tovaLeoucarton MATHEMATICS

Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

CH13 - LIMITS AND DERIVATIVES
Exercise 13.1 page no: 301

limx+3
1. Evaluate the given limit: im x +

Solution:

Given,
limx+ 3

Substituting X = 3, we get
=3+3
=6

( 77\
lim| x ===
2. Evaluate the given limit: "

Solution:
Given limit,

( 22)
lim| x—— |
X o“,l\ 7 )

Substituting x = 1, we get
( 77
lim| x ——

\ 7"2(1'[—22/7)
limn

3. Evaluate the given limit:

Solution:

I. 7 2
Given limit, i
Substituting r = 1, we get
limz r* = 11(1)2
=T

4x+3
lim- t
4. Evaluate the given limit: *** x-2

Solution:

Given limit,
. 4x+3
lim

c-»d x—-2

Substituting x = 4, we get
4x+3
lim- -

“x-2 =[4(4) +3] / (4-2)
=(16+3)/2
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=19/2
.  lim vt 41
5. Evaluate the given limit: > x-1
Solution:

Given limit,
. X%+ x +1
lim
-l x—1

Substituting x = -1, we get

10 )
.ox +ax +1
lim
vl xy—]

=[CDY+ D) +1]/(¢1-1)
=(1-1+1)/-2
=-1/2
lim(".+|)‘ =

6. Evaluate the given limit: *>*  x
Solution:
Given limit,
lim('\-ﬂ) =

0 X
=[(0+1)5-1]/0
=0
Since this limit is undefined,
Substitutex + 1 =y, thenx=y -1

S5
. S5}
lim 1
y—=1 y—1

lim S
We know that,

In —an

lim
Xx—=3 X—a L nan_l

Hence,
limM
y—-1 ¥-1
=5(1)*!1

=5
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. 3x'—x-10
. L lime—e——
7. Evaluate the given limit: ** x -4
Solution:
By evaluating the limit at x = 2, we get
., 3x%-x—10
lim—— .
el GERE | w[RN_ ] e o
=0
Now, by factorising numerator, we get
3x7-x-10 332 6x+5x-10
1_1_1}% xE—F LI_I}% %272

We know that,
al—bl=(a-b)(a+Db)

. [(x—2)(3x+5)
- LI_I.I% (x—2)}{x+2)

. (3x+5)
Im

By substituting x = 2, we get,
=[3(2)+5]/(2+2)

=11/4

o dime
8. Evaluate the given limit: *** 2x" -5x-3
Solution:
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First substitute x =3 in the given limit, we get
_ (3 = 8
lim =
_Zz*3 2(3)° -5%x3 -3
=(81—81) /(18— 18)

=0/0

Since the limit is of the form 0/ 0, we need to factorise the numerator and denominator
2 0) a2 + 9 :

lim {i . \a ]. i (x — 3Nz + 322 + 9)

B A = BE AR 0, pr 2z + 1)z — 3)
4 . z + 3)z2 + 9

lim z — 8 lim @ S )

z—3 2422 — 51 — 3 r—+3 2z + 1)

Now substituting x = 3, we get
(3 + 3)(3° + 9)
2x3 + 1)

9. Evaluate the given limit: *** cx+1
Solution:

ax+h

lim
Ul |
=[a(0)+b]/c(0)+1
=b/1
=b

lim—
10. Evaluate the given limit: R
Solution:
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S =l P l=1)
Let the value of z1 /¢ be x
7173 = x2
Now, substituting z!/3 = x? we get

xz—l_ x2—12

lim
w—1 X—1

We know that,

x—1

k1 —g"

lim
Xx—3 X—a Znan_l

=3(1}2—1

. ax
lim ——

(NCERT SOLUTION)

[ CLASS XI ]

*+bx+c
Ja+b+c#0

11. Evaluate the given limit: = e +bx+a

Solution:
Given limit,

. ax* +bx+c i
lim — Ja+b+c#0

=l ex” +bx+a
Substituting x =1,

. axt+hx+e
lim

vl o by 4+ g

=la(1)?+b (1) +c]/[c(1)?+b (1) +a]

=(@a+b+c)/(@a+b+c)
Given,

[a+b+c=0]

=1

lim

Solution:
By substituting x = - 2, we get

Call :- + 91 9953771000
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X
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Result Oriented
8.5
lim ==
¥x—»—2X+2 _ 0/0
Now,
1,1 z4x
lim == —=2x
x—»—2x+2 _ x+2
=1/2%
=1/2(-2)
=-1/4

MATHEMATICS

(NCERT SOLUTION)

sin ax

lim

13. Evaluate the given limit: *** x

Solution:
. sinax
lim

w0 by

Given
Formula used here
lim

n
z— 02 = -

= 1

By applying the limits in the given expression

i sinax 0
X—0 X - a

By multiplying and
sin ax

bx

lim
xr —+ ()

We get,
sin ax

lim e

axr —r ()
We know that.

sinx

=1

lim
¥x—=0 X

a sinax a

—lim
_ bax-o ax b

=a/lb

dividing by ‘a’ in the given expression, we get
L1
(1

a

}(h

——x1

sinax

lim cab=10

14. Evaluate the given limit; *~° sin bx

Solution:
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sin ax

lim

x—05inbx _ 0/0

By multiplying ax and bx in numerator and denominator, we get
sinax

gin ax

Jlim

x—0 sinbx

I Hax
= 1111

x—=0 i xxbx
bx

Now, we get

sinax

We know that.

=1

sinx

lim
x—=0 X

Hence,a/b x 1
=a/b
15. Evaluate the given limit:

. osin(m—x)
lim——
=E (M—X)

Solution:

. sm(m—X)
lim——
i9E (M—X)

lim sin{m—x) k sin{m—x) 5 1

x—m T{M—X) m—x—0 (mT—x) fi

1 sin({m—x
— lim i
_ TMm—x—0 (m—x)

We know that

sinx

lim =%

x—=0 X

im0 _ 1y
™ (m—x) ™
m—x—=0

=1/n
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16. Evaluate the given limit:

. COSX
lim

heake | o

Solution:

COSX cos0

lim
x—0 M—X mn—0

=1/m
17. Evaluate the given limit:

. cos2x-—1
1111}—
=0 cosx —1

Solution:

\ cosZx —1 li]
lim =

x—0 cosx—1 0

Hence,

.  cosZ2x -1 . 1-2sin®x-1
lim =lim——=—
x—0 cosx—1 — 1—2511125—1

(cos 2x = 1—2 sin’x)

sin®xx %%

. sin®x :
lim—x =lim—%—
x—0 sin®*= g gjpzd.Eo
2 Tangliig
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We know that,

. sinx
1

=1

x—=0 X

=4 % 13f 12

=4
18. Evaluate the given limit:
. dX T XCO5X

>0 bsinx
Solution:

lim aX+XCOSX E

x—0 bsinx T o

Hence,

. axtxcesx 1. x({a+cosx)

: 1_1_1:% bsinx I:u_l_r_.o sinx

i :
=limx lim(a + cosx)
bx—0 x—0

1 1 .
— X —5mxX lim(a + cosx)
b Jl{l'nét:I = x—0

We know that,

.  Sinx
li1 =B

x—=0 X

%x (a+cos0)

(a+1)/b
19. Evaluate the given limit:
limx secx

E—

Solution:
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X

limxsecx = lim
x—0 x—( COSX

. 0 0
lim =-
w—spcosd 1
=0
20. Evaluate the given limit:

. smmax +bx
lim———a.b.a+b=0
-0 gx + sinbx

Solution:
: sin ax+bx (v}
lim——=-
x—0 ax+sinbx 0
Hence,
. ax
. sinax+bx . (sin—)ax+bx
llm — i llm A T

. . . DX
x—0 ax+tsinbx %0 axH-Slnﬁ}

: . ax : ;
lim smﬁ)th ax+lim bx

aAxX—0 X—0 x—~ﬂb
lim ax+lim bxx{ lim sin—)
X—0 X—0 bx—0 DX

We know that,

. sinx
lim —
¥x—=0 X

limax+1lim bx
H—=0 K—0

limax+1lim bx
x—0 X—0

We get,

lim{ax+bx)
X0

}1{1_1'1:.}{_ax+bx)

=1
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21. Evaluate the given limit:
lim(cosecx —cotx)
Solution:

lim (cosec r — cot x)
x = (

Applying the formulas for cosec x and cot x, we get

COS T
cosec z = —— and cot ¢ = ST
sin z sin z
lim (coqec x — cot ) = lim ( L _ Lo L)
z— 0 x— 0 sin sin x
lim (cosecx — cot ) = lim L — cosz
z— () xz— 0 sin &
Now, by applying the formula we get,
1 — cosz = 2sin?> gnd sin z = 2 sin < cos =
2 2 2
2 81112%
lim (coqec r — cot ) = lim TR
=0 x—0 2 sincos=
22
: o
lim ((o.sec x — cotx) = lim tan=
z = z— 0 2
=0
22. Evaluate the given limit:
. tan2x
lim
:"_'? s i
2
Solution:

