Exercise 13.1

Question 1:

limx+3
Evaluate the Given limit: ==+

Answer

limx+3=3+3=06

x—3

Question 2:

llm[x——]
Evaluate the Given limit: " " 7

Answer

. 22] 22]
lim|x— |=|n—
x—}rr[ T 7

Question 3:

limm »
Evaluate the Given limit: "

Answer

limmr” = (1 }1 =

r—+l

Question 4:

R S
lim
Evaluate the Given limit: “** x—2

Answer

. dx+3 4[4}+3 16+3 19
lim = = -
e 4-2 2 2

Question 5:

lim XX+
Evaluate the Given limit: **' x—I
Answer

WWW. ncert hel p. conmr

woo djayuaou - mmm//:dny



Question 6:

5
lim[,Hl] 1
Evaluate the Given limit: **" X
Answer
5

x+1) -1
lim_{ )
y i) X

Putx+ 1 =ysothaty - 1asx — 0.

5 .
. c x+1)y=1 v —]
Accordingly. Iun[ ) =lim *

=}

x e R |
R
=lim:=
v+l =]
=51
=5
SV
lim )
r—ll x
Question 7:
. 3xt—x-10
lim

Evaluate the Given limit: *** 1" —4

Answer

At x = 2, the value of the given rational function takes the form

.ox"=a" )
lim = net"™!
a Y — g

= | =

WWW. ncert hel p. conmr

woo djpyuaou-mww//:dny



Question 8:
) x' —81
lim———
Evaluate the Given limit; " 2% —3x—3
Answer
E
At x = 2, the value of the given rational function takes the form 0
) v —81 ) {x—3](r+3)(13+9}
Solim— =lim
32yt =5x=3 o (x=3)(2x+1)
+3) (2% +9
=1i —(1 }(1 ]
43 2x+1
(3+3)(3" +9)
C2(3)+1
_ 6x18

7
108

Question 9:

I ax-+h
im
Evaluate the Given limit: **" cx+1

Answer

_ax+b al0)+b
lim =
=0 x4+l e(0)+1

=bh

WWW. ncert hel p. conmr

woo djpyuaou-mww//:dny



Question 10:

=3 _]
lim—
2—p|
Evaluate the Given limit: zt =1
Answer
[
=3 _]
lim—
2l
=zt —]
)]
At z = 1, the value of the given function takes the form 0,
1
Put 2" =X so that z —»1 as x — 1.
1
) = -
Accordingly, lim———=1lim al |
=l = e B
-
=lim——
x—+l xX-—
. X' —a
=21 lim
sy — gy
=2
1
s lim =2
==l _E _I
Question 11:
av: +hx+c
lim——————— g+ h+c =0

Evaluate the Given limit; = cx” +bx +a

Answer
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ax” +hx+e B ni-l'[l}2 +h|:1}+£'
o ox’ by +a (1) +b(1) +a
_a+bh+ce
T a+h+tc
=] [-:.r+|ﬁ+c;tﬂ]

Question 12:
1 1
.|_
lim X—2
Evaluate the Given limit: "7 X+2
Answer
1 1
+
lim X—2
K=4—2 x+2

0
At x = -2, the value of the given function takes the form 0
1 1 2+x

* 2 2x
Now, lim &—= = |im ——~
¥——2 X+ 2 r—-1 x4 2

= lim —
x=r—2 21'
b~
2 —2]
Question 13:
. sinax
lim
Evaluate the Given limit; **" bx
Answer
. sinax
lim
=il bx

0
At x = 0, the value of the given function takes the form 0,
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. simax . sinax ax
MNow, lim =lim g
a=pl hx a=pdl ax hx

] [Sil‘la‘_‘r] [a]
= lim x| —
) ax f‘}

=E|im[smﬂ] [x—:»ﬂ::-m‘—}-ﬂ]
b.n--au fay
==x1 lim > =
f} ye=uil }_l
_d
h
Question 14:
im 2 =0

Evaluate the Given limit: * " sin bx

Answer

. sinax
lim— La, h=10
w0 gin by

0
At x = 0, the value of the given function takes the form 0,

S1N a1y
® ax
[ ax ]

Mow, limsl_lmx =lm—
= gin by D [Sln b:r]
= b
bx
lim sin ax
'( i Frie X X —» [} i ax _} :}
=] — [ —————=
L.!’J Iim(sinbrj adx = 0=hr—=10
i 11 E}x

:[a]xl i S
b)) 0y
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Question 15:
. osin(m—x
fim 51 (2 =%)
Evaluate the Given limit: n(n—x)

Answer
i sin(m—x)
S 514 n(n_x)

Itisseenthatx - n=>(n-x)—0

. fim sin(n-x) _1 fim sin(m—x)
xR TE{T[-X) T m—x]—=0 (ﬂ-x)
:lxl [linlslnF:I]
T y =il }.-
=1
b1
Question 16:
. COsX
lim

Evaluate the given limit: ' T—xX

Answer

.ocosxy cos( 1
lim = ==
rlp—x w-=-0 =m

Question 17:
I cos 2y -1
m ———
Evaluate the Given limit: **" cosx—1

Answer
. cos2x-—1

lim———
vl cpsx—|
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0
At x = 0, the value of the given function takes the form 0

Now,
. cos2x—1 . 1-2sin’x-1 X
lim = lim cosx=1-2sin"—
L] = el . X
cosx-1 I-2s5in" -1
2
(Sin:x ,
. nx
sin” . t
= =lim :
=l . 4 X =l
sin” . 2 X
sin p
2 0,F
Y | 4
2
( P
. [ sIin”x
lim .
x=sll T
=4
b
o2 X
sin”
. 2
lim =
T—all [x]'
5
L2

X
11
lim—=2
o X
' 2
: siny
=4 |:1|m—'}’ = l]
1' Rl ¥
=4
Question 18:
. X+ xcosx
lim———

Evaluate the Given limit: **" bsinx

Answer
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ar+xcosxy

lim -
sl hsinx
0
At x = 0, the value of the given function takes the form 0
Now,
. ax+xcosxy 1. x(a+cosx)
lim—mMm—=—lim——=
=0 hsinx b a—d sin x
I . o
=—lim| — Jx lim(a+cosx)
b.‘r—ﬂ'& sIN Y a0
] ] )
=—x—————xlim(a+cosx)
h ( . sIn I] wsl
lim
x—all X
1 . sInx
=—x(a+cos0) lim =1
h k= y
a+l
h
Question 19:
lim xsecx
Evaluate the Given limit: "
Answer
. ; x {0 {
limxsecx =lim =——=—=1)
r=ll +icosxy  cosl ]
Question 20:
. sinax+hx
lim——= g, ha+h=0
Evaluate the Given limit: **" @x+sinbx
Answer
0
At x = 0, the value of the given function takes the form 0

Now,
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CsInax+ by
lim——
gy +5in by

51N
ax + bx
ax

et [ sin bx
ax + h_rL

bx

: .

- sinax ) _

(Ilm Jxllm{m]Hlmm
ay—sll ax a—ll v—ll

- . [As x — 0= ax — 0 and bx — 0]
. . . sinhy
limax +lim !'Jx[hm ]

el 1= hr—plh b.."f

— =] x =l }

lim (ax )+ lim bx [

. sinx
; : lim =1
lim ax + lim Ay a0y

x—¥l x—xl

lim ( ax + bx)

_ x—sl

~lim (ax + bx)

v—+!

