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NCERT Solutions for Class 11 Maths Chapter 13

Limits and Derivatives Class 11

Chapter 13 Limits and Derivatives Exercise 13.1, 13.2, miscellaneous Solutions

Exercise 13.1 : Solutions of Questions on Page Number : 301

Ql:

limx+3
Evaluate the Given limit: +—*

Answer :

limx+3=3+3=6

x—3

Q2:

lim [x ——]
Evaluate the Given limit: * " 7

Answer :

22 22
lim[x——] - J'l:——]
-l 7 7

Q3:

limm
Evaluate the Given limit: "

Answer :
lrI_IIHU" =x(l) ==
Q4:

o dx 43
lim
r=pd X _2

Evaluate the Given limit:

Answer :
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lim- L - |
ot x=2 0 4-2 2 2
Q5:
. .I'IU +_‘_5 +1
li
Evaluate the Given limit: **~' ¥ —1
Answer :
] ] 10 5
2+l (C1) (1) 41 1-141 ]
lim :( ) ( ) _ -
== x_l _1_1 _2 2
Q6 :
(x+1) -1
X -
lim
Evaluate the Given limit: =" x
Answer :
5
Cox+1) =1
llmQ
] X

Putx+1=ysothat y Aga€’ 1 as X A¢a€’ 0.

. , (.\'+|)'—| . ¥
Accordingly, lim =lim -
x=pd) X el j_e_l
5 5
N
=lim-
=1 p—]
- % Y
=51 {llm
=3
C (x+5) -1
Ilmiﬁi
r—li x

Q7:
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o 3x-x-10
lim———
=2 x"—4

Answer :
0

At x = 2, the value of the given rational function takes the form 0 .

3x? —x— x=2)(3x+5
o lim 2 ,'\ IO=Iim(’( Haz+ )
=2 x* -4 =2 (x=2)(x+2)

3x+5

= lim
x—2 X+ 2

_3(2)+5

2+2

Q8 :

. x* =81
lim

Evaluate the Given limit: *** 2x" —3x—3

Answer :
0
At x = 2, the value of the given rational function takes the form 0
_oxt-81 (x=3)(x+3)(x" +9)
Slim— = lim ' :

=32x" =5x=3 = (x-3)(2x+1)

= lim
=i 2x+1
(3+3)(3°+9)
o 2(3)+1
_6x18
7
108
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Q9 :

. arv+h
lim
v all cx + l

Answer :
ac+b al(0)+b
l — —
=0 ex+1  e(0)+1

Q10:

lim .
F—l
1]
Evaluate the Given limit: zt =1
Answer :
|
z3 ]
lim— E
z—l zf‘ _1 U

At z =1, the value of the given function takes the form
1
o
Put = =X sothat zAga€ 1 as X Aga€’ 1.
1

, . 21 . x*-1
Accordingly, lim———=1Iim
2 Tl — vl y —I
=6 =1
. X =1
=lim
= -

Qi1 :




. ax’ +bhx+c
lim ————
=l ex” +hx+a

Answer :

ma..\': +hx+c u(l)2 +h(1)+¢
1 ex’ +bx+a c(l)1 +b(1)+a

_a+h+c
a+b+c
=1 [
Q12:
1 1
+1

Evaluate the Given limit: * > X +2

b

a+b+cz0

a+h+c¢0]

0

At x = 8€"2, the value of the given function takes the form 0

1+| [2+x]
. c 2 ; 2Xx
Now, lim &—= = |im
x——2 X+ 2 r—4-2 X <+ 2
|
=11 _
22
B | B -1
2(2) 4
Q13 :
lim sin ax
Evaluate the Given limit: **"  bx

Answer :




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

. Ssinax sinax  ax
Now, lim =]

im X —
x-pl) hx xpl) ‘.’.Y hx
. sinax a
= |Ill‘|[ ]x [—]
y—i) ax b ;
a. |[sinax
=—I|m( ] [.\'—)O:>a\'—)0]
b o—all (1'\- ;
a . siny
=—x1 lim———=
h y»l} V
- a
b
. sInax
lim
] b'r
Qi4:
. sinax
lim La,h=0

Evaluate the Given limit: * " sin bx

Answer :

sin ax

lim ,a, hz0

w0 5in bx




0

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




[slnm

Now, lim- |_' =lin 12
0 ginbx ‘ sinbx | « by
\ bx )
I (sinm‘) -
[ B ), By x—>0=ar—0
b J lf/ sin bx | | L\nd x> 0= bx—> O}
M wi o bx )

Q15:
tim sin(m—x)

KX—*TT —-—
Evaluate the Given timit: -~ (7%~ %)

Answer :
f )
X—n T‘E(n_x]

Itis seen that x Aga€ ’ = (m a€" X) A¢ga€’ 0

im sin(r-x) _1 sin(m—x)
mm— =
wx q(n-x) w0 (1-x)
= -l-xl [llm 3"_",\'_ _ 1]
m y=al) y
-l
n
Q16 :
lim £22%

Evaluate the given limit: " T—xX

Answer :




cosxy cosl 1

lim =
el —x -0 =n

Q17:

I cos2x-1
m——
Evaluate the Given limit: **" cosx—1

Answer :
. cos2x-1
lim ——

0 cosx—1

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

Now,




lim———=lim

cos2x—1 1-2sin? x—1 . g
— COs Y
Tl C'DS-Y_I xepl}

. X
1-2sin” — -1
&,

v—pll f X
\ 2
. SInX
[hm —J
v—3ll X _"
=4 5 [,\'—>0:>7—>0}
sin -
lim——=
o X
' 2
. . siny
=4— lim———=1
1” y=l oy
=4

Q18:

. ax+Xcosx
lim————————
Evaluate the Given limit: "  bsinx

Answer :

. X+ XCcOosx
lim ———————
v0  hginx

0

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




. _ax+xcosx 1 . x(a+cosx)
lim——=—lim———
=0 hsinx b0 sinx
lo.[ = ) :
=—I|mt — |xlim(a+cos x)
b0\ sinx ) 0"
1 I i
=—x————=xlim(a+cosx)
b . SInx | 0
lim
}.ra.l] ¥
I . sinx
=—x(a+cos0) lim =]
b X =) X
_a+l
b
Q19:
lim xsec x
Evaluate the Given limit: ="
Answer :
; g O 0 0
lim xsecx = lim = ===0
X0 =0 cosx cosO |
Q20 :
. _sinax+ bx
lim——— a,b,a+b =0

Evaluate the Given limit: **° @x +sin bx

Answer :
0

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

Now,




_ o sinax + bx
lim—M—
v gx + sin bx

SIn ax
ax+ bx
: ax
=lim-=

) (a1 -
ax+ IJ.\'L e J

bx

e )
. sinax | _ . ,
[Ilm Jxllm(ax)+llmbx

av—l) ax a—) " v—3l)

- : — [As x — 0= ax — 0 and bx — 0]
. . . sinbx
limax 4+ hm bx[ lim )

r—pl) v =) hr—) X

Npl) N =pl)

lim(ax)+lim bx  sinx
- lim =1

=y

lim ax + lim bx

x—»l =l

lim (ax + bx)

- =¥

~ lim (ax + bx)

=lim(1)
=1

Q21 :

lim ( cosec x—cot x)
Evaluate the Given limit: +—¢

Answer :

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

Now,




lim (cosec x - cot x)

x—al)

COsXx

(1
—lim| ——-
x=pl) ksln 'r

B
)

| —cosx

sinx
; | —cosx
=lim| ——

x—d

sinx

= lim -
T+ ( sin x

X

SN x

X

lim

x—ld

|

Q22:

Answer :

tan 2x

lim
x

By i
2

-

oA

Now, put

|

| —cosx . sinx
e =} and lim =1
X 0 x
. tan2x
lim
Hz % _n
5

, the value of the given function

0

takes the form 0 .

so that

X—

e

E.}f—)ﬂ




[lan(n +2y)=tan 23.‘]

= |im

sin 2y

y=0 ycos 2y

y—l

{

Q23 :

lim lim

Find *~" f(x) and *~*' f(x), where f(x) =

Answer :

The given function is

{2.\'+3,
3 v £l
0 (x+1)

. [sin 2y
= lim X

lim =
a { i
I\ v—) _}

2y

. h
sin E}IJ

x<0

x>0

2

cos 2y J

A

. A
xlim
y-0 [ cos 2y J

2x+43,
3(x+1),

lim £ (x)=lim[2x+3]=2(0)+3=3

x=il x=l)

lim f(x)=lim3(x+1)=3(0+1)=3

x=0" x=

sdim f(x)=lim f(x)=lim f

a0

x—ll x—)'

(x)=3

lim f(x)= IimB(,HI) =3(1+1)=6

[y —0=2y—> 0]

. sinx
lim =1
%=} bt




]7ir||1_ Filz)= 1irr||3(.x+ 1)=3(1+1)=6
lim £ (x) = lim £ (x) =lim £ (x) =6

Q24 :

=1, =x<I1
lim —xi=1, x>1

Find **' f(x), where f(x) =

Answer :
The given function is

f(x)z{x- -1, x<1

—x =1 x=>1

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

x=]

lim f(x)= I"lnl[—‘ —|] =—1'-1=-1-1=-2

x—!'

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

a—+l a—sl"

Hence, lim /() does not exist.
X :

Q25 :
m i x=0
X
lim 0. x=0

Evaluate “*" f{x), where f(x) =

Answer :

The given function is
X
U ’ x=0
X

0, x=0
fix) =




x>0 $ x—=l X

lim f(x)=lim [M}

=lim (_—\] [When X is negaitve, |\| = —x]
=) L x

vt x»ll

X
. [x —r
— — W .-- ; LI =
l x] [ When x is positive, |x| = x]

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

a—»l) x—»l)*

Hence, lim f(x) does not exist.
x—

Q26 :
i x#0
]
lim 0 x=0

Find *~" f(x), where f(x) =

Answer :

The given function is




) x=0
(x)=1]
0 x=0

— lim [L] [ When x <0, |x|=—x]

lim f(x)= Iinl[id
X—»i} : x— X

H X I ol —
= I\IJ]‘I) [— l:“r henx =0, |1| = _\’:I

It is observed that lim f'(x)# lim f(x).
' x>

x—l

Hence, lim f(x)does not exist.

=0

Q27 :

_ lim I\'l -5
Find *—7 f(x), where f(x) =
Answer :

|x| —5

The given function is f(x) =




lim [|\| - S:I

im 7 (x) = ln
=lim (x - 5) [ Whenx >0, |x|=x]
=5-5
=0

lim / (x) = lim (|x[~5)
=lim(x-5) [ Whenx >0, |x|=x]
=5-5
=0

~ lim f(x)=lim f(x)=0

Hence, lim f(x)=0

T—3

Q28 :

a+bx, x<I|

4, x=1

b—ax x>1  lim
Suppose f(x) = and if “™' f(x) = (1) what are possible values of a and b?
Answer :

The given function is
a+bx, x<I
f(x)=14, x=1
b—ax x>1

lim f(x) =lim(a+bx)=a+b
x—»l Ny ’
lim f(x)= Iin}(h—ax) =b-a
x—»l —
f(1)=4
It is given that I_in}f(.r) = Fl1).
sim f(x)=lim f(x) = Iin? f(x)=£(1)
-l x-»l* [
=a+b=4andb-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.




Q29 :

Let iy Vg s a, be fixed real numbers and define a function
f(x)=(x-a)(x-a,)..(x~a,)
lim a#a, ..., a, lim

What is " f(x)? For some compute ¢ f(x).

Answer :

f(x)=(x-a)(x-a.)..(x-a,)

The given function is *

!El']' f(x)= llm [(\—u J(x—a,).. (1—(1")]

=[‘|im(.\'—a,)}[hm(v—u,} [In_n(\' U.,)}
0

=(a,—-a)(a-a)..(a,—a,)=
sdim f(x)=0

vy

Now, lim f(x)= lim [(.\'— a)(x-a,)..(x-a, )]

= [I‘Im’ (x—aq, )} [l‘lm (x—a, )} [lmul (x—a, )}

=(a-a)(a-a,)...(a-a,)
< lim f(x)=(a-a)(a-a,)..(a—a,)

Q30:
|x|+1, x<0
0, x=0
Ix-1, x>0
If f(x) = )

lim
For what value (s) of a does “*“ f(x) exists?

Answer :

The given function is




J|x|+ l, %<0

f(x)=10, x=1
l|.\*|—|. x>0
When a=0,

lim f(x)= lim (|x|+1)
=lim(-x+1) [Ifx<0. |x|=—x:|

x—l "

=—0+1
=
im ()= tim (1)
- ljlll}(,t—l) l:lfx>0. |r| =x]
=0-1
=1

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

- lim f'(x)does not exist.

=l

When a< 0,

fim £ (x) = fim (b +1)
=lim(-x+1) [x<a<0=> |x|=—x:|
=-a+l

lim £ (=)= fim (< +1)
=lim(-x+1) [u<x<0:> |x|=—x:|
=-a+l

im f(x)=lim f(x)=-a+1

Thus, limit of f (x)exists at x = a. where a <0.

When a>0




lim f(x)= lim (|x|-1)

=lim(x-1) [0< x<a= x| =x]
=a-1
lim f (x) = lim ([x|-1)
:lim(x—l) [O-c: a-::x::-‘x|:x]
=a-1
s lim f(x)=lim f(x)=a-1
Thus, limit of /' (x)exists at x = a. where a > 0.
lim f(x)
Thus, ¢ exists forall a# Q.
Q31 :
. f(x)=-2
lim X)=2 x limf(x)
If the function f(x) satisfies **' X" —1 , evaluate *—!
Answer :
f(x)-2
lim (\) =T
x—l X< _I
!j_r;}(f(f)—ﬂ -
lim (x -1)
= 1\1_131|(t(x)—2) =mlim x -1)
= lim(f(x)-2)=n(1"-1)
= lin}(f(x)—2‘)=0
= limf(x)-1lim2=0
= l\irplf(x)—lz()
I\lrﬂ f{x)=2
Q32:
mx* +n, x<0
Sf(x)=qnx+m, 0<sx<]
3 lim f(x lim f(x
If X+ m, x>1 . For what integers m and ndoes *™" ( )and AN ( )exist?




Answer :

The given function is

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

lim f(x)=1lim(mx* +n)

x>0 pare)
=m(0) +n
=n

!LT flx)= lim (nx+m)
=n(0)+m
=M.
lim £ (x
Thus, *—* exists if m=n.

lim f(x)= Iin}(n.r+ m)

|
=n(1)+m
=m+n

lim f(x)=1lim ('nx" - m)

x->]" x—l
=n(l } +m
=m+n

v lim f(x) = lim f(x) =lim f(x).

lim £ (x)
Thus, ** exists for any integral value of m and n.

Exercise 13.2 : Solutions of Questions on Page Number : 312
Ql:
Find the derivative of x2 - 2 at x = 10.

Answer :
Let f{x) = x2 8€" 2. Accordingly,




7'(10) = lim F(10+ k)= £(10)

h— l,
[(10+8)' ~2]-(10°-2)

=lim- —

fes0) h

. 1 +2.108+# -2-10"+2
=lim

fr-an) I)

. 20h+ K
= lim ——

Jral) h

I:,"H("()Jrh) (20+0)=20

Thus, the derivative of x2 8€“ 2 at x= 10 is 20.