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHI,CANTT - 110010




tovaLeoucarton MATHEMATICS

Result Oriented (NCERT SOLUTION) [ CLASS X1 ]
g -

Letx—(m/2)=y

Then, X (1/2)=y=0

Now, we get

L.
. tan2x . tan2(y+o)
lim—mr =lim———*
- X=2 y—0 y

. tan(2y+1t
— yo0 ¥

: t 2
= y—0 y

We know that,
tan x =sin X/ cos X

sin2y
_ y—0ycos2y

By multiplying and dividing by 2, we get

" sin2 :
=1lim x lim
2y—0 2y y—0 cos2y

=1x2/cos0
=1x2/1
=2
23. ,.
Find limf(x)and lim£(x), where f(x)=] =~ > *=°
2220 rH 3(x+Dx>0

Solution:
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, o 2x+3x<0
Given function is f(x) =
3x+Dx >0
iy 09

lil(l)l_ f(x) = HI’%(ZX + 3)

=2(0)+3
=0+3
=3

Jim, f(x) = lim3(x+1) -

=3(0+ 1)
=3(1)
=3
lim f(x) = lim f(x) = limf(x) =3
Hence, x—-0 x-0 x-0
lim f(x):
Now, for x=1

111111_ f(x) = 1}1113(:{4— 1)

=3(1+1)
=3(2)
=6

El_plh f(x) = L1E13(x+ 1)

=3(1+1)
=3(2)
=6
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Result Oriented

x—-1
Hence, *

lim f(x)=3 lim f(x)=6
x-=0 ggg x-1

24. Find

lim £(x)
S , Where

Solution:
Given function is:

_ J x?-1x=1
fx)=1 |
}—X‘ —1X:
i

lim f(x) = limx®—1
x—1- x—1

=12_1
=1-1

=0

&51114 f(x) = Li_IH(—XE —-1)

Call :- + 91 9953771000
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We find,

35111_ f(x) # Eﬂllh f(x)

lim f(x)
Hence, *1

25. Evaluate

lim £(x)
i , Where f(x) =

does not exist

"‘",xq&[]

X
0,x=0

Solution:

|zl

Given function is f(x) =

We know that,
L=l exists only when

Now, we need to prove that:
We know,
Kl=x ifx>=-xifx<0

Hence,

s
lim X
=K

K

_\EIEI}I_ fix)=

Call :- + 91 9953771000

(NCERT SOLUTION)

'T,xa&[}

X
0= 1)

[ CLASS XI ]

lim f(x)= lim f(x)

lim f(x) r—ra

T — f!‘+

lim f(x)= lim f(x)

r—+)

BT
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lim = = lim(—1)
x—0

— x—=0 X
= |

. N
lim f(x)= lim —
x—07 ( ) x0Tt X

lim = = lim(1)

— x—=0X x—=0
=]
We find here,

11131_ f(x) # JHE.L f(x)

K—

lim f(x)
Hence, *° does not exist.

26. Find

lim £(x)
e , where f (x) =

%
1x[
Lo,

Solution:

H

0
0

X
.4
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Given function is:

H

0
0

f{x] _J X
} X

= EI 2

lim f(x):

x—=0

1111 f(x) = 1111 ﬁ

o o
lim— =lim—
— x—=0—X x—0—

=]

1111 f(x) = 1m+ﬁ
'\—I‘

lim= = lim(1
— x—=0X \—vi_'l( )

=]

We find here,

lim f(x)
Hence, *~0
27. Find
lim f(x)
. , where
f(x)=x|-5
Solution:

}}LI(I}I_ f(x) # _«}1.134 f(x)

does not exist.

Call :- + 91 9953771000
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Given function is:

fix)=|x| -5

lim f(x):

X—5

lim f(x)= lim [x|—5

K—o X—=o

lim(x—5)=5-5

— X—5
=0

lim, f(x) = _\}E;Lrixl -5

W—

lim(x — 5)
=5-5
=0
lim f(x) = lim f(x) = limf(x) =0
Hencel X—3 X—=3 X—=3
28. Suppose
[a +bx.x <1

Hxi=2 &4 %=1

h*:—axx =1 and if

limf(x)=
L = )what are the possible values of a and b?

Solution:
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Given function is:

a+bx, x<1
fix)=494,x=1

b-ax,x>1

and

lrimi f(x) =1(1)
111111_ f(x) = lin}a + bx

—a+b(l)

=d@h

lim f(x) = limb— ax
x—1t [ ) x—1

=b-a(l)

=hb-a
Here,

E{1)=4

lim f(x) = lim f(x) = limf(x) = f(1)
HEHCE, x—1 x—1 x—=1

Then,at+b=4andb—a=4

By solving the above two equations, we get,

a=0andb=4

Therefore, the possible values of a and b is 0 and 4 respectively

29. Letai, az,.ceeeeees an be fixed real numbers and define a function
f(x)=(x-a1) (xX-az2) ..o (x - an).

What is

lim f(x)?

R For some a # a1, az, ....... an, compute

lim £(x)

Solution:
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Given function is:

f(x) = (x = aq) (x = @3) ... (x = a,)

lim f(x):

X—a,

llgl f(X) =li_£2 [(X - al)(X— az) (X - an)]

lim(x —a,)] |[lim(x— az)‘ l[lim(x— an)]

We get,

~ (a1-aq)(a1-az) .. (a1 -ay) =0

lim f(x) =0
X—a,

Hence,
lim f(x):

X—a

Ll_lg f(x) =Li_12[(x— a))(x-az) ... (x-a,)]

[lim(x—a,)] [[lim(x— az)] [[lim(x— an)]

— X—a x—a x—a

We get,

=(a—aj))(a—ay).....(a—ay)

limf(x) =(a-a,) (@a-a,) ... (a-a,)
Hence, * °

lim f(x) =0 Ll_l}; fx)=(a-a)) (@a-3a,) .. (a-ay)
Therefore, ¥~31 and
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x|+Lx <0
f(x)= j 0., x=0
J—1.x = lim f(x
30. If 'l\l Lm0 For what value (s) of a does - : )exist?
Solution:

Given function is:

x| +Lx <0
fx)=< 0, x=0
x|-Lx >0

There are three cases.
Case 1:

Whena=0

lim f(x):

x—0

lil'(l)l_ f(x) = li%l_(lxl +1)

n(—=+1)=—0+1
= x—0

=1
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Jig, 60 = Ji, (e~ )
lim(x—1)=0-1
— x—=0

=-1

Here, we find

L 09 # Jig, ()

lim f(x)
Bl does not exit.

Hence,
Case 2:
Whena<0

lim f(x):

X—a

lim f(x) = lim (|x] + 1)
X—a X—a

lim(—x+1)=—a+1

= X-—a

lim f(x) = lim (|x]+ 1)
X—a X—a

lim(—x+1)=—a+1
X—a

lim f(x) = lim f(x) = limf(x) = —a+1
Hence, X—a X-—a X—a

Therefore, lim (f(X)) existsatx=aanda<0
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Case 3:

Whena>0

lim f(x):

lim f(x) = lim (|x| — 1)
X—a X—a

lim(x—1)=a—-1

— X—a
lim, f(x) = lim+(|x| -1)
X-—a X—a

lim(x—1)=a—-1

= X—a

lim f(x) = lim f(x) = limf(x) =a—1
Hence’ X-—a X—a X—a

Therefore, lim (f (X)) exists atx=awhena>0

f(x)-2

. o m— T lim £ (x)
31. If the function f(x) satisfies *~* X -1 , evaluate *-!

Solution:
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lim f(%) =i T

Given function that f (x) satisfies et %=1

1}{1_1}!_}_ flx)—2 _
lim x%—1
X1

Hll%l:fl:}{:l —2)= T[{HH}I:XZ —1))
Substituting x = 1, we get,

.Li_l}}(f(x]— 2) =m(12— 1)

lim(f(x) — 2) = (1 - 1)

ljlll(f(x) -2)=0
limf(x) —lim2 =0
x-1 x-1

limf(x)—2=0
x-1

=2
mx’+n., x<0
f(x)={nx+m, 0=x=1
X' +m. x>1 lim f(x)
32.1f ‘*-l : For what integers m and n does both -9 (
limf(x)
and =-! exist?
Solution:
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mx-+n, x<0

f(x)=<nx+m, 0<x <1

nx’ +m.