=lim(1)

r—il

=1

Question 21:
lim ( cosec x —cot x)
Evaluate the Given limit: "

Answer
At x = 0, the value of the given function takes the form 50—,

Now,
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lim(cosec x - cot x)

x—ail

. | cos x
=lim| ————
el 5Ny sInx
. (l=cosx
=lim| ——
= sInx
[I—cusx]
. ¥
= lim—F———-—=

il SNy
X

. l—cosx
lim——
_ a—all X
. sinx
lim

aeeld oy

|:|il'l1ﬂ =0 and lim s = 1:|

x—pdl X Tl X

L= el L=

Question 22:

. tan2x
lim

T
T X=—

2
Answer

. tan2x
lim

1 m
7 X=—

2

X = T 0
At 2 | the value of the given function takes the form 0
T T
X——=y x—a—, y—=0
Now, put 2 so that 2
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i "

tan EL}-' +%/|

S tan2x .
lim - = lim
. sl v
K__ -
T
t + 2y
i tan (@ +2y)
y =il }'
 Jjm 202 [ tan(m+2y)=tan2y |
_-.Ilnﬂ W T }I - }
. sin2y
= lim

y=0 yeos 2y

.| sin2y 2
=lim X
=0l 2y cos2y

{ .- .
=| lim sin 2y = lim 2 [}'—*ﬂ:’l}f—}'}]
l\. Z:L'—;I.l 2}' il cOs 2 }
S lx—2 [limsmx=l}
cos () LR
=] E
=2

Question 23:

2x+3, x=10

I I {
Find *0 f(x) and * 1 f(x), where f(x) = 3(x+1), x>0

Answer

The given function is
{2_1r:+3, x=0
) = 3(.1:+l], x>0
,!LT flx)= |I_I'T|]:[2x +3]=2(0)+3=3

lim £ (x)=lim3(x+1)=3(0+1)=3

s dim f(x)= lim f(x)=limf(x)=3

x—ll
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Il_l;ln fx)= !j_ryE(xH] =3(1+1)=6

6

lim f(x)=lim3(x+1)=3(1+1)
w lim f (x) = lim £ () =lim £ (x)

6

Question 24:
-1, x<l

lim {_ T _
Find *1 f(x), where f(x) = L% ~ 1 =1
Answer
The given function is
=1 x=l
.f(x}=[

—x =L x>1

lim f(x)=lim[x* -1]=1"-1=1-1=0

x—] x—l

lim f(x) = lim| —x* —I] =—1I"-1=-1-1=-2

il
It is observed that lim f(x)# lim f(x).
a—+l a—lt

Hence, |i1TI'| f(x) does not exist,

Question 25:

lim
Evaluate *~" f(x), where f(x) =
Answer

The given function is

H, x=(
X

flx) = 0, x=10
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¥l F—slb X
. [ —x . .
=lim| — [When X is negaitve, |x| = —x]
F—ell x

= Iim[i] [When X 1s positive,

=l X

-in)

=]
It is observed that lim f(x) # lim f(x).
Tl gl

x| = x:l

Hence, lim f (x) does not exist.

Question 26:

i, x=0
|x
lim _
Find **9 f(x), where fx) = (> *=0

Answer

The given function is
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X
::| [Whenx <, |¥| :—x]

lim £ (x)= lim 'i]

K=l sl |_‘[’|

= lim x Whenx =10, |x[=x
m[ X[ =]

X

=lim(1)

=]

=1
It is observed that lim f(x)=# lim f(x).

a—+ll x—»{F

Hence, Iin;f{x)dﬂes not exist.

Question 27:

lim _
Find " £(x), where f(x) = Y1~
Answer

_ -3

The given function is f(x)
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lim flx)= lim |:|.1 - S:I

= |H_i_r'r1 (x=5) [When x =0, |x| = x]
_5_5
=0

im /()= tim (-3)
={_i_|ﬁq[x—5] [thnxbﬂ. |x|=x]
—5-5
=10

~ lim flx)= lim flx)=0

Hence, lim f(x)=0

Question 28:

a+bx, x<1
4, x=1

b—ax x>1 _lim .
Suppose f(x) = and if == f(x) = f(1) what are possible values of a and b?

Answer

The given function is
a+bx, x<I
fx)=14. v=l
bh—ax x>1

lim ' (x) = lim(a+bx)=a+b

-l

lim f(x)=lim(b-ax)=h-a

x—=l" ]
f(1)=4
It is given that I_in‘ll Fx)=1(1).
sdim f(x)=lim f(x)= lim Flx)=£(1)
-5l r=sl* ¥—+
—a+hb=4and b-a=4
On solving these two equations, we obtain ¢ =0 and b =4,

Thus, the respective possible values of a and b are 0 and 4.
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Question 29:
Let @ F2r oo “s be fixed real numbers and define a function
flx)=(x-a)(x-a,)..(x-a,)
lim a#d, dy..,d lim
What is "™ f(x)? For some I * Tm compute  f(x).

Answer
The given function is f{.‘f}=[x—ul}{x—az }.,,[x—a”}.
!1_{!]}{7]— Ilm[[t—u}[ a,)..(x- "]]

=[!_ig:|[x a, }[I"I': ¥ } I:!'-| }
)=0

={ 1]{‘:" } — 4,

Now, lim fx)= ll_r’n[ x—a)(x-a,)..(x—a, }]

=[tim (x-a) |[tim (- @) | 1im (x-a,)]
=(a—a)(a—a)...(a—a,)
im f(x)=(a-a)(a-a,)..(a-a,)

A=

Question 30:

|x|+], x <)
0, x=10
|.1'—1, x>0

If f(x) =

lim
For what value (s) of a does = f(x) exists?
Answer

The given function is
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f+1. x<0

f(x)=10, x=0

|Jr|—|, x=10

When a =0,

lim f () = lim ([|+1)
=lim(~x+1)
=—0+1
=1

lim £ ()= lim (|x{-1)
=lim(x—1)
=0-1

[Ifx{ﬂ,

x| = —x]

[lfx =0, |x| = x]

Here, it is observed that lim f/(x) # lim f(x).

- lim f(x ) does not exist.

a—ll

When a < 0,

fim £ (x)= fim (1
= lti_|,1:![—:-:+ 1)
= .—a+l

lim £ (x)= fim (1)
= lti_|,1:![—:-:+ 1)

=-a+l

[xe:a{ﬂ:} |x|=—x:|

[ﬂ{:l' 0= |x|=—x:|

s im f(x)=Tim f(x)=-a+1

Thus, limit of {x]exists atx = a. where a < 0.

Whena > 0
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lim f(x)= lim (| x|-1)

K —H:I X —:"I:I

=lim(x-1) [l]{ x::u:=|x|=x:|

I—¥0

=a-1

l1m f(x)= lim (|x| l]

=1ll'l‘l[_1'—l} [D{ a-r:x::-|x|=x]
=g-1
- lim _f{x] = ]iml_,il"{x):a—l

Thus. limit of /*(x)exists at x = a. where a > 0.

lim f( x
Thus, -H“f( }exists for all a # O.

Question 31:

. fix)-2
lim— = llmf{x
If the function f(x) satisfies **' * —I , evaluate *~! .
Answer
lim f{k =7
w—xl W _I
132‘,1{?{3;:}—3] .
1:2} X —]]
=i |( }:nlin}(:{l—l)
1m|(f{:h }=Tt(11—l)
= m}(f{x }= 0

:‘#hmf } lim2=10

N+l x—l

::ahmf *{) 2=0

e

|1ml"[\;}—"

x=a]
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Question 32:

mx” +n, x<0
Sf(x)=1me+m, D<x<l
3 .
If X+ m, x>1 . For what integers m and n does *—"
lim f(x
= [ )exist?
Answer

The given function is

mx’ +n, x<0
f(x)=1nmx+m, D<x<l
nx’ +m, x>

lim f(x)= li_r’r&{m.rz +n)

ey .
=m(0) +n
=n
fm £ (x) =l (ns-+m)
= n{ﬂ} +m
= m.
Thus, l*lmf“] exists if m = n.

]_1_E1|1 Sfx)=lim(nx+m)

=+l

=n(l)+m
=m+n
311::1 flx)= |3_I':'r (nf + m)
=n{1}J +m
=m+n
sdim f(x)=1lm f(x)= Iin‘llf{x].
Tl bl K=k
lim f(x)
Thus, exists for any integral value of m and n.
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Exercise 13.2
Question 1:
Find the derivative of x* - 2 at x = 10.
Answer
Let f(x) = x* - 2. Accordingly,
f‘{lﬂ]=|im'f{m+h}_f (10)
h—0 h
[(10+h) =2]~(10°-2)
=lim

Se—sll h
10° + 2. 10h+ 0 =2-10° +2

= lim
Freall h
_ 20h+ R
= lim——
=11 Ifr
= lim(20+/)=(20+0) =20

Thus, the derivative of x* - 2 at x = 10 is 20.