Q2:

Find the derivative of 99x at x = 100.

Answer :
Let f(x) = 99x. Accordingly,
(1004 k)~ £(100)

S'(100) = lim-

=) h
. 99(100+h)—99(|00)
=lim :
=] h
99 100+994-99x100
= lim
Sr—l) h
. 994
= lim—
Jr—=) h
=1im(99)=99

Jr=nl) *

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

Q3:

Find the derivative of xat x= 1.

Answer :

Letf(x) = x. Accordingly,




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

Q4 :

Find the derivative of the following functions from first principle.
(i) xe a€“ 27 (ii) (x a€“ 1) (x a€“ 2)
1 x+1

Answer :

(i) Let fix) = x* &€" 27. Accordingly, from the first principle,

f'(x)=1lim f(x +h,r:_”x)

h—)

[(x+h)'=27]~(x"-27)

=lim
Je—al) h
. X+ +3°h+3xh* =X
=lim
Jr—ald h
. W #3xh+3xkH
=lim
Jr=al) h
= lim (17 +3x7 + 3,\'/1‘)

=0+3x" +0=3x"
(i) Let fix) = (x &€ 1) (x &€" 2). Accordingly, from the first principle,




f(x+h)-f(x)

7/(x) = lim -2
. (x+h=1)(x+h=2)=(x-1)(x-2)
=lim :
fr =0l h
' (x* + Ax—2x+ hx + B* —2h—x—h+2)—(x* - 2x—x+2)
= lim
fr—»0l h

_ (Ax+hx+h —2h—h)
=lim

=) h
. 2hx+h" =3h
= lim ——8M—
Jr—0) h-
=l_in(1|(2x+h—3]
=(2x+0-3)
=2x-3
1
f(x)==
(iii) Let X . Accordingly, from the first principle,
wry v J(x+B)-1(x)
f)=lm=—
P _1
+h)
iy R
fe—0 h




F(x+h)-1(x)

f'(x)=lim .
x+h+l x+1
:“m[.\‘+h—| .\‘—IJ
h—0 h
_; 1| (x—1)(x+A+1)—(x+1)(x+A-1)
‘;}l‘};[ (x—1)(x+h-1)

o _(x:+hx+x—x—h—l')—(x3+hx—x+x+h—l)
D "I—T'l_'z (x=1)(x+h-1)

= Iiml_ —ok
= _(.\'— I)(,\'+h—|)

- !.inpu[(-x_ |)(x-+ h—])]

- =i |

TG Gy

Q5:

For the function

100 a9 ‘_:
X)=—t—t. .+ —+x+]
f[ ) 100 99 2

7'(1)=1007"(0)

Prove that

Answer :

The given function is




i o™ x
X)=—+—+. . +—+x+l
F =) =10+ % 2 7
Cf xnm ,,\'lw .rj
x)=— +—t b —tx+]
dv| 100 99 2

d .
E‘f (:
11y L] 2
ij‘(x)=i[x ]+i(v_]++i{v_]+¢_‘! x)+i(l')

dx dx| 100 )" x| 99 ael 2 ) a7 dx

- L d n = ¥
On using theorem —(x ): nx""', we obtain
dx

_ o0 R .
if(x)zmm +%’Jl PR PP
e’ 100 99 2

=x" x4, +x+1

‘-.1f'(_r)=xw +x .t x+]

Atx=0,

f(0)=1

Atx=1,

S (=1 +1"+ +1+1=[1+1+.+1+1] =1x100=100

/(1)=100x1'(0)

Thus

Q6 :

n -1 2, n-2 n-1 " )
Find the derivative of ¥ +@X¥ +a'x ~+..4+a X+a for some fixed real number a.

Answer :

Lo f(x)=x"+ax” '+ @’ 4+ ad x+a”
ot T\

"t d " -1 r n-2 -l "
i F (.\'):—(.\' +ax" +a X" ... +d"  x+a )

dx

. IS ', 3 S N ¢ Sy R a4 4d . |
=—(x" )+ a—(x"" )+ a —(x"" )+..Fa"T —(x)+a" —(]

dx(‘ ) aci\‘ ) = dx : } o d.\'(\) o ti\’()

; d , s :
On using theorem T.\"’ ="', we obtain
dx

L(x)=nx"" +a(n-0)x""+a* (n-2)x"" +...+a"" +a"(0)

=" +a(n=-1)x""+a" (n=2)x""+..+a""

Q7:




For some constants a and b, find the derivative of
X=—a
(i) (x 4€“ a) (x a€“ b) (ii) (axz + b)z (iii) ¥ — b

Answer :

(i) Let f(x) = (x a€ a) (x a€“ b)

= f(x)=x"—(a+b)x+ab
- d; >

A tE)= E(x’ —(a+b)x+ ab)

= i(.\*: )—(a + b)i(.\') + i(al))
5 dx dx

dx
. . d ] | :
On using theorem 1—(\' )= nx""', we obtain
et
f'(x)=2x—(a+b)+0=2x-a-b
f(x)=(ax’ +b):

=5 /(\')=a‘r +2abx’ + b’

(ii) Let

O ¢ )— {u x'+2abx* +H7 ) =a’ —( )+ 2ab— 1( )+i(h3)

dx dx

On using theorem — x" = nx""'. we obtain
dx

['(x)=a’ (4x")+2ab(2x)+b (0)

=4a’x" +dabx

=dax(ax’ +b)
(x-a)

Letf(x)=
(i) (x-8)

., 1(x—a
=/ (\)=;—r[:_‘;)

By quotient rule,




)= (x—b) :Ii (x—a)—(x—a) :;; (x—b)
il (x-—b):

_(x=8)()-(x-a)()
(x—b)
=x—b—x+a
(x—b)
__a- b ‘
(x-b)

Q8:
Find the derivative r-q of for some constant a.
X—a

Answer :

) _‘_n . an
Letf (x)=
' X—a
. d -rﬂ‘ _all

= f'(x)=—

" dx\ x-a

By quotient rule,

e
' (x—a)
_(s=a)('=0)( -0’
(-a)

" —anx"' —x" +a"

(vx—a):

Q9 :

Find the derivative of




2_1(—E

(i) 4 (i) (5x + 3x 3€“ 1) (x 4€“ 1)
(iiii) X3 (5 + 3x) (iv) X° (3 €“ 6x¢)

2 X

(V) xee (3 2€“ Axees) (vi) X+1  3x—1

Answer :

(ii) Let f(x) = (5x + 3x 4€* 1) (x 4€* 1)

By Leibnitz product rule,
f(x)= (5.\'3 +3x- I)i(\ ~1)+(x-1 )i_(ivc'1 +3x- l')

55" +3x—1)(1)+(x-1)(5.3x* +3-0)

= (547
( '3 +3\—I) 1—] (In +3)
x*+3x=1+15x" +3x-15x" -3
20x* -15x" +6x -4

(iif) Letf (x) = x€3 (5 + 3X)

Il
n

By Leibnitz product rule,




f(x)=x" ;i (5+3x)+(5+3x) :ilv (x"‘)

X7 (0+3)+(5+3x)(-3x")
=x7(3)+(5+3x)(-3x7")
=3x" =15x" -9x~°
=-6x>-15x""

=—3x 3(24-2]

(iv) Let f(x) = x (3 &€“ 6x<?)
By Leibnitz product rule,
i 5 d 9 9 (j 5
x)=x"—(3-6x" )+(3-6x" ) —(x
j(\‘) ! ci\'(- ! ) ( ' )d\’(t)
{0 6(-9)x" )+ (3-6x") (5
=x'(54x7")+15x" - 307"
=54x" +15x* -30x7°
=24x7 +15x"
.
=15x" + -?
X
(v) Let f(x) = xe€4 (3 8€" 4x%¢5)

By Leibnitz product rule,

5 4 d 5 d; 4
f(x)=x 3(3—4.\‘ ' )+(3—4\ )Z(x )
=x{0-4(=5)x "+ (347 ) (—4)x !