Given function is

lim f(x):

x—-0
lim f(x) = lim(mx?+ n)
x-0" x-0

=m(0)+n

=0+n

=n

x11}51+ f(x) = }(i_l:l(l)(nx +m)
=n(0)+m

=0+m

=m

Hence,

lim f(x) exists if n = m.
x-0
Now,

lim f(x):

x-1
lim f(x) = lim(nx+ m)
x—-1" x-1

=n(l)+m

=n+m

Call :- + 91 9953771000
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. - . 3
}12111+f(x)— }(1_12(11x +m)

=n(ly+m
=n(l)+m

=n-+m

lim f(x) = lim f(x) = limf(x)
Therefore *~* A =

lim f(x)

Hence, for any integral value of m and n *~* exists.

Exercise 13.2 page no: 312
1. Find the derivative of x2- 2 at x = 10.
Solution:
Letf (x) =x2-2
From first principle

f(x+h) — f(x
f'(x) = lim Sk ( )
h—0 h

Put x =10, we get

f(10 +h) — f(10)
h

F(10) =]

- [(10+h)2—-2] —(10%2-2)
lim
— h-=0 h

. 102+2x10xh+h?—2—-10%+2
lim
=h—,~0 h
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~ 20h + h?
lim
h—0 h

_ %1153(2[} +h)

=20+0

=20

2. Find the derivative of x at x = 1.
Solution:

Letf (x) =x

Then,

From first principle

Fix)= Lll:%

f(x+ h) — f(x)
I

1

Letf(x)=x
From first principle

f(x+ h) — f(10)
h

f'(x) = lim
(x) =lim
Putx =1, we get

f(1+h) —f(1)
h

f'(1) = Lu_%
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Result Oriented (NCERT SOLUTION)

{1+h) -1
lim——
_ h-o h

-
_bh20  h

3. Find the derivative of 99x at x =100.
Solution:
Letf (x) = 99x,
From the first principle,
f(x+ h) — f(x)
1

1

R
Put x = 100, we get

f(100 + h) — f(100)
h

f'(100) = }111_1})

99(100 +h) —99 x 100

lim

— h—0 h
99 x100+99h —99 x 100
lim
_ h—0 h
99 x h
lim
—_h-0 h
lim 99
— h—0
=99

[ CLASS XI ]

4. Find the derivative of the following functions from the first principle.

() x3-27
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tovaLeoucarton MATHEMATICS

Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

(i) (x-1) (x-2)

(iii) 1 / x2

(ivyx+1/x-1

Solution:

(i) Letf (x) =x3-27

From the first principle,
(%) = Lim f(x+h) — f(x)

=0 h

- [x+h)®—27]— (x*—27)
lim
_ h—0 h

~ x3+h®+3x%h + 3xh? — %3
lim
h—=0 h

h® + 3x%h + 3xh?
h

lim
h—0

Lina(hz + 3x% + 3xh)

=0+ 3x?

= 3x2
(i) Letf(x) =(x-1) (x-2)
From the first principle,
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

f(x+h) — f(x)
h

o) =1n

(x+h—1)(x+h—-2)—(x—1)(x—2)
— h-0 h

S h—=0 h

hx+hx+h?—2h—-h
h

lim
h—0

Luqxa(h +2x—3)

=0+2x-3
=2x-3
(iii) Let f (x) = 1 / x2

From the first principle, we get
f(x+ h) — f(x)

=i

h

BN .

= = i

. Liﬂé{}&h]h X
x?—(x+h)?

» LIH%: hx2(x+ h)?2

: 1[x%2 —x?—h?-2hx
hooh | x4 h)2

. 1[—h? — 2hx
B hoo I | x2(x+ h)?2
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

. L—h—zx]
_ o lx2(x+ )2

=(0—-2x)/ [x* (x+ 0)?]

=(-2/x3)
(iv) Letf(x) =x+1/x-1
From the first principle, we get

f(x+ h) — f(x)
h

e

x+h+1 x+1
= lim x+h—1 x—1
h—0 h

. (x—1D(E+h+1)—-(E+1DExE+h-1)
e h(x— 1) (x+h—1)

— 1[(x*+hx+x—x—-h-1)-(x*+hx+x—x+h—-1)
o x—Dx+h—1)

G —2h
T hloh(x— 1)(x+h—1)

: -2
e i ET)

B 2
T &-1E-1)
B 2
- (x-1)2
X'.CC XQQ X:

(.' =t —+...—+X +1
5. For the function 100 99 2 , prove that f’ (1) =100 f’
(0).
Solution:
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

Given function is:

XIOO X99 X2

fX)=—+—+...—+x +1
() 100 99 2

By differentiating both sides, we get

X100 X99 XZ

m"‘%'l‘ +2+X+1

d d
) =

i ny __ n—-1
ch(X ) =nx

0 100x99+99x99+ +2x+1+0
"ax YT 100 T 99 2

ff(x)=xP+x"®+--+x+1
Atx=0, we get

f(0)=0+0+...+0+1

f(0) = 1

Atx=1, we get

f(1)=19+1%8+ . +1+1=[1+1..+1]100 times =1 x 100 = 100
Henps, f(1) = 100 f'(0)

.n ,n-1 2,n-2 n-1_, n .
6. Find the derivative of X +aX +aX ~+..+a X+a forsome fixed real
number a.
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Result Oriented (NCERT SOLUTION)

Solution:
Given function is:

f(x)= x* +ax® ! +a’x* 2 +.. +a" x +a"

By differentiating both sides, we get

d r N _
(%) =d—x(xn +ax™ +a’x"? +...+a" X +a")

d d d d d
. n n—1 2 n-—2 n—1 n
=3 (x )+adx(x )+a dx(x )+ --+a i x)+a ] (1)

We know that,

i ny _ n—-1
d‘((x ) = nx

f(x) = nx™! + a(n-1)x"2 + a2(n - 2)x"3 + ... + a1 + a"(0)

f(x) = nx™! + a(n-1)x"2 + a2(n - 2)x"3 + ... + 3™

7. For some constants a and b, find the derivative of
() x—a)x—b)

(i) (axz + b)2

(ii)x-a/x-b

Solution:

() (x-a) (x-b)

[ CLASS XI ]
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

Letf(X)=(x—-a)(x—b)
fx)=x*-(a+tb)x+ab

Now, by differentiating both sides, we get

f'(x) = %(x2 —(a+ b)x+ab)

d d d
_ 2y _ el —
—dx(x ) (a+b)dx(x)+dx(ab)
We know that,

i ny __ n—1
u(x ) =nx

f(x)=2x-(a+b)+0

=2x—a-b
(i) (ax? + b)?2
Let f (X) = (ax2 + b)?

f (x) = a2x?* + 2abx2 + b2

By differentiating both sides, we get
f'(x) = i (a%x* + 2abx? + b?)

' _ 4., 4 d., 2y, 4912
(%) = = (x*) + (2ab) = (x?) + = (b?)

We know that,

i ny _ -1
cb((x ) =1
f'(x) = a2 x 4x3 + 2ab x 2x + 0

= 4a2x3 + 4abx

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHI,CANTT - 110010




tovaLeoucarton MATHEMATICS

Result Oriented (NCERT SOLUTION) [ CLASS X1 ]
= 4ax (ax? + b)
(ii)x-a/x-b
iy (x=a)
Let f (1) = ——_(x—b)

By differentiating both sides and using quotient rule, we get

.f'(.r):i[—\‘-a]

dx\ x—b

(.\:—b);i(x—a)—(.\'—a)i: (x=b)

f'(x)= -
/) (x—b)
_ =) )-(x=a)(1)
(,\'—b)'
By further calculation, we get
=x—b—x+a
(x=b)’
_ a-b
(x=b)
x" —a"
8. Find the derivative of X—a for some constant a.
Solution:
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

-‘_Il - an

Letf(x)=

X—a

By differentiating both sides and using quotient rule, we get

X—a

(.\'—a)2

By further calculation, we get

(x—a) (nx”" - 0)‘— (.\‘" -a" )
(.\‘ - (1)'

" —amx" —x" +a"

C (x-a)
9. Find the derivative of
(i)2x-3/4
(i) (5x3+3x-1) (x-1)
(iii) x3 (5 + 3x)
(iv) x5 (3 - 6x9)
(v) x* (3 - 4x)
vi)2/x+1)-x2/3x-1
Solution:

M
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

Letf(x)=2x-3/4

By differentiating both sides, we get

f'(x) =%(2X—%)

(ii)
Letf(x)=(5x3+3x-1)(x—1)
By differentiating both sides and using the product rule, we get

f'(x) = (6x3+3x — 1);—){(x— 1)+ (x— 1)%(5x3+3x+ 1)
=(x3+3x—1)x1+ (x—1) x (15x*+ 3)

