a
h—0 h—0

al

e¥—

Use the formula: lim =— = log.e =1

x—=0 X
= f'(x) = e+ P x (a)

= f'(x) = ae® + b

Hence,

Derivative of f(x) = X+ P = geax +b

2 D. Question

Differentiate the following from first principle.
xeX

Answer

We need to find derivative of f(x) = xeX

Derivative of a function f(x) is given by -

f(th]—f(K] {where h is a very small positive number}

f'(x) = lim
h=o

.. derivative of f(x) = xeX is given as -

f(x) = lim "&HRE
h—0

(x+h)__ _x
= f(x) = Jjm SR e
h—0

Ex+h+xex+h_xex

h

= f(x) = lim 2
h=o

Using algebra of limits, we have -



hE‘K+h + lin] x(ex+h_ex]
h—o0

= f'(x) = lim

=0

y . - . xe eh -1
= f(x) = lim e**® + lim xe(e 1)
h—o0 h—o0

Again Using algebra of limits, we have -

(e -1
h

=f(x) =e**% + lim x lim xe®
h—0 h—0

x_
Use the formula: lim:T1 = log.e =1
Xx—=0 3

= f'(x) = eX + xeX

= f'(x) = eX(x + 1)

Hence,

Derivative of f(x) = xe* = eX(x + 1)

2 E. Question

Differentiate the following from first principle.
-X

Answer

We need to find derivative of f(x) = - x

Derivative of a function f(x) is given by -

. . f{x +h)-f(x) . -

f'(x) = lim — {where h is a very small positive number}
h=o0

. derivative of f(x) = - xis given as -

f(x) = Jim "R
h—0

= F(x) = lim ~&HE
h—=o h

= f(x) = lim =2t
h—-0o h

= f(x) = lim % = lim ~1

S f(x)=-1

Hence,

Derivative of f(x) = -x=-1

2 F. Question

Differentiate the following from first principle.

(-x) ~1

Answer

We need to find derivative of f(x) = (- x) "1 = - 1/x
Derivative of a function f(x) is given by -

f(x + h)-f(x

f'(x) = lim ) {where h is a very small positive number}
h—0

. derivative of f(x) = - 1/x is given as -



f(x) = ljm =0
h—0

h
L () -1 L1
=f(X) = |im st L &/ — |jyp x+h " x
h— h h—o0 h
—x+(x+h)
=) =y 2EER gy R
h—o0 h h - o h{x)(x +h)
. h
= f'(x) = lim ——— = lir

h— ph(x)}(x +h) hjlo (x)(x +h)

As h is cancelled and by putting h = 0 we are not getting any indeterminate form so we can evaluate the
limit directly.
A f(X) = —— = &

x(x +0) %2

Hence,

Derivative of f(x) = (-x) " 1= =
X

2 G. Question

Differentiate the following from first principle.
sin (x + 1)

Answer

We need to find derivative of f(x) = sin (x + 1)

Derivative of a function f(x) is given by -

f(x + h)—f(x
h

f'(x) = 1llim ) {where h is a very small positive number}
-0

.. derivative of f(x) = sin (x + 1) is given as -

f(x) = ljm =0
h—o0 h
sin(x + 1 + h)—sin(x + 1)
h

= f'(x) = lim
h=o

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Use: sin A -sin B =2 cos ((A + B)/2) sin ((A - B)/2)

A F(X) = Jim 2 cos( =) sin(3)

h—=0 h
S f(x) = 1111110 cos{x + 1;— 'El) sin{g)

2

Using algebra of limits -

. fh
sin| — h
= f'(x) = lim —h—(ZJ % lim cos (x + 1+ —)
hoo hoo 2

sin x

Use the formula - lim =1
x—=0

X
(X)) = 1 x lim cos (x + 1+ E)
h—=o0 2
Put the value of h to evaluate the limit -

Lf(x)=cos(x+1+0)=cos(x+1)



Hence,
Derivative of f(x) = sin (x + 1) =cos (x + 1)
2 H. Question

Differentiate the following from first principle.

T

Cos| X ——
3

Answer
We need to find derivative of f(x) = cos (x - /8)

Derivative of a function f(x) is given by -

f'(x) = 1llim f(th]—f(vJ {where h is a very small positive number}
-0

.. derivative of f(x) = cos (x - /8) is given as -

f(x + h)—f(x)

f'(x) = lim
h=o

cos(x—g + h:]—cos{x—gjl
h

= (X)) = lim
h—0

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.
Use: cos A - cos B = - 2 sin ((A + B)/2) sin ((A - B)/2)

2x—2x0+h
(X)) = -2 sin(fg) sin(gjl
lim

h—=0 h

X +
= f'(x) = — lim B

Using algebra of limits -

. fh
sin| - ™ h
=f(x) = -1 lim —h—(ZJ % lim sin (x—— + —)
h—=0 z h—=0 2 2

gin x

Use the formula - lim =1

x—=0 X
LX) = —1x &iﬂlﬂ sin (x —E + 2)

Put the value of h to evaluate the limit -

~ f(X) = - sin (x - /8 + 0) = - sin (x - /8)
Hence,

Derivative of f(x) = cos (x - m/8) = - sin (x - 1/8)
2 1. Question

Differentiate the following from first principle.

X sin x

Answer

We need to find derivative of f(x) = xsin x

Derivative of a function f(x) is given by -



f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

.. derivative of f(x) = x sin x is given as -

f'(x) = lim fGc + h)—fG0)
h—o0

(x+h)sin(x + h)-xsinx
h

= f'(x) = lim
h=o

’ . hsin (x + h) + xsin(x + h)—xsinx
= f/(x) = Jjm 22 &+b Grb)
h—=o0 h

Using algebra of limits, we have -

hsin(x + k) xsin(x + h)—xsinx

f! X = .
= f'(x) 11111}10 -

+ lim

h=o0

, L . x(sin{x + h)—sin>

= f'(x) = lim sin(x + h) + lim X(sin(x + h)—sin x)
h-0 h-0 h

Using algebra of limits we have -

- F(x) = sin X + x lim sin(x + h)—sin x

h—0
We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Use: sin A - sin B = 2 cos ((A + B)/2) sin ((A - B)/2)

hy . rh
2 F() = sing + xlim =z )75 cof T sin(g)
h—=0 h

cos{x + E) sin(g)

2

=f'(X) = sinx + x lim
h=o

Using algebra of limits -

. (h

) . . sinil — . h
= f'(x) = sinx + Xll;ml —,;EZ—)X 1111111 cos (x + 5)
=0 =0

sin x

=1

Use the formula - lim
x—=0 X

(X)) =sinx + x x 11111}10 cos (x + 2)

Put the value of h to evaluate the limit -

= f(X) = sin X + x cos(x + 0) = sin X + X cos X
Hence,

Derivative of f(x) = (x sin x) is (sin X + X cos x)
2 J. Question

Differentiate the following from first principle.
X COS X

Answer

We need to find derivative of f(x) = x cos x

Derivative of a function f(x) is given by -
f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

.. derivative of f(x) = x cos x is given as -



f(x) = lim "&HRE
h—=o0 h
(x+h)cos(x +h)—xcos(x)
h

= f'(x) = lim
h=o

hecos (x + h) + xcos{x + h)—xcosx
h

= f'(x) = lim
h=o

Using algebra of limits, we have -

= f(x) = lim hecos(x +h) + lim xcos(x + h)—xcosx
h—o h h—=0 h
) . . % + h)—cos:
= f'(x) = lim cos(x + h) + lim X(coslx + h)—cosx)
h-o0 h-o0 h

Using algebra of limits we have -

- . cos(x + h)—cosx
Sf(x)=cosx +xlim———
h—=0 h

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Use: cos A - cos B = -2 sin ((A + B)/2) sin ((A - B)/2)

f'(X) = cos X + < lim -2 sin(H: h) sin(g)
h—=o0 h

. (2x+hy , rh
= f'(X) = COS X - Xlllinl Sln(—zh)mﬂ
=0 a

2

Using algebra of limits -

=i n(;)

, . . h
=f'(X) = cosx —x lim % lim sin (x + —)
hoo hoo 2

Use the formula - lim sinx _ 1

x—=0 X

S F(X) = cosx —x x 11112105111 (x + 2)

Put the value of h to evaluate the limit -

= f(x) = cos x - x sin x

Hence,

Derivative of f(x) = x cos X is cos X - X sin X

2 K. Question

Differentiate the following from first principle.
sin (2x - 3)

Answer

We need to find derivative of f(x) = sin (2x - 3)

Derivative of a function f(x) is given by -

f(x + h)—f(x

f'(x) = 1llim ) {where h is a very small positive number}
=0

.. derivative of f(x) = sin (2x - 3) is given as -

) f(x + h)—f(x)

f'(x) = lin
hoo



= f(X) = Jim SRE&+h)-3)-sin@x-3)
h—=0 h

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Use: sin A - sin B = 2 cos ((A + B)/2) sin ((A - B)/2)

dx—6+2h) . (zh)
sin|—
2 2

h

~F(X) = lim 2cod
h—0

cos(2x—3 + h)sin(h)
h

= f'(x) = 2lim
h=o

Using algebra of limits -

= f(x) = 2 lim 22 » lim cos(2x—3 + h)
h—-o h h—o0

Use the formula - lim &= = 1

x—=0 X

L f(x) =2 % I111111@-:-:)5(2:«; -3 +h)

Put the value of h to evaluate the limit -

= f(x) = 2 cos (2x - 3 + 0) = 2cos (2x - 3)
Hence,

Derivative of f(x) = sin (2x - 3) = 2cos (2x - 3)
3 A. Question

Differentiate the following from first principles

A5 2%

Answer
We need to find derivative of f(x) = V(sin 2x)

Derivative of a function f(x) is given by -

f(x + h)-f(x

f'(x) = lim ) {where h is a very small positive number}
h—0

. derivative of f(x) = V(sin 2x) is given as -

) f(x + h)—f(x)

f'(x) = lin
h=o

, . /'sin 2(x + h)—/sin 2x
= f(x) = Jjm YER2E*D)
h—=o0 h

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Multiplying numerator and denominator by v(sin 2(x + h)) + V(sin 2x), we have -

sin2(x+ h)—/sin2x Jsin2(x +h} + Vsin2x

= f'(x) = lim .
h—o h Jsin2(x + h} + vsin2x

Using a2 - b2 = (a + b)(a - b), we have -

- T = z
= f(x) = lim {V- sin2{x + h]J —('9'511123-.'}
h—o0 hysin2(x+h)++sinzx

Again using algebra of limits, we get -



sin(2x + 2h)—sin2x . 1
— % lim — —
h h— 0ysin2(x +h) +vsin2x

= f'(x) = 11111}10

Use: sin A -sin B =2 cos ((A + B)/2) sin ((A - B)/2)

4Xx+zhy , rzh
f'(X) — 1 11111 2::05{—2 )sm{?)
24/sin2xh — 0 h
- f(x) = ,1 1 cos(2x + h) sin(h)

Vsin2xh =0
Using algebra of limits -

sin

= f'(X) = —=lim ®) o lim cos(2x + h)
VsinZxh—-p h h—0
Use the formula - lim sinx 1
x—=0 X

N | :
P = o X I1115101:135(2?:; + h)

Put the value of h to evaluate the limit -

2x
L F(X) = cos
( ) Vsin 2x
Hence,
.. . 2
Derivative of f(x) = V(sin 2x) = —=—
Vsin 2x

3 B. Question

Differentiate the following from first principles

sInx

X
Answer
We need to find derivative of f(x) = (sin x)/x

Derivative of a function f(x) is given by -

f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
-0

.. derivative of f(x) = (sin x)/x is given as -

f(x) = lim "&HREE
h—o h

sin(x+|1)_sinx
h—o0 h

xsinix +h)—(x+hlsinx

= f'(x) = lim X(x+h) — lim xsin(x + h)—(x + h)sinx
h—o0 h h—o0 h(x)(x + h)
Using algebra of limits we have -
, . xsin(x +h)}—(x + h)sin .
A F(x) = lim xsin(x + h)—{x+h)sinx % 1im
h—0 h h—ox(x+h)
, . xsin(x+h)—(x+h)sinx 1
= f'(x) =
(x) IPEIO h x(x+0)

’ 1 .. xsin(x + h)—(x + h)sinx
= f'(x) = = lim (et h)—(x+ h)
x2h=o0 h

, 1 .. xsin(x + h)—xsinx—hsin x
= f'(x) = = lim
2 h=0 h



Using algebra of limits, we have -

—hsinx . xsin(x + h)—xsinx
= f'(x) = —[ 1111 + lim —}
h h—=0 h

in(x + h)—sin3
= f'(x) = —[— lim sinx + lim M}
x2 =0 h—=o0 h

Using algebra of limits we have -

i sinx 1., sin(x + h)—sin x
o f (X) = _ = 111 %

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Use: sin A - sin B = 2 cos ((A + B)/2) sin ((A - B)/2)

. 2x+hy /b
f'(X) — _5];%._- T -Eljl]l 2::05{ 2 )sm(z)

Xh—0 h

=f(x) = —St;x + = 11111 —hiwi{wb sin(3)
) * z

Using algebra of limits -

. fh
’ sin x 1 sm{—:] h
= fi(x) = — 22X 4 Ly 2Rl (x + 2)
(x) = T gjim —g==x lim cos(x + 7
2z

Use the formula - 11111 sinx_ 1

x—=0

A f(x) = —SnX + - >< 11111 cos (x + )

Put the value of h to evaluate the limit -

i sinx 1 sin x COSX
Sf(X) = —— + =xcos(x + 0) = ——;
X X X X
Hence,
sin x COSX

Derivative of f(x) = (sin x)/x is — -
X

3 C. Question

Differentiate the following from first principles

COsX

X
Answer
We need to find derivative of f(x) = (cos x)/x

Derivative of a function f(x) is given by -

f(x + h)—f(x)
h

f'(x) = lim {where h is a very small positive number}
h—0

. derivative of f(x) = (cos x)/x is given as -

f(x) = Jim "R
h-o0 h

cos(x +h) cosx
h-o0 h

xcos(x+h)—(x +h)cosx
lim x(x+h) _ 111 xcos(x + h)—(x + h)cosx
h—=0

h -0 h{x}(x + h)

= f'(x) =




Using algebra of limits we have -

, . 3 x+hj—(x+h 3 ,
< f(x) = lim xeosx+h)—(x + h) cosx % lim

h—=0 h h— ox(x+h)
- f(x) = lim xcos(x + h)—(x +h)lcosx 1

h—=0 h x(x +0)

xcos(x + h)—(x + h)cosx

. 1
ﬁf X) = —
(x) 3(211111}10 -

xcos(x + h)-xcosx—hcosx
h

. 1
=f(x) = = lim
“hoso

Using algebra of limits, we have -

, 1 . —hcosx . xcosix + h)-xcosx

=f(x) == { lim + lim ¥}
x* lh=o h—=o0 h

, 1 . , x(cos(x + h)—cosx

=f(x) = —2[— lim cosx + lim ;}
X h—=o0 h—=o0 h

Using algebra of limits we have -

cos(x + h)—cosx
h

.o COSX 1..
S f(X) = —— + - lim
X Xh—=0

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Use: cos A - cos B = - 2 sin ((A + B)/2) sin ((A - B)/2)

. x4+ hy |_1
S f(x) =2 czzx T EAIEHO -2 511‘1( ; )sm(z)
= f'(x) = __sz:( _%&IEIDM

2

Using algebra of limits -
= f(x) = — 22X _Ijp in,@x lim sin (x + E)
xZ Xh—0 3 h—o 2

sin x

Use the formula - lim =1
x—=0 X
e x 1. h
A f(x) = === — = x lim sm(x + —)
X b4 h—=o0 2

Put the value of h to evaluate the limit -

COSX gin x
2

00 =~ s + 0) - -

X X X

Hence,

COSX sinx

Derivative of f(x) = (cos x)/x is — .
X

X

3 D. Question

Differentiate the following from first principles
X°sinx

Answer

We need to find derivative of f(x) = X2 sin x

Derivative of a function f(x) is given by -



f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

~. derivative of f(x) = xZ sin x is given as -

f(x) = Jjm DR
h—o h

(x + h)%sin(x + h)—x sinx
h

= f'(x) = lim
h=o

Using (a + b)2 = a2 + 2ab + b? ,we have -

h®sin (x + h) + x®sin(x + h) + 2hxsin(x + h)—x* sinx
h

= f'(x) = lim
h=o

Using algebra of limits, we have -

, . h®sin{x+h . x® sin{x + h)—x® sinx . Zhxsin(x +h
= f(x) = lim —22EH 0 L gy e+ B) + Jim Z2sinxth)

h—o0 h—=o0 h h—o0

xZ(sin(x + h)—sin x)

= f'(x) = lim hsin(x + h) + lim + lim 2xsin(x + h)
h—o h—=o0 h—=o0
{sin(x + h)—sin x)

= f'(x) = 0xsin (x + 0) + 2x sin (x + 0) + %2 lim -
h—o0

’ \ , sin(x + h)-sinx
= f'(x) = 2xsinx + x? 1lllmﬂl%

Using algebra of limits we have -

S F(X) = 2X sin X + Xz lim sin(x + h)—sin x

h—=o h
We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Use: sin A-sin B =2 cos ((A + B)/2) sin ((A - B)/2)

zx+hy . sh
.o _ . . Zcosl—— |sin| -
S F(X) = 2x sinx + xzrllunow

cos+ B)sin(2)

= f'(x) = 2x sinx + x? rllimo—hi
2

Using algebra of limits -

. fh
, . . sin| — . h
= f'(x) = 2x sinx + x? 11111110—5&) X I111111@-:-:::5 (x + 5)

Use the formula - lim sinx_ 1

x—=0 X

S f(x) = 2xsinx + x? x IlliElUI-:-::os (x + 2)

Put the value of h to evaluate the limit -

- F(x) = 2x sin x + X2 cos(x + 0) = 2x sin x + X% cos x
Hence,

Derivative of f(x) = (x2 sin x) is (2x sin x + x2 cos x)

3 E. Question

Differentiate the following from first principles

Jsin(3x +1)



Answer
We need to find derivative of f(x) = V(sin (3x + 1))

Derivative of a function f(x) is given by -

f(x + h)-f(x
h

f'(x) = lim ) {where h is a very small positive number}
h—0

. derivative of f(x) = V(sin (3x + 1)) is given as -

f(x + h)—f(x)

F(x) = 1
(x) 1111510 -

Jsin{3(x +h) + 1}/sin(3x + 1)
h

= f'(X) = lim
h=o

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do
little modifications.

Multiplying numerator and denominator by \fsin{?;(x + h) + 1} + \l."lsin(?,x + 1), we have -

) ysin{3(x+h)+ 1} /sin(3x + 1) _ /sin{3(x + h) + 1} + ,/sin(3x + 1)
o h Vsin{3(x + h) + 1} + \/sin(3x + 1)

= f'(x) = lin
h—

Using a2 - b2 = (a + b)(a - b), we have -

= f'(x) = j; (\;‘sin{a(x+ h) + 1})2—(V-'Sin(3x+ 1]/]2
hlglg hy/sin{3(x + h) + 1} + \/sin(3x + 1)

Again using algebra of limits, we get -

sin(3x + 3h + 1)—sin(3x + 1) . 1
% lim — .
h h — 04/ sin{3(x + h) + 1} + /sin(3x + 1)

= f'(x) = 1111510

Use: sin A - sin B = 2 cos ((A + B)/2) sin ((A - B)/2)

ex+zh+2y , rzh
2 COS{T)sm(—)

. r 1 .
- Fx) = - lim 2
2ysin(3x+1)h =0 h
zh zh
, 1 . cos3x+1+—|sin|—
= f'(x) = : lim s{ z) (z)
YsinBx+1)h o h

Using algebra of limits -

. f2h
" . —snl — . h

= f'(X) = — = lim 2 a,12)><111111:1:;5(3}:;+ 1+3—)

YsinB3x+1)h=0o — h—=0 2
Use the formula - lim sinx _ 1

x—=0 X
. h

s f(x) = 7,3—): lim cos (3}; + 1+ —)

2,/sin(3x+1) h-o0 2

Put the value of h to evaluate the limit -

A f(x) = 3 cos(3x+1)

2,/sin(3x +1)

Hence,

. . _ . _ 3cos(3x+1)
Derivative of f(x) = V(sin (3x + 1)) = 2 femG@xT D)
3 F. Question

Differentiate the following from first principles

sin X + cos x



Answer
We need to find derivative of f(x) = sin x + cos x

Derivative of a function f(x) is given by -

f(x + h)-f(x
h

f'(x) = lim ) {where h is a very small positive number}
h—0

. derivative of f(x) = sin x + cos x is given as -

f(x + h)—f(x)

F(x) = i
(x) 1111510 -

= f(x) = lim sin(x + h) + cos(x + h)—(sin x + cos x)
h—=o0 h
Using algebra of limits we have -

sin(x + h)-sinx cos(x + h)l—cosx

f! X = .
= f'(x) 111121& -

+ lim
h—o0

We can’t evaluate the limits at this stage only as on putting value it will take 0/0 form. So, we need to do

little modifications.

