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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
Q1l:

Evaluate the Given limit: lim x + 3

K3
Answer :
limx+3=3+3=06
X3
Q2:
. ( 22]
lim| x ——
Evaluate the Given limit: e 7
Answer :
. [ 22] [ 22]
lim|x=—|=| 1=-
X1 7 7
Q3:
limm r’

Evaluate the Given limit: !

Answer :
5

limrr® =xn (1) =n

r—»l

Q4:

Evaluate the Given limit: '~
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Answer :

[ 4543 _4(4)+3 1643 19
4 ox-2 4-2 2 2

Q5:
li o a1
Evaluate the Given limit: **"" x—1
Answer :
lim s [—l)m +(—l}S +1 1-1+1_ 1
T=4=] x_l _1_1 _2 2
Q6 :
x+1) -1
roal) X

Evaluate the Given limit:

Answer :
s
o (x+1) =1
hm(_)—
Tl X

Putx + 1 =y so that y A¢a€ ' 1 as x ACa€’ 0.

+1) -1 s
Accordingly, him & =lm y -l

el p—]
) _5-_]."
= lim?
-1 yp—1]
N |:lim =g . m""j|
=iy I_a
=3
x+5) -1
lim[ ) =5
w—sli x
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Q7:

. 3 =x-10
Im}__‘____
Evaluate the Given limit: *** x —4

Answer :
0
At x = 2, the value of the given rational function takes the form 0 .
Tox— x=2)3x+5
o lim 2210 jim =23 )
£l =4 N—2 {1—2}[1-1'2]
. 3x+5
= lim
=1 x4 2
3(2)+5
2+2
_u
4
Q8:
x' =81
LTY] e
Evaluate the Given limit: *** 2x" —=5x—3
Answer :
0
0

At x = 2, the value of the given rational function takes the form
) o —81 ) {x-3}[x+3)[x1+9]

slim— = lim

432y =Sy =-3 =¥ (x-3){lx +l)

[x+3](x2 +9]

= lim
= 2x+1
(3+3)(3"+9)
S 2(3)+1
_6x18
7
108
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Q9:
ax+b

Evaluate the Given limit: **" ¢x +1

Answer :
lim axt+b _ a(0)+b -
=0 ex+1 ¢(0)+1
Q10:
1
lilTII z: -1
= —1

Evaluate the Given limit:

Answer :
1
|

lirrll
=t 1

=1r—

At z = 1, the value of the given function takes the form

1
put Z° =X 5o that z AC4€ 1 as x ACAE " 1.

. ol X -]
Accordingly, lim———=hm
=l - . |
x =
=]
==l _'r_l
. . _T.'r__al.' )
=21 Iim =na""
L x_a
=2
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Q11 :

. ax  +hx+c
lim————— a+b+cz0

o\ I
Evaluate the Given limit: ' X" +bx+a

Answer :

m ar’ +bhr+e a‘{l]: +b(1)+¢
=lex’+bx+a  c(1) +b(1)+a
_atb+c
a+b+c
=1 [a+b+ec=0]

Q12:

I
+

lim £—2

Evaluate the Given limit: 2 X+2

Answer :

I
+

lim £—2
L
0
0.

At x = &€“2, the value of the given function takes the form

11 [2+x]
_+_ ——
x 2 _ fjm2X

Now, lim
=2y 42 =2 yx42
.o
= lim —
=2 ZI
B | B -1
2(-2) 4
013:
. sinax
lim
Evaluate the Given limit: 0 bx
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Answer :
. sinax
lim
i =il b_x'
0
At x = 0, the value of the given function takes the form 0 .
. sinax . sinax  ax
Now, lim = lim prp—
w=pi hx =pi ax hlx
. [ sinax tl
= lim ®| —
w=pld ax h
a ., [ sinax
=—lim [x = 0= ax - 0]
f} ol m
I . siny
=—¥ ] |1ITI _} = 1
b yerlb oy
o
h
Q14 :
. sinax
lim — ya, b#0
Evaluate the Given limit: **" SInbx
Answer :
. sinax
lim ya, b#0
v sin bx
0
At x = 0, the value of the given function takes the form 0

Page | 6
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. __sina ]
Now, lim— = lim—
=0 sinhy (sm bx]

x bx
bx
fim [ SN @
(a‘ a0\ ax x—=>0=ax—0
=|— [x
b) | (sinbx) andx > 0=bxr—>0
im
0\ bx
\ o
=(9 . lim 30 -
b/ | -0 ¥
_4a
b
Q15:
limsm[n:—x]

1 _x
Evaluate the Given limit: H(n ]

Answer :
- sin(m—x)
X—n n(n—x)

It is seen that x A¢a€’ = (1 46" x) A¢a€’ 0

sin(m-x) 1 . sin(r-x)

I‘I-IE n(n-x) T miexio0 (m-x)
=24 [limgﬂ= ]
T yeal) y
_1
n

Q16:

COs X

lim
Evaluate the given limit: **' T—X

Page | 7
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Answer :

lim
¥ Jtln_x n_{} m

Q17:

. cos2x~1
([T E—

Evaluate the Given limit: ‘" cosx—1

Answer :
. ocos2yr=1
1II‘I‘1 e
vl cosx—1
0
At x = 0, the value of the given function takes the form 0

Now,

Page | 8
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. cos2x—1 . 1-2sin°x-1 "
lllll—‘=llm—r cosx=1-2sin 5
xepl) P. x~al) SO 5o
oy 1-2sin" —-1 =
2
sinx)
— W \'
sin” ) ' 3
=lim =lim <
=l | 4 X =0
sin” e =
) sin” - 2
= 5 | X
4 1¥==
(.r)- 4
.',
e /

el [limﬂ‘l= 1]
1" Ry

Q18:

. ax+Xcosx
lim e

Evaluate the Given limit: **"  bsinx

Answer :
. Y XCns Y
m -
el hginy
0

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

Page | 9
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Now,
. _ax+xcosx 1 . x(a+cosx)
lim————=—lim———=
=0 hsinx b 0 sinx
] X s
=—lim x lim(a+cosx)
b sinx ) 0
| | i
= —x ——————x lim(a +cos x)
h . SInx v
lim~
Nl "'
| . sinx
=—x(a+cos0) lim—=|
h K0 X
_a+l
b
Q19:
lim xsecx
Evaluate the Given limit: Y
Answer :
; : X 0 0
limxsecx = lim =—=—=
v+l +0cosx cosO |
Q20:
. sinax + hx
1_|n:| ——a,ba+ h =0
Evaluate the Given limit: **" @x +sinhx
Answer :
0

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

Now,

Page | 10
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. sinax+bx
Im——
v gy +sin bx

sinax
( ]ax + bx

ax
sin bx ]

bx

=|im
vl

ax + bx(

o sinaxy .. :
(hm )xllm(a.\')+llm bx

av=l gy epl) y=pl)

= [As x = 0= ax — 0 and bx — 0]

; : . sinby
limax +hmbx| lim
¥ =pl) y-al) halh hx

— N} Vedl)

lim (ax) + lim bx _sinx
= At ' lim——==1
lim ax + lim bx

e dll -5l

y-al) X

lim (ax + bx)

— x—l

~lim (ax + bx)

=)

=lim(1)

vl

Q21:

lim [cusec x=col .r}
Evaluate the Given limit: **!