Question 2:

Find the derivative of 99x at x = 100.
Answer

Let f(x) = 99x. Accordingly,

_ £(100+ k)~ £(100)

7(00)= i L2
Qo100+ /4 ) —99( 100
i 99(100+#)-99(100)
fi—sl) h
B m‘]‘]xlﬂﬂﬂ}*}h—ﬂ*}xll}l}
Je—#l0 j‘-‘a
. 994
= lim—
Jr=sl1 h
= 1im(99) =99

Jp=nll

Thus, the derivative of 99x at x = 100 is 99.

Question 3:

Find the derivative of x at x = 1. WWW. ncert hel p. com
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Answer

Let f(x) = x. Accordingly,
/

(1) =lim 7(+h)-7(1)

h—i h

o (Lh)-l

Fr—ali J|'i|
. h
=lim—

Jr—=ali h
=lim(1)

Ir—sl

=1

Thus, the derivative of x at x = 1 is 1.

Question 4:

Find the derivative of the following functions from first principle.

(i) x* = 27 (i) (x - 1) (x - 2)

1 x+1
(i) ¥ (iv) x-1
Answer

(i) Let f(x) = x> - 27. Accordingly, from the first principle,
flx+h)=F(x)

f(x)=lim =
[{x+h)3 —2?]—(;:3 —2?]

=lim

Jp=nll _J'F

X 3 h4 3k -
=lim

Jp=nld h

L b #3xh+3xkh
=lim

Syl h
- |__1rr|1I { W +3x" + 3xh}

=0+3x" +0=3x"

(ii) Let f{x) = (x = 1) (x = 2). Accordingly, from the first principle,
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v flx+h)=f(x)
f(x)=lim P
=“m{.‘-r+h-l}{_r+h—2]—{:r—I][.Y—E}
Fr—al b
(P =2+ e+ i = 2h—x—h+2)—(x" - 2x—x+2)
= lim
fp—ill JI]T
 (h+hx+ i 20— h)
=lim
Jp =il h
_ 2hx+h" =3k
= lim ===
= lirﬂ[2.7+h—3]
={2x+ [}—3}
=2x-3
(x)=—
(iii) Let X" . Accordingly, from the first principle,
f.l(x):hmj{'l-l_h}_j{'l]
i} I
1 1
% 3
Gl
Tl h

il X =Creh)
Uk Xt (x+h)

1| e - 20
=lim— - :
b fy X (x+h]'
) —h* = 2hx
= lim —| ———
R x(x+h)

. —h-2x
=lim| ——
frl L“ {.r+ .r'.i]' ]

_ 0-2x =—2
.:':{.r+ﬂ}1 X
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v+1

.—f(‘r) :-_
(iv) Let x=1, Accordingly, from the first principle,
" o flx+h)=1(x
f {x}:!fﬂ { g ( }

x+h+|_x+l
— lim x+h-=1 x-1

fa—sll

= lim—
=il fp

[x—l}{x+f-r—1}

l’[x—l}{x+h+])—{x+1}{x+h—1}:|

| _{x:+hx+x—x—h—l)—[x: +hx-x+x+h-1)
li—0 (x—]}{x‘+h—]}

=Iiml: —2h }
Ll _{x—l](x+h—|]

=!,i.?&{(x—l}(_-f+h‘]}}

-2 -2

TG0 ()

Question 5:

For the function

100 a8 2

X X X
()= —t—+..+—+x+I
f9)=156*% >t
Prove that f’{1}=l{]{]f (ﬂ}
Answer

The given function is
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[ILH] L £

. X X X
X)=—+—+. +—+x+l
f(x) 100 99 2

d . d| "™ " x°
— f(x)=— + T+ x+]
dx | 100 99 2

d d(x"™Y d(x" d(x) d d
= [mnJ+E[E)+"'+E[?]+E{”+EU}

On using theorem di(x”) =nx""', we obtain
X
II'JI'JI*' 991““ 2x
f(x)= ot —+1+0
09 2

=x"+x"+.+x+l

f'(.r)=xw +x" +Ax+]

Atx =10,
f'({]}=l
Atx=1

L=+ =+ 1+ =1x100=100

Thus, 7 (1)=100x 7' (0)

Question 6:

o -1 I n-2 n—| ]
Find the derivative of ¥ +dx +ax “+..+a X¥+a for some fixed real number a.

Answer

] Iel _ ;
On using theorem d—x” =nx""". we obtain
Y

F(x)=nm""+a(n-1)x""+a* (n-2)x""+..+a"" +a"(0)

=nx"" +a(n-1)x""+a’ (n-2)x""+. . +a""
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Question 7:

For some constants a and b, find the derivative of

Xx—a
(i) (x - a) (x - b) (ii) (ax* + b)? (iii) ¥—b
Answer
(iYLetf(x) = (x-a) (x-b)
= fx)=x"~(a+b)x+ab
' d 2
s {x}:E{x —{r::hﬁ}x-{-m’})
d - d d
=E{x‘)—{a +h]£{x}+£(ﬂh}

n

) d . .
On using theorem d—(r ): nx""'. we obtain
A

f(x)=2x—(a+b)+0=2x-a-b
f(-"}=(m’: +.|_’1]:

= f(x)=a’x"+2abx’ +b’

(i) Let

" d ;o PR . d dy oo dg
o f ['T}ZE(G x'+2abx’ +b* ) =a E[x*}+ Eaba[x ]+E(b )

. d . .
I s COrcm —x =n/y . We O0Didam
D g T.h d L] =1 ht

'
S(x)=a” (457 )+ 2ab(2x)+b7 (0)
= 4a’x" + dabx
= dax(ax’ +b)
. (x—a)
Let f [J:} =
(iii) (x=b)
-4

By quotient rule,
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PN & (x-a)-(x-a) ¢ (x-b)
. - [x—b]z

(D)) -(-a)()
(x=b)
_ x=h-x+a
(x—b)
a—b

(x-b)

Question 8:

x=a"
Find the derivative of ¥ —& for some constant a.
Answer
"t =a”
Letf(x)=
x—a
, d|x"—a"
= fx)=—
/ { } del x—a

By quotient rule,

(Jr— a}i (x” - a”)—(x" - fr”) ;; l::.‘{ —ﬂ}

f(x)= {x—a}:
[x—a](m"’_] —D)—(x" —a”)
i (x—a)
_mn —am™ 2" +a"
(x—a)
Question 9:

Find the derivative of

ZI—E

(i) 4 (i) (5x° + 3x - 1) (x - 1)
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(i) x3 (5 + 3x) (iv) x° (3 - 6x7°)

bl

2 ¥
(v) x* (3 - 4x7®) (vi) ¥+ 3x-1
Answer
3
flx)=2x-=
(i) Let } 4

(i) Let F(x) = (5x> + 3x - 1) (x - 1)
By Leibnitz product rule,

[5‘(’1+ x — )J[1—I]+(I—I}i{5.'r'1+3x—1)

iy dx
(557 +3x=1)(1)+(x—1)(5.3x" +3-0)
(5" 3= 1)+ (x=1)(15x7 +3)
Sxt+3x-1+15x" +3x-15x" -3
2007 =15x" +6x -4
(iii) Let F(x) = x 3 (5 + 3x)
By Leibnitz product rule,
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f(x)=x" ;i{5+31] {5+3x};i(x'-‘)

=x 7 (043)+(5+3x)(-3x )
=x7'(3)+(5+3x)(-3x7)
=3y —15x " —9x”
— _61_-.!- _ I Sx--l
N
—_— 2
3x L + x]

= _ o3 {2x+i

= i{ﬁ +2x)

(iv) Let f (x) = x> (3 - 6x7°)
By Leibnitz product rule,

F(x) =5 (3657 (3-657) ()

”
=x’ {ﬂ - t’}{—'-]']x - } +(3 - ﬁ.‘c"”][Sx" }
=x' (542" )+ 15x" =30

= S4x~ +15x* =30x7°

=24x7" +15x"

24

5

X

(v) Let f (x) = x™* (3 - 4x7°)

By Leibnitz product rule,

f(x)=x 4%(3—4:’ J+(3-4x" )

X

=y {ﬂ—4[—5)x'5'1] +(
o) e
=20x" —12x7 +16x7"

=15x" +

gw
(-4

L

=36x"" —12x7"
12 36
== -q+ 11
X x
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bl

2 x-

(vi) Let F(x) = ¥+1 3x—I

f’{ﬂ:%[%]—i[}jil]

By quotient rule,

7')= (x+1)

(x+ |](‘:_;{2}—2 j.x{H 1) _ (3_r—|]i(x3)—,r3 ;T{Ex—l}

(3x-1)

(x+1)

'(r+|)(n)—zmH(3.-

Question 10:

Find the derivative of cos x from first principle.