Use: sin A - sin B = 2 cos ((A + B)/2) sin ((A - B)/2) and

cos A -cos B =-2sin ((A + B)/2) sin ((A - B)/2)

-2 sin(zx; h) sin(;)
h

2x+hy , sh
S F(X) = lim Zeoam)sG) cod( =) sin(3) + lim
h—=o0 h h—=o0

Dividing numerator and denominator by 2 in both the terms -

cos{x + 2:] sin{gjl — lim sin(x + 'El) sin{gjl
h—=0

= f'(x) = lim
h—0 z z

Using algebra of limits -

h
sin{—) h
= f'(x) = lim —x2* x lim cos (x + —) — lim
n—o h=0 2 h=o

si 11{2:]

. . h
% lim sin (x + —)
h—o0 2

Use the formula - lim %ﬂ =1

x—=0
S (x)=1x% IlliElUI-:-::os (x + 2) —1x 1111510 sin (x + 2)
Put the value of h to evaluate the limit -
= f'(x) = cos (x + 0) - sin (x + 0) = cos x - sin X
Hence,
Derivative of f(x) = sin x + cos x = cos X - sin X
3 G. Question
Differentiate the following from first principles
x’e*
Answer

We need to find derivative of f(x) = x% e*

Derivative of a function f(x) is given by -

f(x + h)-f(x

f'(x) = lim ) {where h is a very small positive number}
h—0

- derivative of f(x) = x% eX is given as -



f(x) = ljm =0
h—=o0 h
(x +h)Zelxt)_ 2%

h

= f'(x) = lim
h=o

hzex+I1 + xze"+h + 2h:\-:ex+h — xEe¥

f'(x) = 1i
= f'(x) 1111510 -

Using algebra of limits, we have -

. . hzex+h . 2 Ex+h_ X . 2h3-.'ex+h
= f'(x) = lim + lim ¢ ) & lim
h—=o0 h—=o0 h—=o0 h
; x+h 2 (e -1) : x+h
= lim he’ + x°lim ——— + lim 2xe*
h—=o0 h—=o0 h h—=o0

As 2 of the terms will not take indeterminate form if we put value of h = 0, so obtained their limiting value as
follows -

h _
LF(x) = 0xeX T 0 4 2x eX+ 0 4 axy2 11}1110'—(t= - 1)

x_
Use the formula: lim =— = log.e =1
x=0 X

= f'(x) = 2x eX + x2 eX

= f'(x) = 2x eX + x2 eX

Hence,

Derivative of f(x) = x2 X = 2x eX + x2 e*
3 H. Question

Differentiate the following from first principles

Answer

We need to find derivative of f(x) = o** + 1
Derivative of a function f(x) is given by -

f'(x) = lim ML;_@ {where h is a very small positive number}
h—0

. derivative of f(x) = ¢¥* + 1 is given as -

f(x + h)—f(x)

f' X = .
(x) 11111}10 -

, (x+0)? g ox*_4
= f (X) = linl ;
h—o0 h
x%+zhx+h?__x=
= f'(x) = lim = °
h— h

Taking e** common, we have -

x2 - _zhx+h2

’ _1

= f'(x) = ljm = © )
h—=0 h

Using algebra of limits -

, o - . E2I1:l{+|12_1
=f(X) = lim e x lim
h—0 h—0



z
E2I1:l{+|1 -1

= f'(x) = & lim
h—=o h

hx +h?
As one of the limits 1im * can't be evaluated by directly putting the value of h as it will take 0/0 form.
h—0

So we need to take steps to find its value.
Ash-0so, (2hx + h?) » 0
- multiplying numerator and denominator by (2hx + h2) in order to apply the formula -

e¥—1
lim— = log.e =1
Jm ge

~F(x) = e lim e V.50
h—=o 2hx+h? h

Again using algebra of limits, we have -

2
= f'(x) = & lim e 1o Jim 2Ex*R
h—=o 2hx+h? h=0 h
.oef-1
Use the formula: 111110— = log.e =1
o

h(2x + h)

’ 2 1.
= f'(x) = e¥ lim
h—0 h

= f'(x) = & 11111?10(2" + h)

S f(X) = e x (2x + 0) = 2xeX
Hence,
Derivative of f(x) = g** + 1 = 2x &%

3 I. Question

Differentiate the following from first principles

Eﬁ

Answer

We need to find derivative of f(x) = eV2X

Derivative of a function f(x) is given by -

f(x + h)-f(x
h

f'(x) = zlaim ) {where h is a very small positive number}
-0

- derivative of f(x) = eV2X is given as -

f(x + h)—f(x)

f' = .
(x) 11111}10 -

. [2(x+h)__VEX
=f(x) = lim = °
h—0

, vzx +zh_ =X
= f'(X) = lim = -
h—=0

Taking @v2x common, we have -

av2x eV +zh—/=x_ 1)

= f'(X) = 1i
i

Using algebra of limits -



o = . (eVETE-VER_,
= f'(X) = lim eVZ* x lim )
h—=o h—=0 h

, J— Vzx+zh—/2x_
= f'(x) = oV |jjm & D
h—=o0 h

(Evzx+2h—vzx

As one of the limits 1jm —Y can’t be evaluated by directly putting the value of h as it will take 0/0
h—0

form.
So we need to take steps to find its value.

Ash-0so, (2x + 2h—+2x) >0

. multiplying numerator and denominator by /2x + 2h — +/2x in order to apply the formula -

e¥—1
lim— = log.e =1
Jm ge

eV2X+ zh—\,-zx_l 'u"—23(+ 2h—\,'ﬁ

S F(X) = oV lim T e——
h—-0 ¥V2Zx+Zh—y2x h

Again using algebra of limits, we have -

, _ =L, eYEEEzREE 4 . V2x+ Zh—/Zx
=f(X) = e¥2* |jm " ———x lim
h—=0 VZx+ Zh—y/2x h—=0 h

x_
Use the formula: lim =— = log.e =1
x—=0 X

, P . v 2x + 2h—/2x
= f'(x) = V2 |jjp ~ =¥
h—=0 h

Again we get an indeterminate form, so multiplying and dividing v(2x + 2h) + V(2x) to get rid of
indeterminate form.

V2x + Zh—2x  v2Zx + 2h + 2%
h v2x + 2h + /2%

s f(x) = eV lim
h—0

Using a2 - b2 = (a + b)(a - b), we have -

—2 —2
= f'(x) = E'”'E lim (vV2x+ 2h) —{y2x)
h—o0 h(vZx+2zh+2x)

Using algebra of limits we have -

’ P 1s 2x + 2h—-2h .
=>f(x) =eVElim ———— x lim ———
h—=0 h h—=0vV2x+2h+y2x
2h 1
TR e
h V2x+ 2(0) +v2x

= f'(x) = eV** lim
h—0

P 1. 1
= f(x) = eV lim 2 X —
h—=0 24 2%

#l

av 2

]
"

2l

y

Hence,

#l

V2x — e'?

y

Derivative of f(x) = e

]
"

2l

3 J. Question
Differentiate the following from first principles

ax~h

=

Answer



We need to find derivative of f(x) = eV(@x +b)

Derivative of a function f(x) is given by -

f'(x) = lim ML;_@ {where h is a very small positive number}
h—0

~. derivative of f(x) = e'(@ +b) js gjven as -

f(x) = Jjm X9
h—=o0 h

avalx+hl+b_ vVax+b

= f'(x)

lim
h—=o h

e¥ax+ ah+ h_evax +b

= f'(x)

lim
h—=o0 h

Taking g¥ax+b common, we have -

svax+ h(evax +ah+b—/ax+ h—l]

= f'(X) = 1i
i

Using algebra of limits -

evax+ ah+b—/ax+ h—l]

= f'(X) = lim V™ *? x Jim
h—0 . h

— vax+ah+b—/ax+b_
= f'(x) = gVax+b iy (e 1]

h—=o0 h

(Evax+ ah+b—ax+b

As one of the limits 1jm ~Y) can’t be evaluated by directly putting the value of h as it will take
h—0

0/0 form.

h

So we need to take steps to find its value.

Ash-0so, (yax + ah + b—+vax + b) =0

. multiplying numerator and denominator by \/ax + ah + b —+ax + b in order to apply the formula -

e¥—1
lim— = log.e =1
Jm ge

vax+ah+b—vax+b_; oy ah+b—Vax+b

S f(x) = gvax+bqyy 2
hoo Vax+ah+b—ax +b h

Again using algebra of limits, we have -

vax+ah+b—/ax+ b_l

, — af . e . Vax+ah+b—ax+b
= f'(x) = gVax+bJjy = . % lim
h—o0 vax+ah+b—vJax+b h—=0 h
e¥—

Use the formula: lim == = log.e =1
x—=0 X

Vax +ah+ b—ax+k
h

= f'(x) = gVax+b iy
h—0

Again we get an indeterminate form, so multiplying and dividing v(ax + ah + b) + v(ax + b) to get rid of
indeterminate form.

. f . vax + ah+b—Vax+b +Vax+ah+b++vax+E
S f(x) = V3P Iim : :
-0 h vax+ah+b+vax+Lk

Using a2 - b2 = (a + b)(a - b), we have -

. z L 2
= f(x) = Evm lim (Vax+ah+b) —(Vax+b)
h—o0 h(Vax+ah+b++Vax+b)

Using algebra of limits we have -



, | . ax + ah + b—ax—h . 1
= f'(x) = V¥ +*b Jjm =" 7 5 lim :
h—=0 h h—=pvax+ah+b++vax+bh

! 5% .. ah 1
= f'(x) = e"*=*P lim = x :
h—=oh yax+a(0)+b+vax+b

=f(x) =e'®™*Plim a x
h—=o0 2

vax+b
f'(X) — ae"'“+h
2yax+b
Hence,

) qevax+ b

Derivative of f(x) = e/(@x+b

2vax+b
3 K. Question

Differentiate the following from first principles

¥

Answer

We need to find derivative of f(x) = a¥*

Derivative of a function f(x) is given by -

f@‘Lh]_f(x] {where h is a very small positive number}

f'(x) = lim
h=o

~. derivative of f(x) = a'X is given as -

f(x) = ljm =0

h—o0 h
, [(x+h)_ VX
=f(x) = lim & 2
h-0
, vx+h_ VX
= f'(x) = ljm 2 2
h—o0 h

Taking 3v* common, we have -

, VE o VE + =X _1
= f'(x) = Jjm 22 )
h—o

Using algebra of limits -

, . — . »'x+|1—\,-x_1
= f'(X) = lim a¥* x lim @ )

=0 =0

, = VK+|1—\.'§_1
= f'(x) = 3v* |jjm @ )
h—0

w + h—yX _ 1]

As one of the limits im @ can't be evaluated by directly putting the value of h as it will take 0/0
h—0

form.
So we need to take steps to find its value.

Ash-0so0, ({x + h—x) 0

E_
- multiplying numerator and denominator by /x + h — /x in order to apply the formula - lim == log.a
x—=0 X

VE+ h—/x _ 1 'u"_:\-.' +h— V’}

S (X)) = qvE g
A e X n



Again using algebra of limits, we have -

, =, avEthevE_ , Vi +h—3
= f(X) = aV¥ lim Z——— x lim
h—-0 ¥x+h—yx h—0 h

X
. -1
Use the formula: lim =— = log.a
x—=0 X

’ = . [ + h—/%
=f(x) = a'*x log_a x lim =
gE h—-O h

Again we get an indeterminate form, so multiplying and dividing

V(x + h) + V(x) to get rid of indeterminate form.

. g = . [k+h—x vVx+h+
S f(x) = a¥*log.a lim = X ——
(x) Ee h—o0 h [x+h+

=

11 =1

< | <

=
=

Using a2 - b2 = (a + b)(a - b), we have -

2 z
F(x) = V% . (Vx+h) —(Vx)
= f'(x) = aV 108e311111}10 VT V5)

Using algebra of limits we have -

= ¥+ h—x
=f(x) =a"*log.alim — x lim ——
(x) Ee h—=o L h—o(Ve+h+vx)

= h 1
= f'(x) = a¥*log.a lim - X ——
(x) Ee h—oh Jx+(0)+yx

= 1
= f'(x) =av*log.alim 1 x —
( ) ge h—=o0 2%

- f: X) = a“'x
(x) > 72108,
Hence,
. . _ VX — a"E
Derivative of f(x) = a"* = Z_]gg_a
2\.‘? €

3 L. Question

Differentiate the following from first principles

3

Answer

We need to find derivative of f(x) = 3%°

Derivative of a function f(x) is given by -

f(x + h)—f(x
h

f'(x) = 1llim ) {where h is a very small positive number}
=0

= derivative of f(x) = 3¥° is given as -

f(x) = Jjm =0
h—0

. . 3(1:+I'1)Z_3:I{Z
=f'(X) = lim
h—o

2 2 2

, aX +zhx+h _3¥
= f(X) = lim
h—=0

Taking 3% common, we have -



2 2
, aX 32I1x+I1 -1
= f'(X) = Jjm ¢ )
h—0

Using algebra of limits -

. o 2 . 32I1x+h2_1
=f(X) = lim 3% x lim
h—0 h—0

z
zhx+h -1

= f'(x) = 3%* lim
h—=o0 h

hx +h?
As one of the limits 1y % can’t be evaluated by directly putting the value of h as it will take 0/0 form.
h—0

So we need to take steps to find its value.

As h - 0 so0, (2hx + h?) - 0

x_
- multiplying numerator and denominator by (2hx + h2) in order to apply the formula - limoaT1 = log.a
X— -

2
32hE+B%_ 3 ohy 4 h?
2hx + h® h

S F(x) = 3% lim
h—0

Again using algebra of limits, we have -

. _ _.a  gzhx+h® 4 .
= f(x) = 3% lim — X lim
h—0o Z2hx+h h—0

h(2x + h)
h

X
. -1
Use the formula: lim =— = log.a
x—=0 X

= f(x) = 3% xlog,3 X 1llimoM

= f(x) = 3% log.3 1111111'3(2}& + h)

~F(x) = 3% 1og 3 x (2x + 0) = 2x 3 log.3
Hence,
Derivative of f(x) = 3 = 2x3*"10g3

4 A. Question

Differentiate the following from first principles

tan” x
Answer

We need to find derivative of f(x) = tan? x

Derivative of a function f(x) is given by -

f(x + h)-f(x

f'(x) = 1llim ) {where h is a very small positive number}
-0

- derivative of f(x) = tan? x is given as -

f(x) = Jim "R
h—0

- f(x) = lim tan®(x + h)—tan®x
h—=o0 h
Using (a + b)(a - b) = a% - b2 ,we have -

{tan(x + h)—tan x}{tan(x + h) + tanx}
h

= f'(x) = lim
h=o



Using algebra of limits, we have -

= f(X) = lim {tan(x + h)—tanx}

x lim {tan(x + h) + tanx
lm - Jim {ran( ) }

= f'(x) = {tan(x + 0) + tanx} x lllimom:]_tan@

= f'(X) = 2tan x 111]1 M
h—=o0 h

sinx+h_sinx
= f'(x) = 2tan x ljm Cesx+h cosx
h—-o0 h

cosxsin(x + h)—sinxcos(x + h)
hicosxcos(x + h)}

= f'(x) = 2tanx lim
h—o0

Using: sin A cos B - cos A sin B = sin (A - B)

, _ . sin(x + h—x)
= f'(x) = 2tanx rlllgloh{cosxcos(x+ hj}

Using algebra of limits we have -

X }1;1210 {cosxcos(x + h)}

e _ . sin(h)
S f'(x) = 2tanx 11111}10 -

sin x

=1

Use the formula - lim
x—=0 X

1

LX) =2tanx X 1 X m

_ Ztanx

— = 2tanxsec’x
O5°X

= F(x)
Hence,
Derivative of f(x) = (tan? x) is (2 tan x sec? x)

4 B. Question

Differentiate the following from first principles
tan 2x + 1)

Answer

We need to find derivative of f(x) = tan (2x + 1)

Derivative of a function f(x) is given by -

f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

. derivative of f(x) = tan (2x + 1) is given as -

f(x) = lim "&HRE
h—0

= f(x) = ljm B2k +h)+ D-tan@x+ 1)
h—=0 h

’ . tan(2x + 2h + 1)—tan(2x + 1
= f'(x) = lim L )
h—=0 h

sin(zx+zh+1) sin(zx+1)
cos({zx+zh+1) cogzx+1)
h

= f'(x)

= lim
h=o

cos(2x + 1)sin(2x + Zh + 1)—sin(2x + 1)cos(Zx + Zh + 1)
h{cos{2x + 1)cos(Zx + 2h + 1)}

=f'(x) = 1l;imo

Using: sin A cos B - cos A sin B = sin (A - B)



lim sin(2x + Zh + 1-2x-1)
h — ohf{cos(2x + 1)cos(2x + 2h + 1)}

= f'(x) =

Using algebra of limits we have -

L f'(x) = lim sin(2h) ® lim !
h _h_.o h h— 0f{cos(2x + 1)cos(2x + 2h + 1)}

To apply sandwich theorem ,we need 2h in denominator, So multiplying by 2 in numerator and denominator
by 2.
sin(2h

) . 1
h X }1;1210 {cos(2x + 1)cos(2x + Zh + 1)}

Sfi(x) =2 11111}10

sin x

=1

Use the formula - lim
x—=0 X

1
cos¥(2x +1)

= f'(x) = 2%
~f(x) = 2sec?(2x + 1)

Hence,

Derivative of f(x) = tan(2x + 1) is 2 sec? (2x + 1)
4 C. Question

Differentiate the following from first principles
tan 2x

Answer

We need to find derivative of f(x) = tan (2x)

Derivative of a function f(x) is given by -

f'(x) = 1llim f@‘Lh]_fm {where h is a very small positive number}
=0

.. derivative of f(x) = tan (2x) is given as -

f(x) = ljm =0
h—o0 h

tan(2(x + h))-tan(2x)
h

= f'(x) = lim
h=o

tan{2x + Zh)—tan(2x)

=f'(x) = lim
h—=o0 h
sin(zx+:zh) sin(zx)
= f'(x) cos(zx+zh) cos(zx)

= lim
h—=o h

cos(2x)sin(2x + 2h)—sin(2x) cos{2x + 2h)
h{cos{2x)cos(2x + 2h)}

=f'(x) = 1l;imo

Using: sin A cos B - cos A sin B = sin (A - B)

, o sin(2x + zh-2x)
= ) = i g costax « 2m)

Using algebra of limits we have -

sin(2h) % lim 1
h — 0 {cos(2x)cos(2x + 2h)}

(X)) = 1111210

To apply sandwich theorem ,we need 2h in denominator, So multiplying by 2 in numerator and denominator
by 2.
sin(2h)

. 1
X }1;1210 {cos(2x)cos(2x + 2h)}

s f(x) =2 11111}10



gin x

Use the formula - lim =1
x=0 X
= f(x) = 2x —
X) = cos?(2x)

~f(x) = 2 sec?(2x)

Hence,

Derivative of f(x) = tan(2x) is 2 sec? (2x)
4 D. Question

Differentiate the following from first principles

~Jranx

Answer
We need to find derivative of f(x) = vtan x

Derivative of a function f(x) is given by -
f'(x) = lim ML;_@ {where h is a very small positive number}
h—0

. derivative of f(x) = vtan x is given as -

f(x) = Jjm R
h—0

= f(x) = lim i tan(x + h)—ytanx

h-o0 h
As the limit takes 0/0 form on putting h = 0. So we need to remove the indeterminate form. As the
numerator expression has square root terms so we need to multiply numerator and denominator by vtan (x
+ h) + vtan x.

i tan(x + h)—ytanx ytan(x + h) + v/tanx

x lim

= f'(x) = lim ——
h=0 h h — 0+ tan(x + h) + tanx

Using (a + b)(a - b) = a? - b% ,we have -

- f(x) = lim (V-'tan(x+ h) Z—{utanx z

h—=o0 h(\;‘tan(x +h)+ -Jtanx)

Using algebra of limits, we have -

tan(x + h)—tanx 1

= f'(x) = lim ¥ lim ——
(x) h—=o0 h h— 04/ tan(x + h) + 'tanx

1 . tan(x + h)—tanx

= f'(x) = 1 ¥

Jtan(x + 0) ++tanx * h =0

sinix+h) sinx)

= f'(x) = 1 lim cos(x + 1) cos(x)
2ytanxh — 0 h
, cos(x) sin(x + h)—sin(x)cos{x + h
S F(x) = s(x) sin(x + h)-sin(x) cos(x + h)

2ytanx h—=0 hicos(x) cos{x + h)}
Using: sin A cos B - cos A sin B = sin (A - B)

sin(x + h—x)

= f'(x) = 2ytanx h — ph{cos(x) cos(x + h)}

Using algebra of limits we have -

2 im0y —
2ytanxh—=p h h = 0 {cos(x) cos(x + h)}

f'(x) =




gin x

Use the formula - lim =1
x—=0 X
1 1

= f'(x) = X ——
(x) 2ytanx  cos?(x)

- sec®x
24/tanx

Hence,

SE‘CZ X

Derivative of f(x) = vtan(x) is

2y/tanx

5 A. Question

Differentiate the following from first principles
sin -/ 2x

Answer

We need to find derivative of f(x) = gin+/2x

Derivative of a function f(x) from first principle is given by -

flc+ b)-fG0) {where h is a very small positive number}

f'(x) = lim
h—0
- derivative of f(x) = gin/2xis given as -

) f(x + h)—f(x)

f'(x) = lin
hoo

sin ,/2(x + h)—sin VZx

= f'(X) = i
i 2

Use: sin A -sin B =2 cos ((A + B)/2) sin ((A - B)/2)

Vzx +zh+42XY , [vzx+2h—/2X
2co 2 sin 2

= f'(x) =

lim
h—=o0 h

Using algebra of limits, we have -

= f'(X) = 27; Vax + Zh + 2x ] g 2Etzh/zE
lim cos|—— ) x lim ————
2 h—o0 h

=0

_ Sin(vzx + zh—vﬁ]
! = 2%+ 2(0) ++/2x .
= (X)) =2 4g (3—( )+ ) x lim ——2—~
2 h—=o0 h

. (»‘zx + zh—vﬁj
sin| —————

=f(X) =5 cos V2x x lim
h—=o0 h

As,h=0=\2x + 2h—2x =0

.. To use the sandwich theorem to evaluate the limit, we nee

in numerator and denominator.