=(5%3 +3x=1) + (x=1)(15x2 + 3)

=5x3+3x-1+15x°+3x-15x2-3

=20x3-15x2 + 6x - 4

(iii)

@ 1/354, SADAR BAZAR, DELHI,CANTT - 110010
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[ CLASS XI ]

Result Oriented (NCERT SOLUTION)

Let f (x) =x3 (5 + 3x)
By differentiating both sides and using Leibnitz product rule, we get

i ad . and g
f(x)=x ’-‘Z\:(b+3.\‘)+(5+ax)z\:(:\ 3)

= ,\-—3 (O + 3) - (5 + 3.\-) (_3'\:34 )
By further calculation, we get
=x7(3)+(5+3x)(-3x7")

=3x7 =15x7" =9x73

==6x"> -15x"

@ 1/354, SADAR BAZAR, DELHI,CANTT - 110010
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Result Oriented (NCERT SOLUTION) [ CLASS Xl ]

Let f(x) = x7 (3 — 6x%)

By differentiating both sides and using I eibnitz product rule, we get

7/(x) =5 (3-6x" )+ (3-6x") o ()

dx

=x*{0-6(-9)x""} +(3-6x7")(5x")

By further calculation, we get

=x'(54x7")+15x* -30x7
= 54x7° +15x* -30x~°

=24x7% +15x"

2.
=15x" + "_:f

A
v)
Let f(x) = x4 (3 - 4x~°)
By differentiating both sides and using Leibnitz product rule, we get

o)

['(x)=x" ;—_’\_(3 ~4x )+ (3-4x)
=x7{0-4(=5)x "} (3-4x7")(—4)x 7!

By further calculation, we get

- (206 )4 (34247

=20x""" —12x7 +16x7"
=36x"" -12x
_ 12 36
¥ x"
(vi)
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

f(x) = 2 X~

Let x+1 3x-1

By differentiating both sides we get,

() = d [ 2 x?
Yo a\x+1 3x—1
Using quotient rule we get,

(x+1)§(z)—z§(x+1)
(x+1)2

f'(x) =

(3x — 1)§(x2) —xzi(Sx— 1)
B (3x—1)2

(x+1)(0)—2(1)] [(3x—1)(2%) — (x®) x 3

=[ (x+ 1)2 l_[ (3x—1)? ]
2 6x% — 2x — 3x?

T &+ D2 | (Bx-1)? l

2 x(3x—2)
T (x+ D2 (3x—1)2

10. Find the derivative of cos x from the first principle.
Solution:
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Result Oriented (NCERT SOLUTION) [ CLASS Xl ]
Let f(x)=cosx
Accordingly, f(x + h) =cos (x + h)
By first principle, we get

f(x+ h) — f(x)
h

i o
S0, we get

5 &
= LlEE'H [cos(x+h) — cos(x)]

[ 5 (x+h+X) . (X-i—h—x)]
IE%.h sin 2 s51n 2

By further calculation, we get
. 1[ o (2X+h) : (h)]
= lim+ sin{ ——)sin{3

(2x+ h) , Siﬂ(;)

x lim
h—p &
2

= lim —sin
h—=0

2x+ 0
=—s'm( > )xl

=-sin(2x/2)

= - sin (X)

11. Find the derivative of the following functions.
(i) sinx cos X

(i) sec x

(iii) 5secx + 4 cos x
(iv) cosec x

(v) 3cotx + 5 cosec x
(vi)5sinx-6cosx+ 7
(vii) 2 tanx - 7 sec x
Solution:

(i) sin x cos x
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

Let f(X) =sin X cos X

Accordingly, from the first principle,

J'(x)=lim f(x+h)-f(x)

h-0 h

sin(x+A)cos(x+A)—sinxcosx

=lim
)] h

=lim %[2sin (x+#)cos(x+h)—2sinxcos .\']

W=D 2h

=lim % [sin2(x+h)—sin2x]

=0 2N

sin

=lim : [2cos
2 2

2x+2h+2x . 2x+2h-2x
h—=D 2/1

By further calculation, we get

) l[ 4x+2h . 2/7:|
= lim—| cos Sin—
2 2

h—D h

. .
= !,1_111) ;[cos(l\' + h)sm h]

) . sinh
=limcos(2x +A).lim——

oD 0
=cos(2x+0).1
=C0S$2x
(ii) secx
Letf(x)=secx

=1/cosx

By differentiating both sides, we get

PRTES

dx \cosx

Using quotient rule, we get

d d
COSX— (1) — 1= (cosx)

=)= cosZx

cosx x 0 — (—sinx)

C0s52X
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Result Oriented (NCERT SOLUTION) [ CLASS Xl ]
We get
_ sinx

cos?x
_ sinx 1

= x
COSX COSX

=fan X sec X

(iii) 5secx + 4 cos x
Letf(X)=5secx+4cosx

By differentiating both sides, we get
F/(3) = ~= (5secx + 4cosx)
x) = o (5secx + 4 cosx
By further calculation, we get
d d
=5 I (secx) + 4&(cosx)

= 5secxtanx + 4 X (—sinx)

=5secx tan x -4 sin x

(iv) cosec x
Let f (X) = cosec x

Accordingly f (x + h) = cosec (x + h)

By first principle, we get

f(x +h) — f(x)
h

=

. cosedx+h)—cosecx
=lim
h—=0 h

—liml( S )
" h—oh \sin(x+h) sinx

Call :- + 91 9953771000
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

. 1 [sinx—sin(x+h
< & [fnacsinesty

h—oh L sinxsin(x+h)

1 ..
" sinx }«}E}) h sin(x+h)

;liln i 2cos(2x2+h) sin(-_z—h)l

112 cos(Xﬂ:h) sin(x_':_h)l

sinxh-oh sin(x+h)

By further calculation, we get

=L jim? [— sin(z) cos 5 ")]

sinxh-oh (g)sin(x +h)

= X lim TSin(g) X lim cos(zx:h)
" sinxh-0 = h-0 sin(x+h)

Cos(2x+0)
=__1 i
sin x sin(x+0)

1 COSX

sinx sinx

=-cosec x cot x

(v) 3 cotx + 5 cosecx
Let f(x)=3 cotx + 5 cosec X

f'(x) =3 (cot x)' + 5 (cosec x)"

Let f1 (X) = cot X,

Accordingly f; (x + h) = cot (x + h)
By using first principle, we get

f;(x+h) - ;)
h

1 =l

. cot{x+h)—cotx
=lim —————
h—0 h
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

. 1 fcos(x+h) cosx
= lim={— _—
h—oh \sin(x+h) sinx

By further calculation, we get

. 1 (sinxcos(x+h)—cosxsin(x+h
=Thisi _( s(x+h) ( ))

h-oh sin x sin (x+h)

- l( sin(x—x-h) )

h—0h \sinxsin(x+h)

1 [ sin(-h)

1m -
=1/sinx h—0h Lsin(x+h)

= (limﬂ) (lim = )
sinx \h-0 h h—o0 sin(x+h)

_ 1 h
~ sinx sin(x+0)
_ 1
sin? x
= - cosec? x

Let £ (X) = cosec X,
Accordingly f; (x + h) = cosec (x + h)
By using first principle, we get

f,(x+h) —£(x)
h

f; (%) = lim

. cosedx+h)—cosecx
=lim

—limi( . )
h—oh \sin(x+h) sinx
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

- [sin x—sin(x+h)]

h—-0 h Lsinx sin(x+h)

By further calculation, we get

hln 1 [2¢ s(h+h+h) sin(x—:;—h)l

" sinx h-oh sin(x+h)

sinxh—oh sin(x+h)

_ ililn l [2 cos(zx:h) sin(_?h)l

~* 4m l-sin(';’)m(@)‘

sinx h—0 (g)sin(x +h)

1
= — lim

sinx h—0 h-;o sin(x+h)

£ ) y h 4?i:h)

cos(2x+0)
=__1 )
sinx sin(x+0)

1 COSX

sinx sinx

= -cosec X cot X
Now, substitute the value of (cot x)’ and (cosec x)’ in ’(X), we get

f'(x) =3 (cot x)' + 5 (cosec x)’

f'(x) = 3 x (-cosec? x) + 5 x (-cosec x cot x)

f'(x) = -3cosec? x - Scosec x cot X
(vi)5sinx-6cosx+7
Letf(X)=5sinx—6¢cosx+7

Accordingly, from the first principle,
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Result Oriented

x+h)- f(x)
/

!