Answer

Let f (x) = cos x. Accordingly, from the first principle,

f{x)=1i

f—ik

o)/ (x)
h

i cos(x+h)-cosx

Jr—all h
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[ cosxcosh—sinxsink—cosx

=|im
|'.l—|r|'_ fir
_ _—cm:x{l—cns‘.h}—mnxsinh}
=lim
fa—sll h
[ —cosx(1-cosh) sinxsinh
=lim -
h |-II_ h h
[. I—cnsh] o [sinh"
=—cosx| lim————— |—sinxlim —J
dr—sll fir |'.'—r-51'. h
=—cosx(0)-sinx(1) []iml_ms*&:ﬂand lim
fr=pll h Iy
=—-sinx
S (x)==sinx

Question 11:

Find the derivative of the following functions:
(i) sin x cos x (ii) sec x (iii) 5 sec x + 4 cos x
(iv) cosec x (v) 3cot x + 5cosec x

(vi) 5sin x = 6cos x + 7 (vii) 2tan x - 7sec x
Answer

(i) Let f (x) = sin x cos x. Accordingly, from the first principle,
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h)—
£(x)- !Ji_';f,‘, fx+ g f(x)
i sin(x+h)cos(x+h)-sinxcosx
= lim
h—slh h

H=l)

= lim %[23in{x+ h)cos(x+h)—2sinxcosx |

= Iimi[sin 2(x+h)—sin 2,:']

h—sih 2
.1 2x+2h+2x . 2x+2h-2x
=lim 2cos 5N
h—ali Eﬁ 2
) |{ Ax+2h | 2}:}
= lim—| cos sin—
Jl—pl)h 2 2
| .
= !.'_'EE[CGS{EI +h)sin h]
) . sinh
= limoos(25-+4).fim
=cos(2x+0).1
=qos 2y

(ii) Let f (x) = sec x. Accordingly, from the first principle,
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fx+h)=f(x)

)= lim -

f'(x)=lim P
:Iimsec{xﬂr)—secx
0 il

=lim— : !
w0 fi| cos(x+h)  cosx

1] cosx—cos(x+h)
=hm—
h—0 Eusx-:ns{x+h)
[ A x+x+hy (x—x-h
—2sin sin |
[ 2 2 )
= lim—
cosx cos(x+/)
[ S (3x+h]. ( frj
—~2sin sin| ——
| | . 2 ) 2
= Jim—
cosx 0y L‘ns(x+h}
sin h
2x+h 2
Sl ; i
. LEJ
= lim
cosx 0 cos(x+h)

. (h
s —
; 2/,
lim Jlim

cosx ", (h] sl cns(x+h}

3

-

| lsinx
COSX COSX

secxtanx

(iii) Let f (x) = 5 sec x + 4 cos x. Accordingly, from the first principle,
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,f{\+h} f(x)

Jr (A |IJ—F|
— lim SSE':(I”’}JF"CDS{I’ff?}—[isec r+4cosx]
o h
=5lim I:SEE (x +h)—sec l] + 4lim [CDS(J‘ "'h:"ﬂﬂﬂ:l
et h‘ fi—sdl h‘
=:T'li.llll- l _ l +_I_ll“l_|iccls{1 +h} Cas\]
fe—=0 fp | Cos {I + h‘} cosy Ti—si}

+4lim —[cus xcosh—sinxsin /i —cosx|

Fr—ali ?

o 1_msx—cns(x+h}
=5lim—
=0 fi o cosxcos(x+h)
3

C(x+x+hy . (x—x-h
l —2sin > sin > I
——lim— £ +4lim—[—cns x(1—cos /1) —sin xsin h]
cOsx =y h CGS{I +h) f1— _h

—ES]H[M]SH‘I[—;—?\

5.1 2 EJ _ {l—cosh) sinf1
= Jim— + | —cos x lm ———— —gin x im ——
cosx k0 cos (x +/h) =t i

2\ +.Fr 2
SIr k ; , h
5 2 . -
= Jdim +4| (—cosx ). (0)—(sinx).1
cosx 0 cos (x+h) [[ )(0)=(sinx) :|
. [Ex+h] i h
5 s 2 SIH[E]
= | lim Jim 4sin x
cosx | i cos(x+h) v h
2
. .
—_ 0 Sy 1 dsin ¥
COSX COSX

=3secxtanxy.—4sinx

(iv) Let f (x) = cosec x. Accordingly, from the first principle,
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F(x)=lim

i}

f{x+i’;}—f{x}
h

RS i )
! (1)_l1m3[msec(:~.+h}—msem]

h—il

o i
= lim—| — -—
w0 f| sin(x+h)  sinx

=lm—| — -
w0 ol osin(x+ ) sinx

| (x+x+.i'?] . [x—x—h“
2eos 5 - 51N |

1 -sinx—sin[xﬂrj}

— . - 2 J
= lim— - -
il fy sm{x 1 J'.r}sm X
o (2x+hY . h
2cos sm| -
. { 2 L2
=lim— - :
i fy sin(x+#)sin x
.'ainl(E
2x+h | 2
—COs : -
2 [;_;
. 2)
= lim - -
[ sin(x+ /1) sin x
2x’+h] . (L‘]
~Cos sin| —
. 2 . 2
=lim dim

a0l sin{x+A)siny | [ﬁ]

p
_[_—cosx
sinxsiny )

‘)l L
= —COSECY CoT XY

(v) Let f (x) = 3cot x + 5cosec x. Accordingly, from the first principle,
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S (xh)-f(x)

f {I] = LII_’I:I ,ﬁ'
I 3cot (x+h)+ Scosec(x+h)-3cotx - Scosec x
= lim
h—si1 h

1 1
=3lim E[cm (x+h)—cotx|+5 lim E[cosec[x+ﬁr} —cosec x |

hi— r—ll

Now, liml[cut (x+/h)—cot x:l

=il fp

=lim—

| _&}5[I+h)_mgx
w0 k| sin(x+ k) sinx

1 [ cos(x+h)sinx—cosxsin(x+h)
b sinxsin(x+h)

1l sin(x—x—h) _
h .nh_sinx-‘iiﬂ(x"‘h)_
ﬁin{—h)

=0 h| sinxsin(x+h)

_sinh | . I
=—| lim—— |[.| lim— .
b=t il 511 X - 510 {I + fl'}

! 4 |
' Tsin’x : (2
ﬁin_r-:iiin{x+n} sin? x COSEC™ XY { )
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o
lim —| cosec(x+ h)—cosecy
=il fir[ ( ) ]

=liml ! - I ]

0 fy _5in[.‘r+h} s X

| _sinx-sin{x+h)]

0| sin(x+ /1)sinx

-,i [x+.r+fr] . (_r—x—h]
2cos =510
1 p. 2

= lim— : :
i fy sin{x+#h)sinx
'_J [2I+.I"?] : [ Ir]

2 cos sin| —
1 2 2
=lim— — —

s fp sin X+ fr} 50 X

2x+h Sm[
—cos| — h
2

=limm
e sin(x+ fr)sinx

(21’+h]" . (h]
—Cos 5101

) 2 2
= |im

At 5i11{.r+fr}5i1u‘ - [ﬁ]

S
= 05X 1
sinxsinxy )

= —cosecx cot x -(3)