. (vVzx +zh—2%
sin| —————

y . [2x+ 2h—23
= f'(x) = 2 cosV2x x lim ——=—+ J X (\’ = =)
h—0 h(—")

2
z

Using algebra of limits -

-

. (vVzx +z2h—/2X
sin VZx + 2h—/Zx
2h

2
Vax+ zh—\.-ﬁ)
2

= f'(x) = 2 cosy2x x lim % lim
hoo hoo

d V2x+ 2h—/2x

in denominator. So multiplying this



Use the formula: lim sinx_ 1

x—=0

Y . V2x+2h—/2x
= f(X) = 2 cos V2x x 1 XrlllmbT\’

V2x+ 2h—/2x

= f'(x) = 2 cosy2x lim
h—=0 2h

= f'(X) = 2 cosy2x lim X IRV

h—=0 2h
Again we get an indeterminate form, so multiplying and dividing v(2x + 2h) + V(2x) to get rid of
indeterminate form.

V2x+ 2h—2x  V2x + Zh + 2%
zh V2x + 2h ++/2x

~f(x) = 2 cosv/2x lim
h—0

Using a2 - b2 = (a + b)(a - b), we have -

—Z 2z
- f(x) = 52 13 (V2x+2h)"—(V2x)
() =2 cosvax lim S remme S

Using algebra of limits we have -

, . 2x+2h-2h .
= f'(x) = 2cosv2x lim ———— x lim ——
h—=o0 2h h—=ov2x+2h++/2x

m— 1. 2h 1
=f(x) =2cosv2x lim — X ————
h—=02h V-'2x+2(0]+\;2:\-.'

= f'(x) = 2 cosV2x X 1llimol X ——

242%

|

X

s

fr(X) — COSy
V2K

[e%]

Hence,

|

]

cosy 2%

Derivative of f(x) = sin V2x =

[e%]

|

VIx

5 B. Question

Differentiate the following from first principles

COS\E

Answer

We need to find derivative of f(x) = cos+/x

Derivative of a function f(x) from first principle is given by -

f'(x) = 1llim f(th]—f(vJ {where h is a very small positive number}
=0

- derivative of f(x) = cos+/x is given as -

f(x) = Jjm DR
h—o0
= f(x) = lim cos,/(x + h)-cos/x

h

Use: cos A - cos B = -2 sin ((A + B)/2) sin ((A - B)/2)

_3 S].n(vx +h+ »EJ S].n(vx + h-»‘i)
= (x) =

lim
h—=o h

Using algebra of limits, we have -



, VE+h—X

4 _ _ . . v+ h+4x . SI——
= f'(x) 21im sin (7() x lim ———=—
h—=0 2 h—=0 h
sin(vx + h-»‘i]
= f' = - \ X+ 0+yx .
F(x) 2 sin (”7() x lim ——2—=
2 h—=0 h

. (VK + h—»‘i]
s ——
- 2 J

h

=F(X) = _55in VX X 1l;imo

As,h->0=\x + h—yx—0

~. To use the sandwich theorem to evaluate the limit, we need Y**"=* in denominator. So multiplying this in
2

numerator and denominator.

. (VK +h—X
sl ———

, = 9 ain o . z J (V" +h- "ﬁ)
= f'(x) 2s5inyx x 1111510 h("'“'l“'i] X >
2

Using algebra of limits -

sin VX + h—»‘i] '_h _
y . . . /X + h—x
= f'(X) = —2sinyX X lim ——2—< % lim =
AR (M) h—0 2h
2
. sin x
Use the formula: lim =1
x—=0
- | L RERE
S (X)) = —2sinyx X 1 Xlim .
h—=0 2h
£ _ = i VX h—%
= f'(x) = —2sin+x lim
h—=0 2h

Again, we get an indeterminate form, so multiplying and dividing v(x + h) + V(x) to get rid of indeterminate
form.

- -

, . . [x+h—x  Vx+h+4x
S (X)) = —2sinyxX lim SV X IEVE
h—=0 2h Vi +h+ 4%

Using a2 - b2 = (a + b)(a - b), we have -

— 2 2
0 = —2sinyE lim T
(x) 2sinyx glElozh{umﬂE)

Using algebra of limits we have -

. \ \ x + h—x .
= f'(x) = —2sinyx lim —— x lim ———
h—=0 2h h—=ovVx+h+vyx
. . h 1
= f(x) = —2sinyx lim — X ———
h—o02h /x+(0)+yx
, . [ . 1 1
= f'(x) = —2sinyx X lim - X —
h—=02 2yx
fr(X) — —S]ll'._\f}.'
24/x
Hence,
—sin /%

Derivative of f(x) = cos vVx =

2\,"}
5 C. Question

Differentiate the following from first principles

Tan \f,g



Answer

We need to find derivative of f(x) = tanx

Derivative of a function f(x) from first principle is given by -

f(x + h)-f(x
h

f'(x) = lim ) {where h is a very small positive number}
h—0

~. derivative of f(x) = tan+/xis given as -

f(x + h)—f(x)

F(x) = 1
(x) 1111510 -

, . tan./(x + h)—tanyx
= f'(x) = 1111111 tan/(x + h)—tanyx
=0

= f'(x) = lim <= VX+h _ cosvx
h-o0 h

cosyxsinVx + h—cosvx + hsiny/x
hcos \Ecos{\f}.’ + h}

= f'(x) = lim
h—0
Use the formula: sin (A - B) = sin Acos B - cos Asin B

’ . sinjvx + h—x
=f (X) = lim {,_—,Q‘
h_.ohcosuxcos{\ix+ h]

Using algebra of limits, we have -

’ . sin{vx+h—/x
= F(x) = Jim 22 Vx)

h—0 h X 11115110 cosyxcos(vx + h)
£ _ 1 . sin(vVx+h—/x]
= (X) =—X lim ———
cosyxcosyx+0 h—o0 h
) _ . sin(vx+h—/x
= f'(x) = — % lim sin(Vx + h-Vx)
cosZyx h—=o0 h
) . sin{vx +h—/x
= f'(x) = ——=x lim sin(Vx + h-Vx)
cos®yx h—=o0 h

As,h=>0=\x + h—yx—0

- To use the sandwich theorem to evaluate the limit, we need \/x + h — /x in denominator. So multiplying
this in numerator and denominator.

, 1 . sin(yx + h—yx) —
= f X) = _ — al
o) = Samx im h(VEr Bvx) (Vx + h= )

Using algebra of limits -

, 1 . sin(vx+h—x , Vi + h—yx
= f'(x) = — x lim {T,—} x lim
cos2yx  h=0 {V:\-:+ h—/x h=0 h

sin x

Use the formula: lim =1
x—=0 X
o 1 . Vx+h—x
(X)) = —=x 1 xlim ————
cosTy X h— h
, 1 . Vi + h—yx
= f'(x) = —— lim -
cos®yX h—=0 h

Again, we get an indeterminate form, so multiplying and dividing v(x + h) + V(x) to get rid of indeterminate
form.

=

Wl

. £ 1 . /3 V3 +
S (X)) = ——= lim X —
cos®yX h—=0 W +

=



Using a2 - b2 = (a + b)(a - b), we have -

=f(Xx) = —— lim (av) ()"

cosZyVx h—o h{\p‘:-.'+ h+ \,"}]

Using algebra of limits we have -

, 1 \ x+h—x \
= f'(x) = — lim % lim ———
cos?yx h—o h ho oVx+h+x
1 . h 1
= f'(x) = — lim — x

cos?yx h—oh ~ [x+(0)+3

. 1
= f(x) = X I1111110 1% NE
- v

cosZyx

. sec? x
F(x) = <20
2\.‘?

Hence,

Derivative of f(x) = tan Vx = &z)q
2y x
5 D. Question

Differentiate the following from first principles

tan x2
Answer
We need to find derivative of f(x) = tan x

Derivative of a function f(x) from first principle is given by -

f'(x) = lim ML;_@ {where h is a very small positive number}
h—0

. derivative of f(x) = tan x? is given as -

f(x) = ljm =0
h—o0 h
= f(X) = lim tan(x + h)Z—tanx®
h—=0

sinix +h)® sinx?
cos(x+h)? cosx?

=00 = lim
h—0

cosx” sin(x + h)®—cos{x + h)?sin x*
hcosx? cos(x + h)*?

= f'(x) = lim
h—0
Use the formula: sin (A - B) = sin A cos B - cos A sin B

, . sin{(x + h)®—x*
=f (X) = lim g
h—= ghecosx® cos(x + h)?

Using algebra of limits, we have -

sin(x® + Zhx + h?—x?)

= f'(x) = lim % lim
h=o h

h ~pcosx? cos(x+h)2
) 1 . sin{2hx +h®
ﬁf(X)=—>< 1111'1Q
cosx? cos(x+0)2 K0 h
) 1 . sin(2hx + h®
= f'(x) = x lim ( )

cos?(x?) " h—=o0 h

As,h—>0=2hx + h2-0



. To use the sandwich theorem to evaluate the limit, we need 2hx + h? in denominator. So multiplying this in
numerator and denominator.

sin(zhx + h?)

» — 2.2 . 2
= f'(X) = sec?x? x 1111910 o (2hx + h?)
Using algebra of limits -

sin(2hx + h?) h{2x +h)

= f'(x) = sec?x? x lim % lim
(x) h—=o (2hx+h?) h—=0 h

, . sin(2hx + h? ,
= f'(x) = sec?x? x lim m(—x)x lim 2x + h
h—=o (2hx+h?) h—=0

Use the formula: lim =— = 1
x—=0 X

S f(x) =sec? x2 x 1 x (2x + 0)

- f'(x) = 2x sec? x?

Hence,

Derivative of f(x) = tan x2 = 2x sec? x2

Exercise 30.3

1. Question

Differentiate the following with respect to x:
x# - 2sin x + 3 cos x
Answer
Given,
f(x) = x* - 2sin x + 3 cos x
we need to find f'(x), so differentiating both sides with respect to x -
-'-i{f(x)} _ (x*—2sinx + 3 cosx)
dx T odx
Using algebra of derivatives -
) = L (x4 — 2.2 (s 4
= f'(x) - (x%) — 2 (sinx) + 3 (cosx)
Use the formula: i(xn) = nx*! i(sinx) = COSX i(cc:-sx) = —sinx
dx "dx "dx

S F(x) =4x*"1-2cos x + 3 (-sinx)

= f'(x) = 4x3 - 2 cos x - 3 sin x

2. Question

Differentiate the following with respect to x:

3% 4+ x3 + 33

Answer

Given,

f(x) = 3% + x3 + 33

we need to find f'(x), so differentiating both sides with respect to x -

S} = = (35 + ¥+ 3)



Using algebra of derivatives -
"(x) = L (ax 4.3 4 a3
= f'(x) dx(3 ) + L (%) + 7 (3%)
i ny n—1 i XYy _ X i _
Use the formula: (&7 = nx"",—(a¥) = a®loga,_(constant) = 0
S F(x) =3%loge 3-3x3"1+0
= f'(x) = 3¥ loge 3 - 3x2

3. Question

Differentiate the following with respect to x:

x° 5
—=2VX + —
3 X
Answer

Given,

2
f(x) =< —2yx + =
3

2

we need to find f'(x), so differentiating both sides with respect to x -
d d x® 5

S = — (= — 2% =2
LUX} = - G —2vx + )

Using algebra of derivatives -

= F00 =2 (5) - 2500 + 55 (3)

3 x?

Fx) =19 3~ 2% (xs 4 (g2
= f'(x) &) —2-(x2) + 5 (x7%)
Use the formula: di (x*) = nx®?

X

1
200 =2 (3x3 ) — 2 %< x4+ 5(—2)x 72!

1
=f(X) = 3 x % x2—x7z —10x3

S f(x) =x2-x(-12) _10x -3

4. Question

Differentiate the following with respect to x:
eonga + @ log x 4 ealoga

Answer

Given,

f(x) = eX loga 4 ed log x 4 ed log a

= f(x) = eloga" + elogexa + elogeaa

We know that, e!°9 f(x) = f(x)

s f(x) = aX + x@ + a@

we need to find f'(x), so differentiating both sides with respect to x -

P} = £ (@ + x* + a?)



Using algebra of derivatives -
d d d
f' = X - a il a
= f'(x) dx(a ) + L&D + (@)
i ny n—1 i XYy _ X i _
Use the formula: (&7 = nx"",—(a¥) = a®loga,_(constant) = 0

~f(x)=a¥logea-ax® "1 +0
= f'(x) = a¥ loge a - ax? =1

5. Question

Differentiate the following with respect to x:

(2x2 + 1)(3x + 2)
Answer

Given,
f(x) = (2x2 + 1)(3x + 2)
= f(x) = 6x3 + 4x% + 3x + 2
we need to find f'(x), so differentiating both sides with respect to x -
L4 _ 4 3 2
--dx{f(x)} == (6x% + 4x* + 3x + 2)
Using algebra of derivatives -
1) = £ & ro3 4,2 4 4
= f'(x) édx(x ) + 4dx(x ) + 3% (x) + dx(z)
Use the formula:%(xn) = nx™! and%[constant) =0

L) = 63371 + 423271 + 30371 + 0
=f(x)=18x2+8x +3 +0

S f(x) =18x% + 8x + 3

6. Question

Differentiate the following with respect to x:

logsx + 3logex + 2 tan x

Answer

Given,

f(x) = logsx + 3logex + 2 tan x

we need to find f'(x), so differentiating both sides with respect to x -
-'-%{f(x)} = % (logyx + 3log.x + 2tanx)

Using algebra of derivatives -

= f'(x) = %(logg X) + 3%(1035){) + 2% (tanx)

1

Use the formula: % (log,x) = and% (tanx) = sec?x

xlogea

~f(x) = + 2sec?x

xloge 3 xlogze



1

= f'(x) =
(x) xlogs3

+ % + Zsec?x

1

xloge3

L f(x) = + % + 2sec?x

7. Question

Differentiate the following with respect to x:

g

Answer

Given,

i) = (x + 2) (V& + )

AL

:f(x)=X\.&+ l,_‘i‘

ps

B

+

%[5
w

Hy
= f(x) = x32 + x12 4 x -2+ x-312

we need to find f'(x), so differentiating both sides with respect to x -
.od d E 1 1 K

E{ﬂ:x)} = (xz + xz + Xz + X z2)

Using algebra of derivatives -

= f'(x) = %(XZ) + %(xﬁ) + di (x‘ﬁ) + %[X_S”)

X

d d
Use the formula: = (x™) = nx™?! anda (constant) = 0

2 1 1 2
S =2xa1 4 It 4 (— E)x‘i‘l + (—E)X_E_l
2 2 2 2

, 3 * 1 2 3 B
=>f(xX)=Zxz + - x 2—5}{ z—EX z
3 1 1 3
SP() =2 E o b
(x) 2 v 24x 2xx 2xEx
3 1 1 3
AP = VR 4 e
(x) 2 v 2yx 2mx 2x%Wx

8. Question
Differentiate the following with respect to x:

+ 3

253

Answer

Given,
f(x) = (\& 4 \Tl;)a

Using (a + b)3 = a3 + 3a%b + 3ab? + b3

O
g _(NX) N Vx +(v§}2+{v’§)a

= f(x) = x312 + x12 4 x -2+ x-312



we need to find f'(x), so differentiating both sides with respect to x -
. d d 2 1 1 _2

E{ﬂ:}{)} = (Xz + 3%z + 3x =z + X z)

Using algebra of derivatives -

= f'(x) = %(XZ) + 3%(;&) + 3% (x‘ﬁ) + %[x‘”z)

d d
Use the formula: = (x™) = nx™?! anda (constant) = 0

2 1 1 2
AP =2x31 4 3t 4 (— E)x‘i‘l + (—E)X_E_l
2 2 2 2

9. Question
Differentiate the following with respect to x:
2x* +3x + 4
X
Answer
Given,

-]
f(X) = 2x" +3x+4

X

= f(x) = 2x + 3 + =
=f(x) =2x+3 +4x"1!
we need to find f'(x), so differentiating both sides with respect to x -
.4 _4 -1
s dx{f(x)} == (2x+ 3 +4x™ %)
Using algebra of derivatives -
x) =24 4 LR
= f'(x) de(x) + dx(B) + 44 (x™1)
Use the formula: %(xn) = nx"! and%[constant) =0

Sf(x)=24+0+4(-1)x"1-1

=f(x) =2-4x"2

L F(x)=2-4x"2

10. Question

Differentiate the following with respect to x:
(x* +1)(x-2)

bl

x?

Answer



Given,

f(X) =:(Ka + U(X—E]

%2

P S
=>f(X) — X 23\'2+:{ 2
X

=f(x) =x2-2x+x"1-2x"2

we need to find f'(x), so differentiating both sides with respect to x -
-'-%{f{x)} = i (x?-2x + x1-2x7?)