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

Now,

Page | 11
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lim (cosec x —cot x)

X

; | COSx
=lim| ————
0 sinx sinx.

\ (l—cos.\')
=lim —_—
=0\ sinx

(l—cost

=0 Sin_t)
X

. l—cosx
lim——
A=l X

. sinx
lim——

-0 y

[liml-cﬁzo and lim X =l:|

x—l X r—al) X

Answer :

tan 2x

0
X=-— —_
At 2 , the value of the given function takes the form 0 .

x—E=y x—rE.}f—}{}

Now, put 2 so that

Page | 12
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lim f(x)=1lim3(x+1)=3(1+1)=6
" fim/(x) =i £ (x) = lim f (x) =

i tan (7 +2y)
vy = y

. tan2y
=lim

veal) v

-

[ tan(m+2y) = tan 2y |

. sin2y
=lim >
y=0 y cos 2y

: [sin 2y 2 ]
= lim X
y=01 2y cos2y

ol i PR [ o [y>0=2y—-0]
v 2).- v =t coOs 2)
e 2 [hmsm\zl]
cos( 0 X
- lxg
|
Q23:
2x 43, x=1
lim lim 3(x+1), x>0

Find 7 f(x) and *! f(x), where f(x) =

Answer :

The given function is

{2x+3. x<0
00 = 3(x+1), x>0

fim £ (x) = lim[2x+3] =2(0) +3=3
Ilmf{ ]—I|m3 o 1)=3(0+1)=3

Iim fx)= lirq fx)= [l_I;IE fx)=3

lim f{x}—llm3(x+l] (1+1)=6
Page | 13 7"
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Q24 :

-1, x<l
lim —x =1, x=1

Find *—! f(x), where f(x) =

Answer :
The given function is
f{x}={

-1 x<l

—x =L x>l

+ _n 2 I R T B
lim £ (x)=lim[x*~1]=1-1=1-1=0

x—+]"

. _.- _2_ -_2_ — 1 —
hmf{x}—[tl_r!ll[ x 1:|- F-l=-1-1=-2

=l
Itis observed that lim f(x) # lim f(x).

Hence, Iin} /(x) does not exist.
X

Q25:

Jil x=0

lim 0, x=0

Evaluate ** f(x), where f(x) =

Answer :

The given function is

Jil x=0

#

X

f(x) = U’ x=0

Page | 14
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lipf(x)= iy [;
. [ =x ; 3
= I'|_|3‘1) (T] [When X is negaitve, I.\l = -x]
=i
=—1
_o 1M
i (5= i 5
: Ix " s i
= lim [;] [ When x is positive, |x|=x]
=lim(1)

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

1ol yolt

Hence, lim /(x) does not exist.
N—¥

Q26 :
i., a0
|

lim 0, x=0

Find =% f(x), where f(x) =

Answer :

The given function is

Page | 15
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.\'.—70 _‘-
=lim(-1)
=1

& “ X
i S ()= lig H

[When x <0, |\'| = -.r]

[When x>0, |r| = x]

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

a-wll

K=wl’

Hence, lim f(x)does not exist.
il

Q27:
lim
Find *—3 f(x), where f(x) =

Answer :

X
The given function is f(x) = | |

|x| -5

-5
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im (x)= tim [} 5]

=lim(x-5) [ When x>0, |x|=x]

=5-5

=0
L )= i)

=lim(x-5) [ When x>0, |x|=x]

=5-5

=0

S dim f(x) = lim f(x)=0
Hence, lim f(x)=0

XY—d

Q28 :
a+bx, x<I1
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

flx)=14  x=1

h—ax x=1

Iin|1_f[x}= lim(a+bx)=a+b

i 7 (3)- - -

(=1

It is given that ll_rz?f{x) = f(1).

s lim f (x) = lim £ (x) =lim £ (x) = £ (1)

=a+bh=4andb-a=4
On solving these two equations, we obtain g =0 and b= 4.

Thus, the respective possible values of a and b are 0 and 4.
Page | 17
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Q29:

a;, Qs

Let ' a"be fixed real numbers and define a function

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

lim lim
- a#a, a,..,a
What is *~* f(x)? For some 1272 " compute * f(x).

Answer :
The given function is f[.r) =(x-a)(x- al)...{x =4, ] _

lim f(x) —Ilm[\—a, x—a)..(x- a)]

\—’(I b & "ll

~[im(x-a)][lim(e-)]- [im -]
=(al_al)(a|—02)...(al—an)=0
Sim f(x)=0

]

Now, llmj(v)-llm[(r a)(x-a,)..(x~a,)]

[lrl_l:l}(\' u,)][l‘n,r:(v a)] [lﬂ:(x—u )]

=(a-a)(a-a,)...(a—a,)
cim f(x)=(a-a)(a-a,)..(a~a,)

Q30 :
|x+1, x<0
0, x=0
|x]-1, x>0
If £(x) = .

lim
For what value (s) of adoes = f(x) exists?

Answer :

The given function is

Page | 18
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|x|+ I, x<0
S(x)=10, x=0

|x| -1, x>0
When a =0,

lim £ (:x) = lim (|+[ +1)
=lim(=x+1) [1fx<0, |q|=-x]

=0+
=
i 7(3)= lim (1)
=lim(x-1) [lf.\'>0. |.\'|=.\']
=0-1
=-1
Here, it is observed that lim /(x) # lim f (x).
~-lim f () does not exist.
When a <0,
lim £ (x) = lim (|x]+1)
=lim (=x+1) [x<a<0= |x|=-x]
=-a+l
im 7 (x)= im (1)
=lim(=x+1) [a<x<0= |x|=—x]
=-a+l

sim f(x)=lim f(x)=-a+1
N X—»d
Thus, limit of f'(x)exists at x = a, where a <0.

Whena>0
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llmf )= lim (|x|-1)
—111_1’13(\‘ 1) [0< x<a=|x=x]
=a-1

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

xeir

=lim(x-1) [0( a<x=>|x|=x]

=a-1
= lim fi{x)= lim f(x)=a-1

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

lim f(x
Thus, ¢ exists for all a # 0.
Q31:
. f(x)=2
lim (’g) =n limf(x)
If the function f(x) satisfies **' X" —I , evaluate *! .
Answer :
f -2
lim (x) =1
E e I |
]:L‘I'Il[f{x ]
1:1}1"1(;-: —1]
:blirn{f(x) ‘.l'l.'|ll'n(}{ —l)

2)=
= lim(f(x)-2) = (1" -1}
2)=0

lm{f{x)

= limf(x)-1lim2=0

Nl x—l

:}llmf( ) 2=10

y=ul

slimf(x)=2

x-nl

Q32:

Page | 20
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nx’ +n, x<0
S(x)=1nx+m, Dsx<l
3 ; lim /(x lim f(x
> . :
If ARl x>1 . For what integers m and n does *~*" ( ) and ! ( )eXISt?
Answer :

The given function is

mx” +n, v<0
S(x)=qnx+m, O=x=1
nx' 4+ m, x>1

lim f(x)= li_r)lg(mx‘ +n)

A0
=m(0) +n
=n

lim f(x)=lim(nx+m)
=n(0)+m
=m.
lim /(2
Thus, "'l“" f( \’) exists if m =n.

lil{l f(x)= linll(nx+ n)
=n(l)+m
=m+n

lim f (x) = lim (nx" +m)

x—=l"
=n(l )3 +m
=m+n
v lim £ (x)=lim £ (x)=lim £ (x).
r»l” el K=
lim f(x
Thus, ** exists for any integral value of m and n.