From (1), (2), and (3), we obtain
/"(x)=—3cosec’x — Scosec x cot x

(vi) Let f (x) = 5sin x — 6cos x + 7. Accordingly, from the first principle,
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()i S (3 ER)= ()
S'(x)=lim .

fa—ik

=lim L[isin{x+h)—6ms[1 +h)+7-3sinx+6c0sx—7]

fi=pll

= Ijml[i{sin {x+ h] —sin x} - 5[1:.‘::}5[1' + h] —:.‘:l.)Sx}:|

[/ ] h
=5Iin‘Ll[Sm{x+1ﬁr}—sin:Jf]—ﬁliml cos(x+h)-cos x|
Fi—sll h fi—l) ﬁ
1 x+h+x) . (x+h-x . COSXCOSHh—sinxsinh—cosxy
=5lim—| 2cos 5in —6&lim
T h j 2 Bl _h
1 . | —cosx(l—cosh)—sinxsinh
=5|iml 2cos 2x-+h smE —6lim { ]
=0 2 2 fr—s h
sin'ﬁI
o ] -l_ F - .
— slim Cﬂs[2:+h] b —6Iim|: cos x(1-cos f}_smxsmh]
fi—sli Fi fr—s1 h h
2
qinh
=5{Iimcns[2x+hﬂ lim— 2 —6[{—::(}3:}[[1:11]_cmh)—smxlim[smhﬂ
Tr—all 2 I'?_m h Fr—sll h H—sll h
o2

= 5c0s.x.1-6[ (—cosx).(0)—sinx.1 ]
=5c08x+6sinx

(vii) Let f (x) = 2 tan x - 7 sec x. Accordingly, from the first principle,
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N {.J.) =lm*

fx+h)—1(x)

fi—={p

i

= Iiml 2tan(x +h)—Tsec(x+h)—2tan x + ?secx]

Ji—sll I'.l

=2lm

=2hm

i C-DSICDS{I T h]

0 h| cosx cos(x+h)

=2lm

Jr— i

Sll‘l [.T+f?] - SN X ~7lim l | 3 1
it ccrs[x+h] CO5 X b*“h 005{.1 +fr} Cos X

[ {tan x+h)- tamc} {sec{.r+ﬁr}—secx}]

|||1'|l tan :1+fr]—tanr ?Ilm— Sﬂc(‘f+h}—secx:|

Tr—h

) 0 fy

—

_sin{x + fr)cosx—sinxcus(x +fr]] I 1 [cusx —cc-s{x+ J'?)]

=0 [l cosx cns{.‘f +f'r)

. x+x+hy . [x—x-h
B . —= 511 sim
1| sin{x+h—x) } i) 2 2

iy cosxcos(x+h)

cosxcos(x+h)| =vh cosxcos(x+h)

" 2x4+ 4. i

Csinh | | =2 sin = 51 —;J

|:L ; ] :|—71jm— = =
i

ok [ 2x+h
. S — 51
. sinfi 1 . 7 . 2
=2| lim lim =7 lm—=1 lIm
Y] h- Y] msxcos 1,. +h} -'-': i E f—alh C{}S-JL'EOSI:_T+IJ}
\ 2

=21

Y
=2ger”

| STy
-7.1
COSXCOsY COSXCOsSY

X—=Tsecxtanx

WWW. ncert hel p. conmr

woo djayuaou - mmm//:dny



NCERT Miscellaneous Solutions

Question 1:
Find the derivative of the following functions from first principle:
(i) =x (ii) (=x)7* (iii) sin (x + 1)

5
CO5| X——
(iv) 8

Answer

(i) Let f(x) = -x. Accordingly, f(x+h)=—(x+h)

By first principle,
f(x+h)-f(x)

:}im
B —x—-h+x
b h
= lim—
h—l h
=}i|r‘1(—l]=—l
I __ -l
f(x)=(-x) =—=— f{x+h)—
(ii) Let (} ( ) —X X . Accordingly, {x+]1}

By first principle,
f(x+h)-f(x)

F(x)=im

1 - [—I‘
=lim— - —
i=0h|x+h :-s;J
1 - 1}
= lim— -
h+thix+h x

. 1| =x+(x+h)
=lim— ————=
h-*”h_ x{x+h)
. [ —x+x+h
=lim—| ———
=0h| x{x+h}]
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(i) Let f(x) = sin (x + 1). Accordingly, f[x+h}=51n{x+h+l]

By first principle,
F{x+h)-1{:
f'(x)=lim (x+h)-f(x)

|yl

= L]_I;[I':—1[Sl[l x+h+1)=sin(x+1)]

o [x+h+]+x+l] i [.\'+h+1—x—l]
= lim—| 2cos zin
h—a-llh 2 2
o [2x+|1+2) . [h]
= lim—| 2cos| ———— |sin| —
bt | 2 2
Qn(h]
2x+h+2 _ 2
> (5)
2
5in —] ~
- |imcn.~{2”+2$]-|im— Ash —>n=>%—>n}

2
=l %_.ﬂ [I_]] |
" 2

2x+0+2 sin x
=cos| ———— |1 1 m =1

¥ x-m ¥y

i

= lim| cos

l—si1

=

=cos(x+1)
f(x+h)= cns[x+h—§}

x) cos[x ——]
(iv) Let 8 . Accordingly,
By first principle,

WWW. ncert hel p. conmr

woo djsyuaau mmm//:dny



f(x+h)-f(x)

()= im
1 o s
= lim—=| cos x+h——|—c05 W=
h ;nh_ gf. 8
_ , )
|X+h—ﬂ+-‘i—ﬂ:] xth—" o "
— lim—| =2sin~ 8 8 sin 8
b= |y 2 2
| \
{
2x+h—=
.1 : 4. h
=lim—| -2s5in| ———* |sin—
st |y 2 2
i \
o ) . (h)
23~»:+h—fI sin EJ
= lim| —sin 4 >
h—s01 2 (E]
L . \ 2
_ . . o
Ix+h-2" sm[—] :
=lim| —=sin| ———* | . lim—— [As h—rﬂz}——rﬂ:|
h—si1 2 h—,n h
RN ) [2]
Ix+0-2%
= —3In S A
2
. T
=—5m| N — |
. 8
Question 2:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (x + a)

Answer

Let f(x) = x + a. Accordingly, f[x+h] =x+h+a

By first principle,
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: . fx+h)=f(x)
S'(x)=im h
3 x+h+a—-x—a
_.ll—e-I] rllf
;)
=lim| —
Jj—ali h
—!IITl'll{l:l
Question 3:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

Jves

and s are fixed non-zero constants and m and n are integers):

Answer

Lot (x)=(pr+q)| £

By Leibnitz product rule,

k8

=(pr+q)(r +é}r+[ . +3](P)
=(px +q —-rx [ ]

3}

= ;J.':—q—f
:
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Question 4:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (ax + b) (cx + d)?

Answer

Let f(x)=(ax+b)(ex+d)

By Leibnitz product rule,

_,r‘"{ﬂ.'] = [m'H’J} d {L'.T'i-ﬁr]: —I-(c'_r+d}: a4 {m‘+h]
I lx

L

— (a‘r T b)%(c'lf + 2ol + .5;’“)+ (E'I 1 ca’]: ;—i(cn+ b]
=(ax+b) ;i_[c:x:]+ i{l;‘dx]+ i‘dz}+{cx+a’}:[i_ax+ i b]

= (o + b][zc:x+2¢d)+(m‘+d:)a
=2c(ax+b)(cx+d)+a(ex+d)

Question 5:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

ax+h

and s are fixed non-zero constants and m and n are integers): ©¥ +d

Answer

: ax+h
Let f(x)= ex+dd

By quotient rule,
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d i
(ex+d)—(ax+b)—(ax+b ex+d)
ff(‘f] = dX( {03_‘_ i,}: } t.'l".'f(

_ (cx+ d)(a}—{af +b)(c)
(ex+d)
_aex+ ad — acx — be
{c.‘r+d}
ad —be

(cx+ d}f

3

Question 6:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers):

|

I+
—
1
1-
X
Answer
1_‘_I x+1
: X r x+l1
Letf[x}: e . where x =0
' 1 x=1 r—1
'I_
x X