Using algebra of derivatives -

=f00 =S () -25 (@) + = (k) -2 (x )

X

d d
Use the formula: —(x*) = nx® 1 and_—(constant) = 0

AP =22 L4 2oy (m1x-1olo2(-2)x 20l
=>f(x)=2x+2x0-1x"2 +4x "3

AF(X) =2x+2-x"2 +4x "3

11. Question

Differentiate the following with respect to x:

acosxX + bsinx+ ¢

sinx
Answer

Given,

f(X) _ 8cosx+ bsinx+c¢

sinx

COSX

Sf(x)=a"= 4+ b+
sSinx

sinx
= f(x) = acot x + b + c cosec x

we need to find f'(x), so differentiating both sides with respect to x -
. d _d
"E{f(x)} == (a cot x + b + c cosec x)
Using algebra of derivatives -
= f'(x) = ai(cotx) + i(b) + ot (cosecx)
dx dx dx

d d
Use the formula: E(mt x) = —cosec’x & d—(cosec X) = —cosecxXcotx

x
- f'(x) = a( - cosec? x) + 0 + c( - cosec x cot x)
= f'(x) = - a cosec? x - ¢ cosec x cot x

- f'(x) = - a cosec? x - ¢ cosec x cot x

12. Question

Differentiate the following with respect to x:
2sec X + 3 cot x - 4 tan x

Answer



Given,
f(x) = 2secx + 3 cot x -4 tan x

we need to find f'(x), so differentiating both sides with respect to x -
. d _d _
"E{f(x)} == (2secx + 3 cotx-4tanx
Using algebra of derivatives -
= f(x) = 25 (secx) + 3l (cotx) — 42 (tanx)
dx dx dx

Use the formula:

d d d
— (cotx) = —cosec’x,—(secx) = secxtanx &—(tanx) = sec’x
3 (cotx) 3 (secx) 3 (fanx)

- f(x) = 2(sec x tan x) + 3( - cosec x) - 4(sec? x)
= f'(x) = 2sec x tan x - 3cosec? x - 4sec? x

- f'(x) = 2sec x tan x - 3cosec? x - 4sec? x

13. Question

Differentiate the following with respect to x:

agxX"+a; x""l4+a;x"2+ . +ap.1X+ap
Answer

Given,

fix) =agx"+a; x" " L+a;x" "2+ ... +ap_1X+ap

we need to find f'(x), so differentiating both sides with respect to x -
.-.di{f(x)}=di(a0x”+a1x”‘1+a2x”‘2+ ....... +an_1 X+ ap)
X X

Using algebra of derivatives -

d

d
n—1 dx

= f'(x) = %(aox”) + aliﬁx“‘l) + ..+a (x) + a, (1)

d d
Use the formula: = (x™) = nx*? and— (constant) = 0

SFX)=agnx" " l+a;(n-1)x""1-14ran-2)x"-2-14+ .. +ap.1+0
>f(x)=apgnx""T+a;(n-1)x""2+ayn-2)x""3+ ... +an_1
SFP(x)=agnx""l4+a;(n-1)x""2+ay(n-2)x""3+ ... +ap-1

14. Question

Differentiate the following with respect to x:

1 s 4

sinx log, 3
Answer

Given,

= oo+ 270 4 e

using change of base formula for log, we can write -



logy 3 = (loge 3)/(l0ge X)

log. s
- f(x) = cosecx + 232% + 4 —E==
loge 3
log. s
= f(x) = cosecx + 8.2% + 4 —===
loge3

we need to find f'(x), so differentiating both sides with respect to x -

.4 _d % loge x
s dx{f(x)} == (cosecx + 8.2¢ + 4 —)

loge 3

Using algebra of derivatives -

4
loge3

= f(x) = %(cosecx) + 8%(2*) + i (log.x)

Use the formula:

d d d 1
E(cosec X) = —cosecxcotx,ﬁ(a ) = a*log.a &E(logex) =5

= f'(x) = 2( - cosec x cot x) + 8(2% loge2) - 4/(l0ge3) (1/x)

= f'(x) = —2cosecx cotx + 2% 3log.2 +
xloge3

. f(x) = —2cosecxcotx + 2% %log.2 +
xloge3

15. Question

Differentiate the following with respect to x:

(x+35)(2x*-1)

X
Answer
Given,

f(X) - (}.’ + 5](2}.’2—1]
X

3 2T
:f(x)=2:{ + 10x“—x-5

x
=f(x) =2x2 4+ 10x-1-5x "1

we need to find f'(x), so differentiating both sides with respect to x -
S0} = < (2% + 10x— 1- 5x7Y)

Using algebra of derivatives -

=f0) =2 (x) + 10-(x) —= () -5 (x7})

Use the formula: % (x™) = nx™?! and% (constant) = 0

S f(x) =2(2x% 1) +10(1) - (- 1)(0)-5(-1)x~"1-1

=f(x) =4x + 10 + 0 + 5x 2

S F(x) = 4x + 10 + 5x 2

16. Question

Differentiate the following with respect to x:



1 " 3 _
log TJ +5x% —3a* + ¥x® +6¥x7
X
Answer
Given,

f(x) =log(71;) + 5x%—3a* + VxZ + 6VYx3
3

1 2
= f(x) = log(x'E) + 5x®—3a* + x3 + 6x /4

= f(x) = - 0.5 log x 4+ 5x@ - 3a* 4+ x?/3 4+ 6x ~3/4

we need to find f'(x), so differentiating both sides with respect to x -
. d d A < z —3/4
--E{f(x)} = = (—0.5logx + 5x%- 3a* + xz + 6x7°/%)
Using algebra of derivatives -

, d . _2
=f(x) = —= —(logx) + 5 [Xa) 3 - (@) + —(XE) +6-(x79)
Use the formula:

—(x") = nx**, (1089{) - —(a“) a*log.a

dx

-~ f =_i a-1 _ b4 g E—l _E ———1
f'(x) . T bax 3a*logea + Jxa " + 6( 4);{ 2

) 1 1 r g 7
=>f(X)=—;+5axa —3a*log.a + Xa——X4
1 7

s f(x) = —i + Sax®! —3a*log.a + zx a—Ex_E

17. Question

Differentiate the following with respect to x:

cos (x + a)

Answer

Given,

f(x) = cos (x + a)

Using cos (A + B) = cos A cos B - sin A sin B, we get -
- f(x) = cos x cos a - sin xsin a

we need to find f'(x), so differentiating both sides with respect to x -
-5 0} = inxsin a)
ient £{6.9) S (cosxcosa-sinxsina
Using algebra of derivatives -
Sf(x) =2 (cosx cosa) — 4 (sinx sina)

dx dx
As cos a and sin a are constants, so using algebra of derivatives we have -
= f'(x) = cosa— (cosx) — sina— (sinx)

dx dx

Use the formula:



d d
—(cosx) = —sinx & d—sinx = COSX
X

dx
.~ f'(x) = - sin x cos a - sin a cos X
= f'(x) = - (sin x cos a + sin a cos x)

Using sin (A + B) = sin A cos B + cos A sin B, we get -
S f(x) =-sin(x + a)
18. Question
Differentiate the following with respect to x:
cos(x—2)
sin X
Answer
Given,

f(x) = cos(x—2)

sin x

Using cos (A + B) = cos A cos B - sin A sin B, we get -

. cos X cos 2 - sin x sin 2

sin x
= f(x) = cos 2 cot X - sin 2

we need to find f'(x), so differentiating both sides with respect to x -
2 {f(x)) = < (cotxcos2-sin2)
S~ U = (cotx cos 2 - sin
Using algebra of derivatives -
=f(x) =2 (cotxcos2) — 4 (sin2)
dx dx
As cos a and sin a are constants, so using algebra of derivatives we have -
') = cos2 L _einzd
= f'(X) = cos2 - (cotx) —sin2 dx(l)

Use the formula:

d

—(cotx) = —cosec?x

dx( )

- f(x) = - cosec? x cos 2 - sin 2 (0)
= f'(x) = - cosec? x cos 2 - 0

- f(x) = - cosec? x cos 2

19. Question

2

. X X ., dy b
If y = |sin— + cos—J find —atx =—
’ 2 2 dx 6
Answer
Given,

2
— . X X
y = (5111— + COSs —)
2 2

Using (a + b)2 = a2 + 2ab + b?



y =sin?= + 2sin=cos= + cos?=
2 2 2 2
>y=1+ Zsingcosg { sin%A + cos?A = 1 & 2sin A cos A = sin 2A}

=2y =1+ sinXx

Now, differentiating both sides w.r.t x -

. dy d .
S = = Sin X
dx dx(l + )

Using algebra of derivatives -

dy
dx

d d, .
=2 = E(l) + E(smx)

d d
Use: — — (si =
= (constant) = 0 & = (sinx) = cosx

. d
~Z = 0+ cosx = cosx
dx

Hence, dy/dx at x = /6 is

(dy) T V3
— = €0S— = — ...ans
dx atj-::% 6 2

20. Question

2—-3cosx | _ y
Fy= | 222955 ) g &Y g2 ©
Sinx dx 4
Answer
Given,
2—3cosx
Yy =—
SInx
— .2 —3 closx
SInx sSInx
=Yy = 2 cosec X - 3 cot x
Now, differentiating both sides w.r.t x -
.dy _ d —
<. = L(2cosecx— 3cotx)
Using algebra of derivatives -
dy d d
= = = — — —
dx de[cosec X) 3 (cotx)
. d d 2
Use: — (cosecx) = —cosecx cotx & = (cotx) = —cosec”x
a
d—i = —2cosec X cot X — 3(—cosec? x)

Hence, dy/dx at x = /4 is

(g)atng = —2cosec G) cot G) + 3-:059-:2(2) = —242 + 6 ..ans

21. Question

Find the slope of the tangent to the curve f(x) = 2x® + x* - 1 at x = 1.
Answer

Given,



y=2x0+x4-1

We need to find slope of tangent of f(x) at x = 1.

Slope of the tangent is given by value of derivative at that point. So we need to find dy/dx first.
As,y =2x0 + x4-1

Now, differentiating both sides w.r.t x -

%y _ 4,6 4_
ol dx[:?.X + x*-1)

Using algebra of derivatives -

N

— o8, 6y 4 ey 94
dx zdx(x ) + dx(x ) dx(l)

i my _ n—1 i —
Use: - (x%) = nx" 1 & = (constant) = 0

Ldy 6—1 4-1 __
e 2(6)x°~1 + 4x 0

= _ 19x5 + 4x3 -0
dx

As, slope of tangent at x = 1 will be given by the value of dy/dx atx =1

+(2) = 12(15) + 4(13) = 16 ..ans

dx/atx=1

22. Question

dy
If \/g 1 \/E prove that: 2xy — =
a X dx

Answer

X a J
a X
Given,

o= e |
a X

We need to prove: 2x ¥ — (E _ E)
dx a X

As,y = \E + \E....equation 1

Now, differentiating both sides w.r.t x -

WAy 4 X E
Tax dx[:J;+ J;)

Using algebra of derivatives -

1 1
=¥ _ L2(x) + val(xs)

dx Vadx
Use: i(xn) — Ian_l
dx
. d 11y Lo 1y i
A T_(—)Xz 1y \."E(——)X 2 1
dx ya w2 2
d _t fa _2
dx Zya
%y _ 1 va



Multiplying x both sides -

d X Va
=2xY = 22
dx vayx WV
d Vx va
=2xY = = -2
dx ya VX

Now, multiplying y both sides -
fa
_ﬁ)

=2y Y = (f n \*_E) (”_E_ "TE) {from equation 1}

| —
ya v/ \ya nps

Pl

:nyﬁ = y(

Using (a + b)(a - b) = a? - b2

23. Question

Find the rate at which the function f(x) = ¥* - 2x3 + 3x2 + x + 5 changes with respect to x.
Answer

Given,

y=x-2x3+3x2+x+5

We need to rate of change of f(x) w.r.t x.

Rate of change of a function w.r.t a given variable is obtained by differentiating the function w.r.t that
variable only.

So in this case we will be finding dy/dx
As,y =x*-2x3 +3x2+x+5
Now, differentiating both sides w.r.t x -

Ly _od a3 2
= X -2xt 4+ 3x + x + 5)
Using algebra of derivatives -

dy
dx

=

— gy 29 (x3 dxy 4 4 4
= L) 2t 432+ LW+ A
Use: £ (x7) = nx® & ~ (constant) = 0

dx dx

2= axt o 2(3)X T 43X+ 1+ 0

N

= 4x?—-6x* + 6x + 1
dx

.. Rate of change of y w.r.t x is given by -% = 4x¥—6x2 + 6x + 1

24. Question

2x° 5 dy
If}.-:i_“:;(?_ﬁf_x,flnda‘at)(:l

Answer

Given,



2x® 5
y=—"-2x"+ 6x’—x

We need to find dy/dx at x = 1
As,y =22_ 347 4 exP—x
3 7
Now, differentiating both sides w.r.t x -

| d 2x® 5
w2 2 (2% 4+ 6xP—x)
dx dx ™~ 3 7

Using algebra of derivatives -

dy _ 2d oy 34 .7 4 ey _ 4
=>d:\-:_ de[:x) de(x)—l—édx(x) dx[:x)

d d
Use: —(x") = n-1g0 2 —
= (x") = nx™ 1 & = (constant) = 0

+ 2= 2(9)x = 2(7)x7 + 6(3)xP - 1

dx

> _ gx®—5x5 + 18x% — 1
dx

(E) = 6(1%)—5(1°) + 18(1*)—1 = 18 ..ans
dx/atx=1

25. Question

If for f(x) = A x2 + ux + 12, f (4) = 15 and f’ (2) = 11, then find A and p.
Answer

Given,

y=Ax2 4+ px + 12

Now, differentiating both sides w.r.t x -

cdy _ o d g
= dx(i\x + ux + 12)

Using algebra of derivatives -

dy _ 44 2 a 4
=>d:\-.' o ldx(x ) + udx[:x) + dx(lz)

d d
Use: —(x%) = n-1g0 2 —
= (x") = nx™ 1 & = (constant) = 0

-'-g =A2x* 1+ p=2x+

Now, we have -

f'(X) = 2AX + [
Given,
f'(4) = 15

=22 (4)+u=15
=2>8A+u=15...... equation 1
Also f'(2) = 11
=22A2)+pu=11

=24\ +u=11.... equation 2

Subtracting equation 2 from equation 1, we have -



4A=15-11=14

SA=1

Putting A = 1 in equation 2
44+pu=11

Su=7

Hence,

A=1&u=7

26. Question

100

For the function f(x]: L X_ + ...+ X_ + x +1.Prove that f'(1) = 100 f' (0).
100 99 2
Answer
Given,
XIDO 99 XE
f(x)=m+¥+....+5+x+ 1

Now, differentiating both sides w.r.t x -

xJ.OO

. d d %% %
Ffy = Gt Tt XD

dx ~100
Using algebra of derivatives -

' _ 1 4. 100 1d . 9 1d 2 4 4a
=f(x) = modxl:x ) + QQdK(X )+t zdxl:x ) + dx(x) + dx(l)

d d
Use: —(x%) = n-1g0 2 —
= (x") = nx™ 1 & = (constant) = 0

dF(x) = 220x% % 4 43 v+ 140
100 99 2

=f(x) = x99+ x98 + .. +x+1

~SF(1) =19 +1°8 + .+ 1+ 1 (sum of total 100 ones) = 100
-~ f(1) = 100

As, f(0)=0+4+0+ ..... +0+1=1

-~ we can write as

f'(1) = 100x1 = 100x f'(0)

Hence,

f'(1) = 100 f'(0) ....proved

Exercise 30.4

1. Question

Differentiate the following functions with respect to x:
x3 sin x

Answer

Let, y = x3 sin x

We have to find dy/dx



As we can observe that y is a product of two functions say u and v where,

u=x3and v = sin x

Y L\

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy dv du .

= = u= — ...equation 1

dx U'ci:\-.' T Vd:\-: 9

As, u = x3

. du 3-1 2 i ..od n n—1

o= 3x = 3x*...equation 2 {- d—(x ) = nx }
X X

As, v = sin x

. dv

d ) d
- = —(si = ...equation 3 {"" — (si —
= = (sinx) COSX ...€Q { - (sinx) CoSx}

. from equation 1, we can find dy/dx

Ldy _zdv . du
L. = XL+ sinx
d , . .
= d—y = x*cosx + 3x?sinx {using equation 2 & 3}
X
Hence,
dy
x = x%cosx + 3x?sinx ....ans

2. Question

Differentiate the following functions with respect to x:

x3 eX

Answer

Let, y = x3 eX

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=x3andv = e

Sy =uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy dv du .

— = u— — ...equation 1

dx udx T de 9

As, u = x3
du 3-1 2 i o4 en n—1

S— = 3% = 3x?...equation 2 {"" —(x") = nx }
dx dx

As, v = &

L8y od e ey x tion i XYy _ aX
__dx_dx(e)_e ...equation 3 { dx(e)—e}

. from equation 1, we can find dy/dx



. dy g dv x du
= = X"— + et —
dx dx dx

= % = x3e¥ 4 3x%e* {using equation 2 & 3}

Hence,

dy 2 X
o Xe (x + 3) ....ans

3. Question

Differentiate the following functions with respect to x:
x2 eX log x

Answer

Let, y = x? eX log x

We have to find dy/dx

As we can observe that y is a product of three functions say u, v & w where,

u = x2
v =¢eX
w = log x
Sy = Uvw

As we know that to find the derivative of product of three function we apply product rule of differentiation.

By product rule, we have -

d dv du dw .
d_i = uw_ + Vw__ + uv_ ...equation 1
As, u = x2
.-.% = 2x271 = 2x...equation 2 {'-'%(x“) = nx"1}
As, v = &
dv d : .. d
o = —-(e¥) = e*...equation 3 {- (9 = e*}

As, w = log x

= %(1053) = %...equation 4 {'-'%(logex) = é}

. dw
dx

. from equation 1, we can find dy/dx

Ldy o dv x du 2gx@W

w = X 108de+ e logxderx et
= % = x%e*logx + 2xe*logx + xze"é {using equation 2, 3 & 4}
Hence,

d

d—i = xe*(xlogx + 2logx + 1) ....ans

4. Question

Differentiate the following functions with respect to x:

x" tan x



Answer

Let, y = x" tan x

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=x"and v = tan x

Y L\

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy dv du .

— = u_— — ...equation 1

dx U'd;\._- + de q

As, u = x"

. Gu n—-1 H A | n n—1i

- = DX ...equation 2 {" —(x") = nx }
dx dx

As, v = tan x

dv d 2 . .. d
= = — = ...equation 3 {"" — = e
== (tanx) = sec*x...€q { - (tanx) = sec®x}

. from equation 1, we can find dy/dx

.dy _ _pdv du
. = X't tanx
d . .
= d—y = x"sec?x + nx™ !tanx {using equation 2 & 3}
X
Hence,
dy
x = x"sec?x + nx™ 'tanx ....ans

5. Question

Differentiate the following functions with respect to x:

x" log, X

Answer

Let, y = X" log 5 X

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
u=x"and v = log, x

Sy = uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.
By product rule, we have -

dy _ dv du

= u—= — ...equation 1
dx U'ci:\-.' T Vd:\-: 9

As, u=x"

. du

—1 . d n—1
— I .. 1
. = ...equatIO | 2 { - —_ E = E }'

As, v = logy x



_d".’_ d lo X) _
Tdax | dx Ea -

...equation 3 {'.'%(logax) =

xlogea xlogea

. from equation 1, we can find dy/dx

2 ndv du
de X dx + lﬂgaX dx
& _ " + nx"tlog_x {using equation 2 & 3}
dx xlogea 2

Hence,

d 1

YV _ gt (— +n logax) ....ans

dx log.a

6. Question

Differentiate the following functions with respect to x:

(x3 + x% + 1) sin x

Answer

Let, y = (x3 + x2 4+ 1) sin x

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=x3+xZ+1andv =sinx

Sy = UV

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy du
dx

...equation 1
dx

dv
= U'E—I_V

As,u=x3+x2+1

odn 4 s x?
~ = = (x* +x* + 1)

>3 _ g2 4 oy ...equation 2 {'-'i(xn) = nx"1}
dx dx

As, v = sin x

. dv

d ) d
- = —(si = ...equation 3 {" — (si —
™ ™ (sinx) COSX q { - (sinx) COSX}

-~ from equation 1, we can find dy/dx

-'-% = (x* +x* + l)g + sinx%

=% = (x* + x2 + 1)cosx + (3x? + 2x)sinx {using equation 2 & 3}
Hence,

dy :

i (x* + x* + 1)cosx + (3x* + 2x)sinx ....ans

7. Question
Differentiate the following functions with respect to x:
COS X Sin X

Answer



Let, y = cos x sin X

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u = cos x and v = sin X

Sy = UV

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -
T nE + v= . equationl
dx

As, U = cos X

du d , d
== = = —sinx ...equation 2 {" — = —si

. = o, (c0sx) sinx ...eq { = (cos x) sinx }
As, v = sin x

dv d . d
~—— = — (sl = ...equation 3 {" — (si —
= = (sinx) COSX ...€Q { - (sinx) COSX}

. from equation 1, we can find dy/dx

. dy dv . du
<. = cosx— + sinx —
d . . . .
= d—y = cosx(cosx) + sinx (—sinx) {using equation 2 & 3}
X
d .
= — cos?x — sin®x
dx
Hence,
&y a2
= c0s’x —sin?x ...ans
dx

8. Question

Differentiate the following functions with respect to x:

2% cotx
WX
Answer
2% cots _t
Let, y =% = 2%cotx X =
W

We have to find dy/dx

As we can observe that y is a product of three functions say u, v & w where,

u=x-12
v =2X

w = cot X
Y = Uvw

As we know that to find the derivative of product of three function we apply product rule of differentiation.

By product rule, we have -

d: dw du dw
s uw— + vw— + uv

— ...equation 1
dx dx dx dx



L 2 . d

S 1e—s-t 1y equation 2 { S (x") = nx"!}
dx P P dx

As, v = 2%

.g_ix_x i -.-ix_x
T I (2¥) = 2*log.2 ...equation 3 { — (a*) = a*loga}
As, w = cot x

. d d , . d
Y = Z(cotx) = —cosec?x...equation 4 { = (cotx) = —cosec’x}
dx dx dx

. from equation 1, we can find dy/dx

. od _t dw du _t dw
~ 2 = xZcotx= 4 2%cotx— + x 228 =%
dx dx dx dx

using equation 2, 3 & 4,we have -

dy 2 < . 1 2 . 5
=L =X zcotx 2¥log2 + 2* cotx (_EX 2) + X z2%(—cosec” x)
Hence,

dy 2% _1(1 5 cot cotx 2y)

— = 2*x2(log2 cotx ——— — cosec” ¥X) ....ans

dx & 2%

9. Question

Differentiate the following functions with respect to x:
x2 sin x log x

Answer

Let, y = x2 sin x log x

We have to find dy/dx

As we can observe that y is a product of three functions say u, v & w where,

u=x2

vV = sin X
w = log X
Sy = Uvw

As we know that to find the derivative of product of three function we apply product rule of differentiation.