)
=x7 (2057 )+ (3427 ) (4x7)

=20x"" —12x7 +16x7"

=36x"° <1257
__12 36
x xv
2 X

(vi) Let £ (x) = x+1 3x-1




r=a 2) -4

By quotient rule,

(x)= (41 5 2)=2 4 (o) | | Gx=1) 4 () G (x-)
‘ (,1‘+l)- (3_‘__])
_—(N+IH0)—2(U}_‘(&r-n(zq_(x:“3f]
(x+1) (3x-1)°

=2 _F(a.r:—Z,\'—3x3
(x+l): i (:3.\'—1):
I
(x+1)" | (3x-1)
-2 x(3x-2)

(x+1)  (3x-1)’

Q10:

Find the derivative of cos x from first principle.

Answer :

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

Fly=timd FHR-13)

h—l) h

. cos(x+h)-cosx
=lim :
Jr-al) h




. [ cosxcosh—sinxsin/s—cosx
=lim
=) h
| —cosx(1-cosh)—sinxsinh
=lim
h—) h
| =cosx(l=cosh) sinxsinh
=lim -
h=0 h h
. l-cosh} . .. (sinh)
=-c0s x| lim———— |[=sin xlim J
G o\ h
, . 1—cosh _ _sinh
=—cosx(0)-sinx(1) lim —=0and lim——=1
fr =) h bt R
=-—sinx
- "' — ‘. -
. f'(x)=-sinx

Qi1 :

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) Letf(x) =sin x cos x. Accordingly, from the first principle,




Sf'(x)=lim"

H—s

f(x+h)-f(x)
h

sin(x+/h)cos(x+h)-sinxcosx

= lim
[/ }]

~ lim [?.Sin (x+#)cos(x+h)—2sinxcos x]

=0 Yl

= lim L [sin 2(x+h)—sin 2.’.']

=i 2

| 2x+2h+2x . 2x+2h-2x
= [lim 2cos -sin

h—0 2l . pe

. dx+2h . 2h
=lim—| cos——sin—

h—sld h 2 :.l‘_

]
=lim— s{2x+h)sin/
IITIhl:CD"i-( x + hr)sin r:|

f—d

; : . sinh
=limcos(2x+h).lim=——
h—sld f1—»l) h

=cos(2x+0).1
= COS 2x

(i) Letf(x) = sec x. Accordingly, from the first principle,




f'(x)=lim

(i)

=lim

f(x+h)—f(x)

bl

/7]

sec(x+/1)—secx

fi—»0

= liml

sl h

= Iiml

h—0

)

COs X

CosxY

hcos(xnfh) cosx |

stk
dim—

Jim —

h
1 1

| cosx—cos(x+4)

cosxcos(x+h)

S [(X+x+ WY, (x=x=h)
—2sin *————*Jsuﬂ —
5 - ,
- X, /

st fy cos(x+h)

=0 fp

lim

COs X

Jdim

Ja—aid

cos[\ +h)

/

: x+h
sin mn[

/ 2
=~ lim

i

Ccosxy

|
cosx

2y

= ,-——-—-\
N

"',' {

) |

\
sinx

0 cos(x+h)

12

COs X

=secxtanx

Letf (x) =

L

5 sec x + 4 cos x. Accordingly, from the first principle,




" f{x+h)—1(x)

I (x)=1

fi—sl) h
i Ssec(x+h)+4cos(x+h)—[5secx+4cosx]
= lim
Tl l?
sec(x+/ s(x+7
= lm[ (x+h)—sec 1] = [cos(x+h)—cosx ]|
J ) h h—d) }?
S— 1 1
=5lim— - +-llun—|:cos(\+h) 005\]
h=0 h cos(x+h) cosx b= h

+4lf|m—[cosxcosh —sinxsin/i - cosx]
—pl 7

St 1| cosx—cos(x+7h)

=5lim—

=0 fi| cosxcos(x+h)
s e XA o OR=x—=h
—2si - sml

— 2

» LA |

2 1
= lim — - +4lim—| —cos x(1—cos /) —sin xsin h]
cos X =0 fp cos(x+h) - h
, ('2x+h]_ [ h)
p —~2sin| —— |sin —f—\

% & 1 2 L% 2y . (1-cosh) sin i
= dim— +4[ —cosxlim ——— _gin x lim 22~
cosx h0 cos(x+h) S -0

F sin ()]
. (2x+h ' \ 3J
sin
\ 2 ) R
. S 2 .
= Jdim = +4|(—cosx).(0)—(sinx).l
cosx h-0 cos(x+h) [( MO0)-{ginz) :I
(2x+h
= sin ]
£y \ X
- | lim Jdim —4sinx

)

sin| —

2

cosx | i cos(\+h) U
>

5 sinx X
= : d—4sinx
COSX COSX

=S5secxytanx.—4siny

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




fxth)-F(x)

J'(x)=lim

hali

f’(.\‘):liml

fhi—si ir

=liml

B ’!

]
= lim—
) Y] h

=Iim—I

f—lr h

=le
w40 fy

h

[cosec(x-kh)-—cosecr]

1 |
| sin(x+/)  sinx

sinx—sin(x+4)

| sin(x+/h)sinx

COS( W s
/] \'I

2 )
2x+8Y-. [
cos sml—
5 A
N\ o~ \

r+\+h

>

-

~

sin{x+ /r)sinx
o

sin (x+/r)sin x

=lim

=

f

=lim

Je—0

|

\

\
—CO8 XY

SN XSin X

’7v+l

ﬂn(x+h)ﬁnx
sin

)
[

~COs

)

\

&n(r+h)mnv ?4.

i

le:"f_""\

{
2
\
)

= —Cosecxcoty

(v) Let f(x)

= 3cot x + 5cosec x. Accordingly, from the first principle,




S(x+h)-1(x)

—5cosec x

“(x)=1lim
‘/ (‘) fr—0 h
y 3cot(x+h)+ Scosec(x+h)—-3cotx
=lim :
fi—4) h

=3t

Ji—) h

Now. I,'L'} % [cot (x+h)—cot x]

heal)

"h| sin xsin(x+ ")_

" sinxsin(x+h) |

=_[|

—

[ cos(x+4) cosx
h| sin(x+h) sinx
)

1l cos (x+ f1)sin x = cosxsin (x+h)

' h sinxsin(x+ /)

[ sin(x-x—h) |

sin(—h)

) sinhj ) ]
im—— |.| lim— —
b= b0 sin x-sin(x+ h)

sinx-sin(x+0) sin”x

— =_cosec’x

nll:cot(.\' +h)—cot x:| +5lim l[cosec(,\‘ +h)—cosec x]

h—0 h

|

(1)




1
lim —| cosec(x+ /1) —cosecxy
| I[L ec(x+h)—c ]

. 1 1
=lm—| — o
a0 fi| sin(x+h) sinx

1 [ sinx —sin(x + h)

o0 fo| sin(x 4+ h)sinx

A (.\'+.\'+h) (x-x—h)
2cos -$in
i 2

= lim— A :
i fy sin(x+h)sinx
P (2x+h] . [ h)

AC0S smj| -

e 1] 7. 2
=lim— - —
A sin{x+/r)sinx

sin(h

e 2x+h _ 2

2 h

. -
=lim =

i sin(x + /1)sin x

[Zx+ h) . (
—-Cos sin
2
/
2

=lim| — : Jim
fi—y 51]1(,\‘+h)511’| X ’1 ») (

-COSX I
sinxsinx /)