By quotient rule,

:{x—l)::r[x+l}—{x+l]i{x—1}
(x=1)
G010
(1)
:Lx?—l‘. x=0, 1
(x=1)
— —ox# 0, |

(x-1)

/')

Lx=001

x|
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Question 7:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
1
and s are fixed non-zero constants and m and n are integers): ax’ +bhx+c
Answer
1
Let 7(x)= ax’ +hx+c

By quotient rule,

) (ax® +b:r+c};i(1]— i_(ux: +hy+c)
JAX)= i 3

{{4'.1'3 +hx+ c)

(m,: +bx+¢)(0)—(2ax +b)

{ﬁf +hx + ::'}_

—[Em'+b]

{f!.‘l.': + bx +c']_'

Question 8:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

ac+h
and s are fixed non-zero constants and m and n are integers): P¥ T4x+r
Answer
. ax + b
Letf(x)=

px’ +gx+r

By quotient rule,
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x) [pxl +qx+r)i{ax +b)—(ax+h) i(px: +qx+r)
* '1- = -

(,m‘z +qx+r]3
(px* +qr+r)(a)—(ax+b)(2px+q)
(px* +¢r+r]2

apx” + agx + ar —2apx” — agx — 2bpx — bg

(p.‘lfj+q.1'+r]:
—apx*® —2bpx + ar —bg
(f}r3+qx+r]:

Question 9:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

,r:.ur2 +gx+r
and s are fixed non-zero constants and m and n are integers): ax+b
Answer

. v+ g
Let f [I} _pyorgryyr
ax+b

By quotient rule,

d’ T " ) ﬁ!:
(ax+b) fh_[px +qx +r)—(p,r +gx+r) dx{mm h)

f(x)=

(ax+b)
(ux+b]{2p.r+q]—[px’ +qrx+r](u]
) (ax+b)
2apx” + agy + 2bpx + bg — apx” — agx — ar
) (ax+b)

_apx’ +2bpx +bq—ar
{ax + b)z
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Question 10:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

iJ——j+cns_r
and s are fixed non-zero constants and m and n are integers): * &
Answer
B
Let_fl[.r}:':—':——,+cns.r
Xox
Wi o u] u’[.ﬁ“ of )
¥)=—| —|-—| —= |+ —(cosx
a ) f.h'[.f*, oy JL'"J u',r{ )
d d o o
=u X )=h x|+ Cos X
u’.\‘{ } G':T[ } n'fr{ )
=a(—4x 5}—?}[—2,1- )+ (—sinx) [i[r] = nx” ‘andi[cns_r]= —sin .1‘}
o v
—da 2H
=—Ft+t——s8inx
X X

Question 11:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): 4‘“;;_2

Answer

Let f(x)=4x -2

71(x) = (4 -2) = (435)-<(2)

[ ' |
=4i[_~c! -0=4 1, ']
dx

Question 12:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): (ax + b)”

Answer
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Let f(x)=(ax+b)". Accordingly, f (x+ /) ={a(x+h)+b| =(ax+ah+b)
By first principle,

; ) _f{.’f-‘-h}—.f':.'l'}
J/'(x)=lm P

h—ai}

(eu‘ +ah+h ]" - [ ax + h)“

= lum
fi—»l} h
" h ! i
c+h)' | 1+ —(ax+h
. (ax+h) [ .cr.1'+h) (ax+h)
hsd h

[1+ ch ]" 1
=(4:::|:+.F?]'i lim = “I;—b
h—si) 7

K oge _l :
=(ax+h) hmi 1+H[ ah ]+n{ﬂ' ][ ah ] +..p—1
0 ax +b |2 ax+b

( Using binomial theorem )

[ ah J+n{n—|]u—-‘hﬂ

av+h E{“_‘[-{-h]l

=(ax+h) lim L

bt

—1)a’}
=(ax+h) lim|:( m +”{H )a IT+...]

ol (ax+b) |2{|:.-.1'+h}:

= [u_'r+h]” [{L:i h} + D:|

n

+...(Terms containing higher degrees of /1)

-4

[r:u‘+h}
(f.r.!.‘ +b)

r—1

= hda

:J‘.I'ﬁ{{r.l‘ +b}

Question 13:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (ax + b)" (cx + d)™
Answer

fx)=(ax +b}” (cx+d)

(e}

Let
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By Leibnitz product rule,
7'(x)
Now. let f; (x)=(cx+d)"
fi(x+h)=(cx+ch+d)

" d A
_ B) L d
(ax+b) a'x{ﬂ.'- )

1 {T}—lmll? f{x+hj A(x)
~ lim {c.r+{'!r+d}m —(w.'+.:,f}”'

Fr=wll

PR |
=(cx+d) hmuE

l+¢x+u’] ]

m n— I} ({'Ihz]

+(ex + d)m%{ar+!:)'r (1)

=(¢:t+u‘) hm;— 1+
i =il F

n+m’ 2

h
| [ meh

{Ll’+l’.}r]_

. '’ L
=(cx+d) luul meh +m{m )¢ ﬁ? +_..( Terms containing higher degrees of /)
0 jy _[-:'x+u":| 2(ex+d)
_(cr+d) tim| +m(m—l}c'?f:+m
el (ex+d)  2(ex+d)
—(er+d)" |40
(cx+d)
cx +d
_me(ex +d)"
- (cx+d)
=me(cx +d ]m_l
%{cx i—a.u’]"r :mc(m:+dllm_l «(2)
Similarly. —{m:+f:l} —nu{ur+b}”_ {3)

Therefore, from (1), (2), and (3), we obtain

S(x)=(ax+b) {mc[cx ++:1"}'"_I } +(ex+d)” {m(ax+b)"_]}

=(ax +b)"_' (cx +4c1"}'"'I [mc{cxx +b)+ na(cx +d}]
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Question 14:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): sin (x + a)

Answer
Lot/ (x)=sin(x+a)
f(x+h)=sin(x+h+a)

By first principle,
fx+h)-f(x)

()t )
sin{x+h+a)—sin{x+a
= lim ( ) (x+a)
Ji—li h
1 ‘x+h+a+x+a' . (x+h+a-x—a)
= lim “*Lm,| Jsmk J
Tr=pdi h | 2 2
| (2x+2a+h) " h)
= lim — 2ms| —Jsm —|
=i h 2 Y
i‘
. 2x+ Ea+h 2
= lim cm.\
fr=pd} . - ), | _‘Ir
2 —
sm[ h
. x+2a+h [ }
= lim ¢o ( a lim f“'%’ Ash—0=" 0
Jiened i 2 J _':—ul | E l| | 2
i 2 )
(2x+2a [ sinx
= cus| — |1 lim =1
I\\ 2 __l,—lﬂl x

=cos(x+a)

Question 15:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): cosec x cot x

Answer

Letf{.r}=cose«: xcot x
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By Leibnitz product rule,

1'(x)=cosec Jn:{ﬁ:«u:rt:c)r +cot x (cosec x)r (1)
Let , (x) = cotx. Accordingly, £, (x+#h) = cot (x+h)

By first principle,

£ (x) = lim L) = (3)

S+l hﬂ

t{x+#h)—cotxy
=Hmcn[r )—cot

f=wil

. cos(x+h) cosx
T s h s 5i]‘1(},‘+h} sin x

i [ sinxcos(x+ h}—-.:msxsjn{.r+h}}
=lim—
-

:-—

sinxsin(x+h)

[ sin(x-x-1)
= lim : :
hesih fy _5][]13,‘5[“ [,‘t‘ + h‘:l

I 1] sin(-h)
=—— lim—| ———
sinx =0 i| sin{x+h)
-1 . sy . 1
=——| lim lim —
siny =0 w0 sin(x + h)

-1 |
L -
sin x [sm{xﬂl}J

.2
5N X

= —cosec x
- (cotx) = —cosec’x (2)
Now, let f,(x) = cosec x. Accordingly, f (x+ h} =CGsec(x+ h}