Exercise 13.2 : Solutions of Questions on Page Number : 312

Q1l:

Find the derivative of x?- 2 at x = 10.

Answer :
Page | 21
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Let f(x) = x* &€* 2. Accordingly,

F£(10+ 1)~ £(10)

f (]0)= !‘I_ll‘! h
[(10+h) ~2]-(10*-2)
= lim
feal) h
. 10P+2.10h+0 =2-10°+2
= lim
fral) h
. 20h+ 1
= |im ——
Jral) h

=lim(2 =(2 =2
Ll_m(-0+l1) (204+0)=20

Thus, the derivative of x*> 4€“ 2 at x = 10 is 20.

Q2:

Find the derivative of 99x at x = 100.

Answer :

Let f(x) = 99x. Accordingly,

£(100+ k)~ £(100)
[

/'(100) = lim

h—ll

Q100+ /) —99({ 100

i 99(100-+5)-99(100)
] h

L 99 100 +994 =99 100
= lim

f—0 i

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

Q3:

Find the derivative of x at x = 1.

Answer :

Letf(x) = x. Accordingly,

Page | 22
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s ()=l

h-—(

f(l+h) 7(1)
) h

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

Q4:
Find the derivative of the following functions from first principle.
(i) x® &€“ 27 (ii) (x a€“ 1) (x a€“ 2)

1 x+1

(i) x* Gv) x—1

Answer :

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

fx+h)-f(x)
h

[(x+ h)' - 27]-(.\'" -27)

= lim
Jreal) I,
—lim X 3 h 4 3xh X!
I ull h
R 3 ha3xh’
=lim
frs) h
=lim ( * +3x7 +3xh)
J=»)

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

(ii) Let f(x) = (x &€ 1) (x &€" 2). Accordingly, from the first principle,

Page | 23
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f'(x)=1lim ﬂx”’)‘”"‘)
fa0 )

" “m(.\‘+h-l)(.\‘+h-2)_(.\-_|)(J_2)

fr—a0) h
; (5% +hy—2x+hx+ ' = 2h—x—h+2)—(x" - 2x-x+2)
=1m
iy et} ,,
) (h.\'+h\'+h’—2h—h)
=lim
fr-a0) h
. 2hx+h' =3h
= lim—
fe—at) h
=!’lll(1'(2.t+/l~3)
=(2x+0-3)
=2x-3
.
SR N
(iii) Let X" . Accordingly, from the first principle,
fl(x}:hmf{x-l_ﬁ}_f{x}
' b=} h
L L
h TR
= lim (!H' }
fe—01 h
= lim—

fe—0 fy .1'3{.1'+h:|2

[ ¥ —x? =i = 2
ok x"‘[x+.r‘:]3

1| —# 2m
= lim —| ————
.fr—:-l:lﬁ_x_{x_l_h}_

. -h-2x
=lim| ———
*_?U[x_[I-Fh] ]

0-2x -2

= _:['2{.1'+ﬂ): - x;

AL
I(A)_x—l

(iv) Let ‘ . Accordingly, from the first principle,
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f'(x)=lim

0

f(x+h)-1(x)
h

x+h+l x+1
=“m(x+h-l—x-l]

k=50 h
(x=1)(x+h+1)=(x+1)(x+h-1)
[ (x=1)(x+h-1) :|

.|
=lim—
=l I]

i -(x:+hx+x—x—h—l)—(x:+h.\'—x+x+h—l)
R (x=1)(x+h-1)

=Iiml- = J
-0 _(.r— )(x+h=1)

=!~i'33[(.\--|)(-;+h-|)}

2 2

g o T (x.-l):

Q5:

For the function

oD 99 ‘,‘.‘
(¥)==——t=—4. . +—+x+1]
f(x) 100 99 2

S'(1)=100/"(0)

Prove that

Answer :

The given function is
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f(x)=—+—+.. A T
100 99 2
oo |99 2
/( (2 Y oy o]
d\ 100 99 2

%f(-ﬂ:li(.ﬁ;)ni[ )R TR0

On using theorem —d—(v)= nx""', we obtain
dx
IOO\W 99.\"“

2x
— = +ot—+1+0
/( ) 99 2

Taa™ bt x ]
.‘._/"(x)=xw+.\"”‘+...+x+|
Atx =0,
7'(0)=1
Atx=1,
SM)=+" 1=l 1+ 140]  =1x100=100

s, /(1) =100 1 (0)

Q6:

w =1 =2 " i
Find the derivative of X~ + ax’ +a’x" 4. +a""'x+a for some fixed real number a.

Answer :

f[x}=x" +ax" ' @'y v ra v+ a
Let °

/(r)— (\ tax'" +a'x" 7+t d v+ d")

/ 4 { 2.d [ s wt & |
=:Z( )+a ;x(r ')+a :E(r )+..+a 'z(.\')+a z(l)

A d 2 .
On using theorem d—x" =m""". we obtain
X

L(x)=nx""+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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Q7:
For some constants a and b, find the derivative of
X=a

(i) (x 4€“ a) (x 4€“ b) (i) (ax? + b’ (iii) X—b

Answer :
(i) Let f (x) = (x 4€* a) (x 4€* b)
::ef(x]l:.x2 ~(a+b)x+ab
[x}— (_:: —{a+b}x+ab]
= %(f)—{a+b}%(x)+%[ab}

. d . .
On using theorem —(x" } =mx""'. we obtain
o

S(x)=2x—(a+h)+0=2x-a—-b

(i) Let f(x)=(ax+b)
= f(x)=a’x"+2abx’ +b’

;._/"(x)=di(a=x*+2ah.\-=+h2) a—( )+2ab ( *)+ g —(5*)
X

dx

: i d e ;
On using theorem —x" = nx""'. we obtain
dx

[(x)=a’ (45" )+ 2ab(2x)+b" (0)
=4a’x" +dabx
= 4ax (a.\'z + b)

(x—a)
Letf(x)=7—=
(ii) (x-5)

By quotient rule,
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-(x—b)%(x—a)—(x—a)%(x—b)

f'(x) s
_(x=8)()~(x=a)(1)
(x—b)
=x—b—x+a
(x—bf
= a-b
(x-b)
Q8:

Find the derivative of X —& for some constant a.

Answer :
Letf(x)=x ..
x—a
i d xﬂ_all
= f'(x)=—
f(\‘) dr[ X—a ]

By quotient rule,

(=) ) =) o
(.X‘—a)2
- (-""U)(n.\'"_' —())_(_‘.n _u,,)

(x—a)

S'(x)=

' —anx""' —=x" +a"
= 3
(x—a)
Q9:
Find the derivative of
3

2x—-—

0 4 (ii) (5x° + 3x 4€“ 1) (x 4€“ 1)
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(il) X2 (5 + 3x) (Iv) x° (3 4€* 6x")

2 x?