= —cosecy cot X ldh]

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,




1) =l Sl +h.)'—f(_r)

= 1—,

=lim : [5sin(x+h)~6cos(x+h)+7~5sinx+6cosx—7]
1

fi=sl)

S oY O T T W .
= !.'.'RZ[J (sin (x+h)=sin x} -6 {cos(x +h)-cos x,-]

=51im sin{x+/1)—sin 1] ——vf)%iml cos(.r+h)-cosx]

h—= g =1 fp

] x+h+x) . (x+h—x . COSXCOS/T—sinxsinfi—cosx
=5lim—| 2cos| - - |sin| = - [[=6lim e

Jr=all il 2 2 f1oad) h

e 2x+h) . h | —cosx(l—cosh)—sinxsinh
=5lm—| 2cos sin— |—6lim

Jr—l) h 2 2 Ji—sl) h

sin b

o 2x+4)S105 | —cosx(l-cosh) sinxsinh
= 5lim| cos —= |—6lim -

hi—li X h T h h

)

o il
~ sin g .
=5| limcos Loindls lim— 2 |-6 (—cosx) liml ok ~sinxlim il
fr—all 2 “_.“ l’ Ji—all l: IO h
2

=5cosx.1 -6[(—cosx_).(0)—sin.\'. I:'
=5c08x+6sInx

(vii) Let f(x) = 2 tan x &€" 7 sec x. Accordingly, from the first principle,




f(x)=1lim F(x+h)=71(x)

fi-sd) h

4 lim_l [Ztan(-\' N h) - 7sec(.1' + h_) ~2tan x + 7scc.1‘j

S} ,’
r, -
= e 4 X+ - X}—- o X+ - b
lim ; [ {tan( ¥+ Ji) ~tan \‘} 7{5&0( X+ h)-sec \”
fi—0 fy
- ol
=2lim—| tan(x + /1) —tan x —7||m~[sec(.\'+h)--sec.\':|
fr-»0 h heat i
. 1| sm(x+/) sinx 1 1 I
=2lm— ( )— —T7hm— -
0 f| cos(x+h) cosx 20 fi| cos(x+h) cosx
5 I | sin(x + h)cosx —sinxcos(x+ /) - ll’cos,\‘-cos(.ﬂfh)
=2lim— —7lm—
>0 fy cosxcos(x+/) B0 h[ cosxcos(x + /)
PO I e PO B
= - —_sm| sm| '
; sin{x+/h-x) _ & 2 Fk 2
=2lim— —7him—
0 fi| cosxcos(x+h) -0 cosxcos(x+h)
s (DX R Y A
ein i) | —_fsmt . |sm‘ ==
.| [sinh . z 2
=2hm I —7hm— A
0l h ) cosxcos(x+h) e fy cosxcos(x+h)
! ok . (2x+h
. ¢ \ SIn - S —
. sinh | . 9 % 2
=2 lim lim -7| hm—== || lim
L0 b J| i cos xeos(x+ ) " B | 0 cosxeos(x+h)
/ 5
\ :
1 [ sinx )
=21— 171 —‘
COS X COS X \ COSXCOSX

=2sec’ X - Tsecxtanx

Exercise Miscellaneous : Solutions of Questions on Page Number : 317
Ql:

Find the derivative of the following functions from first principle:

(i) A€“x (ii) (A€“X) (iii) sin (x + 1)
-5
cos| X ——
(iv) 8.

Answer :




(f"(x)=lim

[T
|

F(x+h)-f(x)
h

= Ilm—[sm(\+h +1)—sin(x + I)]

h—t

| X+h+1+x+1) ., (x+h+1-x-1
=lim—| 2cos sin
h—:-llh 2 2
] 2x+h+2Y. (h
=lim—| 2cos| ——— |sin| —
bt |y 2 2
v.in[h]
Ix+-ha2 f 2
h
2
sin| — ~
seenez), 3)
| =|imcos(“”h+ ]-Iim £ Ash— 0= 250
| h— v 2 ) g_,u [I_‘) | 2
i 2

2x+0+2 [ sinx
= cos[—]‘l lim = I}
2 _x-oﬁ %

=cos(x+1)

= Ilm LOS[

)
bl Z

|5 ™ |

fix)= cos(x —E]
(iv) Let 8 . Accordingly,
By first gimjﬁ;li[_x +(X+h)-‘
f(x+h)-f(x)

f[x+h)=cos[x+h-%]

f(X)—!l n :
—Ilm— cos[x+h——] cos[x_EJ
h all 8 8
-Iiml h
h*'-'h\‘x(x+h)J
3 |
=lim
h+0 x(x+h)
1 _1
x:-Xx x?

(iii) Let £(x) = sin (x + 1). Accordingly, f(K + h) = sm(x +h+ |)

By first principle,




T ( T T
] |x+h—8+x— ] x+h—8—\+8
= lim—| =2sin~ sin :
n-> h 2 2
l\.
- ,
2x+h——
el ) Tl |
=lim—|-2sin| —— [sin—
h=0 |y 2 2
i \
i ( . (h)
2x+h—= |sin| — |
, : 4 Lokl
=lim| —sin P
h—s 2 { h
\ 5)
f f
en2]| saf) |
2 . & = 2 1 :
= lim| —sin| ——4 || lim— Ash=>0=>—50
h—s) ) h h\ 5
-— ‘—"ll = i
L \ ' \2J
T 3\
N
Ix+0——
= —sin |
2
\ /
S m)
=—sm’x— ’
\ 8)

Q2:

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

Answer :

(x+h)=x+h+a
Let f(x) = x + a. Accordingly, J ( ) ‘

By first principle,




flx+h)-f(x)

f'(x)=lim- .
. x+h+a-x—-a
=lim
h—0 h
, (h\
=lim| —
Ji—0) hJ
=!im(l)

Q3:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
r
(px+ q)(—+.}']
¥ =

zero constants and m and n are integers):

Answer :

Let f(x)= (P--“”f-)[%s]

By Leibnitz product rule,

i \' B "
1'(x) :(p.\'+q)‘ Lo l ol Ly '}(p.v+q)
6 SR S T ST

= (px+q)(rx" +5) +[£+5:’(P)

:(p.\'+q)(—m’3)+\(£+s ’p
X /

=(px +q)[_—r t (£+ 5 )p
X~y X /

\
\

el LA

- S S -
r
= ps— Al
-

Q4:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, rand s are fixed

nonzero constants and m and n are integers): (ax + b) (cx + d)?