By first principle,
fi(x+h)- fi(x)
h

£y (x)=lim:

fi—

.1
=¥f|_r.135[cﬂscc[x+ h}—cnscc:«]
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i 1
=lim—| — ——
et i sin(x+ k) sinx

1 sin X —sin (Jr + h}:|

=lim—| — -
o g sinxsin(x+ )
[ A R
2¢os X+x+h si|1| x_x—k
[ 2 L2
=—— |lim— -
sInx 0 f sln(x+h}
[ [:um]_ [—hJ
2cos sin
| I | 2 2
=—- lim— —= =
sinx el fi sm{x—l-h'}
—sin[hw 05[2.1‘+J"J]
' Jim 2/ 2
sinx i [E] sin(x+h)
2
o h 2x4h
sin| — cos
-1 2/ . 2
=— lim Jim—
sinx a0 (R} hs0 sin(x+h)
2
2y

L]
=]
o

+
=
M

el

Tsinx sin(x+0)

-1 cosx

" sinx sinx
=—Cosecy.coty
. (cosec x}' = —cosecy cot X ~(3)
From (1), (2), and (3), we obtain
f'(x) = cosec x| —cosec:x] + cot x ( —cosec xcot x)

= —cosecjx - |r:|r:||'L2 X Ccosec x

WWW. ncert hel p. conmr

woo djayuaou - mmm//:dny



Question 16:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
COs X

and s are fixed non-zero constants and m and n are integers): |+sinx
Answer

COs X

f{l] —

Let l+sinx

By quotient rule,

(1+sin .1']i[ms,r)— (cosx) ;—i(l +sinx)

f(x)= dx

(1 +sir1x}:

_ (1+sinx)(—sinx)—(cosx)(cosx)

-

(I+sinx)
—sinx—sin” ¥x—cos’ x
(I +5i11.1r}:

—sin _r—{s{n: X+ COS" x]

Py

(1+sinx)
—sinx—1

(1+sinx)’

_ —(1+sin J.}
(1+sinx)

-

~ (1+sinx)

Question 17:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
51N X + CO5 X

and s are fixed non-zero constants and m and n are integers): SINX—COSX

Answer

f(x)

Let SIN X —COS X

51N X +COSX

By quotient rule, WWW. ncert hel p. con
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(sinx—cosx) i (sinx+cosx)—(sinx+cosx) d (sinx —cosx)

£1(x)= e

[Hil‘l X = C0s .1')3

(sinx —cosx)(cosx—sinx)—(sinx + cosx)(cosx +sinx)

(sinx—cosx)’

~(sinx—cosx)’ ~(sinx + cos x)

(sin x - cosx)’

—[sinz ¥4 008" ¥ — 28N ¥ COS X + 8in° ¥+ cos” x + 28in x ¢os _!::I

{Sin X = COs .1'):

~[1+1]

(sinx —cosx)’

-

Y

(sinx —cos x)

Question 18:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

secx —1
and s are fixed non-zero constants and m and n are integers): Secx+l

Answer

e X = |
(x)="—

Let secx+]
1
: l-cosx
7(x)= CUISI " T+cosx
+1 ’
cosx

By quotient rule,
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d d
(]+::us~‘.1‘] (]—{_‘(}HJ{)—(I—C{JSJ‘) (I ++;:(:5+_1.']
F(x)= dx : dx

I:I + tnr-;x]'

(1+cosx)(sinx)—(1-cosx)(-sinx)

(1+ cos .r}:
_ SIN X +C0S X SINX + SIN X — S0 X COS X
B (1+cosx)’
~ 2sinx
(1+cosx)’
2sinx  2sinx
[ ] (secx +]}
SECX sec” x
~ 2sinx sec” x
 (secx+1)
2sinx
secx
_ cosx
I:.ﬁ»‘.-.:{:_r+ I]:

~ 2secxtanx

(secx+1)

Question 19:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): sin” x
Answer

Let y = sin” x.

Accordingly, forn = 1, y = sin x.

. =CDSX, Le, —SInX=cosXx

Forn =2,y = sin? x.
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dv d, . .
;== =—(sinxsin x}
dy oy

=(sinx) sinx +sinx(sinx) [B}' Leibnitz product rule]
= COSXSiNY+sinxcosy

= 2sinxcosx 1)

Forn =3,y = sin® x.

Ay _d

..E:—(mnasm x)
= (sinx) sin” x +sin x(sin’ :l.']r [By Leibnitz product rule]
= cos xsin” x +sin x(2sin xcos x) [Using [l]]

= cosxsin” x+2sin’ ¥cosx

= 3sin’ xcosx

NI R D L | "
—|sIn" x| =mnsm XCOS5X

We assert that @x

Let our assertion be true for n = k.

” %{sin*x}:ksin[i_”xcnsx {2]
Consider
.ﬁ_,__d S
dx(sm 1]_dx{mn_xsm _1)
=(sinx) sin* x +sin x(sin’ _r)r [ By Leibnitz product rule]

. . o [E=l} .
= Cosxsin’ x+sin x(.ﬂ- sin'" ™" xcos.r) [Usmg (2]]
. L
=cosxsin’ x+ksin” xcosx
=(k+1)sin" xcosx
Thus, our assertion is true forn = k + 1.

W _ o i ] e
— 51N X |=H5IN XCO5X

Hence, by mathematical induction, dx
Question 20:
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
a+hsinx

and s are fixed non-zero constants and m and n are integers): ¢+dcosy

Answer

Letlf(x}: a+hsinx

c+dcosx

By quotient rule,

(¢+dcos x]%{c.- +bsinx)—(a+bsin x]%{c +dcosx)
: dx

£(x)- f

(c+dcosx)
_(c+dcosx)(beosx)—(a+bsinx)(—dsin x)

(e+dcosx)

~ cheosx+bd cos” x4+ adsin x+ bd sin” x

5

({."I' f."cnﬁ:l.')

v el - il
hecosx+adsinx + hd(m}ﬁ' X+sin” x}

(c+dcos Jc'}'T

3 boeoosx+ adsin x+ bd

(¢+dcosx)

Question 21:

woo djayuaou-mmm//:dny

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
sin(x+a)
and s are fixed non-zero constants and m and n are integers): Cosx

Answer

f(x)

Let COS X

:sin{,r+a}

By quotient rule,
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cosx%[sin{x+a}]—sin(x+ a}%cosx

fx)=

cos’ x
d .
cosx— [ sin(x+a)]-sin(x+a)(-sinx)
f(x)=—= : )
cos” x

Let g (x) =sin(x+a). Accordingly, g (x+h)=sin(x+h+a)
By first principle,

¢(x)=lim g(x+ h; ~g(x)

fa—sil

= lim— [sm x+h+a)- sm{r+.s.r

.I'|—rl'l

1 A+h+a+1+a x+h+a—r o
=lim—| 2cos

fi—1t

1 2;. +2a +fr
=lim—| 2cos
Jpepdd h

, 21’+2.ﬂ+h] SIH(E]
= lim| cos
Jr=wid 2 [E\‘
2)
) [h‘\
sin| — _
:Iimms(zx"ﬂm’hw.lim ZJ Aﬁﬁ—}ﬂ:}h—}f}}
o 2 iy, fﬁ} I 2
Tz
2x+2a [ sinh
=| ¢os x| lim——=1
2 | =0 h
=cos(x+a) i)

From (i) and (ii), we obtain

f‘r{x] - CDSE X

_cos(x+a—x)

cu.*;x-cns{x + a] +sin xsin(x+a)

7
cos™ X
_ cosa

cos” x
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Question 22:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): x* (5 sin x - 3 cos x)

Answer
Let f(x)=x"(5sinx—3cosx)
By product rule,
o
=x'— :mn‘r—"cuu +(Ssinx-3cosx x
° coss) ()

[S—{sm x)- 1—J(cns x) [+(5sin x—Jcns;]i[f}

dx iy ay

v*[5cosx—3(—sinx) |+ (5sinx—3cosx)(4x7)

v [Sxcos x+3xsinx+20sin x—12cos x|

Question 23:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): (x> + 1) cos x