By product rule, we have -

dy dwv du dw :

— = J— VW — — ...equation 1

dx uw dx + dx Ty dx a

As, u = x2

. du 2.1 ; .. d n n—1
= 7% = 2x...equation 2 {- E(x ) = nx }

As, v = sin x

dv d . d
n— = —(si = ...equation 3 {" —(si =
~ = = (sinx) = cosx...eq { = (sinx) = cosx}

As, w = log x

= %(1053) = %...equation 4 {'.'%(logex) = é}

. dw
dx



. from equation 1, we can find dy/dx

o x%100x Y + s L x2ginxdW
= X logxdx + smxlogxdx + X7 sinx—-

using equation 2, 3 & 4, we have -

d . 1
=>d—l" = x%cosxlogx + 2xsinxlogx + x%sinx-
X b 4

Hence,

d
E:i = x%*cosxlogx + 2xsinxlogx + xsinx ...ans

10. Question
Differentiate the following functions with respect to x:
x> eX + x8 log x
Answer
Let, y = x> eX + x8 log x
Let, A = x> eX and B = x® log x
~y=A+8B
dy _ da , dB

= 4 _

dx dx dx

We have to find dA/dx first

As we can observe that A is a product of two functions say u and v where,

u=x>andv = &

S A =uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dA dv du .
— — u— + v—...equationl
dx dx dx 9
As,u=x>
., du 5-1 4 i 4 en n-1
— = bx = bx*...equation 2 {"" —(x") = nx }
dx dx
As, v = X
dv d - x x i ..od
~— = — (&%) = e¥...equation 3 {"" —(e¥) = e*
- dx(e) e q { dx(e) e*}

. from equation 1, we can find dy/dx

dA c dv du
= = XT— + e*—
dx dx dx
dA - . .
= =X e* + 5x*e* {using equation 2 & 3}
X
Hence,
da

_—= 4 (v + §Y..... t. 4
— = x*¢“(x + 5) ....equation

Now, we will find dB/dx first

As we can observe that A is a product of two functions say m and n where,



m = x% and n = log x
S B=mn
As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dB dn dm .
— = m— + m— ...equation 5
d dx dx a
As, m = xb
dm

R 6—1 __ 5 i i ny _— n—1
o0 = 6x°7! = 6x° ...equation 6 { (") = mx }

As, v = log x

dv d 1 . .. d _1
f e = E(1.;;.g:=<;) = ;...equatlon 7{- E(1.;;.g;x;) = x}
.. from equation 5, we can find dy/dx

. dB gdn dm
S— = X" — + logx—
dx dx g dx

- % _ Xsé + 6x°log x {using equation 6 & 7}

Hence,

‘;_B = x5(1 + 6logx) ..... equation 8

.4

As, & _ da B

dx dx dx

. from equation 4 and 8, we have -

d _
E:i = x*e*(x + 5) + x°(1 + 6logx) ....ans

11. Question

Differentiate the following functions with respect to x:

(x sin x + cos x)(x cos x - sin x)

Answer

Let, y = (X sin X + cos Xx)(x €cos X - sin x)

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
U = X sin X + cos x and v = X €0S X - Sin X

Sy = UV

As we know that to find the derivative of product of two function we apply product rule of differentiation.
By product rule, we have -

dy dv du :
== — ...equation 1
dx U'ci:\-.' T Vd:\-: 9

As, u = X sin x + cos X

. du

d .
Sl E(xsmx + cosx)

Using algebra of derivatives -



du d , d

= — = — —

- dx(xsmx) + dx(cosx)

"i[sinx) = cosx & i(msx) = —sinx
dx - dx -
du d d d .

So— = x— (si inx— - using product rule
- = X5 (sinx) + sinx—(x) + (cosx) {usingp }
d , , .

=d—u = Xc0sX + sinx —sinx = xcosx ...equation 2

X

As, v = X COS X - Sin X

_ dv
T dx

—(XcosXx— sinx
dx

Using algebra of derivatives -

dv d d .

= — = — _—
== (x cosx) = (sinx)

"i[sinx) = cosx & i(msx) = —sinx
dx - dx -

dv d d d .

L= = x— —(x) — —(si using product rule
—. = X_(cosx) + cosx —(x) ——(sinx) {usingp }
dv , , ,

=>d—‘ = —x¥sinx + cosX —coSX = —xsinx ...equation 3

X

.. from equation 1, we can find dy/dx

- av _ sing)
el (xsinx + cosx) =T (x cosx— sinx) ™

using equation 2 & 3, we get -

d . : .

= d—i = (xsinx + cosx)(—xsinx) + (xcosx— sinx)(xcosx)
a . : .

= d—i = x?(cos?’x — sin’x) + x(sinx cosx + cosxsinx)

As, we know that: cos2x - sin2x = cos 2x & 2sin X cos X = sin 2x
Hence,

d

i x%cos 2x — X sin 2x

12. Question

Differentiate the following functions with respect to x:

(x sin x + cos x)(e* + x2 log x)

Answer

Let, y = (x sin x + cos x)( & + x2 log x)

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
u = xsin x + cos x and v = (& + x2 log x)

Sy = UV

As we know that to find the derivative of product of two function we apply product rule of differentiation.
By product rule, we have -

dy

dv du .
- u— — ...equation 1
dx U'ci:\-.' + Vd:\-: 9



As, U = X sin X + cos x

. du

d .
Sl E(xsmx + C0sX)

Using algebra of derivatives -

du d . d
= — = — —
™ dx[xsmx) + dx(cosx)
L — & a — — qj
. dx(smx) = COSX & — (cosx) = —sinx
du d d d .
So— = x—(si inx— — using product rule
—. = X (sinx) + sinx— (x) + <, (cosx) {using p }

du \ . -
=>E = XcoSX + sinx —sinx = xcosx ...equation 2

As, v = & + x2 log x
dv

— d X + 21
S dx[:e x“ logx)

Using algebra of derivatives -

dv
=

_ 4, x d .3
= dx(e ) + = (x“logx)

Lood B X i _ 1
-E[e)—e &dx(logx)—x

S 2d a2 d . x i

S S (logx) + logx ™ (x?) + - (e*) {using product rule}

Ldv x x...equation 3
E=:+2xlogx+e = x + 2xlogx + e*...€q

. from equation 1, we can find dy/dx

o : v 2 xy du
ol (xsinx + cosx)dx + (x“logx + e )dx

using equation 2 & 3, we get -

ﬁ% = (xsinx + cosx)(x + 2xlogx + e*¥) + (e*¥ + x* logx)(xcosx)
=>g = (xsinx + cosx) (x + 2xlogx + e¥) + (e* + x? logx)(xcosx)
Hence,

dy

el (xsinx + cosx)(x + 2xlogx + e¥) + (e* + x?logx)(Xcosx)

13. Question

Differentiate the following functions with respect to x:

(1-2tan x)(5 + 4 sin x)

Answer

Let,y = (1 - 2 tan x)(5 + 4 sin x)

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
u = (1-2tan x) and v = (5 + 4sin x)

Sy = uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.



By product rule, we have -

d: dv
_}r = Uu—

du .
— ...equation 1
dx dx + de 9

As, u = (1 - 2tan x)

. du d
= E(l_ 2tanx)
du _ dy_ o4 - 00— 2
= = () —2_(tanx) = 0—2sec’x
du 2 . ..od 2
== = —2sec?x ....equation 2 {" =(tanx) = sec®x}
dx dx

As,v =5 + 4sin x

w d 5 + 45sj
e T 3. sinx
dx dx( )
dv d d .
B 5(5) + 4;(5111){) = 0 + 4cosx
-2 — 4cosx ...equation 3 {"'i(Sinx) — cosx}
o dx

. from equation 1, we can find dy/dx

. dy

ol (1—2tanx)g + (5 + 4sinx) %

using equation 2 & 3, we get -

a .
=>d—i = (1—2tanx)(4cosx) + (5 + 4sinx) (—2sec® x)
d .
= d—i = 4cosx— 8tanx X cosx— 10sec?x — Bsinx X sec?x

' sin X = tan x cos x , so we get -

= %

ol 4 cos x— 8 sin x— 10sec? x — 8 sec X tan X
X

Hence,

v .
ﬁ = 4cosxXx— 8sinx— 10sec’x— 8secxtanx ....ans

14. Question

Differentiate the following functions with respect to x:

(x2 + 1) cos x

Answer

Let, y = (x2 + 1) cos x

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
u=x%+1andv = cosx

Sy =uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.
By product rule, we have -

dy

dv du '
= u— — ...equation 1
dx udx + de a



As,u=x2 +1

Lu d o2 _ 4.2 4

”dx_d:\-:(x +1) _dx[:x)—l—dx(l)

- du 2% ...equation 2 {'-'i(x“) = nx* '}
dx dx

As, Vv = Ccos X

_dw

d ) d
o = — = —si ...equation 3 {" — — i
™ ™ (cosx) sinx q { = (cosx) sinx}

. from equation 1, we can find dy/dx

-'-% = (x* + l)g + cosx%

:g = (x? + 1)(—sinx) + 2xcosx {using equation 2 & 3}
Hence,

dy .

el (x2 + 1)(—sinx) + 2XCOSX ....ans

15. Question

Differentiate the following functions with respect to x:

sinZ x

Answer

Let, y = sin? x = sin x sin x

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u = sin x and v = sin x

Sy = uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy du
dx

...equation 1
dx

dv
= u— +v
dx

As, U = sin x

du d , d
L= = —(si = ...equation 2 {" —(si =

. = 3. (sinx) = cosx ...eq { - (sinx) = cosx}
As, v = sin x

_dw
T dx

d \ . - | .
= E(SIIIX) cosx ...equation 3 {. E[:sulx) = COSX}

. from equation 1, we can find dy/dx

. dy . dv . du
= = sinx_ + sinx —
d: . . . .
= d—y = sinx(cos x) + sinx (cosx) {using equation 2 & 3}
X
a .
> — 2sinxcosx
dx

Hence,



y . .
d_ = Z2sinxXcosxX = sin2xX ....ans
X

16. Question

Differentiate the following functions with respect to x:
log ,x
<2

Answer
Let,y =log.=x
Using change of base formula for logarithm, we can write y as -

log.x log.x

1
= = = — = constant
y log.x? 2log.x 2

As,y=1/2
We know that% (constant) = 0

. dy

el 0 ..ans

17. Question

Differentiate the following functions with respect to x:

e* log+/x tan x

Answer

Let, y = e log Vx tan x = eX log x1/2 tan x = 1/2 ¥ log x tan x
We have to find dy/dx

As we can observe that y is a product of three functions say u, v & w where,

u = log x

v = eX

w = tan X
Sy = 1/2 uvw

As we know that to find the derivative of product of three function we apply product rule of differentiation.
By product rule, we have -

dy
dx

dw

du dw: .
+ vw— + uv—) ...equation 1
dx dx dx) 9

1
= 5 [:uv._;r

As, u = log x

.du _ d _ 1 . i _ 1

n o= o (logx) = - ...equation 2 { = (logx) = x}

As, v = &

% = %(ex) = e*log.,e = e*...equation 3 {%(E‘() = e*}

As, w = tan x

. dw d 2 . . d
o2 = ...equation 4 {" — = 2
—. = o (tanx) = sec’x...eq {+" = (tanx) = sec®x}

. from equation 1, we can find dy/dx



dy

_ 1 dw - du xﬂ
ol z(logxtanxdx + eftanx—_— + logx e dx)

using equation 2, 3 & 4,we have -

d: 1 1
=>d—i = E(logxtanxe" + extanx; + e*logx sec? x)

Hence,

dy 1 tan x )
= - 2° (logxtanx + ~ + logxsec”x) ....ans
18. Question

Differentiate the following functions with respect to x:
x3 eX cos x

Answer

Let, y = x3 eX cos X

We have to find dy/dx

As we can observe that y is a product of three functions say u, v & w where,

u=x3
V = COS X
w = eX
Sy = Uvw

As we know that to find the derivative of product of three function we apply product rule of differentiation.

By product rule, we have -

dy dv du dw .
- = yw— + vw— + uv— ...equation 1
dx dx dx dx a
As,u=x3

du

o 3-1 _ 2 i i ny _— n-1
. = 3x°7h = 3x% ..equation 2 { —(x) = nx""'}

As, vV = Cos X

dwv d . d
= = —3j ...equation 3 {" — — _aj

Felialie (cosx) sinx ...eq { - (cosx) sin x}
As, w = eX

dw d

. d
Se— = — x = X “es t 4 P x = X
™ = (e¥) e equation 4 { = (e) e¥ }

. from equation 1, we can find dy/dx

. dy

dw du dw
. X 3

= X"e + cosxe + X°C0osX
dx dx dx dx

using equation 2, 3 & 4, we have -

a :
= d—i = x%e* (—sinx) + e* cosx (3x?) + x*cosxe®

Hence,
dy
dx
19. Question

= x%e*(—xsinx + 3 coSX + XCOSX) ....ans



Differentiate the following functions with respect to x:

2 I
X COs5—
4
sinx
Answer
x% cosm %2 1
Let, y =-_ - & = '_' . — _'_XZ COsSec X { Ccos T[/4 = 1/\/2 }
sinx yv2sinx V2

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u = x%and v = cosec x

sy =(1/V2) uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy 1( dv du) .

— = —|(u— + v—])...equation 1
dx W2 dx dx 9

As, u = x2

. du

s — 2-1 _ i i my _ n—1
™ 2% 2% ...equation 2 { = (x™) nx }

As, v = cosec X

dv d ( )
~— = —(cosecx
dx dx
dv . - |
= . == —C0Secxcotx ...equation 3 {-. E(cosecx) = —cosecx cotx}

.. from equation 1, we can find dy/dx

. dy 1 ( 2dv d“)
So— = —|X“— 4+ C08ecx —
dx Y 2 dx dx
d 1 ; i
= d—l" = —E(—xz cosecx cotx + 2x cosecx) {using equation 2 & 3}
X Y
Hence,
dy 1 5
— = —(—x?cosecx cotx + 2xX cosecx) ....ans
dx \."E

20. Question

Differentiate the following functions with respect to x:

x# (5 sin x - 3 cos x)

Answer

Let, y = x* (5sin x - 3¢0s X)

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
u=x*and v = 5sin x - 3cos x

Sy = UV

As we know that to find the derivative of product of two function we apply product rule of differentiation.



By product rule, we have -

dy dv du .
= = u= 4+ v—...equation 1
dx dx dx 9
As, u = x4
du

= = 4-1 _ 3 i i my n-1
n = 4x*7h = 4x? ..equation 2 { - (x") = nx""}

As, v = 5sin x - 3cos X

v _ 5 si 3 5 4 s 3 d
S dx[: sinx — 3cosx) = = (sinx) = (cosx)
Using: < (sinx) = &< (cosx) = —si

9: - (sinx) = cosx &_-(cosx) = —sinx

dw . .
= . = 5cosx + 3sinx ...equation 3

.. from equation 1, we can find dy/dx

-'-% = x“'g + [:551I1X—3COSX)%

= % = x*(5cosx + 3sinx) + 4x®(5sinx — 3cos x) {using equation 2 & 3}
Hence,

dy . . .

el (bxcosx + 3xsinx + 20sinx— 12 cosX) ....ans

21. Question

Differentiate the following functions with respect to x:

(2x2 - 3)sin x

Answer

Let, y = (2x2 - 3) sin x

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=2x%-3andv =sinx

Sy = uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

d: dv
_}r = Uu—

du .
— ...equation 1
dx dx + de 9

As,u=2x2-3

du . d
S22 ...equation 2 {"" —(x®) = n—1
- = 4x..ed { = (x*) = nx™ '}

As, v = sin x

_dw

d ) d
w— = —(s] = ...equation 3 {" = (si _
ax ™ (sinx) COSX q { ™ (sinx) COSX}

.. from equation 1, we can find dy/dx

. dy 2 dv . du
== (2" —3)— + sinx —
dx ( )dx dx



= % = (2x® —3)cosx + 4xsinx {using equation 2 & 3}

Hence,

dy

= (2x? — 3)cosx + 4xsinx ...ans

22. Question

Differentiate the following functions with respect to x:

x> (3-6x"9)

Answer

Let,y = x°> (3-6x"9)

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=x>andv=3-6x"9

Sy = UV

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy dv du .

= = u= — ...equation 1

dx U'ci:\-.' T Vd:\-: 9

As,u=x>

. du 5-1 4 H .. d n n-1

o = 5 = 5x*...equation 2 {~ d—(x ) = nx™1}
X X

As,v=3-6x"2

. E — i _ -9y __ =10 i i ny n—1
A= dx(3 6x~%) = 54x~19 .. .equation 3 { dx(x ) = nx"'}

.. from equation 1, we can find dy/dx

R XE'E + (3—- 6}{‘9)%

dx

- % = x°(54x7*) + (3 —6x77)(5x*) {using equation 2 & 3}
:% = 54x7° + 15x*—30x° = 24x7° + 15x*

Hence,

g = 24x~° + 15x* ...ans

23. Question

Differentiate the following functions with respect to x:
X~ 4(3-4x"9)

Answer

Let,y = x4 (3 -4x"2)

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,



u=x-"%andv=3-4x"°2
Sy = uv
As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy dv du .

= - u= — ...equation 1

dx udx + de 9

As,u=x"*%

. du —4-1 -5 i . d n n—-1
= (—4)x = —4x~> ...equation 2 {- E(X ) = nx }

As,v=3-4x"°>

v od o, -5y _ -6 i i ny _ n-1
ne = dx(?, 4x7%) = 20x® ...equation 3 { dx(x ) = nx" 1}

. from equation 1, we can find dy/dx

LAy —adv — x5y

“dx_x dx+(3 ax )di"-'

- % = x7%(20x7%) + (3 —4x3)(—4x"%) {using equation 2 & 3}
:% = 20x71° + 16x71°—12x% = 36x 10— 12x7°

Hence,

d _

& _ 36x71%— 12x~5 ...ans

dx

24. Question

Differentiate the following functions with respect to x:

x 3 (5 + 3x)

Answer

Let,y = x~3 (5 4 3x)

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=x-3andv = (5+ 3x)

Sy = UV

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

u

dy dv d .

= - u= — ...equation 1

dx udx + de 9

As,u=x"3

. du —-3-1 —4 i L S n-1

L= = (=3)x = —3x~*...equation 2 {" —(x") = nx" '}
dx dx

As,v =5+ 3x
dv

.o i _ i i ny __ n—1
- = dx(5 + 3x) = 3 ...equation 3 { dx(x ) = nx®1}

. from equation 1, we can find dy/dx



| &y -3dv

du
L =X ot (5+3X)E
ﬁg = x73(3) + (5 + 3x)(—3x~%) {using equation 2 & 3}
=¥ = 3x?-15x 74— 9x% = —15x* —6x]
Hence,
dy
— = —x*(15 + 6%) ...
Ix x5 X) ....ans

25. Question

Differentiate the following functions with respect to x:

(ax + b)/(cx + d)

Answer

Let, y = (ax + b)/(cx + d)

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
u=ax+bandv=cx+d

Sy = uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.
By product rule, we have -

dy

dv du '
= u— — ...equation 1
dx udx + de 9

As,u=ax+b

. du

. d
. = = a...equation 2 {"" =(x") = pnx*1!
L —a+t0=a.eq { » (x") = nx™ 1}

1

As, v =
cx+d

As, S(2) = —Z & Z(ftax + b)) = af(ax + b)

dw d 1 c .
o —( ) = — ...equation 3
dx dx bex+d (ex+d)?