Answer :

Let f(l) = ((J’.\'+b)(€.\'+d):

By Leibnitz product rule,

S (x)=(ax+b) 4 (ex+d) +(ex+d) s (ax+b)
1 : : ax" ;

X

=(ax+ b)i(c:.\‘: +2cdx+d” )+ (ex+ d]: i(m‘ +b)
: dx dx

H— LAY e I Y|
= (ax+b)| X" }+ = Codx)+-=d* [+(ex+d) | L an+ 4
(ax )Lh_(c Y ) .:1\-( cdx) d\'( } (cx+d) [dxa\ o

=(ax+ b)(lc:x + ch) + (Cx +d’ )a

=2c(ax+b)(cx+d)+a(ex+d)’

Q5:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
ax+b

zero constants and m and n are integers): X +d

Answer :

f(x)

Let ex+d

ax+b

By quotient rule,

(cx+d) ‘i(ax+b)—(a.r+b) d (cx+d)

V() — d. dx

fx)= (ex+d)
_(ex+d)(a)—(ax+b)(c)
- (ex+d )
_acx+ad —acx —bc
- (ex+d ):
_ad—-be
R (cx+d )

Q6 :

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




1+
x
1
|-
X
Answer :
3. 1 x+1
i x x x+1 i
Let f (x): i r—I*Where-l =0

By quotient rule,

xX- | x+1)—(x+1 4 xX-
f‘(.\')=( ]‘)dx( e )‘k( I)..\';tO.I

(x-1)’
_(x=1)(1) = (x+1)(1)

— s x#0, 1
(x-1)
xl=x-l o
(x-1)
-2
= —,x#0, 1

Q7 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
1

-
zero constants and m and n are integers): 94X + bx+c

Answer :

£(x)=——

2
Let ax* +bx+c

By quotient rule,




(ax’ +bx+c‘) # (1)- 4 (m‘: +b.\‘+c")
f'(x)= dx dx

(ax: +bx+ (‘_):

(u.r: +bx + c)(O)— 2ax+b)

(m': +bx+c¢ ):
_ —(2ax+b)

( ax® +bx + c'):

Q8 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
ax+ b

bl
zero constants and m and n are integers): px tqgxxr
Answer :
: ax+b

Letf(x)=———
pPX +gx+r

By quotient rule,
(px* +gx+r) ¥ (ax+b)—(ax+b)-" (px* +qx+r)
dx

{
f'(x)= dx _d
' ' (px: +gx+ r)-

(p,\': +qx+r)(‘a)—('ax +b)(2px+q)

(px* +qu+r)
_apx® + agx + ar —2apx” — agx - 2bpx — bq
) (p.\': +q.r+r)2
—apx® =2bpx + ar —bq

(pf +gx +r):

Q9 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
pr +gx+r

zero constants and m and n are integers): ax+b




Answer :
Lelf(x) _ px  +gx+r

ax+ b

By quotient rule,

(m+h) (p\ +qr+r)- (px:+qx+r)(ll(ax+h)
dx

f'(x)=

(ax+b)
(ax+b)(2px+q)—(px* +qr+ :)( a)
- (ax+b)
2apx” + aqx + 2bpx + bg — apx® — agx — ar
) (ax+b)

apx® +2bpx + bg — ar
(ax+b )2

Q10 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-

a
—4——2+CDS_\'

zero constants and m and n are integers): X X

Answer :

Let/(x)=—7-

X X
o ars\
x)= _— +—(cosx
F'(x) d.r[.r*] m[ J ‘/r(w”)
r, _4 (/ o (l
= (1 — h + COS X
(u’.\{ )- 5 5) Z o)

=a(—4x7)=h(-2x7")+(-sinx) [%(\’ J= n.\"'"and%(cos.\' )=—sin .\}

—-lu '-’h

.\ .\

Qi1 :
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\‘/; -

Answer :




Letf (x)=4vx-2
7/()= 5 (W -2)= 2 (4%)-5)

| I,,
=4i(,\'3J—0= 4[1.\'3 l]
dx | 2

Ql12:

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

Answer :
Let f(x)=(ax+b)". Accordingly. f (x+h)={a(x+h)+b} =(ax+ah+b)’

By first principle,




[hx+h)-717)

f'(x)=lim=—
hal 1
_ (ax+ah+b) —(ax+b)
= lim
hlh h
" h Y p
w+b) | 1+ “) ~(ax+b
-hm(m ) ( == (ax+h)
hi-»l) h

[I+ al )”—l
=(ax+h) lim ax+d

fi—at) h

W _I ; *
=(ax+h) llml l+n( al J+N(” )[ an ] +..0=1
ksl | ax +b |2 ax+b .

(Using binomial theorem )

= n(n=1ah ST
=(ax+h) ]unl n[ il ]+ ( i —+...(Terms containing higher degrees of /1)
h->0 fy ax+h [2(ax+h) '

- n(n=0ah
=(ax+h) lim|- P ol ( ) —+ ...
| (ax+b)  |2(ax+b)

=(ax+b) Ltl\' +h) - 0]

= na(ax+b)""

Q13:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed

nonzero constants and m and n are integers): (ax + b)" (cx + d)"

Answer :

Let.f'(-l‘}=(f:_\'+b)" [C_\._’_d)m

By Leibnitz product rule,




f'(x)=(ax+b) i(c.lr +d)" +(cx+d)" i(a\' +b)' (1)
T odx dx '

Now, let f, (x) =(ex+d)"

fi(x+h)=(cex+ch+d)"

fi{x+h)-fi(x)

i

i
< (L'.\‘ +ch +:./')m —((i\'+d‘)w
Sraly I‘l
=(ex+d)" liml (I+ & ] =
s fy ex+d
=(cx+d)" liml 1+ B + el (CZhZ') Fie -1
\ frall h (L'J,'+Lf) 2 (L'.\’+(I ):
(cx+d)" lim- _meh_ m(m=1)e’h
=(cx+¢ - -
st g _(L‘.\‘ +d) Z(L'I‘"d)'

com(m=1)c’
=(ex+d) hm[ = +m(m )¢ ,+...}

0| (ex+d)  2(ex+d)

=(cx+d)" [ B 0]

cx+d
- me(ex+d )'
- ( cx+d ]
= me(ex+d)"

m-1

L (ex+d )'" =me(ex+d)
1

—
) 8]
S —

Similarly. —;L (ax+b) = na(ax+b)"" |
dx

Therefore, from (1), (2), and (3), we obtain
f'(x)=(ax+b)’ {mc (ex+d)" } +(ex+d)" {na(ax +b)"" }

=(ax+b)"" (cx+d)"" [ me(ax+b)+na(ex+d)]

Q14 :

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

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

nonzero constants and m and n are integers): sin (x + a)




Answer :
Lo [ (¥)=sin(x+a)

f(x+h)=sin(x+h+a)

By first principle,
_ o S x+h)-f(x
f'(x)=1lm- ( )=/ (x)
I fr—s() h
. sin(x+h+a)-sin(x+a)
= lim
N—sl) h
y 1 (x+h+a+x+a) . (x+h+a-x—-a)
=lim—| 2cos sin
h= |y 2 2
= 4 (2x+2a+h\ . (h)
= lim—| 2 cos %Jsm =
el 1 \ 2 ; \2)
. (h
p \ | s3] =
: 2x+2a+h \ 2
= lim| cos e
Ji-al) \ 2 .J’ ' ?'\
\2) )
. (h)
ST T = ) [ /
, x+2a+h).. 2 1
= limcos lim § ———=> Ash—->0=—-->0
RO 2
v
(2x+2a [ sinx
:cos’ —— |x1 Iim——=1
2 x—»l) X

Qi15:

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

Answer :

Lot/ (X) = cosec xcotx

By Leibnitz product rule,

£"(x) = cosec x(cot x) +cot x(cosec x) (1)
Let £, (x) = cot x. Accordingly, £, (x+ /) = cot(x+h)

By first principle,




Li(x+h)= f(x)

£ (x)=1lim

Jr—l1 ,'

. cot{x+h)—cotx
=lim v
() h

e cos(x+h) cosx
T 0 X sin(x+h) sinx

=lim— T
10 fy sinxsin(x+#)

1 sin(x=x-h)
=lim T .,
b0 h| sinxsin(x+h)

= L lim l[—sin (%) }

sinx "= k| sin(x+h)

-1 . osinhl| . |
=——| lim lim——
sinx \#0 A =0 sin (x+h)

_ -
“sinx’ | sin(x+0)
e =1

sin” x

1 [ sinxcos(x+ h)-cosxsin(x+h)]

-

=—cosec’x
~(cotx) =—cosec’x -(2)

(x+h)= X+
Now, let f,(x) = cosec x. Accordingly, f ( ’ h) COSEC[ = h}

By first principle,

' () =l (xh) =)o ()

fi—0 h

gl
= llm—[coscc( x+h)—cosec x]
h—0 h ‘




1 l
=lim—| — T
20 il sin(x+h)  sinx

1 _sinx—sin(_\‘+h}
=lim—| — .
fr—s0 h | s1n _,\'Slﬂ(.,\"" h)

.