(v) x** (3 a€* ax?) (vi) ¥+1 3x-1

Answer :

fx)=2x~ 3
(i) Let 4

(ii) Let f (X) = (5x° + 3x &€ 1) (x 4€“ 1)
By Leibnitz product rule,
d d
f(x)=(5x +3x—])E[x—|]+{x—l)ai5x3 +3x-1)
= (S 3= 1) (1) +(x=1)(5.3x7 +3-0)
=(Sa" 4 3= 1)+ (x=1)(15x7 +3)
=5x" +3x—1+15x" +3x-15x" -3
=20x" ~15x" +6x -4

(iii) Letf (x) = X2 (5 + 3x)

By Leibnitz product rule,
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f(x)=x> %(5+3.\‘)+(5+3x)%(x")
=x7(0+3)+(5+3x)(-3x ")
=x7(3)+(5+3x)(-3x7")

=3x7 -15x"' -9x~°

=—6x"—15x~"
=—3x" (2 +§)
X
_3x7?

3
X
2x+35
~—(2x+5)
=3
=—(5+2
x"( x)

(iv) Let  (x) = x° (3 4€" 6x€?)

By Leibnitz product rule,
; d ; oy d s
¥ (x)=xsﬁ(3—6x ")+(3-6x ’)E(.\‘ )
= x* {0—6(—9).\'“"'} +(3—6.\'J')(5x‘)
= x° (54.\' '")+ 15x =30x~"

=54x7" +15x* =30x7°
=24x"* +15x*
=15x" + 3‘:-
X
(v) Let f (x) = x** (3 &€* 4x*°)
By Leibnitz product rule,

f’{x)=x'4 i(3—4x‘5)+(3—4x--‘)§(x4]

= f0-4(=5)x (3o da ) ()
=x (2057 )+(3-4x ") (—4x7)
=20y m_lzx *+|ﬁx 1

=36x" ~12x7"

12 36

—— +_
5 1]
X x

2 x?

Page | 30 (vijLetf(= X+1 3x—I



http://www.prepongo.com/

intelligent

Interesting
innovative

: Learning
it | R dl x
4 “LE[EJ_E(h—l]
By quotient rule,
(x)= {x+l]%{2}—%%[.r+1] ) (3.t—l}%{x=)_xj %{31—1}
(x+1) (Gx-1)
=_ix+11{ﬂ}-2{uH{3x—l)(z.r)-gf).;;}]
(x+ ]): (3x-1)

_ _-‘51’:—2.1'—31:}

(x+1) | (3x-1)

= =2 __3-T:-EI:]

(x+1)" | (Gx-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,

f(x+h)-f(x)

£'(x) = lim

heald h
. cos(x+h)=cosx
=lim
s h
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- [ cosxcosh—sinxsinh - cosr
b=l h
, ——cosx(l—cosh)—sinxsinh
=hm
f-sl) h
| ~cosx(l-cosh) qm\smh
=lim
healt h
. l=cosh
=~cosx| lim -5in \hm
Ji=sll h fe=v) h
, ~ l=cosh sinh
==cosx(0)=sinx(l) lim———=0and lim——=1
el h D} h
=-sinx

 f'(x)=-sinx

Q11:

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 - 6¢cos x + 7 (vii) 2tan x - 7sec x

Answer :

(i) Letf (x) = sin x cos x. Accordingly, from the first principle,
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S'(x)=lim

=)

f(x+h)=1(x)
h

sin(x+ /) cos(x+/h)—sinxcosx

=lim
=l h

=lim 2Lh [ 2sin(x+h)cos(x+h)-2sinxcosx |

~lim - [sin2(x+h)-sin2x |

sl 2h

o) 2x+2h+2x . 2x+2h-2x
=lim 2cos -sin

h=+0 2h 2

. 1[ 4x+2h . 211]
= lim—| cos Sin—

n-0 h 2 2

i 3
=lim Z[cos(ZA +h)sin h]

g . sinh
=limcos(2x+h).lim——

= =) h
=cos(2x+0).1
=Cos2x

(ii) Letf (x) = sec x. Accordingly, from the first principle,
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fr(t‘)‘_‘!‘n};l. ‘f("‘+,2—-f(x)
e sec(x+::)—secx

= lim— l o
s h| cos(x+h) cosx

=lim—
"0 h| cosxcos(x+h)

i [x-o-x+hj. [.\*——x—h)
—2sin| ——— [sin| ———
| | 2 2

I _cosx—cos(x+h)}

= dim—
cosx iy cos(x+4)
5[ 2X+hH .(Iz
=25 — |sin| ==
| G | 2 \ 2
= dim —
cosx ot fy cos(x +h)

. [ 2x+h
sin
2 h
ST 2
= lim -
cosx i cos(x+h)
) (7 . [ 2x+h
sin| — sin
2 2
= dim dim
cosx ', (h) 0 cos(x+h)
i 2
el 1 sinx
COSX  COSY
=secxtanx

(iii) Letf (x) = 5 sec x + 4 cos x. Accordingly, from the first principle,
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/(x)=lim f(x+h)=1(x)

=0 h

o Ssec (x+h)+4cos(r+h)—[isec x+-lcosx]
=i
li—0 h

- [sec(x+ 11)- sec x] — [cos(x+h) —COoS x]

Ji—30 h =l h

=5lim—~ : s +4liml|:cos(x+h)—cosx]
=0 h| cos(x+h) cosx | iih

. | X .
+4him -I-[cos xcosh—sinxsin/ -cos.\']
|

I

I [ cosx—cos(x+h)
0 h| cosxcos(x+h)

-

Cfx+x+h) . (x=x=h
1 —238in sin I
=——1Ilim— = +41im —[ —cos x(1-cos /7) —sin xsin /|
cosx =0 i cos(x+h) =0
3 ('2.\'+h]_ ( h)
. —2sin sin| —— .

5 & 1 2 \ 2 . (l—cosh) . . sinh
= Jim— + 4| —=cosxhm ~——= —sin x lim ——
cosx “0h cos(x+h) ek b0 h

| sin[ﬁ “
. (2.\'+h] 2
sin \
2 h
> T [ :
= Jdim = +4| (=cosx).(0)—(smnx).1
cosx 0 cos(x+h) [( )( ) ( ) ]

) (2.\'+h] v h)
= sin sin| —
5 2 2

=——|lim Jim —4sinxy

cosx | =0 cos(x+h) b

[ 00 = B

5 sy X
= : d—4sinx
COSX COSX

=35secxtanx.—4sinx

(iv) Let f (x) = cosec x. Accordingly, from the first principle,
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7 (5)=im L)

" .
J'(x)=lim Z[cosec(x+h)—cosecx]

1 1 !
=lm—| — s
w0 h| sin(x+h) sin .\‘]

1 —sinx—sin(r+ll)i|

=lim—| — -
w0 fr| sin{x+h)sinx

. (x+x+h) . (x—x—=h
..cos| -sin
2 2

\ - - 2y

=lim— : v
0 hy sin(x+/1)sinx

2x+h). [ h)
sin| ——
-~ -

r
2cos‘
\

= lim—l- : -
ws0 Jy sin(x+/4)sinx

sal2)

2x+h \Z
—COoS

=5

a0 sin(x+h)sinx

(2x+h}\- ) [h)
~COos sin| —
2 2

—lim{ ——2 2 | fim
w0l sin(x+h)sinx | 7, [ )
\ J

_[_=sosx |,
sinxsinxy )

= —Cosecxycotx

9| 3

(v) Let f (x) = 3cot x + 5cosec x. Accordingly, from the first principle,
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£(x)=limZEHA) =S ()
=0 h
W 3cot(x+ h)+ Scosec(x + )~ 3cot x = Scosec x
=0 h
=3liml[col(x+h)—cotx]+5Iiml[cosec(x+h)—cosec x] (1)
W0 h =0 f