. from equation 1, we can find dy/dx

D (ax+b)g+( - )E

dx cx +d/ dx
dy -c 1 . .
bl (ax + b) ((cx+d]z) + (CH[J (a) {using equation 2 & 3}
:E _ —acx—bc+afex+d)  ad-bc
de (ex +d)® - (ex+d)?
Hence,
dy ad —bc
dx = (CX n d)2 - dllS

26. Question
Differentiate the following functions with respect to x:

(ax + b)"(cx + d)™



Answer

Let, y = (ax + b)(cx + d)™

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=(ax +b)"and v = (cx + d)M

Sy =uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

T — nE 4+ v ..equationl
X X
As, u = (ax + b)"

As, %(x“) = mx"' & %(f{ax +Db)) = af(ax + b)

.-.? = n(ax + b)**...equation 2
X

As,v = (cx + d)M

As, %(x“) = nx"!& %(f{ax +b)) = af(ax + b)

.-.% = %{(CX + d)™} = m(cx + d)™*...equation 3
. from equation 1, we can find dy/dx

sdy ndv mdu
ol (ax + b) = (cx + d) =

{using equation 2 & 3}

ﬁ% = (ax + b)"(m(cx + d)™ 1) + (ex + d)™(n(ax + b)*1)
ﬁg = m(ax + b)*(cx + d)™ ! + n(cx + d)™(ax + b))
Hence,

d
d—i = m(ax + b)*(cx + d)™ ! + n(cx + d)™(ax + b)*? ....ans

27. Question

Differentiate in two ways, using product rule and otherwise, the function
(1 + 2tan x)(5 + 4 cos x). Verify that the answers are the same.
Answer

Let,y = (1 + 2 tan x)(5 + 4 cos x)

=y =544 cosx+ 10 tan x + 8 tan x cos x

=>y=54+4cosx+ 10tan x + 8 sin x {" tan x cos x = sin x}

Differentiating y w.r.t x -

dy d 5+ 4 + 10t + 8si
= dx( COSX anx sinx)

Using algebra of derivatives, we have -



v _ (5)+4d +10dt +8d i
- & = (cosx) dx[: anx) = (sinx)

Use formula of derivative of above function to get the result.

dy

= = 0 + 4(—sinx) + 10sec’x + 8cosx
d . .
d—i = —4sinx + 8cosx + 10sec?x ...equation 1

Derivative using product rule -

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=(1+ 2tan x) and v = (5 + 4cos x)

Sy = uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -
dv du .
= = n= — ...equation 2
u_- + Ve quatl

As, u = (1 + 2tan x)

. du d
E = E(l + Ztanx)
du d d 5
= — = — —_— =
— dx(l) + 2 (tanx) 0 + 2sec®x
du 2 . . d e
= — = 2sec?x ... equation 3 {"" —(tanx) = sec®*x }
dx dx

As,v =5+ 4cos x

av d 5+ 4
a— = — COSX
dx dx[: )
dv d d :
= = (8 + 4 (cosx) = 0—4sinx
- v _ —45inx ...equation 4 {'-'i(cosx) = —sinx}
dx dx

.. from equation 2, we can find dy/dx

Ldy
de

dv du
(1+ Ztanx)a + (5 + 4cosx) —
using equation 3 & 4, we get -

:g (1 + 2tanx)(—4sinx) + (5 + 4cosx) (2sec” x)

N

S —4sinx + 8tanx X sinx + 10sec?x + Bcosx X sec?x
X

"' sin X = tan x cos x , so we get -

dy sin® x 1

=2 — 4cosx+ 8 —— + 10sec’x—8
dx COSX cos X
d .
=>d—l" = 4cosx + 10sec?’x—8secx (1 —sin®x)
X
a . ,
:d—i = 4cosx + 10sec?x —8secx cos?x [ 1-sin?x = cos? x |
dy

L= 4cosx + 10sec?x —8cosx
X



Hence,

d .
d—i = 4cosx + 10sec?’x — 8Bcosx....equation 5

Clearly from equation 1 and 5 we observed that both equations gave identical results.
Hence, Results are verified
28 A. Question

Differentiate each of the following functions by the product by the product rule and the other method and
verify that answer from both the methods is the same.

(3x2 + 2)?

Answer

Let, y = (3x% + 2)? = (3x? + 2)(3x% + 2)
=>y=9x*+6x%+6x* + 4
>y=9x4+12x2 + 4

Differentiating y w.r.t x -

dy d 4 2
& = &(9){ + 12x° + 4)

Using algebra of derivatives, we have -

ay d, d . d
& = &(9){ ) + lZE(X ) + &(4)

Use formula of derivative of above function to get the result.

= = 9(ax*1) + 12(2x>7Y) + 0 {~ T (x") = nx"}
Ldy 3 i
= 36x° + 24x ...equationl

X

Derivative using product rule -

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
u=(3x>+2)and v = (3% + 2)

L\

As we know that to find the derivative of product of two function we apply product rule of differentiation.
By product rule, we have -

dy

dv du .
- u— — ...equation 2
dx U'ci:\-.' + Vd:\-: 9

As, u = (3x2 + 2)

Lu d g2

--dx—dx(Bx + 2)
du _ d g2 4 -

= = dx(?;x ) + de(l) = 6%

> _ oex equation 3 {'.'i(x“) = nx"'}
dx dx

As, v = (3x2 + 2)



dv d
. — 2
dx(Bx + 2)

--E
dv _ doo2 4 -

= = dx(Sx ) + de(l) = 6X

=% _ gx...equation 4 {'-'i(xn) = nx" '}
dx dx

.. from equation 2, we can find dy/dx
Y _ (3x2 av 2 du
--dx—(3x +2)dx+(3x +2)dx

using equation 3 & 4, we get -

:% = (3x% + 2)(6x%) + (3x% + 2)(6x)
:% = 18x? + 12x + 18x? + 12x = 36x? + 24x
Hence,

? = 36x3 + 24x....equation 5
X

Clearly from equation 1 and 5 we observed that both equations gave identical results.
Hence, Results are verified
28 B. Question

Differentiate each of the following functions by the product by the product rule and the other method and
verify that answer from both the methods is the same.

(X + 2)(x + 3)

Answer

Let,y = (x + 2)(x + 3)
>y=x2+5x+6
Differentiating y w.r.t x -

v _4d . +5x+ 6

dx  dx (x X )

Using algebra of derivatives, we have -
dy

d d d
e A O — —
dx dx (x%) + BdX(X) * dxl:é)

Use formula of derivative of above function to get the result.

dy
dx

=

=22 +5Y+0 {'-'%(x“) = nx"1}

~ % _ oy + 5..equation 1
dx

Derivative using product rule -

We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,
u=(x+2)andv = (x+ 3)

Sy = UV

As we know that to find the derivative of product of two function we apply product rule of differentiation.



By product rule, we have -
T _ uE 4+ v= . .equation 2
dx

As,u=(x+ 2)

. du i
du d d

° = E(X) + 5(2) =1

S g equation 3 {'-'i(xn) = nx"1}
dx dx

As,v = (X + 3)

dv d[: +3)

dx . odx
dv d d

ndwi E(X) + 5(3) =1

=% _ 1 .. .equation 4 {'-'i(xn) = nx" '}
dx dx

. from equation 2, we can find dy/dx

Ay _ dv du
e T (x+2)dx+(x+ 3)dx

using equation 3 & 4, we get -

dy
dx

=

(x+2)(1)+ (x+ 3)(D

= %

dx

X+ 2+x+3=2x+5

Hence,

9 _ 9% + 5....equation 5
dx

Clearly from equation 1 and 5 we observed that both equations gave identical results.
Hence, Results are verified
28 C. Question

Differentiate each of the following functions by the product by the product rule and the other method and
verify that answer from both the methods is the same.

(3 sec x-4cosecx)(-2sinx+5cos x)

Answer

Let, y = (3 sec x - 4 cosec x)( - 2 sin x + 5 cos x)

=y =-6secxsinx + 15 sec x cos x + 8 sin x cosec x - 20cosec x cos X
=y =-6tanx + 15+ 8 - 20 cot x {" tan x cos x = sin x}

=y =-6tan x- 20 cot x + 23

Differentiating y w.r.t x -

dy = d 6t 20cotx + 23
% dx( anx cotx )

Using algebra of derivatives, we have -

dy

d d d
= (—G)E(tanx)—m&(com) + &(23)



Use formula of derivative of above function to get the result.

= %

dx

. dy
dx

= —6sec’x — 20 (—cosec?x) + 0

= 20 cosec?x— 6sec’x ...equation 1

Derivative using product rule -
We have to find dy/dx

As we can observe that y is a product of two functions say u and v where,

u=(3secx-4cosecx)andv = (-2sinx+ 5 cos x)

Ly =uv

As we know that to find the derivative of product of two function we apply product rule of differentiation.

By product rule, we have -

dy dv du .
- = y— 4+ v—...equation 2
dx dx dx 9
As, u = (3 sec x - 4 cosec x)
du d
So— = —(3secx —4cosecx
dx dx( )
. d d
Use the formula: + (secx) = secxtanx & —(cosecx) = —cosecXcotx
du d d
= — = 3—(secx) — 4—(cosecx) = 3secxtanx — (—4coseccotx)
dx dx dx
du .
=-_ = 3secx tanx + 4 cosecxcotx .....equation 3
As, v =-2sinx + 5 cos X
dv (—2si 5 )
— = —(—2sinx + 5cosx
dx dx
dv d d
— = —2—(sinx) + 5—(cosx) = —2cosx— bhsinx
dx dx( ) dx( )
dv . . - | .
=~ = —2cosx —5sinx ...equation 4 {. - (cosx) = —sinx}

.. from equation 2, we can find dy/dx

. dy

de

dv \ du
(1+ Ztanx)a + (—2sinx + bcosx) —

using equation 3 & 4, we get -

dy
= dx

= (3secx— 4cosecx)(—2cosx— 5sinx) + (—2sinx +

5cosx) (3secxtanx + 4cosec X cotx)

" sin X = tan x cos x , so we get -

:% = (—15tanx + 8cotx + 14) + (—6tan’x— 8 cotx + 15tanx +
20cot?x)

=% = 14 —6tan’x + 20cot’x

:% = 20—6—6tan®x + 20 cot®x = 20(1 + cot? x) - 6(1 + tan? x)

% _ 20 cosec?x— 6sec?x [ 1 +tan? x = sec? x & 1 + cot? x = cosec? x ]

dx



. dy

L. = 20 cosec?x — 6sec’x

Hence,

dy

- = 20 cosec? x — 6sec?x....equation 5

Clearly from equation 1 and 5 we observed that both equations gave identical results.
Hence, Results are verified

Exercise 30.5
1. Question

Differentiate the following functions with respect to x:

Answer

x* +1

Let, y =2 "<

x+1

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=x2+landv=x+1

Sy =ufv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Ju_ dv .
dy _ i(E) _ Y@ Y4 ...equation 1

- - w2

dx dx \w

As,u=x2 +1

S og2-1 4 g = 2% ...equation 2 {'-'i(xn) = nx" !}
dx dx
As,v=x+1

. E — i — i i my _— n—1
S dx(x + 1) = 1 ...equation 3 { dx(x ) = nx™'}

.. from equation 1, we can find dy/dx

Jdu_av
ooy — _“dx dx
dx vZ

dy _ (x+1)(2x)

.
&+ D) 1 s5ing equation 2 and 3}

=
dx (x+1)
dy 2x% + 2x—x-1
=2—=
dx (x+1)*
2 -
:E _ X +2x-1
dx (x+1)2
Hence,

dy x%+2x—1

dx = [:X n 1)2 e dllS

2. Question



Differentiate the following functions with respect to x:

2x -1

x” +1

Answer
2x—1

Let, y= X2 +1

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=2x-landv=x+1

Ly =u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Jdu_ dv .
dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx \v w2
As,u=2x-1
du

w— = 2xi~1_p = 2 ...equation 2 {'-'%(x“) = nx™ 1}

As,v=x2+1

. d_" _ i 2 _ i i ny __ n—1
- = dx(x + 1) = 2x ...equation 3 { dx(x ) = nx®1}

. from equation 1, we can find dy/dx

Jdu_ dv
L dy _ VU

dx w2

dy _ G+ D@)-Cx-D29 {using equation 2 and 3}

=
dx (x* +1)2
dy 2x% +2-4x° + 2x
=2 = —
dx (x+1)2
dy —2x2 +2x+2
22— = —
dx (x+1)*
Hence,

dy —2x+ 2x+2
dx (x + 1)2

.. dlls

3. Question

Differentiate the following functions with respect to x:
x+e"

1+ logx

Answer

x+e¥

Let,y =

1+logx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,



u=x+eandv =1+ logx
y = u/\/
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx \v w2
As, u = x + &
du d
== —(x + e*
dx dx( )

i ny n—1 i XYy _ X w t -
dx(x)—nx &dx(e)—e , SO we ge

du 4 draxy _ x :
:dx = dx(x) + dx(e ) = 1 + e¥...equation 2

As,v =1+ log x

Y Llogx + 1) = < (1) + <
Tdx dx ogX T odx dx( 0gx)
:j_ = 0 + 1 = Z..equation3 {-.-%(103;{) =)

.. from equation 1, we can find dy/dx

do dv
R T
dx v
Xy Xyt . .
»dy _ (tlegl+el)-x+e)) rysing equation 2 and 3}
dx (logx +1)*
X X e¥
=dy _ 1+e*+logx+e logx—l—? _ xlegx(1+ eX) + e¥(x—1)
dx {logx +1)* x(logx +1)%
- dy  xlogx(1+e¥)+e¥(x-1)
dx x(logx +1)2
Hence,

dy  xlogx(1 + e¥) + e*(x—1)
dx x(logx + 1)2

..o dIlS

4. Question

Differentiate the following functions with respect to x:
e’ —tanx

cotx —x"

Answer

e —tanx

Let,y =

cotx—xt
We have to find dy/dx
As we can observe that y is a fraction of two functions say u and v where,
u=eX*-tanxandv =cotx - X
Sy =ulv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.



By quotient rule, we have -

Jdu_ dv .
dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx \wv w2

As, u = eX - tan x

cdu d e
--dx—dx(e tanx)

wa = 2y & L (e¥) = e¥, so we get -
dx(tanx) = sec x&dx(e ) = e*, g

du
=
dx

d d :
—E(tanx) + E(ex) = sec’x + e*...equation 2

As, v =cotx - X

dV d ( t 11) d ( t ) d n
~n— = —(cotx — x") = —(cotx) ——(x
dx dx dx dx( )
.o d 2 d n n—1
. E(cotx) = —cosec’x & E(X ) = nx®™ 1, soweget-
= j—" = —cosec?x— nx™ 1 ...equation 3
X

.. from equation 1, we can find dy/dx

Q. av
dy _ Y Um
dx w2

using equation 2 and 3, we get -

Sy _ (cotx—xT)(sec?x + e¥)—(e¥ —tanx)(—cosecx—nx"1)
dx {cotx—x1)?

- dy {cotx—x")(sec?x + &%) + (e¥—tanx)( + cosec®x + nx""1)
dx {cotx—x™)2

Hence,

dy  (cotx —x™)(sec’x + e¥) + (e*—tanx)(+ cosec’x + nx" 1)
dx (cotx — x7)2

wa dllB

5. Question

Differentiate the following functions with respect to x:
ax~ + bx+ ¢

px2 + QX+ 7T

Answer

ax® +bx+c
Let,y =

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,
u=ax2+bx+candv=px2+qgx+r

Sy = ufv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Jdu_ dv .
dy _ i(E) _ Y& Y& ...equation 1

- w2

dx dx

v



As,u=ax?+ bx +c

-8 _ 9ax + b ...equation 2 {'-'i(xn) = nx" !}
dx dx

As,v=pxZ+gx +r

i (Xn) — len—l , SO we get —

dx
dwv d 2 . ti 3
a = E(px + qx + 1) = 2px + q ...equation

. from equation 1, we can find dy/dx

du dw
sdy | vgug
dx w2

dy _ (px® +gx+r)(2ax+h)

.
(2 +bx + 2P +4) 1y,6ing equation 2 and 3}

=
dx (px? +gx+1)?

Ly _ 2apx? + bpx® + 2aqx® + bax + 2arx + br—2apx® —aqx®—2bpx®-bqx-2pex—qc
dx (px® + gx+1)?

- dy aqx>—bpx? + 2arx + br—2pcx—qe
dx (px® + g +1)*

N dy x*(ag-bp) + 2x{ar—pc) + br—qc
dx (px® + q+r)?

Hence,

dy x%(aqg—bp) + 2x(ar—pc) + br—qc
dx (px? + gx + 1)?

e . AIlS

6. Question

Differentiate the following functions with respect to x:
X

1+ tanx

Answer

X

Let,y =

1+tanx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=xandv =1+ tanx

Sy =ulv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Jdu_ dv .
dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx \wv vZ
As,u=x

L.od m n—
{-E(x)— nx"* 1t}

-89 _ 1. .equation 2
dx

As,v =1+ tan x



.od

e (tanx) = sec?x, so we get -

_dw

d .
a = E(l + tanx) = 0 + sec’x = sec?x ...equation 3

. from equation 1, we can find dy/dx

ndy _ vgTum
dx v
d; 1 + tanx)(1)—(z 3 . .
S _ BrEn)-®kee ™ 1 g6ing equation 2 and 3}
dx (1 +tanx)®
dy 1+ tanx—xsec’x
22— —
dx {1 + tanx)?
Hence,

dy 1 + tanx—xsec?x
dx (1 + tanx)?

e . AILS

7. Question

Differentiate the following functions with respect to x:
1

ax’ + bx + ¢

Answer

1

ax® +bx+c

Let,y =

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=landv=ax+bx+c

Ly = u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

du_ dv .
dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx \wv w2
As,u=1
du

R i i my _ n—-1
. = 0..equation 2 { = (x") = nx™*}

As,v=ax? +bx +c

. i (Xn) — len—l , SO we get —

dx

dwv d 2 .
~— = —(ax* + bx + ¢) = 2ax + b ...equation 3

dx dx

.. from equation 1, we can find dy/dx

du  dv
sdy _ vgum
dx w2
d; ® +bx+c)(0)—(1)2ax+b . .
-4y _ B tbxt 90)-(WZax+b) 1 6ing equation 2 and 3}
dx (ax® + bx +c)?
d; —(2ax+b
R y (Zax + b)

dx {ax® + bx + )



Hence,

dy (2ax + b)
dx  (ax2 +bx + )2 "

.. dlls

8. Question
Differentiate the following functions with respect to x:

X

e
1+ x~
Answer
X
Let, y = —
y X% +1

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=eXandv=x2+1

Sy = u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Mu_ dv .
dy _ i(E) _ Y@ Y4 ...equation 1
dx dx \v ve
As, u = eX

cdu o od e x i i X} — aX¥
=@ =e ...equation 2 { dx(e ) = e*}
As,v=x2+1

. d_" _ i 2 _ i i ny __ n—1
- = dx(x + 1) = 2x ...equation 3 { dx(x ) = nx®1}

. from equation 1, we can find dy/dx

G av
sdy _ YEUm
dx w2

dy _ 7+ 1(EH-(x-1)Eh {using equation 2 and 3}

=
dx (x*+1)2
X2 4 4
- E _ ¢ (x*+1-2x+1)
dx (x+1)*
-
- E _ ¢ (x*—-2x+2)
dx (x+1)2
Hence,

dy e*(x*—2x + 2)
dx (x + 1)2

....ans
9. Question
Differentiate the following functions with respect to x:

e’ + sinx
1+ logx

Answer



e* +sinx

Let,y =

1+logx
We have to find dy/dx
As we can observe that y is a fraction of two functions say u and v where,
u=eX+sinxandv =1+ log x
Sy =ufv
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

o av .
dy _ i(E) _ Y@ Y4 ...equation 1

dx dx \w

w2

As, u = sin x + &

. du N i , X

Sl dx(smx + e¥)

il:sin X) = COSX &~ (e¥) = e*, so we get -
dx dx

du
=
dx

d, . d .
a(smx) + E(ex) = cosx + e*...equation 2

As,v =1+ log x

Qe =L+ L
“dx | dx-o8¥ - dx dx(ogx)

dw 1 . Lood 1
:E =0+ S ;...equat|on3 { E[:1.;;g;x;) = ;}

du dv
ndy | v
dx w2
. 1
S dy _ 1+ logx](cosx+ex]—(5111:\-:+ex](;] {using equation 2 and 3}
dx {logx +1)*
o dy _ x(1+logx)(cosx + e )—(sinx + &%)
dx x(logx + 1)2
Hence,

dy  x(1 + logx)(cosx + e) — (sinx + &%)
dx x(logx + 1)2 e A8

10. Question

Differentiate the following functions with respect to x:
Xtan X

secX + fanx

Answer

Let, y = xtanx

sec x + tanx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,
u = Xxtan x and v = sec x + tan x

Sy =ulv



As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

o av .
dy _ i(E) _ Y& Y& ...equation 1

- w2

dx dx \w

As, u = x tan x

" u is the product of two function x and tan x, so we will be applying product rule of differentiation -

. du d

T (xtanx)

N xi(tanx) + tanx> (x) [using product rule]
dx dx dx

4 _ 2 d omy _ n-1 W t -
dx(tanx) = sec’x & dx(x ) = nx® !, So we ge

du .
= = xsec?x + tanx ...equation 2
X
As, v =sec X + tan x

.d d
. E(tan x) = sec’x &E(secx) = secxtanx, So we get -

_dw

d .
n g = d—(secx + tanx) = secxtanx + sec’x...equation 3
X X

. from equation 1, we can find dy/dx

Jdu_av
- dy — _“dx dx
dx w2

using equation 2 and 3, we get -

- dy (secx + tan x)(xsec®x + tan x)—(x tan ¥)(sec? x + secx tanx)
dx {secx + tanx)?

- dy (secx + tanx)(xsec®x + tan x)—(x tan x)(sec x + tan x) secx
dx (secx + tanx)?