2cos

(x+x+h). (x—x—h

L[

=—— lim— M
sinx 0 fp sin(x+ /)

(2x+hY . (=h)

lcosl sin
| ] . 2 2
=——.lim— \ _
sinx o0 fy sin(x+h)

"'COS
\ =/ N = /

(h \’ ~sin(x+h)

. (h\ (2x+h)
—sin | ‘

. (h) 2x+h)
sin ’ cos ‘
. 2

1.
siny  sin(x+0)

-1 cosx

sinx sinx
= —cosecx.cot X
. (cosec ,\‘:]' = —cosecx.cot X -(3)
From (1), (2), and (3), we obtain
[f"(x) = cosec x(—cosec’x )+ cot x(—cosec xcot x)
= —COSE‘C3.\' - C(_‘.It2 X COSEC X

Q16 :
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-

COs X

zero constants and m and n are integers): 1+8in.x




Answer :

f(x)=

Let 1+sinx

COs X

By quotient rule,

(1+sin .\')i(cos x)—(cosx) i(I +sin x)
dx - “dx '

£'(x)=

_ (I+sinx)(—sinx)—(cosx)(cosx)

(1+sinx)’

(1+sinx)’

_ —sinx-sin” x—cos’ x

(1 +sin.r):

—sinx— (sin: X +Cos” ,\')

(I+sin.\'):
_ —sinx-1
R (1+sinx)’
_ —(1+sinx)
R (1+sinx)’
-1
) (1+sinx)

Q17:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
5in X + COS X

zero constants and m and n are integers): Sin X —Ccos x

Answer :
SN X +Cos X

Let. ~ sinx—cosx

By quotient rule,




(sinx—cosx) s
c

ix (sinx +cosx)—(sin x+ cos x) :ii (sinx —cosx)

f(x)=

—

(sinx—cosx)

~ (sinx - cos x)(cos x —sinx)—(sinx+cos x)(cos x +sin x)

 —(sinx- cosx)’ —(sin x + cos x)

(sinx - cosx)’

9

(sinx—cosx)’

—[sin' X4+ €08 X =28INXCOSX SN~ X+ COS™ X+ 28N X COS x]

o

(sinx—cosx)

—[1+1]

: (sinx—cos x)’

B (sinx - cos x)’

Q18 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-

secx—|

zero constants and m and n are integers): S€C X + I

Answer :

(x}— secx—1

Let secx+1
1
£(x)= Cosx _I-cosx
S 1 .
+1 l+cosx
cosx

By quotient rule,




(1+cosx) i (1-cosx)—(1-cosx) d (1+cosx)
f(x)= " dx ' dx

(1+ cos.\')z

_ (1+ cosx)(sinx)—(1-cosx)(-sinx)

(1+cosx)’

_ SINX +COSXSin X + Sin X — Sin X oS X

(1+cos x)’
_ 2sinx
(1+cosx)’

2sinx  2sinx

il (secx+1)’

_cosxy
(secx+1)
2secxtan x

(secx+1)

Q19:

Find the derivative of the following functions (it is to be understood that a, b, c, d, p, q, r and s are fixed
nonzero constants and m and n are integers): sin” x

Answer :

Let y = sin” x.

Accordingly, for n=1, y = sin x.

dy . a .
S.—=¢o0sx, i.e.,, —sinx=cosx
dx dx
Forn=2, y=sinz x.
dy _d,. .
.= =—(sinxsinx)
dx dx

r r
=(sinx) sinx +sin x(sin x) [B}j Leibnitz product rulc]
= COS X Sin x +sinxcos.x

= 2sinxcos x i,




Forn=3, y=sin® x.

d}' (i . . 2
e A —{sm xsin x)

dy  dx

' b . . ad ! - -
=(sinx) sin” x +sin .\'(Sln‘ .r) [By Leibnitz product rule]

= cos xsin’ x +sinx(2sin x cos x) ]:Using (I)J
= cosxsin’ x+2sin” xcosx
=3sin’ xcosx
d' S " (n-1) _ »
—(sm x) =nsin'"" xcosx
We assert that €X

Let our assertion be true for n = k.

i(sin* x)=ksin'3"'”xmsx sl 2)
i.e., @X
Consider

d (sin"' )= L: (sinxsin’ x)
dx /

dx
= (sinx) sin* x+sinx(sin* x) [By Leibnitz product rule|
= cosxsin' x+sin x(lc sin' ™" xcos.\') |:Using (2)]

. .
=cosxsin' x+ksin' xcosx
=(k+1)sin" xcosx
Thus, our assertion is true for n= k + 1.
(‘- n - T | | R
—(sIn" x]=mnsIn XCOSX
Hence, by mathematical induction, dx

Q20 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
a+bsinx

zero constants and m and n are integers): ¢+ dcosx




Answer :

Letf (x) =

a+hbsinx
c+dcosx

By quotient rule,

(c + dcosx)- L (a+bsinx)—(a+bsinx) L (c+dcosx)
dx dx

7(x)-

(c+dcosx)’

_(e+dcosx)(beosx)—(a+bsinx)(—dsinx)

(c+dcosx)’

_ cheosx+bd cos” x +adsinx + bd sin” x

(c+d C()S.\'):

. 2 e 2
becosx+adsin x + bd(cos‘ xX+sin” x)

(c+dcos x)z

_ becosx+adsin x+bd

3

(c+dcosx)

Q21 :

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

zero constants and m and n are integers):  COS.X

Answer :
sin(x+a)

f(x)=———

Let Ccos X

By quotient rule,

COS X %[sin (x+ a)] —sin(x+ a)% COS X

1'(x)=

COs™ X

cos x(—{[sin (x+a)]-sin(x+a)(-sinx)
e i)

f'(.\‘) = 2
cos” x
Let g(x)=sin(x+a). Accordingly. g (x+h)=sin(x+h+a)

By first principle,




g(x+h)-g(x)

g'(x)=lim

fa—sl)

=lim— [sm(,x+h+a) sin ( ,\+a

fr=sl) I

1 x+h+a+ .\+a
=lim—| 2cos >

J—sl) h [
i 2x+2a+ h :
=lim—|2cos| —————
(=] 'h 2
.| (2x+2a +h }
= lim| cos
L2 J
“‘.

x+h+a- x-aﬂ

fr0)

£3
sin| — .
{ ¢ L |
= limcos 2x+2a+h) ’.lim z Asho 0= h =0
Jr=0) 2 J ﬂﬂ[_ { h i 2
- \2,
' 2x+2a) [ sinh
= “OS—JH lim =1
2 | =0 h
= cos{x+a) c {11}

From (i) and (ii), we obtain

cosx-cos(x +a'} +sinxsin(x+a)

f'(x)= 3
cos” x
_cos(x+a—x)
~ cos’x
_ cosa
cos’x
Q22 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed
nonzero constants and m and n are integers): x* (5 sin x - 3 cos x)

Answer :
Lot S(x)=x*(5sinx—3cosx)

By product rule,




Fla)=x" —(\smx-‘)con) (5sinx—3cosx) {(\’")
: dx dx

[ﬁ%( di (cos.\')}-(Ssin .\'—3cos.r)%_(.t4)

= x*[5cosx—3(-sinx) |+(5sinx—3cosx)(4x")

=x [S.rcos x+3xsinx+20sinx—12cos x]