S'(x)=lim Al

h=0
N0 h

h=0 f

h=0 =0

By further calculation, we get

Sl I, 2

tovaLeoucarton MATHEMATICS

(NCERT SOLUTION)

= liml[SSin(x+h)-6cos(x+h)+7-5sinx+6cosx-7]
= liml[s{sin (x+h)=sinx}—6{cos(x+ h)—COS.\‘}]

=5 Iim%[sin(.\' +/h)-sinx —6lim%[cos(.\‘+h)—cos x]

oS XCoS/1—sinxsinfi—cosx

[ CLASS XI ]

=5Iiml[2cos[x+f+x]sin('\'+{:_xn—61im

h

=5lim—

h=0 h Ji=0

Now, we get

2x : .| —cosx(l—cos/)—sinxsin/
l[?cos[ ‘;,']smg]—()hm[ l l,) e z]
V4 1

=5lim| cos

h=u h=u

o

S R

=5cosx.1 —6[(—cos x).(0)—sinx. l]
=5cosx+6sinx

(vii) 2tanx - 7 secx
Letf(X)=2tanx—7secx

Accordingly, from the first principle,

Call :- + 91 9953771000

. h
(2.\'+h]sm ) _6“m[—COS-\'(I -cosh) _sinxsin h]
h

. l=cosh ) . (sinh
lim —-sinxlim ;

hi=n h

. h
oc sin —
=5|:Iimcos(‘"\+h)] lim —-2 —6[(—cosx)[
h=n 2 LI !7

h—0

1
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

f(x+h)-1(x)

h

1) =i

- Eimll 2tan (x + /1) -7 sec(x + /1)~ 2tan x + 7 sec .\']
1) ,

=lim %EQ{tan (x+#h)—tan .\'} -7 {sec(.\' +Ir) - sec \}]

fi—0

=2 Iim/ll:tan (x+/4)—tan .\'] ~7lim l[sec (x+7)~sec .\':l

=0 fh i fy

By further calculation, we get

in(x+7n inx )
=2Iiml Sm( )_sm\ —7l|ml : - l
0 h| cos(x+h) cosx 30 1| cos(x+#1) cosx

I |:sin(.\' +h)cosx —sinxcos(x+#)| _ 1 [cos.\'—cos(.\‘-l-h)]

cosxcos(x+/) | #vh| cosxcos (x+#)

o ’.\'+,\'+h) ) [.\'—.\'—h]
—&SIn simn Py

A 1| sin(x+h-x) 2 1 2
=ZIm-- - m-—
0 fi| cosxcos(x+4) A0 fp cosxcos(x+h)

Now, we get

e 2x+4) . h
in /i | 1S e bl
=2lim (S“’ } —7lim— = £

ool h ) cosxcos(x+h) b0 fy cosxcos(x+/)

. N . [ 2x+h
= I sin - sin| =
=2(IimSm ] lim -7 ;im = || [im =

w0 fp )| 520 cos xcos(x+ /1) fie Mt || >0 cosxcos(x+h)

[

l sinx |
m21—L 7 ()
COSXCOSX \ COS X COSX

¢ )
=2sec” X—TsecxtanXx

Miscellaneous exercise page no: 317
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Result Oriented

(NCERT SOLUTION) [ CLASS X1 ]

1. Find the derivative of the following functions from the first principle.

() -x
(i) (-0
(iii) sin (x+ 1)
(iv) ° "J
Solution:
() -x
Letf(x)=-x

Accordingly, f(x +h)=-(x+h)
Using first principle, we get

f(x+h)-f(x)

f'(x) =lim———r

o LR
=lim—————~=

h=si} h
Now, we get

. —X—h+x
= lim

. —h
- Jim—
|y —+ b h

_I.i':'ﬂ{_”__]

(i) ()1

Letf(x)=(-x)" =

|
-X X

=
(x+h)

Accordingly, f (x+h) =

Using first principle, we get

Call :- + 91 9953771000
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Result Oriented (NCERT SOLUTION) [ CLASS X1 ]

h—0

. -1
=lim— o
h=0h| x+h X

I -1 1
=lim— +—
h=0h|x+h x

[ —x +(x+h)}

=lim—
hoad h| x(x+h)

By further calculation, we get

. I——x+x+h
=lim—| ———
h=0h| x(x+h)

. h
=lim—
b0 h| x(x+h)

B !'i]B x(x+h)

=1/x2
(iii) sin (x+ 1)
Letf(X)=sin(x+1)

Accordingly, f(x + h)=sin(x+h+ 1)

By using first principle, we get

vror_ o L (x+h)=£(x)
f (‘\)_!."ny

= Iim%[sin(x +h+1)-sin(x+1)]

h—0

1 X+h+l+x+1) . (Xx+h+]l=-x~-1
=lim—| 2cos = sin ~

h—=D h 2 2

L1 2x+h+2Y). [(h
=lim—| 2cos sin| —
bt |y 2 2

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHI,CANTT - 110010




tovaLeoucarton MATHEMATICS

Result Oriented (NCERT SOLUTION) [ CLASS X1 ]
sin(ll]
) (2x+ h+ 2] 2
= [im| cos .
h—0 2 h
(2)
We get,

. (h
. ax+h+2) . S"‘(E)
= limcos -lim
h-0 2 %—.n (l_l]
i 2

We know that,

h—)O:%—)O

(2x+0+2j
=COoS > -1

=cos(x+1)

(iv) (x5

Letf(x)= cos(x —g]
Accordingly, f (x +h) = cos(x +h —g}

By using first principle, we get

£ (x) = lim f(x+h)-f(x)

h-»0 h

L1 T T
=lim— cos[x+h——)—cos[x——)
h-0 h|: 8 8

We get,

b1 T
(X+l\—~+.\'——*] x+h_n.__\'+7[
=lim—| =2sin sin 8 £
h=0 |y 2 2
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Further we get,

s

l 2x+h——
. ) 4. h
=lim—| =2sin Sin —
I 2

h=»0 |y 2

So,

2x+h-= Si"(l—])

’ . 4 2

=lim| —sin| - - |- -
h=0 2 []_]J
2

7\+h—— Sm(—]
= lim| —sin Jdim
h—=0 2 h "0 [ ]

r
»\sh—>():>lj—>()J
L

{ \
2x+0-2
Ry

—41

N =

=—Sin

\

Hence, we get

- Tt
=—SII]|.\— ’
oy

Find the derivative of the following functions. (It is to be understood
that g, b, ¢ d, p, q, rand sare fixed non-zero constants, and mand nare

integers.)
2.(x+ a)
Solution:
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Letf(X)=x+a
Accordingly, f(x +h)=x+h+a

Using first principle, we get

J'(x)=lim f(x+h)-7(x)

h=0 h

S0, now we get

. X+h+a—-x—-a
=lim—m8—
h=D h

. (h]
=lim| —
h=0 h

=lim(1)

h—=0
=1

3.(px+q) (r/x+5s)
Solution:

Letf/(x)=(px+ q)(£+s]

Using Leibnitz product rule, we get

’

['(x)= (P-\'+q)(§+s] +[£+S)(p"'+‘f)’

We get,

=(px+q)(rx +s)’ +(

By further calculation, we get
p\ +q ( X )--(—-is)
(5 J(5+)
p\lq —
\ X° X

£+SJ(1))

X
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Now, we get

X ooxT X
qr

= ps—=—
X°

4. (ax+ b) (cx+ d)?
Solution:
Let f(x) = (a.\' + b)(cx+d)

-

By using Leibnitz product rule, we get
f’(_\') = (a.\' +b) 4 (ex+ d): + (c'.\' + d)z L (a.\' + b)
dx dx
We get,
d s s s 1 d
= (a_\' + b)d— (r.".\" +2cdx+d- ) + (cx + d) — (a.\‘ +b)

A ax
By differentiating separately, we get
=(ax+ b)[;{ (c*x*)+ :Z\ (2cdx) + (Z— d:] +(ex+d) [1— ax + :\ b}
So,

= (ax+b)(2c"x +2cd )+ (cx+d*)a
=2c(ax+b)(cx+d)+a(ex+d)’

5.(ax+b) / (cx+d)

Solution:

. ax+b
et/ (%)= ex+d

Using quotient rule, we get
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+d) L (ax+5)~(ax+5) L (ex
7(x)= (ex+d) i (ax+b)—(ax+b) = (ex+d)
| (ex+dY
Further we get

(c.v+(1)(a)-(a.§-+b)(g)
(ex+d)

S0, now we get

_acx+ ad —acx - bc

(c.\'+d):
Hence,
_ ad —be
(cx+ d)2
6.(1+1/x)/(1-1/%)
Solution:
I x+1
I+= — x+1
Letf(x)=—3=—%—="—" wherex=0
- 1 x-1 X —
X X

Using quotient rule, we get

_ (.\'—I)g\—_(x-kl)—(xﬂ)%(.\'—l)