Answer
Let f(x)=(x"+1)cosx
By product rule,

.y i d ;o4

f" Tl= .= ] —|Ccos 08 T — _-- ]

f(x) [1 + }fﬂY{LLHX]-FUHIG{T(x +1]
=(x:+I}[—sin.r}+cmx{2x]|

=—x"sinx—sinx+2xcosx

Question 24:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): (ax? + sin x) (p + g cos
X)

Answer

. tf{x}=(m‘3+5inx}[p+qcosx}
€ WWW. ncert hel p. com
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By product rule,

f(x)= [a'r" +sin x]%(p+ geosx)+(p+g uc_msx}%(m! +sinx)
= (ax” +sin x] (—gsinx)+(p+geosx)(2ax+cosx)

= —gsin _\:(m‘: +sin r}+{p +geosx)(2ax +cosx)

Question 25:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

i . x+cosx)|x—tanx
and s are fixed non-zero constants and m and n are integers): { H }

Answer

Lot f(x)=(x+cosx)(x—tanx)

By product rule,

F(x)=(x+cosx) d (x—tanx)+(x— tanx) d (x+cosx)

dx ax
- {_r+t05.1'][;—i{.1'] - ;T’:_(tun ;r]]+{:x —tan x)(1—sin x)
= {,\'+c05x:||:l—;—itan x} (x—tanx)(1-sinx) (1)

Lot g(x)=tanx . Accordingly, g(x+h)=tan(x+h)

By first principle,
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¢(x) = tim § ) =2 (%)

Fe—sl)

= lim

h—li

[tﬁl‘l{.\f ++’:}—tan.ﬂ

f J

i ] sin(x+/)  sinx
ey | cos(x+h) cosx

=lim—
b= fy cos(x+h)cosx
I

. _sin{x+h—x}
Jdim
cosx "0 bl cos(x+h)

I [ sin (x+#) cosx —sin xcos (x + h]}

I | I sin fr
= rI]]'I'I— _—
cosx =0 fr| cos(x+h)

| _sind [ | )
.| i J lim
cosy Lkt f =t cos (x4 h}
b
cosx  cos(x+0)

COS”™ X

=sec’ x (i)
Therefore, from (i) and (ii), we obtain
f'(x)=(x+cosx)(1-sec’ x)+(x—tanx)(I-sinx)
= (x+cosx)(~tan’ x)+(x~tan x)(I-sin x)

= —tan’ x(x-{- cusx]+{x— Lan_r]{l —ﬁinx]

Question 26:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
4x+5sinx

and s are fixed non-zero constants and m and n are integers): 3X¥+7¢C08x

Answer
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4x+3sinx
flx)="rr
Let Jx+Tcosx

By quotient rule,

(3x+7cosx) :;{43: +35sinx)—(4x+5sinx) :x{?nx +7cosx)

7()-

(3x+7cosx)’

frky iy

(3x+T7cosx) 4:&{1—)+5 i{sin.1-)}—[4x+55inx)[3 4 7 d_ cos .1}

-

(3x+7cosx)
(3x+7cosx)(4+5cosx)—(4x+5sinx)(3-Tsinx)
(3x+7cosx)’

~12x+15xcosx+28cosx+35c0s” ¥ —12x+28xsinx —15sin x+35sin” x

(3x+7cos 1]2

15xcosx+28cos x+28xsinx—15sinx + 35[(:,051 ¥ 4sin’ x)

(3x+7cosx)’
35+ 15xcosx+28cosx+28xsinx —13sin x

(3x+7 cosx]:

Question 27:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers):

xzcns[ﬂJ
4

s5in X
Answer
5 T
X EDS[E]
flx)=——-=
Let sin x

By quotient rule,
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sin x d (_'r"')—_\'j i[sin x}

gin” x

(x) = cos~
f{x]—cos4,

=C0s—.

§ '
T sinx-2xy—x cosx
4

. rl
s x

XCos : [25inx— xcosx]

. 2
sin” x

Question 28:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
ot

and s are fixed non-zero constants and m and n are integers): I+ tan x

Answer

/(x)

Let l+tanx

X

i (1 +tanx]%{x)—x%[l+tanx]

/()

(1+tan x}l

(I +tﬂnx]—r- d {l +tan.1c']
£(x)= dx o Q)

(1+ tan x]‘E

Let g (x) =1+ tan x. Accordingly, g(_r+ h)=1+tan(x+ h).

By first principle,
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g'(x)=lim p
_ I1m|:l+ tan (x+#4)—1- Ianx}
Bl h
= lim—

I _Hin{IH’!} _sin :r}

hi—+lr _L‘(‘.IH{I + h] COSX

=lim—
= fy cos(x+h)cosx

] _sin{x+h}ws.~r—sin .tcns{x+h}]

sin(:r+h —.'r} ]

—

= lim—
0 i | cos(x+h)cosx
o1 sin i

= lim—

0 Ji| cos(x+f)cosy

. sinf | L 1
= lim | lim
il L et cos [x +h)cosx

= 1=

4
=S5eCcT X

3

Cos™ x

:}i{|+tun.1.']=sec3:-: ... Ai1)
Y

From (i) and (ii), we obtain

_l+tanx—xsec x

/()

)

(1+tanx)

Question 29:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (x + sec x) (x — tan x)

Answer

Let f{x}:{x+560,‘t}{x—tan x}

By product rule,
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f’{x]z[x+secx]%(:—tanx]+{x—tanA‘]%(x+sec:r)

= (HS““][%[I] —i_ tan I]+{x—tan_m‘][%[x}+ %SCC_‘}

Ay i kY

= [x+sccx}[1—itanx}ﬂx—tanx][H d

= = sec x] (1)

Letf (x)=tanx, f,(x)=secx
Accordingly. f,(x+h)=tan(x+h) and £, (x+h)=sec(x+h)
o 52810

=“m(tan(x+h]—tanxJ

Ji—ld Fi

_ “m[tan{x+ h]—mnx}

fi— h

L] sin(x+h) ~sinx
=0 h| cos(x+h) cosx

' 1_sin{x+h}mgx—sinxm.¢.{x+h}
=lim—
=0 h| cos(x+h)cosx

1| sin(x+h—x) |
i | cos(x +h)cos X

sin i

"= h| cos(x+/)cosx |

o osinh |, 1
=|lim—— || lim
R tot cos(x+ h)cos x

|

3
Cos™ X

=1x =sec” x

d 5 .
——tanx =sec” X )
gl
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7 (x }—Iun[ x+h) - (v }]

d—alk h
sec{x+/i)—secx
=lim (x+h) N
Te—aid h‘

. I 1 1
= lim— —

= | cos(x+h)  cos _J
1 -msx—cos(_rHa]]

=lm—
0| cos(x+M)cos

i C(x+x+hy L (x—=x=h
—21sin -8in
| | ) )
= — lim—
Cos ¥ i i cos(x + L_’}
. [ I:] . [_;;J
—2sin sin| —
| | 2 2
=—— lim—
cosy 0 ms{r _|_h}

N sm[l*;»’r]{“‘gg]}-

cosx il cos(x+h)

Mt
\ sm[ ”
Jlimsin(ﬂ| [Ijm—
]\_l'r—!-ll 2 J I\J—:_"“ J_j [
' 2

b |

=Sec Y. ,
limcos (x+/1)
Te—sli
sinx.1
= S2C X
COS X
d
:»i—m:x:sec.rtanx . .o
X

From (i), (i), and (iii), we obtain v neert hel p. con
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£'(x) = (x+secx)(1—sec” x)+(x—tan x)(1+secxtan x)

Question 30:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

¥

. . oM
and s are fixed non-zero constants and m and n are integers): Siil ¥

Answer

, X
f(x)=—
Let sin” x

By quotient rule,

=0 d’ d L}
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£'(x)= u’xl . dx

—sin" x=mnsin"" xcosx
It can be easily shown that dx

Therefore,

.o, d d .,
sin"xx—xsin"x

f(x)= dx dx

sin’" x

sin” x.1- x(n sin"”' xcos ,1:}
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sin™" x
sin”" x(sinx —nxcosx)

sin® x
~ sinx—nxcosy
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