Q23 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed
nonzero constants and m and n are integers): (x2 + 1) cos x

Answer :

Lot f(x)=(x"+1)cosx

By product rule,

d d
(x)= (\ +l)d‘\(c0s1)+cosxz(\ +l)
=(x* +1)(—sinx)+cosx(2x)

=—x"sinx—sinx+2xcosx

Q24 :

Find the derivative of the following functions (it is to be understood that a, b, c, d, p, q, r and s are fixed
nonzero constants and m and n are integers): (axz + sin x) (p + q cos Xx)

Answer :

Lot f(x)=(ax* +sinx)(p+qgcosx)

By product rule,
f(x)= (a\"' +sin \)i( p+geosx)+(p+gcosx)— & (a@x® +sinx)
dx dx

= (m'2 +sin \) (—gsinx)+(p+qcosx)(2ax+cosx)

=—¢sin .\‘((l\‘: +sin _\') +(p+qcosx)(2ax +cosx)

Q25 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-




: (x+cosx)(x—tanx)
zero constants and m and n are integers): *

Answer :

Lot (x)=(x+cosx)(x—tanx)
By product rule,

J'(x)=(x+cosx) & (x—tanx)+(x—tanx) - (x+cosx)
: " dx "dx
=(x+ cos.\’)[t—l- (x)- i(lan x)} +(x—tanx)(1-sinx)
dx dx

=(x+ cos.\‘)[l —(Z—ftan .\}+ (x—tanx)(1-sinx)
dx

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

By first principle,

(1)




¢(x)=lim 1) =8()

fe—n) h

= lim
p il
= '\ i?

“tan (x+h)—tan x\}

o _sin(.\'+h) sin x
=lim ‘ -
=0 h| cos(x+h) cosx

I 1 [ sin (x + k) cos x - sin x cos (x+ h)
=lim— :
=0 fy cos(x+h)cosx

L. 1] sin(x+h-x)
Jdim
cosx "0 bl cos(x+h)

sin /1

1 i 1
= Jim—| ————
cosx "0 h| cos(x+h)

p . o
1 (.. sinh)

| lim ’

cosxy \ =0 h ) .

1 | |
cosx  cos(x+0)
1

cos” x

|

lim
=0 cos(x+ h)

s

=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)(1-sinx)

=—tan’ x(x +cosx)+(x—tan x)(1-sin x)

Q26 :

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

zero constants and m and n are integers): 3x+Tcosx

Answer :

f(x)

_ 4x+5sinx
Let 3x+7cosx

By quotient rule,




(3x+7cosx) d (4x+5sinx)—(4x+5sinx) d (3x+7cosx)
dx dx

7=

(3x+7cosx)’

[/

(3x+7cosx)| 4 2 (%) +3 2 (sinx) |—(4x+35sinx)| 3 4y +79 cosx
ode T dx dx dx

(3x+7cosx)’
_(3x+7cosx)(4+5c0osx)—(4x+5sinx)(3-7sinx)

(3x+7cosx)’

~ 12x+15xc0os x + 28 cos x +35¢0s” x —12x+28xsinx —15sin x+35sin” x

(3x+7cos x)’

I5x 08 x+ 2805 x+ 28xsin x— 1 5sin x +35(cos” x +sin” x)

(3x+7cosx)
B 35+ 15xcosx+28cosx+28xsinxy—13sinx

(3x+7cosx)

Q27 :

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

’ n
x‘cos| —
[4)

sin x
Answer :
5 T
X COS[Z]
f(x)=———=
Let SN x

By quotient rule,

sin x :ixi' (x: ) - g\' (sinx)

sin” x

nt | sinx-2x—x’cosx
= cos—. —
sin® x

X COS Z [2sinx - xcos x]

. 2
sin” x




Q28 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
x

zero constants and m and n are integers): | +tanx

Answer :

f(x) =

Let |+ tan x

(1 +tanx)i(x)—xi(l +tan x)
de” ~  dx

fx)= (1+tanx)

(1+tanx)—x- d (1+tan x)

. Ix
Af X)= ; L 4 e (l)
) (I+tanx)

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

By first principle,




v g(x+h)-g(x)
x)=1
g (‘) l‘fl—r-l;! h

I+tan(x+h)—1—-tanx

=lim

s h

. 1| sin{x+h) sinx
=lim— ( ) -

=0 | cos(x+h) cosx

1 [ sin(x+/4)cosx—sin xcos(x+ h)

= lim—
b0 fp cos(x+h)cosx
1| sin{x+h-x

= lim— ( )

b= | cos(x+h)cosx

sinh

.
= lim—
b0 | cos(x+h)cosx

N g
\

osink ) L.
=| lim lim :
"= h L -1 cos(._\' -+ h)cns X )

|

3

X

Al
=1x =sec x

cO

o

Di(l+lan.\')=sec: X .. (i1)
dx

From (i) and (ii), we obtain

v v l+tanx—xsec’ x

/()= v
(1+tanx)

Q29 :

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

Answer :

Lot (x)=(x+secx)(x—tanx)

By product rule,




f(x)=(x+sec .\')%(.\'—tan x)+(x—tan .\')%(.\"FSCC x)

d

= (x+sec \')[—(r)—atan \]+(x—tqn \)[%UH%SCCA}

=(x+sec x)[l —itan x}+(x— tan x)[l +iscc \]
d: ' d:

X : 4

Let f,(x) =tanx, f,(x)=secx
Accordingly, f(x+h)=tan(x+h) and f,(x+h)=sec(x+h)

5 (x)= |im[~’?("'+h)—f,(x)]
' Sl h

= Iim[ tan(x+ h)- tanxJ
- h

= Iim{mn("‘+ ;’) ~tan ,\}
Ji—) 7

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

[ sin(x+h)cosx —sinxcos(x+h)
=0 cos(x+h)cosx

1| sin(x+h-x) |
=0 cos(v+h)cosv

: sinh
=lim—
=g (r+h)cosr
= ; "cos(a+h oS X
=1x =sec’ x
cos” x

d 5 5
—>—lanx=sec" x (1)
dx

(1)




2 (x)= !,im[ ‘

f(x+h)-f(x) J

1—al} h ‘

‘sec(x+h)—secy
=lim ( ’) i
Je—sl) h

o[ A I
=lim— -
=i fi| cos(x+/)  cosx

1] cosx—cos(x+h)
= lim -
=t | cos(x+hr)cosx
[ i (.\'+.\'+h] g {.\'—.\'-h"
| 2sin -sin
= dim— - -
Cos X ol fy cos(x+/7)
I ,.{2x+h] _(—n]
—2sin| = -sin| —
T 2 L
= Jim—
cosx 0 i cos(x+/)

lim

CoSy i cos(x+/)
, sin # ]
o ol 3eeh] . 2
limsin| ——— ] b lim———= ¢
l -0 / [ ’—Iﬂm‘r h
X 2
=8ecx. ‘ ' -
limcos(x+/)
Ji=sl)
_ ... sinxl
" cosx
o :
= —secx=secxtanx ; (1)

dx
From (i), (ii), and (iii), we obtain

f'(x) = (x+secx)(1-sec” x)+(x—tan x)(1+secxtan x)




Q30:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r and s are fixed non-
x

L
zero constants and m and n are integers): Sil X

Answer :

f(x)=—

Let sin” x

By quotient rule,

T e
sin” x—Xx—x—-sin" X
f'(x)= dx dx

-5

s X

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

Therefore,
I | g .. i
S x X=X s x

] f-; ( X ) — dx . dx

sin”" x

sin” x,l—x(nsin" 'xcosx)
» s 2In A
sin®” x

sin"" x(sinx—nxcosx)

sin™ x
SiN X — 1y cosx

e |

51 X