.l
Now, L'-T» T cot (x+h)—cot x]

. 1[cos(x+h) cosx

=lim—| — -
o0 k| sin(x+h)  sinx

1 [ cos(x+h)sin x—cosxsin(x+h)]

hh sinxsin(x+/4)

1| sin(x-x=h) |
hes y _sin.\'sin(x+ h)_

vicie) sin(~h)
=lim—| — :
b= h| sinxsin (x+h)

.osinh (.. I
=—| lim— |[.| lim— 3
=0 ) 0 sinxesin(x+ h)

| 0 ’
¥ R )
'Sinx-sin(x+0) sind i cosec .y ( )
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l{lm—[cosec(r-l»h) COSCC.\‘]
0 ,

= lim | — —']

i+0 | sin(x+h) smnx

| _sinx—sin(x-bh)
U 1 | sin(x+/1)sinx

. (.\'+.\'+h) . (x—x-—h]
2cos| ———— |-sin o
| 2 2

=lhm-—
-0 sin{x+h)sinx
—,, (2.r+h]. ( h)
ZCOSs| - smj -
—liml = -
0 Jy sin(x+/1)sinx

o h
(2.\‘+h) 2
—COos . ( )
=lm
A0 sin(x+h)sinx

(5]
gy

= —cosecx cot X #43)

=lm
=0 sin(x+/)sinx

(1R e

From (1), (2), and (3), we obtain

J'(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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fxh)= 1 (x) Learning
QIR

—Illmll 2tan(x+ /)~ 7sec(r+h)-’-’tant+7secr-]
1l 1

= lim-l-l:E{tan(.\'+ h)—tan x} -7 {sec(x + h)—secx}]

2!:n3—[tan(r+lz) tanr] 7l|n:—[sec(r+h) secr]
130 40 fy

=2Iiml sm(.\'+h)_sm,\-] 7Iml[ 1 1 ]

/] cos(_t + h) COsSX 80 |y COS( X +h) COsS X

- [ sin(x+ /i) cosx —sinxcos(x+#) | g 1| 08X cos(x+4)
=2hm—
w0 h| cosxcos(x+h) >0 | cos xcos(x+h)
: x+x+h) . (x—x—h
[ sin(x+h-x) 1| =2 2 Y 3
=2lim— —7hm— — =
=0 h| cosxcos(x+h) =0y cosxcos(x+h)

=2lim| | ~7lim

[,Smhj | ] i —Zsin(’ ,\ ( ;:\J

0|\ h Jcosxcos(x+h)| =oh cos X cos(.r +h)
5
(vii) Let f (x) = 2 tan xal€ 7-s€ec X. Accorleeg from the fi tprmgmé sm( \‘: h)
_ sinh 2
=2| im Iim -7| lim—2 Ilm
o )l heo cos xeos(x+ ) "o B +0 cos xcos(x+h)
\" 2
1 sinxy |
=21 -7 l(
COSXCOSX COSXCOSX )

2sec’ X—Tsecxtanx
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Exercise Miscellaneous : Solutions of Questions on Page Number : 317

Q1:
Find the derivative of the following functions from first principle:

(i) 3€“ (ii) (3€“x)*" (iii) sin (x + 1)
COS| X ——
(iv) 8

Answer :
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(i) Let f(x) = &€°x. Accordingly, f(x+h)=-(x+h)

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

f'(x)= ]hlﬂ

f(x)=(-x) "' = === Flx+h)=
(ii) Let —X X Accordingly,
By first principle,

f(x+h)-f(x)

f'(x)=lim

li—0

. AT =1 (4]
=lim—| ———=| —
=0 h| x+h \ x

210 =1 1
=lim— R
'l'blll]-x_’_h x

I ——x+(x+h)]

= lim—
hsl) h | X(X+h)

7 l——x+x+h
=lim—| ——
h—ol]h- X(X+h)

_jim D
h—0 [y _x[x+h}

_ lim—
ht x(x+h)
11
Txex X

(iii) Let f(x) = sin (x + 1). Accordingly, f(x+h)=sin(x+h+1)

By first principle,
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f’(x):limr(‘+h) fAx)

i) h

¢ Fps >
=Ll_llllﬁ[sm(x-o-h+|)—sm(x+l)]

el X+h+lex+l), (X+h+l=x-1
=lim—| 2cos sin

b0 hy 2 2

| (2x+h+2). (h)
= lim—| 2 cos| ——— [sin| —
bt fy 2 2
qn(h]
(2x+h+2]_’ 2
2 (h)
2

sin| — =
iz 5]
=Iimcos( 2X +2h+"]-lim 2 As h—-)():>|—]—->()]

h—sll .’!_,., (h) 2
3 et L
2

= !‘im Cos

2x+0+2 [ . sinx
=cos| =——= |1 lim =1
2 _x—-m X
=cos(x+1)

f(x)=cos(x—%] I‘(x+h)=cos[x+h—-g-]

(iv) Let . Accordingly,

By first principle,
' (x) = lim f(x+hz-f(x)

-0

e b1 T
=lim— cos(x+h——)—cos[x——)
h--mh 8 8
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(.\'+h—-1—t-+x—z) 28 D
8 8 8

= Iiml =2sin sin
h-0 hy 2 2

T
"+ -_—
2x+h h

e z 3
=lim—|-2sin| ——* [sin —
hest |y 2 2

= lim| =sin| -
lim| —sin 5 [h]
i \ 7' L2

)
= lim| =sin| —— | |.lim ——== As h —)()::l—1 -0
h-+0) 2 -';-m (L‘_J 2
L \ /] 2
2x+0—E
=—Ssin |

Q2:

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

Answer :

x+h)=x+h+a
Let f(x) = x + a. Accordingly, 'ﬂ: ]

By first principle,
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A f(x+h)=f(x)
‘/ (\‘) . !:l-oo h
. X+h+a-x-a
=lim
Jal) ,
=ﬁm(ﬁ)
Nl h
= lim(1)
Q3:

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

(pe+a)( =+

zero constants and m and n are integers):

Answer :
Lﬂ.f[r}=(nr+ff][£+ﬁ]

By Leibnitz product rule,

'

f(x)= (px+¢l)(£+s] +(£+s](px+q)'
= (px+q)(rx" +s)' +(£‘+5.)(P)
=(px+q)tﬂw”)+(£+w)ﬂ

=(”*‘"H/)[i.'§)+[l_..”)/’

X
- pr or r
S LA G Lo
X > o3 X
r
sl
X

Q4:

Find the derivative of the following functions (it is to be understood that a, b, c, d, p, q, r and s are fixed non-
zero constants and m and n are integers): (ax + b) (cx + d)?
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ot f'[x;i: {ax+b}{ax+d]:

By Leibnitz product rule,

L

()= (ax+b) (% (exvd) +(cx+d) ;‘; (ax+b)
= (ax+ h)%(c:x: +2cdx+d* )+ (cx + d) %(ux +h)
= (ax+ h)[:fr (ex)+ :Z; (2cdx) + :j‘ d’ ] +(ex+d)’ [:{i ax + ‘Z b]

= (ar+b)(2c’x+ 2cd)+(cx+d: )a

=2c(ax+b)(ex+d)+afex+d)

Q5:

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

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

Answer :
. ax+h
flx)=
Let ox+d

By quotient rule,
(c:r+a’)%{ax+b}—{ax+b)%(cx+d)
[cx+a’):
(ex+d)(a)-(ax+b)(c)
(ex+d)
_acx +ad —acx —be
- (ex+d)’
ad —be
[m’+d)?