(x-1)

f'(x)

Lx#0, 1

Further, we get

GO CA2) U NP
(v-1)
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7.1/ (ax?+bx +¢)
Solution:

Let £(x) = ——

S E—
ax“+bx+c¢

Using quotient rule, we get

> { d
¥+ bx+e) (1) -
f‘(x)=(m - \+c)dx() ya

(ax2 +bx+ c):

(a.\‘z +bx+ c)

By further calculation, we get

(ax® +bx+c)(0)-(2ax +b)

Y

(a,\': +bx+ c)
—(2ax+b)
(a.\': +bx + c)z
8.(ax+Db) /px2+qgx+r
Solution:

Letf(x)=

ax+b
P+ gx+r

Using quotient rule, we get

(pxz +gx+ r)%(ax + b)—(wr+b)%(px2 +qx +r)

f1x)= (p.\'2 +q.\'-i-r)2

Further we get,
(l’-\'2 +gx+ l‘)(a)—(ax ¥ [))(pr + q)

( pxt g+ r):

Again by further calculation, we get

_apx® 4+ aqx + ar —2apx”® — aqx - 2bpx — bq
(p.\" +gx+ r):

_—apx’ =2bpx+ar—bq

(px2 +gx+ r):

9.(px2+qx+r)/ax+b
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Solution:
p.\'2 +gx+r
Let f(x)=+—"L""
f( ) ax+b

Using quotient rule, we get

I J 2 e ) (o
(ax+b)m(px +qu+r)—(px +q.\+:)z(a.\+b)

£()=

(ax+bY’

By further calculation, we get

(ax+b)(2px+ q)—(p.w:2 +qx +r)(a)
- (ax+b)

So, we get

_ 2apx’ + aqx +2bpx + bg — apx® — agx - ar
- (ax+b ):

_apx’ +2bpx+bg—ar

B (ax+ b)2

10. (a/x*) - (b /x2) + cosx
Solution:

a b

Let/(x)=———+cosx
X .

By differentiating we get,

) d( a d( b d
X)=—| —|-—| = [+—(cosx
/ (\) (/.\'(.\'JJ c/.\‘[.r') (/.r( 65%)

On further calculation, we get

{/ . {/ {
=a ;/\(\ + )—b (‘/\(1 ')+ »:/.i:(cos.\')

We know that,

[i (x") = nx""and (I—l (cos.x)=—sin .\']

dx dx
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So,

=q (—4.\'"5 ) - />(—2.1"" ) +(—sinx)

—-4a 2H .
=—+—5-sinx

.\'5 X
11. 4Vx-2
Solution:

Letf/(x)=4vx-2
By differentiating we get,

PR = (45 -2) =L (445)- L 2)

Further, we get

2

Jx
12. (ax + b)n
Solution:

Let f(x)=(ax+b)"

Accordingly, f (x+h)={a(x+h)+b}" =(ax+ah+b)
Using first principle, we get

f(.\'+/l)—f(,\')
h
- lim (ax+ah+b)" —(ax+b)

h-) h

f'(x)=lim
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Further we get,

(u.\'+b)"(l+ ah/) —(a.\'+h)"

’ ax+h
=lim
h— h
ah Y
(1+ ; ) -1
" ax+b
=(ax+h) lim
haQ h

By using binomial theorem, we get

Noye _l 7
=(ax+b) llml l+n( it )+"(" )( it J +...p—1
10 ax+b 2 \ax+b

Now, we get

- n(n=1)a’i’ L
=(ax+b) lim — n( i ]+ (a=1)c s—+...(Terms containing higher degrees of /)
b0 f ax+b Lz(“-" +b)'

So, we get

=(a.\'+h)"lim e +n(n_l)aZh+“'
B0 (u.\‘+l>) [g(u.\'+h):

On further calculation, we get

» na
=(ax+b +0
(¢ ) [(u_w-h) :|

(ax+b )
(ax+b)

= na

=nalax+b)""
13. (ax+ b)" (cx+ d)m
Solution:
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Let £ (x)=(ax+b)" (cx+d)”
By using Leibnitz product rule, we get
i (\) = (a.\’ + b)" i (cx - d)m + (c‘.\' + d)"' i(a.\' e b)"
) 7 dx dx
let /, (x)=(cex+d)"

H(x+h)=(cx+ch+d)"
Then,

filx+ )= £(x)

£ (x)=lim-

Jil h
- » " — e "
= lim (c.\ +¢h+(/) (L.\ +cl)
] h

By taking (cx + d)® as common, we get

= (cr+d)" lim - (|+ ch ] -1
b0 h ex+d

On further calculation, we get

m . o -1 czhz
=(cx+d) l'm(}ll(H("’“" +'"('" ) () +...]—l]

h ox + d) 2 ( ex+d )2

Now, we get

m . y -1 'Zl ; « » .
=(ex+d) l-m(l;l[( m:_h,) + mj;n ):)' +...(Terms containing higher degrees of /)
0§ ox ¢ 2{ex +¢ o

We know that,

m=1

i(c.vc +d )'" =me(cex+d)
dx

Similarly. ;—! (ax+b) =na(ax+b)"
=
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=(ex+d)" lim e 2 (= l)c':/l *...
w0l (ex+d) 2 (ex+d)
Now, we get

=(ex+d)” [ Lo i 0}

CX +¢

B me(ex+d )
B (ex+d)
=me(ex+d ).-.-,_1

Hence, we get

S(x)=(ax+b) {mc' (ex+d)" : } +(ex+d)" {nu (ax+b)" '1[

=(ax+b)" (cx+d)" I| me(ax+b)+na(cx+d)

14.sin (x+ a)
Solution:

Let /' (x)=sin(x+a)
f(x+h)=sin(x+h+a)
By using first principle, we get

xS (x+)=1(x)
f'(x)=lim ”

1=}

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

= lim
h=0 11

On further calculation, we get

.1 x+h+a+x+a) . [ x+h+a-x—-a
= lim—| 2 cos| ——————— |sin| ——————
h»‘.;h 2 2
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So, we get

)

(]
3|
|

sm
) 2x+2a+h J
= lim| cos

Nl

N

By taking limits, we get

sin ﬁ
. 2x+2a+h 2
= !m,l cos lim

Hence, we get

(2x+2a
«.05{ > x1

= cos(x+a)

15. cosec xcot x
Solution:

Let f(x) = cosec xcot x
By using Leibnitz product rule, we get
f"(x)=cosec x(cot x) +cotx(cosec x)

Let f,(x)=cot.x.

Accordingly, £, (x+h) = cot(x+4)
By using first principle, we get

)= filx

il ]_Ilmf[1+r — fi(x)
s h

cot (x+h)—cot x
h

=lim
e
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On further calculation, we get

1 [cns{.\'+f?} cos X |
=lim : =
=it fy 5|n{.\-+h] 31N .tJ

1

Now, we get

I | sinxcos(x+h)-cosxsin(x+h)
=t b sinxsin(x+/)
. -._-._.j
i I :..ln{\. x—h)
=t | sinxsin{x+h)

We get
1 .. 1| sin(-#
=— Jim— A
sinx =0 h| sin(x+h)

-1 sinhy[ .
—— .| lim ] lim —
Sifia LA i p sd o (x+h)

So, we get

I *

sin(x+0) ‘

J

r
-1
=—1.
sinx
=1

507 X

L%

= —Cosec X

Hence, we get

(cotx) = —cosec’x (2)

Now, let fo(x) = cosec x. Accordingly, f, (x+ h] =cosec(x+ h]
By using first principle, we get

£z (%) Iim--‘fz{-'f+h;] f(x)

J—= J'il

2 \
= llm—[coscc{x+ h ) —cosec ,r]

st
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By calculating further, we get

=lim - ] - _J
>0 fi| sin(x+h) sinx

. |_5in_r—sm{.1'—h}
=lim— .
i | sin xsin(x + H)

S0,
Rt ihYe f x—3-R)
2c05| sin|
—— lim— - =
sinx 0 f sin(x+h)
i 2R =)
I | < COS5 SII'I| |
—— lim— L . L
sinXx -0 fi sin(x+h)
. A (2x+h)
sin| — | cos |
: \2) X =
=— lim e
sin X f-l h) sm{x+h)
=
o=
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We get,
(h) (2x+h)
sm| | cos| |
i o b e ok
= i e =
sinx &0 (R w0 sin{x+h)
2)
(2x+0)
| COs |
|
siny  sin(x+0)
-1 cosx

510X sinX

=—COosecy coty

Hence,

(cosec x) =—cosecx cot x 3]
From equations (1) (2) and (3) we get,

1"(x) = cosec x(—cosec’x |+ cot x(—cosec x cot x)
= —cosec’x —cot” x cosec x

COS XY
16. 1+sinx
Solution:

COs X

Let / {1] =

| +sinx

By using quotient rule, we get

. d d _
1 +sinx COSX | —|COs5X | +5sinx
(1+5in ) (cos ) ~(cosx) < (1+sin )

Aty (1+sinx)’ -

_ (I+sinx)(—sinx)—(cosx)(cosx)

(1+sinx)’
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We get,

—sinx—sin” x —cos” x
(I Fsinx)

—sinx-— {s[n: x+cos” x]

(14 ziin.\']:

Now, we get

_=Sinx—1
_{l +sinx)’
_ —(1+sinx)
R {[+s[n,1.']:
1
(1+sinx)

17.