- dy (secx + tan x)(xsec®x + tan x—x tan x sec x)
dx {secx + tanx)?

- dy (xsec?x + tanx—xtan x sec x)
dx (secx +tanx)

Hence,

dy (xsec’x + tanx — xtanxsecx)
dx (secx + tanx)

... dllB

11. Question

Differentiate the following functions with respect to x:
Xsinx

1+ cosx

Answer

Let, y = x sin x

1+cosx
We have to find dy/dx
As we can observe that y is a fraction of two functions say u and v where,

u=xsinxandv =1+ cos x



Sy =ulv
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

,du dv .
dy _ d (E) _ "m & ...equation 1

dx  dx w2

W

As, u = x sin x

" u is the product of two function x and tan x, so we will be applying product rule of differentiation -

L i(xsinx)
dx  dx
du d d ,

=— = x—(si inx— using product rule
-, = X (sinx) + sinx—(x) [using p ]

d ., . d _
a(sm x) = cosx& E(xn) = nx®1, So we get -

= — = xcosxX + sinx ...equation 2

As,v =1+ cos X

..od .
. d—(cos X) = —sinx, SO we get -
X
dv d \ . f
# . = 5.(1 + cosx) = 0—sinx = —sinx ...equation 3

. from equation 1, we can find dy/dx

Jdu_dv
ndy _ Vgum
dx w2

using equation 2 and 3, we get -

dy (1 +cosx)}{xcosx+sinx)—(xsinx)(-sinx)
dx (1 + cosx)?

- dy  xcosx+sinx+cosxsinx+ xcos®x + xsin®x
dx (1+cosx)?

- dy  xcosx+sinx+cosxsinx+ x (cos®x + sin® x) _ cosx(x+sinx) + (sinx + x)
dx {1+ cosx)? {1+cosx)?
dy  (cosx+1)(x+sinx)

dx {1+cosx)?
d: X + sinx

Ly _ x+sinx
dx (1 + cosx)

Hence,

dy X + sinx

& = m e dllS
12. Question

Differentiate the following functions with respect to x:

2% cotx
X
Answer

2¥cotx

—
VX

Let,y =

We have to find dy/dx



As we can observe that y is a fraction of two functions say u and v where,

u=2Xcot x and v = vx

Ly =u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

o av .
dy _ i(E) _ Y& Y& ...equation 1

- w2

dx dx \w

As, u = 2X cot x

" U is the product of two function x and tan x, so we will be applying product rule of differentiation -

. du i x
T o (2* cotx)
du d d ,
== = X _— —(2*) [using product rule
5 = 2°3 (cotx) + cotxdx(z ) [using p ]
.. d d
. E(cotx) = —cosec’x & E[a") = a*log.a., So we get -
d ,
=>d—: = 2*¥ (—cosec® x) + cotx (2*log,2) ...equation 2
As, v = VX
.. d n n—1
S—(x") = mx , SO we get -
dx
v i(xﬁ) - L ...equation 3
dx dx 2 2yx

. from equation 1, we can find dy/dx

Jdu_dv
ndy _ Vaum
dx w2

using equation 2 and 3, we get -

ohr_nX 2 X _inX 1
:E _ (Wx)(—2% cosec® x + 2% cotxlog2)—(2 Cou](zﬁr]
dx (Vx)?
oy _ (x)(—2% cosec® x + 2% cotxlog 2)— (2% cotx)
dx 2
oy _ (2%)(—x cosec? x + xcotxlog2—cotx)
dx 2xyx
Hence,

dy  (2¥)(—xcosec? x + xcotxlog2 — cotx)
dx B ?.X\."E

..o dIlS

13. Question

Differentiate the following functions with respect to x:

SINX —XCOosX

XSiNX + cosx
Answer

Let, y — SINX—XCOSX

Xsinx + cosx

We have to find dy/dx



As we can observe that y is a fraction of two functions say u and v where,

U =sin x-xcos xandv = xsin x + €os X

Sy =ulv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

,du dwv .
dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx \v w2
U =-(Xcos x - sin x)
du ( inx)
n— = ——(xXcosX— sinx
dx dx

Using algebra of derivatives -

du d d . .

= = — — —
. dx(xcosx) + 4 (sinx)

"i(sinx) = cosx & i(-:-::os:x;) = —sinx
dx - dx -
du d d d .

T— = —x— — — — (i using product rule
—~ x4 (cosx) — cosx — (x) + <, (sinx) { gp }
du \ . ;

= = ¥sinx-—cosx + cosx = xsinx ...equation 2

As, v = X sin X + €0S X

. odw d \

= dx(xsmx + cosx)

Using algebra of derivatives -

dv d , d

== E(xsmx) + E(cosx)

"i[sinx) = cosx & i(msx) = —sinx
dx - dx -
dv d d d :

= = x—(si inx— — using product rule
—. = X7 (sinx) + sinx_(x) + —(cosx) {usingp }
dv

=>d— = Xc05X + sinx — sinx = xcosx ...equation 3
X

" from equation 1, we can find dy/dx

Jdu_av
- dy — dx dx
dx w2

using equation 2 and 3, we get -

dy (xsinx + cosx)(xsinx)—(sinx—xcosx)(x cosx)
dx (xsinx + cosx)?
o gy x% sin® x + xsinxcosx—xsin xcosx + x% cos¥x
dx {xsin x + cosx)?
o gy »% (sin x + cos®x) %2
dx {xsin x + cosx) 2 (xsin x + cosx)?
Hence,
dy x?
e AIlS

dx (xsinx + cosx)?

14. Question



Differentiate the following functions with respect to x:
X —x+1

=

X+ x+1
Answer

X -x+1
X +x+1

Let,y =

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,
u=x2-x+landv=xX+x+1

Sy = u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Jdu dv .
dy _ i(E) _ Y& Y& ...equation 1

dx dx \w

w2

As,u=x2-x+1

S o211 40 = 2x—1 ...equation 2 {'-'i(xn) = nx™ 1}
dx dx

As,v=x2+x+1

. d_" — i 2 — i i my _ n—1
s = R+ x+ 1) =2x + 1..equation 3 {" —(x") = nx"*}

. from equation 1, we can find dy/dx

du  dv
ndy _ vmpTUm
dx w2
d; x2 +x+ 1)(2x—1)—(x"—x+ 1)(2x + 1 . .
SOy _ A D@6 X+ D)@+ 1 i equation 2 and 3}
dx (x*+x+1)2
- dy 2x® + 2x% + 2x—xF—x—1-2x2 + 2x%—2x—x% +x-1
dx (x* +x+1)*
2_
=>E _ 2x°-2
dx (x*+x+1)*
Hence,
dy 2x% -2

& = m e - dIlS

15. Question

Differentiate the following functions with respect to x:
Jvx

Ja—Jx

Answer

\.'E + \E

Let, y =22"%
va—yx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,



u=+va+ vVxandv =+va-vVx
Ly =u/v
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

dy _ i(E) _ Y@ Y4 ...equation 1
dx dx \v ve
As, u =+Vva + Vx
.. d n n—1
S—(x") = nx™?*, soweget-
dx
du d( = = 1 1y 1 ion 2
~— = —[ya+xz) =0+ =>xz"" = —...equation
dx dx 2 2y

As, v =Va - Vx

i [:Xn) — len—l , SO we get _

dx
' J‘ J‘ .
A i(,ﬁ—xz) — 0-21x:"! = —_L ..equation 3
dx dx 2 2y

. from equation 1, we can find dy/dx

Jdu_dv
ndy _ Vavm
dx w2

using equation 2 and 3, we get -

= dy (Va-vx) (2%)—{ a +4x) (_?l&]

dx (Va—x)?

1 i — —
—{(Va—vx) + (Va +45
TAVAR) + (Va+ V)

=4y _
dx (\,‘E—\.‘E]Z
1 —
>dy _ 2R V&
dx (Wa—vx)2 Vr(ya—vx)2
Hence,
d}’ \."E

= —=FF=3 ...-dll§
dx \.&(\.’E— \.&)2

16. Question

Differentiate the following functions with respect to x:
a+ sinx
1+ asinx

Answer

Let, y = a +sinx

1+ asinx
We have to find dy/dx
As we can observe that y is a fraction of two functions say u and v where,
u=a+sinxandv =1+ asin X
Ly =u/v
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -



Ju_ dv .
dy _ i(E) Yax “ax ...equation 1

dx dx \w

w2

As, u =a + sin x

d, .
" —(sinx) = cosx,So we get -

dx
du d . .
~ o = (@ +sinx) = 0 + cosx = cosx ...equation 2

As,v=1+asinx
Lod o
. E(smx) = cosx, SO we get -

_dw

d , ,
n g = E(l + asinx) = 0 + acosx = acosx ...equation 3

. from equation 1, we can find dy/dx

G av
o dy _ vum
dx w2

using equation 2 and 3, we get -

- dy (1 +asinx)(cosx)—(a + sinx)}{(acosx)
dx {1 +asinx)?

- dy  cosx+ asinx cosx—a® cosx—a sinx cosx
dx {1 +asinx)?
dy cosx—a®cosx

=2 = —
dx {1+ asinx)®
d; x(1-a®

9 _ cosx (1-a“)
dx {1 +asinx)?

Hence,

dy  cosx(1—a?)

= ....ans
dx (1 + asinx)?
17. Question

Differentiate the following functions with respect to x:

10*

Sinx

Answer

10%

sinx

Let,y =

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=10%and v = sin x

Ly =u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx

W

As, u = 10X



.od

- (a¥) = a¥ loga, so we get -

_du

a = %(103) = 10%log, 10 ...equation 2

As, v = sin x

d, .
" —(sinx) = cosx,so we get -

dx

dw d . :
»— = —(sinx) = cosx...equation 3

dx dx

. from equation 1, we can find dy/dx

du dw
s dy . v—i —u—j
dx w2

using equation 2 and 3, we get -

- dy  sinx(10¥log10)—(10%){cosx)
dx sin® x

= dy 10% (log10 sinx —cosx)
dx sin?® x

Hence,

dy  10* (logl0 sinx — cosx)
dx sin?x

....ans
18. Question
Differentiate the following functions with respect to x:

1+ 3"
1-3*

Answer

1+3%
1-3%

Let,y =

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=1l+3Xandv=1-3

Sy =ulv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

,du dw
dy _ i(ﬂ) _ "m & ...equation 1
dx dx \wv w2
As,u=1+ 3
% (a¥) = a*loga, so we get -
22— L1+ 39 = 3*log, 3 ...equation 2
dx dx e
As,v=1-3

% (a¥) = a*loga, SO we get -



. dv

a = %(1_ 3¥) = —3*log.3 ...equation 3

.. from equation 1, we can find dy/dx

du_ av
E — _dx  dx
dx vZ

using equation 2 and 3, we get -

dy (1-3%)(3%log 2)-(1 + 3%)(—3%10g3)

= — =
dx (1-3%)2
Sy _ 3¥log 3 (1-3% + 1+ 3%)
dx (1-3%)2

dy 2x3¥log 3
dx  (1-3%)2

Hence,

dy 2x3%log3
& - (1392 ....ans

19. Question

Differentiate the following functions with respect to x:
3%

X+ fanx

Answer

32(

x+tanx

Let,y =

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=3*andv =x + tan x

Ly =u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

dy _ i(E) _ Y@ Y4 ...equation 1
dx dx \w

As, u = 3

.od

= (a*) = a*loga, so we get -

_du

r = %(33) = 3*log.3 ...equation 2

As, v = X + tan x

.ood
. a[tanx) = sec?x, so we get -

dv d 2 .
el E(X + tanx) = 1 + sec®x ...equation 3

.. from equation 1, we can find dy/dx

Jdu_ av
LAy _ Vgt

dx w2



using equation 2 and 3, we get -

- dy  (x+tanx)(3%1log3)—(3%)(1 + sec’x)

dx {x + tanx)*

- dy 3¥ (xlog 3 + tan x log 3—sec®x—1)
dx {x + tanx)*

Hence,

dy 3%(xlog3 + tanxlog3—sec’x—1)
- = ....ans
dx (x + tanx)?
20. Question
Differentiate the following functions with respect to x:
1+ logx
1-logx
Answer

1+logx
Let,y = 1-logx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=1l+logxandv=1-logx

Sy = u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Ju_ dv .
dy _ i(E) _ Y@ Y4 ...equation 1
dx dx \v v2

As,u =1+ log x

.. d 1 i
- (logx) = -, sowe get

du d 1 1 .
Tax E(l + logx) = 0 + = ;...equat|on 2

As,v=1-log x

. d _ 1 _
- (logx) = —, sowe get

dv d 1 .
Tax E(l_lﬂgx) = —;...equanon 3

. from equation 1, we can find dy/dx

G av
R e
dx w2

using equation 2 and 3, we get -

Sdy (l—logx](;l{)—(l + logx](—;l{]

dx (1-logx)?

= E ; (1-logx+1 +logx)
dx (1-logx)?

dy 2
- =
dx x(1-logx)?



Hence,

dy 2

el m ....ans

21. Question

Differentiate the following functions with respect to x:
4x + 5sinx

3x + 7cosx

Answer

Let, y = 4x + 5sinx

3x + 7cosx
We have to find dy/dx
As we can observe that y is a fraction of two functions say u and v where,
U = 4x + 5sin x and v = 3x + 7cos x
Ly =u/v
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

,du dv .
dy _ d (E) _ "m & ...equation 1

dx  dx w2

W

As, u = 4x + 5 sin x
Lod o
. E(smx) = cosx, SO we get -

_du

d , ,
~ . = —-(4x + 5sinx) = 4 + 5cosx...equation 2

As, v =3X+ 7 cos X

d .
" —(cosx) = —sinx, S0 we get -
dwv d . .
~#— = —(3x + 7cosx) = 3 —7sinx ...equation 3
dx dx

.. from equation 1, we can find dy/dx

du dw
d}r _ U
dx w2

using equation 2 and 3, we get -

N dy (3x + 7cosx)(4 + Scosx)—(4x + 55inx)(3-7sinx)
dx {(3x + 7cosx)?
- dy  1Zx+15xcosx+28cosx+ 35cos®x—12x + 28xsin x—15sinx + 35sin® x
dx (3x + 7cosx) ®
- dy  15xcosx+28cosx+ 35cos®x + 35sin®x + 28xsinx—15sinx
dx (3x + 7cosx)?
dy 15xcosx + 28cosx + 35 + 28xsinx—15sin x
dx (3x + 7cosx)?
Hence,

dy 15xcosx + 28cosx + 28xsinx — 15sinx + 35
dx (3x + 7 cosx)?

..o dIlS



22. Question

Differentiate the following functions with respect to x:
X

1+ tanx

Answer

Let,y =

1+ tanx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=xandv =1+ tan x

Sy =ulv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Jdu_ dv .
dy _ i(ﬂ) _ Y& “a& ...equation 1
dx dx \v w2
As, u =X
. du

da H i my _ n—1
+ <. = 1..equation 24 L (x") = nx }

As,v =1+ tan x

.. d
. a(tan x) = sec’x, so we get -
dv d 2 2 .
= d—(l + tanx) = 0 + sec®x = sec?x ...equation 3
X X

. from equation 1, we can find dy/dx

do dv
ndy _ vgTum
dx v
d; 1 + tanx)(1)—(z 3 . .
S _ BrEn)-®kee ™ 1g6ing equation 2 and 3}
dx (1 +tanx)®
dy 1+ tanx—xsec’x
22— = —
dx {1+ tanx)?

Hence,

dy 1 + tanx—xsec?x
dx (1 + tanx)?

e . AILS

23. Question
Differentiate the following functions with respect to x:
a+ bsinx

¢+ dcosx

Answer

Let, y = a+bsinx

¢ + dcosx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,



u=a+ bsinxandv=c+ dcosx
Ly = U/V
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

dy _ i(E) _ Y@ Y4 ...equation 1
dx dx \v v2

As, u = a + b sinx

d, .
" —(sinx) = cosx, so we get -

dx
du d . .
S a(a + bsinx) = 0 + bcosx = bcosx...equation 2

As,v =c + d cos x

.. d .
. d—(cos x) = —sinx, SO we get -

X

av d : . ;
n = E(c + dcosx) = 0—dsinx = —dsinx ...equation 3

. from equation 1, we can find dy/dx

Jdu_av
L dy _ vgrum

dx w2
using equation 2 and 3, we get -

- dy (c + decosx)(b cosx)—(a + bsin x}{—d sin x)

dx {c +dcosx)?
- dy (bccosx + bdcos®x + ad sinx + bdsin® x)
dx (c +dcosx)?
" sin2 x + cos? x = 1, so we get -
- dy  (bccosx+adsinx+ bd(cos®x + sin% x) __ beeosx+adsinx+bd
dx {c +dcosx)? - (c + dcosx)?
dy  bccosx+adsinx+bd
dx {c +dcosx)?
Hence,

dy  bccosx + adsinx + bd
dx (c + dcosx)?

e AIlS

24. Question

Differentiate the following functions with respect to x:

px’ + qx+ 1

ax+ b
Answer
Let,y = pxZ + g+t

ax +b
We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,
u=px2+qgx+randv=ax+b

Ly = u/v



As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Jdu_ dv .
dy _ i(E) _ Y& Y& ...equation 1

- w2

dx dx

.
As,u=px2+qgx +r

Lodu ; i nmy _ n—1
4. = 2pX + q...equation 2 {' —(x") = nx**}

As,v=ax+b

d
E [:Xn) — I]Xn_l , SO we get -

_dw

d .
n = E(ax + b) = a...equation 3

. from equation 1, we can find dy/dx

Jdu av
ndy _ Vaum
dx w2

o Exebepx+a-@xt+ax+ 0@ rcing equation 2 and 3}
dx {ax +b)?

Sy _ 2apx® + agx + Zbpx + bg—apx®-aqx—ar

dx {ax +b)?

Sy _ apx? + Zbpx + bg—ar
dx {ax+b)?

Hence,

dy _ apx® + 2bpx + bq—ar
i = (ax 7 b2 ....ans

25. Question
Differentiate the following functions with respect to x:

Xn

sInx
Answer

x]‘l

Let,y =

sinx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

u=x"and v = sin x

Sy =ufv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Au_ dv .
dy _ i(E) _ Y& Y& ...equation 1
dx dx \v ve
As, u = X"

d
E [:Xn) — I]Xn_l , SO we get -



_du

d n n—1 i
- = = = ...equation 2
~ dx(x ) nx q

As, v = sin x

od o
. E(smx) = cosx, SO we get -

_dw

d .
o = —(s5inx) = cosx ...equation 3
dx dx( ) 9

. from equation 1, we can find dy/dx

G av
o dy _ vum
dx w2

using equation 2 and 3, we get -

. n-1 n
= dy _ sinx(nx" "1 )-(x")(cosx)
dx sin® x
Hence,

dy  sinx (nx® 1) — (x™)(cosx)
dx sin?x

e AIlS

26. Question
Differentiate the following functions with respect to x:
X~ —cosX

sinx

Answer

Let, y = x% —cosx

gin x

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

5~ cos x and v = sin x

u=x
Sy =ulv
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

,du dv .
dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx \v w2

As, U = X° - COS X

.. d 4. d .

S—(x") = nx®* & —(cosx) = —sinx, so we get -
dx dx
du d = . .

aeo = E(XJ_ cosx) = 5x* + sinx ...equation 2

As, v = sin x

d . .
" —(sinx) = cosx, SO we get -

dx

dw d . H
»— = —(sinx) = cosx...equation 3

dx dx

. from equation 1, we can find dy/dx



using equation 2 and 3, we get -

. I . s
= dy _ mnx{ax + sin x}—{x —cos x)(cosx]
dx sin® x
Sw® of =] = 2 2
=>E _ 5x” sin x—x” cosx + (sin” x + cos” x)
dx sin® x

"wsin? x + cos? x = 1, so we get -

- E _ sx*sinx—x°cosx +1
dx sin®x
Hence,

dy x*(5sinx —xcosx) + 1
—= = , ... NS
dx sin® x

27. Question

Differentiate the following functions with respect to x:

X+ COosX
tan x
Answer

Let, y — X+ Ccosx

tanx

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,

U =X+ cos xand v = tan x

Sy =ulv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

,du dv .
dy _ i(ﬂ) _ "m & ...equation 1

dx  dx w2

W

As, U = X + CoS X

d

.o d - .