/(%)

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

|
I+—
1
1
1—
X
Answer :
I x+1
I+ v+
Letf(x)=—%=—%—="—" wherex#0
1 | x=1 x-1
X X

By quotient rule,

[:c—l}%{x+l}—{x+|]%[:¢—l)

(x=1)
(x=D)(1)=(x+1)(1)

= - Lx#0, |
(x=1)

x=l=-x-1
=—1| x*ﬂ‘ I

(x-1)

= x#0,1

(x-1)

a0

£(x)=

Q7:

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

—_—
zero constants and m and n are integers): @X +bx+c

Answer :

f(x)=—r

Let’ ax’ +bhx +¢

By quotient rule,
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Q8:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
ax+b
pxt +gx+r

zero constants and m and n are integers):

Answer :
: ax + b
Let f [.r;l=.,—
pPX” +gx+r
By quotient rule,

(" +qver) < (@cs)~(ax+) L (p +qx+7)
f(x)= dx _dx

(px* +gu+r)
(;1x2+qx+ r][a}l—{m+h}(2px+q]
(:;u': +f,l'.r+r']:
apx” + agx + ar - 2apx’ — agx - 2bpx - bg

el

(p:r: + gy + r]'
_—apx’ =2bpx+ar—bg
(pf +qrx+r}3

Q9:

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

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

Let/(x) ax + b

By quotient rule,

((ne + b]%{pf rax+r)—(px* +ax+ r]%(mﬁ b)

! (‘r} = (ax +vf‘!)2
(ax+b)(2px+q)=(px* +qe+r)(a)
) (e +h}=
_ 2apx” + agx + 2bpx + bg — apx” — agx - ar
{ax+h}:
apx” + 2bpx + bg — ar
T (aeb)
Q10:

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

a b
— 4 COS X
zero constants and m and n are integers): X X

Answer :

Let/(x) =:_—14— ‘h +C08.x

d( b

)= L) 2 A rsans
/ ('\)-clx(,\") “‘.[.‘.:)+‘I’r(cos.\)

il (x7*)=b L4 (.\"’ )+ f—I«(cos x)

dx dx dx
[ d .
al~4x7)=h(-2x")+(=sinx) [‘h_(r) na anddx(wS\) sm\]
—4a 2b .
=—a+—3—SInX
X X

Q11:
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-

zero constants and m and n are integers): 4‘/;'2

Answer :
Let /' (x)=4vx -2

f(x)=4 (4\/"-- )=%(4\/.¥)—%(2)

Q12:

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

Answer :

Letf (x)=(ax+b)". Accordingly. f (x+h)={a(x+h)+b}" =(ax+ah+b)"

By first principle,
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](\+h) 7(x)
, (‘) h -0
(ax+ah+h)' ~(ax+b)"
e h
(ax+h) |1+ i (m-i-h)
_lj ax+h
—/vv-n’l]) h
(l+ ah )”—l
=(ax+h) lim Lol
li—at) h
] 2
=(ax+b)’ llml H-n( aé J+"(" )( an J-l— -1
“ ax+b 2 \ax+b
(Using binomial theorem )
~-1)a'i’
=(ax+b)" lim— n( o )+"(" L f +...(Terms containing higher degrees of /1)
b0 f ax+h L_Z(a_t +h)'
i na n(n—-l)u h+
) (u\.’.b) L([l\+h)
o na
=(ax+b +0
(a40) |:(a\'+h) ]
- (ax+b)
(ax+5)
=na(ax+h)""
Q13:

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

Answer :

i

f[x}: (ax+b]" [r:x+d}

By Leibnitz product rule,
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.'-IIliI

£ =(@ by Lerra) +(evsdf Lasp) ()

Now, let f; (x) = (ex+d)"
filx+h)=(ex+ch+d)"
fl' (_\.)___ T 1 ("""l')-.f;("')

fe— h
(ex+ch+d) —(cx+d)"

h
=(c-.\'+d)"'lim—]- (|+ i ) —1]

b0 g ex+d

[ 3 43 2
oz €9 ]

(L'.\'+LI) 2 (C_\’-{-(l )1

=lim
i)

L L L i) Lt
-0 fy _(c'.\'+d) 2(c.\'+d)'

=(c:\'+d)m lim| "¢+ m(m—l)t‘zl’_i_m
{10 (L‘_\' + (I ) 2 ( X+ (i )2

W me
=(cx+d +0)
(cx+d) [ - :l

cx+

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

- me(ex+d )"'

(cx+d)
=me(cx+d)"
%(vx )= me(ce+d)™ -(2)
Similarly, 2 (ax+5Y = nafaxs )™ ..(3)

Therefore, from (1), (2), and (3), we obtain
f(x)=(ax+b) {mf(cx+d}m" } +(ex+d)" {na(ar+h]"']}
= [ax+b]”_' (ex ++:1"}"'_I [mc(ax +b)+ na(ex +d}]

Q14 :
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zero constants and m and n are integers): sin (x + a)

Answer :
Lo [ (x)=sin(x+a)
S(x+h)=sin(x+h+a)

By first principle,

fx+h)=1(x)
h

f'(x)=lim-

fr—s()

sin(x+h+a)-sin(x+a)

= lim

Ji=sl) h
;1 x+h+a+x+a)\ . (x+h+a-x-a
=lim-—| 2cos sin
/1] h 2 2
. 2x+2a+hY . [ h
=lim | 2¢cos e sin| -
Jresl) h 2 2
qin[’-’] “
. [2x+.’.a+h] 2
= lim| cos \ &/
/] 2 { h
\ 2) |
sin(’—’\
= lim cos(2'\'+2a+h)lim< A&y Ash—->0= L > ()]
Jrond) 2 I_‘_’“ h | 2
| ()
2x+2a [ . sinx
= cos| — |x1 lim =1
2 ._‘\4-.” x

= cos(x+a)

Q15:

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

Answer :

Lt f[x}= cosec yeot x

By Leibnitz product rule,

Page | 52



http://www.prepongo.com/

intelligent

Interesting
innovative

Learning

#*(x) = cosec x(cot x) +cot x(cosec x) (1)
Let £, (x) = cot x. Accordingly, £, (x+h) = cot(x+h)

By first principle,

£ (x)=lim?: (-“hz-f.(x)

Jr—1)

__cot(x+h)—cotx
=lim

f1-2()

i (cos(x+h) cos.\']
=1m = 7

10 h| sin(x+h)  sinx

=lim— - -
=0 fy sinxsin(x+#)

1 : sin(x-x-h) :l

I [ sinxcos (x+ /) - cos xsin(x +l1)}

=lim—| — —
0 b | sinxsin(x+h)

1. 1| sin(=h)
=——lm—{ ———
sinx 4~ k| sin(x+h)

-1 (.. sinh}|. 1
=——.| lim i —————
sinx \#=0 h Jl #=vsin(x+h)
-1 (1
=——.1N1.| =
sinx [ sin(x+0)