Sin X + COS X

SIN X —COS X
Solution:

Let £(x) = sin X +cos x
/(x) sinx—cos.x
By differentiating and using quotient rule, we get

(sinx—cosx) % (sinx+cosx)—(sinx+cosx) :{—i (sinx—cosx)

F (") = : 2
(sinx—cosx)

On further calculation, we get

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

(sinx-cosx)’

~(sinx=cosx)” - (sinx+cosx)

) (sinx—cosx)’
By expanding the terms, we get

—[sin3 X+ €08° X —28in X oS X +8in° x + 08> x + 28in X COS x:l

(sinx—cos ,\'):
We get

o —[1+1]
(sinx—cos x)’
2

(sinl X — €08 .\'):7
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18.

secx 1

secx+1
Solution:

secx—1
Letf(x) - secx+1

Now, this can be written as
|
-1 1 .
f(x)= cosxy _1—COSx
‘ 1 +1 l+cosx
COs X

By differentiating and using quotient rule, we get

(l+cosx)§-(l—cosx)—(l —cos.\')»d-(l +cosx)
X X

['(x)=

B

(1+cosx)
_ (I+cosx)(sinx)—(1-cosx)(-sinx)
B (14 cos .\'):
On multiplying we get
_ SinXx+Cosx$inx+Sinx —sin xcos x
B (1+cosx)’

_ 2sinx
(1+cosx)
This can be written as
2sinx

s
secx

On taking L.C.M we get

2sinx

- (secx+1)’
sec” x

On further calculation, we get

_ 2sinxsec” x

B (secx+1)’

2sin x .

_ _CosX
B (secx+1)’
_ 2secxtanx
B (secx+1)°
19.sin” x
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Solution:
Let y = sin” x.

Accordingly, forn=1, y =sin x.
We know that,

dy ) .
— =CO0SX, l.e.,, —SIMX=COSX
dx dx
Forn=2, y=sin®x.
dy d
— =—(sinxsinx)
So, dx dx
By Leibnitz product rule, we get
=(sinx) sinx+sinx(sinx)
= COSXSiNX+SiNXCOSX
=2sinXCOSX (1)

3

Forn=3, y=sin’ x.

dy d ;. .2
-_=—(s|n.\'5m .\')
So, dx dx

By Leibnitz product rule, we get
(sinx) sin® x +sinx (sin® \)

From equation (1) we get

= cosxsin’ x+sin x(2sin x cos x)

= cosxsin® x+2sin® xcos x

=3sin’ xcosx

d . _(0-1)
— Sln X )=nsm XCOSX

We state that, dx
For n =k, let our assertion be true

ie., di\(sm \) ksin®™" xcosx il 2)

Now, consider

d - k=l d . . 2

~—{SIn" X )=-—|SINXsSIN x

-\-( 1 \) d\( mnxsi \)

By using Leibnitz product rule, we get
= (sinx)’ sin‘ x+sin x(sin* \)
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From equation (2) we get

) xcos.\-)

=cosxsin® x+sin x(k sin*™!
=cosxsin® x+ksin* xcosx
=(k+1)sin" xcosx

Hence, our assertion is true forn=k + 1

by mathematical induction, (—1(sin" x)=nsin"" xcos x
Therefore, dx

a+bsinx

20. ¢+dcosx
Solution:

Letf(x) - c+dcosx

By differentiating and using quotient rule, we get

a+bsinx

(c+ (Icosx)§(a+ bsinx)—(a+bsin A)di (c+dcosx)
¥ /x

(%)=

(c+dcosx)’

_(e+dcosx)(beosx)—(a+bsinx)(-dsinx)

(c+dcosx)’
On multiplying we get

_chcosx+bd cos® x+ ad sin x + bd sin® x

(c +d cos.\'):
Now, taking bd as common we get
becosx+adsin x+ bd (COSz x+sin’ x)

(c +d cos x)z

_ becosx+adsinx+bd

(c+dcosx)’

21.

sin(x+a)

COoS XY
Solution:
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Let £(x) = smc(ors-ia)

By differentiating and using quotient rule, we get

dr. g d
cosx——[sin(x+a)]-sin(x+ a)ﬁcos.x

S(x)= cos’ x
d :
cosx—| sin{x+a) |—sin(x+a)(—sinx)
f'(-")= (i\'[ ]’ o (i)
cos’ x

Let g(x) =sin(x+a). Accordingly, g (x+/4) =sin(x+h+a)
By using first principle, we get
)-S50
)

fr=0

= lim—[sin (x+h+a)-sin(x+a)]

h=0 h

On further calculation, we get

L1 x+h+a+x+a) . (x+h+a-x—-a
=lim—| 2cos sin
h=0 2 2
)
—tim Ll 2cos (M) : [ }
I:—mh 2

L

[2\ +20+h}[ m( J

=l os
[ ()

Now, taking limits we get

. (2\+Za+h] sm[ )
=limcos )
hr ﬁ_'() 7
' (2]

[Ash—>0:g—>0]

We know that,

[lim S = 1]
h—0 h
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( 2.\'+2c:)
=| cos x|
2
=cos(x+a) .. (i)

From equation (i) and (ii) we get
cosx-cos{x-+a)+sinxsin(x+a
fl (.\') = ( ) ( )

cos” x
_cos(x+a—x)
© cosix
_ cosa

" cos’x
22. x* (5 sin x- 3 cos x)
Solution:
Let /'(x)=x*(5sinx—3cosx)
By differentiating and using product rule, we get

' - - d ~ H - 2 - H - I o d »
f(x)=x' Z(asm x=3cosx)+(5sinx —3cos.\)z(.\')

On further calculation, we get

=% [5 (%(sin x)- 3;—i(cos \)] +(5sinx— 3cos.\')((i—i_(x‘)

So, we get

=x* [5 cosx—3(-sin \)] +(5sinx—3cos .\')(4.\-3)
By taking x3 as common, we get

= x*[Sxcosx+3xsinx+20sinx—12cos x|

23.(x2+ 1) cos x
Solution:
Let f(x) = (.\'2 + l)cos.\:
By differentiating and using product rule, we get

f(x)= (.\': + 1)%@05.\') + cos.\'%(.\': + 1)

On further calcualtion, we get
=(x* +1)(~sinx)+cos.x(2x)

By multiplying we get
=—x"sinx—sinx+2xcosx

24. (ax® + sin x) (p+ gcos x)

Solution:
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Let f(x) =(ax* +sinx)(p+gcosx)
By differentiating and using product rule, we get
f'(x)= (a.\:2 +sin .\')%(p+qcos.\') +(p+q cosx)%(mz +sin ,\')
On further calculation, we get
= (axz +sin .\‘)(—q sinx)+(p +¢cosx)(2ax+cosx)
=—gsin x(m'z +sin .\') +(p+qgcosx)(2ax+cosx)
25 (x+cosx)(x—tanx)
Solution:
Let /'(x) =(x+cosx)(x—tanx)
By differentiating and using product rule, we get

/' (x)=(x+cosx) ;,—I\ (x—tanx)+(x—tanx) ;—/“ (x+cosx)

=(x+cos \)[%(\) - dir (tan J)} +(x—tanx)(1-sinx)
Now, we get

=(x+cos .\')[l ~ 4 tan .\'] +(x—tanx)(1-sinx) s (1)

dx

Letg(x) = tanx . Accordingly, g (x+/4) = tan(x + /)

By using first principle, we get

i n( tan (x+ /1) —tan .\'J

h

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHI,CANTT - 110010




ovacepucaton MATHEMATICS
Result Oriented (NCERT SOLUTION) [ CLASS Xl ]

On further calculation, we get

iiido ] o
_ Iilll»l- |i_Slll(\ + 17)» B .b'""_]

nes0 cos(x-{-/l) cosx

— lim sin(x + A) cos x —sin x cos (x+ A)
cos(x+h)cosx

Now, we get

L. 1sin(x+h-x)
= i [ S
cosx #0 | cos(x+h)

—_—

.1 sin /1
= Jim—| ———
cosx = 1| cos(x+4)
So, we get
1 . sinh . 1
= | lim .| lim
cosx \ 40 h 10 cos (x + 1)
We get
| |
= .
cosx  cos(x+0)
1
cos” x
=sec’ x .. (i)