S—(x") = nx" ! & —(cosx) = —sinx, SO we get -
dx dx
du d . :

~— = —(x + cosx) = 1—sinx ...equation 2
dx dx

As, v = tan x

..od
. d—(tanx) = sec?x, so we get -
X
dv d .
~— = —(tanx) = sec’?x ...equation 3
dx dx

. from equation 1, we can find dy/dx

Jdu_av
- dy — _“dx dx
dx w2

using equation 2 and 3, we get -

= dy (tan x)(1—sin x)—{x + cos x)(sec®x)
dx tan® x
= dy tanx—sinxtanx—xsec® x—xsecx

dx sin® x



Hence,

dy tanx — sinxtanx —xsec’X —Xsecx
dx sin? x

. dll3

28. Question
Differentiate the following functions with respect to x:

Xn

sInx

Answer

x]‘l

Let,y =

sinx
We have to find dy/dx
As we can observe that y is a fraction of two functions say u and v where,
u=x"and v = sin x
Sy =ufv
As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

Au_ dv .
dy _ i(E) _ Y@ Y4 ...equation 1
dx dx \v ve
As, u = X"

d
e E [:Xn) — I]Xn_l , SO we get -

_du

d n n—1 i
- = —(x%) = nx ...equation 2
dx dx( ) 9

As, v = sin x

d, .
" —(sinx) = cosx,So we get -

dx

dw d . :
»— = —(sinx) = cosx ...equation 3

dx dx

.. from equation 1, we can find dy/dx

Jdu_av
ooy — _“dx dx
dx vZ

using equation 2 and 3, we get -

. n-1 n
= dy _ sinx(nx" "1 )-(x")(cosx)
dx sin? x
Hence,

dy  sinx (nx™ 1) — (x™)(cosx)
dx sin?x

ans
29. Question
Differentiate the following functions with respect to x:

ax + b
pxz— qX + 1

Answer



Let,y= ax +b

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,
u=ax+bandv=pZ+gx+r

Ly = u/v

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.

By quotient rule, we have -

,du dw .
dy _ d (E) _ Y& Y& ...equation 1

dx E v

w2

As,u=ax+b

du . d
.. — = 3...equation 2 {"" —(x") = n—1
. = a-&d { = (x™) = nx™ 1}

As,v=pxZ+gx +r

d
E [:Xn) — I]Xn_l , SO we get -

_dw

e = %(pxz + qx + r) = pr + q ...equation 3

.. from equation 1, we can find dy/dx

du  dv
sdy  vgum
dx w2
d; x% + qx + r)(a)—(ax + b)(2px + . .
S>3 _ b taxt 0@ @xtbEpx+d) 1 ging equation 2 and 3}
dx (px® + gx+1)?

dy (apx® + aqx + ar)—2apx®—aqx—2bpx—bgq

= = =

dx (px® + gx +1)?
- dy —apx® —2bpx + ar—bg

dx (px® + g +1)*
Hence,

dy  —apx®—2bpx + ar—bg
dx (px2 + gx + r)? e A8

30. Question

Differentiate the following functions with respect to x:
1

ax’ + bx + ¢

Answer

1

ax® +bhx+¢

Let,y =

We have to find dy/dx

As we can observe that y is a fraction of two functions say u and v where,
u=landv=axd+bx+c

Sy =ulv

As we know that to find the derivative of fraction of two function we apply quotient rule of differentiation.



By quotient rule, we have -

du dw

dy _ i(ﬂ) _ Y& Y& ...equation 1
dx dx \v w2
As,u=1

du

R i i my _ n—-1
~ . = 0..equation 2 { L (x") = nx }

As, v = ax? + bx + C

i (Xn) — len—l , SO we get —

dx

dwv d 2 .
~— = —(ax* + bx + ¢) = 2ax + b ...equation 3

dx dx

.~ from equation 1, we can find dy/dx

do  dv

E _ VY

de vZ

E . (ax® + bx + ¢)(0)—(1)}(2ax + b) . .
== P {using equation 2 and 3}

E _ —(2ax+hb)

dx  (ax® + bx +c)?
Hence,
dy (2ax + b)
dx ~ (ax2? + bx + )2 - Als
Very Short Answer
1. Question
Write the value of 11'111M

K—=C X —C

Answer
By definition of derivative we know that derivative of a function at a given real number say c is given by:

f'(c) = lim &
X—C

X—C

. as per the definition of derivative of a function at a given real number we can say that -

lim——
X—=C X—

f{x)—f(c) — f'(C)
c
2. Question
Write the value of ]jmw
X—a X —a
Answer
By definition of derivative we know that derivative of a function at a given real number say c is given by :

f'(c) = limM

K—C X—C

let Z = lim xf{a)—afi{x)

X—a X—a

If somehow we got a form similar to that of in definition of derivative we can write it in a simpler form.



o, Z = [jm F2 @) afto+af) {adding & subtracting af(a) in numerator}

X—=a X—a
=7 = lim &2@ _  jj (@@ {using algebra of limits}
x—a X—a X—a X—a

Using the definition of the derivative , we have -
= 7 = limf(a) — af'(a)

X—a
nZ="f(a)-af(a)

3. Question

If x < 2, then write the value ofi(,d’x—“‘ _qx + 4)
dx

Answer

Lety = Vx2—4x+4

Now,

dy 1

d
= x—(x?—4x+4
dx x2—4x+4 dx(x x+4)

d 1

d—i: X ()
From above,

x2-4x+4>0

(x-2)2>0

X>2

But x < 2. Therefore, ? does not exist for the given function.
X

4. Question

= X < 1, then find —

dx

2| A

d [ 1+cos2x

-

Answer

As we know that 1+cos 2x = 2sin? X
As, /2 <x<nm

- sin x will be positive.

Let Z = i( 1+::052:\-:)
dx ]

.
=>Z=i 2gin®x
dx ]

=>7Z= di (]sinx]|) { as we need to consider positive square root}
X

' sin X is positive
d

S Z = (<j
= (sinx)

We know that differentiation of sin x is cos x



Hence,
Z = Cos X

5. Question

Write the value of i(x 1x|)
dx

Answer
As we need to differentiate f(x) = x |x|
We know the property of mod function that

Ix| = [—x,x <0
Tl xx=0

—xZx<0
x2x=0

1) = x Jx] = |
Hence,

d

—(—=x%),x<0

2 (1) = %
&(x ).x=0

d
As — ny _ n—1
= (x") = nx

. d _ (—2x,x<0
Ca G = {50 0o,

6. Question
i d 1
Write the value of — f(x+|x|)|x |}
dx ’

Answer
As we need to differentiate f(x) = (x+]|x|)|X|
We know the property of a mod function that

IX| = [—x,x <0
" lxx=0

(x+(—x))(—x)=0,x< 0
(x+x)x=2x%x=0

2 f(x) = (x+ [x])x| = [
Hence,

d

—(0),x<0

%(ﬂ:}i))z ddx
E(ZX ),x=0

d
A ny __ n—1
s — (x™) = nx

| 0,x<0
sl DI = {0 NS

7. Question

If f(x) = x| + |x - 1], write the value of i(f(x)).
dx



Answer
As we need to differentiate f(x) = |x| + |x - 1|
We know the property of mod function that-

x| = [—x,x <0
“lxx=0

X+x—-1=2x—-1,x=1
Sf(x) = x|+ x— 1|=!X+{—(x—1)}=1,0<x< 1
—x—(x—1)= —-2x+1,x=<0

2x—1,x=1
Cflx)=4 1,0<x<1
—2x+1,x=0

Hence,
d
— — =
) dX(ZX 1),x=1
d
&[f(X))— &(1),0 <x<1

d
— (= =
dx( 2x+1),x=0

d
A ny __ n—1
S (x™) = nx

4 2,x=1
-'-E{f(x)}= 00<x<1
) -2,x=0

8. Question

Write the value of the derivation of f(x) = |[x - 1] + |[x - 3| at x = 2.
Answer

As we need to differentiate f(x) = |x - 3| + |x - 1]

We know the property of a mod function that-

x| = [—x,x <0
S lxx=0

X—3+x—1=2x—4,x=3
~f(x) = |x—3|+|x—1|={—x+3+{(x—1)}=2,1<x<3
—xX+3—-(x—1)=—-2x+4x=1

2x—4,x=3

S f(x) = { 2,1<x<3
—22x+4,x=1

Hence,
d

) E(Zx— 4),x=3
d

E[ﬂIX))— +(@.1<x<3

d
—  — {
dx( 2x+4),x=1

d
As — ny _ n—1
= (x™) =nx

4 2,x=3
-'-E{f(x)}= 0,1<x<3
) —-2,x=1



From above equation, we can say that
value of derivative atx =2is0=f(2) =0

9. Question

) X" ood L
Iff(x)=—, write —(f(x
(x) x| (f(x))

Answer

XZ

As we need to differentiate f(x) = o
X

We know the property of mod function that

IX| = [—x,x <0
S lxx=0

\,2

2 —=—xX,x<0
... f(x) p— m = —3'-""2
) 'T=x,x:>0

Hence,

d
d —(—=x),x<0
= ([00) = 1%

E(X) LX>0

d
As — ny _ n—1
= (x™) =nx

. d _(—1,x<0
RPN I

Note: f(x) is not differentiable at x = 0 because left hand derivative of f(x) is not equal to right hand
derivativeatx =0

10. Question

Write the value of i(10g| x|)
dx

Answer
As we need to differentiate f(x) = log |X|

We know the property of a mod function that

IX| = [—x,x«:: 0
T lxx=0
. log(—x) ,x< 0
“ f(x) = log|x| ={ ggogi oo

Note: log x is not defined at x = 0. So its derivative at x = 0 also does not exist.

Hence,

d

— (log(—x)) ,x< 0
di[f(x))z dXd og( X X
X E(logx) LX>0

As = (logx) =2



—E ,X=<0

—{f(x
{[: 3= -,x>0
11. Question
If f(1) = 1, f'(1) = 2, then write the value ofll'mi\l'fui)_l
x—l X _1

Answer

By definition of derivative we know that derivative of a function at a given real number say c is given by :

f(c) = lim =

XK—C X—C

letZ = 11111&
x—1 yx—1

As Z is taking 0/0 form because f(1) =1

So on rationalizing the Z, we have-

(f(x) Mfx)+1 [x+1
Z = Jjm L1 o VI =
x=1 V-1 VML xR+l

= Z =lim {( [f6) - 2}{“’@ ) {using a%-b? = (a+b)(a-b)}
*-.'—-1{\. f(x) +1:|({\,'_} -1%)

i [G-13(Var1)
~Z= LI—IH (G+1)x-1)

Using algebra of limits, we have -

e ffG0-1 (Vx+1)
Z= _LI-I.]} (x-1) >< lvll}( f(‘(]+1)

Using the definition of the derivative, we have -

(vVi+1)

z="f(1) x( e

= Z =2 X (2/2) = 2 {using values given in equation}
Z=2

12. Question

Write the derivation of f(x) = 3|2 + x| at x = -3.

Answer

As we need to differentiate f(x) = 3|2+x|

We know the property of a mod function that

x| = [—x,x <0
“lxx=0

3(2—x)=6—-3x,x< -2

"f(X)=3|2+XI={(2+X)3=6+3X,XE—2

Hence,

d

i - £(6—3x),x<—2

dx[f(x))_ d
_ = —
dx(6+3x),x_ 2



d
As — ny _ n—1
= (x™) =nx

. d 3., x<-2
RPN I

Clearly form the above equation we can say that,
Value of derivative at x = -3 is -3 i.e. f'(-3) = -3

13. Question

IfIx| <landy=1+x+ X+ x3+ ....., then write the value of 3
dx

Answer

As |x| <1

Andy = 1+x+x2 +....... (this is an infinite G.P with common ratio x)

Vo x|<1

.. using the formula for sum of infinite G.P,we have-
=1

y= 1-x

We know that f'(ax+b) = af’(x)

Asi(&)z _1

dx \x %2

Butherea=-landb=1

,d}r_d(l)_ 1
Tdx T dxM\i-x _(1—3-.']2

14. Question

IFf(x) = log , x°, write the value of f(x).
2

Answer
Given,
f(x) = log,=x?

Applying change of base formula, we have -

logex®  3loge: 3 . .
f(x) = 8= — 228X _ = {sing properties of log}
logex?  2logex 2

As differentiation of constant term is 0
~f(x)=0
MCQ

1. Question

Let f(x) = x - [x], X € R, then f'[l] is

[

A.

2| o



C.0

D.-1

Answer

As we need to differentiate f(x) = x - [x]

We know the property of greatest integer function that
, d

F (X) =1- E [X]

Fix)=1-0=1

. option ( b)) is correct answer.

2. Question

) x—4

Iff(x) = , then (1) is
24x

5
A.

4
B. *

5
C.1
D.0
Answer

_x—4 1(a 4 1( 2 _1

As, flx) =222 E[f&‘ﬁ}z E[XZ— 4x }
We know that,
d
_ _ -1
dx (Xn) nxn
'f'(x)=df _1d 1 _1
5 S () = S - (x: —4x732)

, _ d = d _1 _1 _i
0= (26042 -2 ot oo ()
=00 =2 [Ex 5+ 2x73)

s =2 Em 2 =2+2) =2

=~ (1) =5/4
Clearly from above calculation only 1 answer is possible which is 5/4
.. option (a) is the only correct answer.

3. Question

2 3
|f1’.':1_§_x__x__ ‘thend_}
’ Ir 2t 3 dx
Ay+1
B.y-1



D. y?

Answer
2 =3
As iy =1+ +-+ -+
1! 2! a3l
We know that,

d
. (Xn) — I].Xn_l

dx
dy_d g x, %
dx dx(l+1:+2 + + )

dy d d(x)
= — = — —\—

dx dx(1)+dx 1! +

d; 2x  3x%°
=T+ 1+ + =+

dx 2! 3!

z

=E=1+f+x_l+...

dx 1 2!

Clearly, in comparison with y, we can say that-

dy B
ax Y
Hence,

Option (c) is the only correct answer.

4. Question

IFf(x) =1-X4+ X -x3 + ..... - x99 + x100 then (1) equals
A. 150

B. -50

C. -150

D. 50

Answer

As, f(x) =1-x+x-x3+ ... - x99 4 x100

We know that,

d
ny _ n—1
= (x") = nx

cdy _d . 2,3 .. 99 100
Sirui el € Sb G b S S X7 +xY)

dy _d _4d Ay 2y _dr 03y _ 9 o9oy 4. 100
:d}:_dx(l) dx(x)_'_dx(x) dx(x ) dx(x )+dx(x )

:%= 0—1+2x—3x%+--—99x"% + 100x"®

=f'(1) = -1+2-3+...-99+100
=f(1) = (2+4+6+8+....+498+100) - (1+3+5+...+97+99)

Both terms have 50 terms

We know that sum of n terms of an A.P = g (a, +a,)

- (1) =?(2+ 100) —?(1+ 99) = 25(102 — 100) = 50



Clearly above solution suggests that only 1 result is possible which is 50.
Hence,
Only option (d) is the correct answer.

5. Question

4x
4x
x? -1

Answer

A e
Sy: T = =
1——2 x<-1

X

To calculate dy/dx, we can use the quotient rule.

du  dw
From quotient rule we know that : & (E) — Yo Ya
dx \v w2

dy _ d (xzﬂ) _ {xz—1)%{x2+1}—{:\-:2+1)%(x2—1]
dx  dwx \x2-1) (x2-1)2
We know that, di (x™) = nx*
X

E N (xz—1)(2x]—(xz+l}(2x] _ 2x(x®—1-x°-1)

= =
dx (xZ-1)* (x2-1)*

dy —4x

= — =
dx (x2-1)2

Clearly, from above solution we can say that option (a) is the only correct answer.

6. Question

If }-':\/'_—L,then Eatx:l is
Jx dx

w

Q)
o o | — P
o1

©



Answer
= I"_ —
As,y =X+ =

Sy = X2 4 x 12

We know that: di (x") = nx™ !
X

d 1 i _ 1/ % _2
=Y _“xt x 1=—(x Z—XZ)
dx 2 2
d 1/ 1 _2
(5), . =a(m 1) =0
dx 2

atx=1
Clearly, only option (d) matches with our result.
.. option (d) is the only correct choice.
7. Question
If f(x) = x100 + x99 + ...+ x + 1, then f'(1) is equal to
A. 5050
B. 5049
C. 5051
D. 50051

Answer

As, f(X) =1+ X+ X +x3 + ..... + x99 4+ x100

We know that,

d

_annxn—l

dx( )

ALl x+x2+ x4+ x0 + x100)

dx dx

dy _ d Ay e Lrezye G a4 ey 4 4 o100
=>d:\-.'_d:c[:l)—l—d:c[:}xi)—i_ci:\-.'(}k{ )+dx(x)"'+dx(x )—I—dx(x )

:%= 0+1+2x+ 3x*+ - +99x"% + 100x™

=2f(1)=1+2+3+ ..+ 99 + 100 (total 100 terms)

We know that sum of n terms of an A.P = g (a; +a,)

~ (1) = %](l-l— 100) = 50(100 + 1) = 50 x 101 = 5050

Clearly, the above solution suggests that only 1 result is possible which is 5050.
Hence,
The only option (a) is the correct answer.

8. Question

T+ , then (1) is equal to




AL
100
B. 100
C. 50
D.0

Answer

100

100

XZ Ka
As,y = l+x+—++..+
We know that,

d
ny _ n—1
= (x") = nx

xlOD

100)

ey d X%
dx—f(x)—dx(l+x+2+g+ +

:F(X) =%(1)+%(x)+%(§)+ "'+%(T:;)

z =]
=°f’(X)=0+ 1_|_2_x+3'_\'_|_..._|_£
2 3 100

=>f(x)=1+x+x*+--+x%

=f(1l)=1+1+1+...... 1 (100 terms) = 100

Clearly above solution suggests that only 1 result is possible which is 100.
Hence,

Only option (b) is the correct answer.

9. Question

SINX +COSX dv .
If y=—— , then —Zatx=01s
SINX —COSX dx
A. -2
B.O
C.1/2

D. does not exist

Answer

sinX+cosx
Asy = ———

sinX—cosx

To calculate dy/dx, we can use the quotient rule.

From quotient rule we know that : & (E) _ Y m
dx \v

. d. . . d .,
. dy d (5inx+cosx) (smx—cosx]a(s:nx+cosx]—(smx+cosx]a(smx—cosx]
dx  dx

sinx—cosx (sinx—cosx)?

d, . d .
We know that, = (sinx) = cosx & = (cosx) = —sinx

dy  (sinx—cosx)(cosx—sin x)—(sin x+cosx)(cosx+sinx)

dx (sinx—cosx)?



dy —(sinx—rcosx)® —(sin x+cosx)®

= =
dx (sinx—cosx)?
. (E) _ —(sin0-cos0)®—(sin0+cos0)® -1-1 9
" \dx atx=0 (sin 0—cos0)? T
dy _ _
= dx 2
10. Question
sin(x+9 7 .
If :g_ then d_‘ atx=0is
’ COsX dx
A. cos 9
B. sin 9
C.0
D.1
Answer
sin(x+ 9)
~ cosx
. ,clu dv
From quotient rule we know that : & (E) _ YmUm
dx \v w2
Differentiating, we get,
dy cosxcos(x+ 9) + sinxsin(x + 9)
dx (cosx)?
() at = ) = coss
—Jat(x=10) =cos
o )
Hence, a is the answer.
11. Question
n n
If f(x) = X 78 thenf(a)is
X—a
Al
B.0
c. 1
2
D. does not exist
Answer
xl—gt
As, f(x) = —
To calculate dy/dx we can use quotient rule.
. ,du dwv
From quotient rule we know that : & (E) - YmYE
dx \v w2
() = & (xn—an) _ (x—ajﬁ(x“—anJ—(xn—anJ%(x—a]
(X) T ax\ x-a J (x—a)2

We know that, di (x") = nx™ !
X



(x—a)(nx™ L) —(x" —a®)(1)

(x—a)?

=>f’(x)=

X - a is a factor of x"-a", we can write:
x"-an = (x-a)(x"1+ax"2+a2x"-3+.. . +a" 1)

(x—a) (nx" 1) —(x—a)(x" "t +ax 442 (1)

= ()

) = S )

= f(x) = {(l‘xn_l}—(xn'ttv“‘2+---+aﬂ-l)}

" f(a) = {{ha“‘l)_{an—lizan—er,“+an_l)}

=f'(a) = {(na"7t)-(a"traxa T2 4tal )] does not exist

0
Clearly form above solution we can say that option (d) is the only correct answer.

12. Question
If f(x) = x sin x, then f'(t/2) =
A.0

B.1
C. -1

D.

I..'F||-—L

Answer
As, f(x) = x sin x

To calculate dy/dx we can use product rule.

From quotient rule we know that 4 (uv) = &y e
dx dx dx

) = Ly ai — v o —
(%) = = (xsinx) = X (sinx) + sinx (x)

d d .
We know that, — (x") = nx" 1! & 4 (sinx) = cos x

X

= f'(x) = xcosx +sinx

O I Tioin®— _
of (5)— (2)-:052 +sin = 0+1=1
Clearly form above solution we can say that option (b) is the only correct answer as the solution has onlyl
possible answer which matches with option (b) only.
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