_, =1
sin’ x

=—cosec’x
~(cotx) =—cosec’x 2:/2)

AAXAJT)=cosec X+
Now, let f;(x) = cosec x. Accordingly, /: ( v+ ) . LC( v+ )

By first principle,
' . 2\ , = Ja\X
At
& =0 h

1
= l}l_l}g;[cosec(x +h)—cosec x |
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=lim—| — : - ,l
=0 h|sin(x+h) sinx
1 —sm.\’—sm(.\'+h)}

w0 h| smxsin(x+h)

5 [(x+x+h) . (x—x—h
os|

_, Jsm 5
& \ &

sinx "> fr sin(x+h)

—_, (2.\'-4—11) ) (—h]
2cos| —— |sin| —
| o 2 2

Csinx sin(x+h)

: (h‘ (2.\'4»/1]
-sin| _ | cos
1 2) 2

) sm(x+h)

h) (l\‘+h‘
cos J

=

lim =

| =

~sinx sinx
=—cosecx.cot X
. (cosec .\')' =—cosecx.cot X -(3)
From (1), (2), and (3), we obtain
1"(x) = cosec x(—cosec’x ) + cot x(~cosec xcot x)

1 2
=—COSeC X —Col™ x cosec x

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

zero constants and m and n are integers); 1+Sinx

Answer :
f[.r} . LosXx

Let 1+sinx

By quotient rule,

(1 +sin.r)%(cosx)—(cosx)%(l +sinx)

f'(x)=

(1+sinx)’

(1+sinx)(—sinx)—(cosx)(cosx)

(1+sinx)’

—sinx—-sin” x—cos" x

(1+sinx)’

—sinx— (sin3 X+cos” x)

(1+sinx)’
_ —sinx—1
(1+sinx)
= -(|+sinx~)
(1+sinx)
. 2
(1+sinx)

Q17 :
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
SIN X + COS X

zero constants and m and n are integers): SIN X —COS X

Answer :

SN X+ COs X
f(x)=———"
Let sin x —cos x

By quotient rule,
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(sinx—cosx) 5 (sinx+cosx)—(sinx+cosx) gr (sinx—cosx)
2

f(x)= 2 2
(sinx—cosx)
_ (sinx—cos x)(cos x—sinx)—(sinx+cosx)(cos x +sin x)
B (sinx - cosx)’
K ~(sin x-cosx)’ - (sinx+ cosx)’
. (sin x—cos x)’
—[sin: X+ €0s” X~ 28N XCOSX+Sin” X+ €os” x + 2sin xcosx]
. (sinx—cosx)’
~[1+1]
i (sinx—cosx)’
&
] (sinx—cos x)’
Q18

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

zero constants and m and n are integers): S€Cx + 1

Answer :

secx 1
(x)=——

Let . secx+1
1
. - l-cosx
'f[x}=m1“ “l+cosx
+1
cos X

By quotient rule,
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d d
I+cosx)—(l-=cosx)—(l-cosx)—(l+cosx
sty (e o) S rcons)
(1+cosx)

b (1+cosx)(sinx)—(1-cosx)(-sinx)

(1+cosx)’

_ Sinx+cos X sin x + sin x —sin x cos x
(1+cosx)’

_ 2sinx

B (1+cosx)’

2sin x 2sinx

=(l+ 1 )3  (secx+1)

secy sec” x

; 2sin ysec” x
(secx+1)
2sinx

———secx
_ _COsX

 (seex+1)’
_ 2secxtanx
(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 non-
zero constants and m and n are integers): sin" x

Answer :
Lety = sin" x.
Accordingly, forn =1, y = sin x.

Coood
S =cosy, e, ——siny =cosy
dlx dlx

Forn=2,y=sin’x.
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% = di(sin xsinx)
dx  dx
= (sin x)’ sin x+sin x(sin x) [By Leibnitz product rule]

= COS XSiN X +Sin X Cosx

=2sinxcosx (1)

Forn=3,y=sin’x.

B i(sin vsin® x)

.. ‘/-r — dT w) - »
= (sinx) sin® x+sin x(sin’ x)‘ [ By Leibnitz product rule]
= cosxsin’ x+sinx(2sin xcosx) | Using (1) ]

= cosxsin® x+2sin’ xcosx

=3sin’ xcosx

d ;. F
—(sm" .\') =nsin""" xcos x

We assert that ¥

Let our assertion be true for n = k.

1)

[ )

)

i(sﬁin" x)=ksin'" " ycosx |
ax

i.e.,

Consider

;i‘ sin*"ﬂ:%(sinxsin‘ x)

. ' . . . ! . .
=(sinx) sin' x+sinx(sin' x) [By Leibnitz product rule]
O ST, | 2] (S, -
=cosxsin’ +sm.\(lx sin” 7 x cos.\) [Usmg (2)]
=cosxsin’ x+ksin' xcosx
=(k+1)sin‘ xcosx
Thus, our assertion is true for n = k + 1.

d . {n-
—(sm” x] = nsin"" " ycos x

Hence, by mathematical induction,

Q20 :

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

Page | 58 Zero constants and m and n are integers): c+dcosx
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Answer :

a+hsinxy
Let f{x)= ———
'f{ ) c+dcosy

By quotient rule,

(c+dcosx)%(a+bsin x)—(a+bsin x)%(m- d cos x)
dx [

r(0)=

(c+dcosx)’
(¢+dcosx)(beosx)—(a+bsinx)(—dsinx)

(c+dcosx)

_cheosx+bd cos’ x+ ad sin x + bd sin® x

(¢+dcosx)’

he cos x + ad sin x + bd(cosz x+sin’ x)

(c+dcosx)
K becosx+adsin x+bd

(c+dcosx)’

Q21 :

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

zero constants and m and n are integers): Cosx

Answer :
. sin(x+a
,f [.r} - (—}
Let Cos X
By quotient rule,

dr. . o
COSY—|sm{x+a)|—sm|{y+a)—Ccosy

cos’ X

c05xi[sin{x+ a}]—sin(x+ a)(—sinx)
dx (i)

f'{,x)= 3
cos’ x
Let g (x)=sin(x+a). Accordingly. g (x+#4) =sin(x+h+a)

By first principle,
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g'(x)=lim

fe—s1)

g(x+h)-g(x)
h

= Ilm—[sm( x+h+a)-sin(x+a)]

fr=sl) ’

, \+h+a+\'+a \+h+a—\' a
=I|m- 2¢os

N h

vori 0 2x +20+h i I
=lm | 2cos S
hsi fy 2 2

]

2

(2v+..a+hj [Sm(‘
= lim cos .
=+ 2 —'-'“1 (

h
; [2 +2a+h sm 2] }
=lim| cos {
I

Ash—)O:)-Z—)O]

\_/N

2x+2a [ . sinh
=| cos | lim =]
2 i fi—sl) h
=cos(x+a) . (1)

From (i) and (i), we obtain

CDSI CDS(I‘ +H] + 5in ISII1(I‘+|‘J)

f( Cﬂs X
_ c-'.}s{x+a—x]
T cos’x
_ cosa
cos’x
Q22:

Find the derivative of the following functions (it is to be understood that a, b, c, 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 :

AL x*(5sinx—3cosx)

By product rule,
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Fx)=x i(5sin x=3cosx)+(5sinx -3cos.\')%(xd)
dx ox