Hence, from equation (i) and (ii) we get
f'(x)=(x+cosx)(1-sec® x)+(x~tan x)(I-sinx)
=(x +cosx)(— tan’ x)+ (x—tanx)(1-sinx)
=—tan’ x(x+cosx)+(x— tan x)(1-sin x)
4x+5sinx
26. 3x+7cosx
Solution:
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4x+5sinx
Let f(x)= —mM8M8M—
€ f(l) 3x+7cosx

By differentiating and using quotient rule, we get

(3x+7cosx) : (4x +35sinx)—(4x+5sinx) j (3x+7cosx)
X X

I'(x)=

(3x+7cos x):
On further calculation, we get

(3x+7cos x)[:4 % (x)+5 %(sin x)] —(4x+5sin .\')[3 i x+7% cos x]

dx dx

2

(3x+7cosx)
(3x+7cosx)(4+5cosx)—(4x+35sinx)(3—7sinx)
(3x+7cosx)’
On multiplying we get
_12x+15xc0sx+28cosx+35cos” x—12x+28xsin x —15sin x +35sin’ x
- (3x+7cosx)’

We get
15x¢08 x +28¢05 X+ 28xsin x — 1 55in x +35(cos” x +sin” x)
(3x+7cosx)’
_ 35+15xcosx+28cosx+28xsinx—15sinx

(3x+7cos x)2
x’ cos
4

27. sinx
Solution:

Lek Z cos(%)
f(x)=——=

sinx

By differentiating and using quotient rule, we get

. d s o d .
SIMX— (X" )=Xx"—|sInx
[(%)= cos%. ‘b"( ) ‘i"( )

. 2
sin” x

By further calculation, we get
n [sin x-2x—x' cosx
=COS—

7
By taking x as common, we get

XCOS g [2sinx - xcos x]

.2
sin” x

.2
sin” x
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X
28. I+tanx
Solution:

Let £ (x) = —

I+tan.x

By differentiating and using quotient rule, we get

d d
_ (1+tan.\)$(.\)—.\ I(Htam)

/') (1+tanx)’
| +tanx —x-d 1+ tan x
f(x)= {ladnz) dx( i

(1+tan x)2 -0

Let g(x) =1+ tanx. Accordingly, g (x+/) =1+ tan(x + ).
Using first principle, we get
g(x+h)-g(x)

AN
¢(@)=lm=—
| I+tan(x+4)—-1—-tanx
=le11[ ( ) }
h=D h

sin{x+/ inx
= liml[ i ) = '\}

=0 fi| cos(x+h) cosx
By taking L.C.M we get

il sin(x+/h)cosx—sinxcos(x+h)
S fy cos(x+h)cosx

We get

=|iml|: Sin(.\'+h—.\') :|

4 1| cos(x+h)cosx

1 sinfz
=lim—
40 Jp| cos(x+/r)cosx

So, we get

. sinh . 1
=| lim | lim
W0 >0 cos (x+ A1) cos x
1

=1x

)
=sec’ x

cos’ x
-i-(l-r tan x) =sec’ x .. (i)
X
From equation (i) and (ii) we get
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+¢ .y 1+1an x—xsec’ x
i:a (1+tanx)’
29. (x+sec x) (x-tan x)

Solution:
Let f'(x)=(x+secx)(x—tanx)

By differentiating and using product rule, we get

f{x)=(x+sec 1}%{\ —tan x)+(x—tan 1}%[1 +secx)

So, we get

=(x +scc,\'}[i[x] Bt tan x} +(x—tan .m—}{i[x] 4 £ sec .x}
dv dx v cx

=(x +scr:.r}{l - imn :u}+{:u— tan x][] +;—iscc 1} (1)

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

£ (%) =lim [ Silx +h£_ f {I}]

I.I'
= |im|

fi—)
= \ h

tan(x + k) —tan .r]

By further calculation, we get
_ [tﬂl1{.\'+h]— tan 1}
=

h
S ¥ If e :
) sin(x+h)  sinx
=0 k| cos(x+h) cosx

Now, by taking L..C.M we get
I |:5ij]'l (x+h)cosx —sinxcos(x+h) ]

= lim—
di—ll 7

cos(x+h)cosx

i l[ sin(x+h—x) }

“ h| cos(x+h)cosx

] sin
=lim—| ————
=0 fi| cos(x+h)cosx
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(. sinh)[,.
:|Mn———r lim——
o0 o0 cos(x+h)cos x|

|

— =sec’ x
cos” x

=1x

Hence we get

d ; .
—tanx =sec” x .. (11}
PR

Now, take

1 (%)= glijll}_( 4 {-1‘+ﬁj ~£(x) ‘

 (sec{x+h)-secx)
=hm| { J
Te—sll | h

This can be written as

= lim— I .
it | cos(x+h) cosx
By taking I..C.M we get

: l_cos.r—cos r+h
:hm; { )}
Tr—l

| cos(x+/1)cosx

On further calculation, we get
I (x+x+h . {x=x=h)
|-sin| |

I =2s1in
= dim— = :
cosx =0 fr cos(x+h)
C(2x+hYy . =k
; —lsm‘ 2 |-sm| |
= dim— e
cosx 0 fy cos(x+h)
We get

1 .
= dim :
cosxy 0 cos(x+/)

By taking limits, we get
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B

gl

[iw ‘

limcos(x+/)
Tl

| (2x+h |L .

l limsin

= 8eC X,

We get

sinx. 1
=80C X

Ccosx

1
f—.sci: Y=secxtanxy . )
e

From equation (i) (ii) and (iii) we get
S(x) = (x+secx)(l-sec” x)+(x—tan x)(1+secxtan x)

X

30, sin"x
Solution:
Let £(x)=—
ef(\) sin” x

By differentiating and using quotient rule, we get

.. d d .,
sin" x—x—x—sin" x

f(x)= dx dx

sin®” x

Easily, it can be shown that,

n-=

—sin” x =nsin”" xcosx

dx
Hence,
sin” x 2 X—X g sin” x
f’(.\‘)= dx - dx

sin”" x
By further calculation, we get
sin” x.l—x(nsin" :

XCOSX )

sin®” x
By taking common terms, we get

sin™" x(sin X —nxcos .\')

sin* x
Hence, we get
_sinx—nxcosx

L ) e

sSin X

Now, let us substitute the values, and we get
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=8 78 A%2
A e G gy e
il+ L. 2
1D(§)+4 5+4 9x2
Z=r—g =—a—= =83%2
= = >
2 2
=6

=~ The coordinates of the required point are (4, -2, 6).

6. If A and B be the points (3, 4, 5) and (-1, 3, -7), respectively, find the
equation of the set of points P such that PAZ + PB2 = k2, where kis a
constant.

Solution:

Given:

Points A (3,4,5) and B (-1, 3,-7)

x1=3,y1=4,21=05;

x2=-1,y2=3,22=-7;

PA2 + PB2=Kk? .......... (D)

Let the point be P (X, y, z).

Now, by using the distance formula,

We know that the distance between two points P (X1, y1, z1) and Q (X2, y2, Z2)
is given by

PQ =/(x;— %4 )2+ (¥, — y1)? + (z;, —2p)?

So,

PA=,/(3—-x)2+(4—y)2+ (5~ 2)2

And

PB=,(-1—-x)2+(3—-y)2+(-7—2)?

Now, substituting these values in (1), we have

[(B-x)2+(4-y)*+ (-2 +[(-1-x)*+ (B -y)*+ (-7-2)?] =k
[(O+x2-6x)+ (16 +y2-8y)+ (25+22-10z)] + [(1 +x2+2x) + (9 +
y2-6y) + (49 + z2 + 14z)] = k2
9+x2-6x+16+y2-8y+25+22-10z+1+x2+2x+9+y?2-6y+ 49
+ 72 + 14z = k2

2x2 4+ 2y2 + 272 -4x- 14y + 4z + 109 = k2

2x2 4+ 2y2 + 272 -4x- 14y + 4z =k2- 109
2(x2+y2+12z2-2x-7y+2z)=k?-109

(x2+y2+2z2-2x-7y+2z) =(k?#-109)/2

Hence, the required equation is (x? + y2 + z2 - 2x - 7y + 2z) = (k? - 109) /2.
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% 3k %k 3k %k %k %k sk %k ko k ok %k %k %k 3k %k %k %k %k %k %k k k

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHI,CANTT - 110010