& [S :‘Z{;(sin x)- 3:‘:;(cos t)] +(5sinx - .Xcos.r)%(.vr4 )

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

=x [S.rcos x+3xsinx+20sin x—12cos x|

Q23:

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

Answer :
et f(x)=(x*+1)cosx

By product rule,

f’(x]=[f "‘I)%{CD”]"'CC’SIi[xE +I)
=(x1 +l][—sinx}+ cos x(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 non-
zero constants and m and n are integers): (ax’ + sin x) (p + g cos x)

Answer :

" f(x)=(ax* +sin x}(p+qm5x]

By product rule,

f'(x)=(ax* +sin x)%(pﬂ] cosx )+ ( p+qcosx)%(a\': +sinx)
= (ax’ +sinx)(=gsinx)+(p+qcosx)(2ax+cosx)

=—gsinx(ax’ +sinx)+(p+qcosx)(2ax+cosx)



http://www.prepongo.com/

intelligent

Interesting
innovative

Learning

Q25:
Find the derivative of the following functions (it is to be understood that a, b, c, d, p, q, r and s are fixed non-

. (x+cosx)(x-tanx)
zero constants and m and n are integers):

Answer :
Lt f[x} = (.r+ Cos x}(x ~tan .r]

By product rule,

S(x)=(x+ cosx)%(x— tan x)+ (x - tan x) ‘%-(x+ cos x)
=(x+cos Y)l:% (x)- %(tan .\')]+(x— tan x)(1-sinx)
=(x+cosx)[l—%tanx]-x—(x—tanx)(l—sinx) kD)

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

By first principle,
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g'(x)=1im g(x+/ 'z:g(‘)
= ||‘m( ta"(—"‘”[')—tan.\‘J

h

=)

1] sin(x+h) sinx
= lim o
"0 h| cos(x+h) cosx

lim ] [ sin (x + /1) cos x = sin x cos (x + h)
il cos(x+ ) cos x
| I —.ﬁin(.\'+h—x)

= —— lim | =2
cosx "0kl cos(x+h)

| sin /i
Jim —| ————
cosx " | cos(x+h)

| . smh z |
| him dhim——
cosx \h0 )| 450 cos(x+h)

|

| |
= HL
cosx  cos(x+0)
o
COS”~ X
=sec’ x (i)

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

=—tan’ x(x +cosx)+(x—tanx)(1-sinx)

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 +7COSX

Answer :

/(x)

_ 4x+5sinx
Let 3x+7cosx
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(3x+7cosx) d (4x+5sinx)—(4x+5sinx) : (3x+7cosx)
f(x)= dx dx

(3x+7cosx)’

(3x+7cosx)| 4 4 (x)+5 4 (sinx) —(4.\‘+55inx)[3 4 x+7 d Cos X
dx dx dx dx

(3x+7cosx)’
_(3x+7cosx)(4+5c0sx)~(4x+5sinx)(3-Tsinx)
(3x+7cosx)’

C12x+15xcosx +28cosx +35¢0s” x —12x +28xsin x —15sin ¥+ 35sin’ x
(3x+7cosx)

15x oS X+ 2808 x + 28xsin x—15sin x + 35(cos’ x+sin’ x)
(3x+7cosx)

_35+15xcosx+28cos x+28xsinx—15sinx

(3x+7cosx)’

Q27 :

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

¥ cus[n]
_\4)

sin x
Answer :
¥ cus{n
4
fx)=——
Let sin x

By quotient rule,
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nt | sinx 2x—x’ cosx
= COS—. —
sin® x

XCOS : [2sinx —xcos x]

e 2
sin” X

Q28

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

zero constants and m and n are integers): I+tan x

Answer :

Ix) I

Let I +tan x

d d
( +tana)dx(\) ‘dx( +tan x)

J(x)=

(1+tan x)’

(1+tanx)-x- g (1+tanx)

" dx ;
x)= ; v (1)
1) (I+tanx) l

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

By first principle,
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g(x+h)—g(x)

g'(x)=lim -
| L0 (x+h)—1—-tanx
b= h

~1lim | sin(.\'+h) sin .y
=0 k| cos(x+h) cosx

fig 1 [ sin(x+h)cosx —sin xcos(x+/4)
=1unm-
& fy cos(x+/1)cosx

sin(x+h-x) i

]
= lim—
=0 hr| cos(x+h)cosx

sinh

) |
=lim—
no0 | cos(x+h)cosx

. sinh\[,.
= lim | lim
b= f =0 cos(x+ hr)cos x

=1x =sec’ x

By

Cos™ x

d ) 3
= —(I+tanx)=sec’ x (1)
dx
From (i) and (ii), we obtain

f'(x)

_ l+tanx—xsec x

{1+1:an.x:)1

Q29 :

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

Answer :

Lot S (x)=(x+secx)(x—tanx)

By product rule,
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S'(x)=(x+sec x)%(x— tan x) + (x —tan x)%(xﬂec x)

=(x+sec Y)[%(\‘)—% tan x]+(x —tan \)I:-‘%(Y) % e .\']

=(x+sccx)[l-%tanx}-f-(x—tanx)[l+%secx] (1)

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

£ (x)= lim(f'('”hz"fl(x)]

fi=sl)
_ Iim(tan(.w»h)-- tanxJ
Ji—0 h
_ II,m[tan(x+h) ~tan x}
h—0 h
= lim—l—

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

i [ sin(x+h)cosx—sinxcos(x+h)

=" h| cos(x+/)cosx

=“m“— sin(x+h-x) |
10 | cos(x+h)cosx |

_t sinh
=lim—
=0 h| cos(x+h)cosx

. sinh) (.. |
=| im—— |.| lim
no  fy h0 COS ( X+ h)cos X

d 2 &
—>—lanx=sec” X (1)
d
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o s (i) e )
S (Y)—;'ll_’l‘}[ h ]
5 (sec(r+h)—sec.\‘]
jE hl—'lln I

o 1
= lim— =
| cos(x+h)  cosx

= lim-
| cos(x+h)cosx

1| cos .\‘—cos(.\.-+h)]

[ ey (.\'+.\'+h’] g (x-.\'-h]
=2sin -sin
| - 2 5 2
= Jim—
cosx Uy cos(x+/)
[ (2.\'+h] . (—h]
—2sin -Sin| —
| T | 2 2
= dim—
cosx 0 fp cos(x+#)

(4]
|

—
19 | |

: [2x+h) ?
sin
2 ]

= Jdim
cosx 0 cos(x+h)
’ sin Q
. [ 2x+h : 2
limsin lim L5
0 2 [ /_l
. 2
=gecxy. -
limcos(x+/)
Ji=sl)
sinx. 1
=secx.
CcoSx
7 :
= secx=secytany ; ()

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

f(x)= (x+sescx){l —sec’ x)+{x— tan x ) (1+sec.x tan x)
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Q30:

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

oy o,
zero constants and m and n are integers): SHI X

Answer :

f(x)==

Let sin” x

By quotient rule,

sin"x—x—x—sin" x
f ()=

sin”" x

d s oo 0 |
—=SINn X = nsin XCOS Y
It can be easily shown that dx

Therefore,

At d sl
sin”x - x—x— sin"x

7 x) dx dx

sin’ x

sin” x.1- x(nsin" ' xcosx)

n

sin”" x
sin”" x(sinx - nycos x)

sin® x
_sinx—nxcosx

2t

s X
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