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Evaluation of Algebraic Limits (Part A) NCERT

Q1.

Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

Qs.

Q9.

Q10.

Q11.

Q12.

Q13.

Q14.

Q15.

Evaluate: |lim

Evaluate: |im X>—5Xx+6
x->2 (x2-4)

Evaluate: lim x* - 81
X3 x2_9

Evaluate: lim 8x® +1
o1 2x+1

Evaluate: |im 4x* -1
xo1 2x -1
X x<0

If f(x)=11  x =0
x2 x>0
cosx x>0

If f(x)=

(x) {x+k x <0

i f(x)={x x<0

Find the limit:
Find the limit:

Find the limit:

x->1cx2 + bx +a

1+ x,x>0

X = -

Find the limit:

. x?
lim
x->1[ x +100

Find the limit:

ax? + bx +c

~ . Find the value of k, such that

Date: 12/10/2021

,a+hb+c=#0.

Find lim f(x) if it exists.
x—0

lim f(x) exists.
X >0

, then find the limit of f(x) when x'= 0.

lim [1+x + x?+.. +x"].
Iim3 [x(x+1)].

lim [x® - x? +1].
x =1

+1

|

x?—-4

Iim{
Xx—->2| X

Find the limit:

Evaluate the limit: lim

S_4x* +4x

¢

%)
X—>mn 7
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Q16. Find the limit:

lim| X=2 _ 1 .
H1[)('2—)«' x3 -3x? +2x

Q17. Find the limit:

Q18. Evaluate the limit: lim nr?.

Q19. Evaluate the limit:

X =2

+

Q20. Evaluate the limit: |im 2" -1

z->1 z”s _1-

Q21. Evaluate the limit: lim ax+b
x>0 cx +1

Q22. Evaluate the limit: Iim1xm+—x:+1_
X = = x _

Q23. Evaluate the limit: lim 4X+3

x4 X -2

Q24. Find Iirr}) f(x), where
i x_
f(x) = {Ix|
0, x=0

, Xx=#0

Q25. Find lim f(x), where

x =1

2x -1 .x <1
— x4 x>1

f(x)= {

Q26. Let a,, a,, ..., a, be fixed real numbers and define a function:
f(x)=(x-a,)(x-a,) ... (x-a,)

Whatis lim f(x)? For some a=# a,, a,, ..., a,, compute.lim f(x).

X —» ay

Q27. If the function f(x) satisfies lim % ==, evaluate lim f(x).
X = X< - X —

Q28. Evaluate: lim X2-4x+3
x5 X2+2x-3

Q29. x=[x] x<2
If f(x)= 4 x =2.Find lim f(x).
x—>2
3x-5 x>2

Q30. For what values of P does the limit Iim1f(x) exist where f is defined by the rule
X —r
2Px +3 if x <1
f(x)= )
1- Px if x>1
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Q31.

log.(1+2h)-2log.(1 +h)

Evaluate: lim
h—>0 hz

Q32.If f(x) = {X_Tlxl if x#0_ Show that lim f(x) does not exist.
x>

Q33.

Q34.

Q35.

Q36.

Q37.

Q38.

Q39.

Q40.

Q41.

Q42.

Q43.

Q44.

2 if x=0

a+bx x<1
Let f(x)= 4 x =1 and if Iim1 f(x) = f(1). Find the values of aand b.
X —»
b-ax x>1

Evaluate the right hand limit of the function

u’ xX=06
f(x)=4 x-6
0, X=6
Evaluate the left hand limit of the function
M, x=4
fix)=4 x-4
0, xX=4

at x=6.

Evaluate the left hand and right hand limits of the following functions'at x = 2.

2x+3, if x<2

= 2.
x+5 ifx-2 X

f(x) = {

Does lim f(x) exists.

x —>2

Let f(x) be a function defind by

6x —6, if x<3

f(x) = .
2x + k, if x>3

i i i =12x+3, x<0
Find !lﬂ f(x) and ,I(l_r)n1 f(x), where f(x)_{s(x+1), xS0

For what integers m and n does‘both Iirr!1 f(x) and Iirn1 f(x) exist? If

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

Find !ims f(x), where f(x) =| x| - 5.

Evaluate the limit: lim f“;s"
x>32x°-5x -3

Evaluate the limit: |jm (X +71°-1"
x—0 X

Evaluate the limit: lim M
X —2 xZ _ 4

Evaluate: lim (1+x)* -1
x -0 b ¢

Find k, if Jim f(x) exists.
x=3
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Q45. Evaluate: lim (x +2)°"° —(a +2)°*"
X —>a (x _ a)
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Evaluation of Algebraic Limits (Part A) NCERT-Solution

Date: 12/10/2021

S1. . ax’+bx+c _ a+b+c
lim = =1.
x>1cx? +bx+a C+b+a
S2. ” X*-5X+6 _ i (x~2) (x -3)
x52 (x2-4)  xo2 (x~7)(x+2)
= fim X231
x>2(x+2) 4
S3. 4 272 102
lim 2 81 _ jim X" =01 )2 ©)
x—3 x¢ -9 X—>3 (x _9)
- im (x2+9)g,x%9)_18
- x|—>3 M B ’
S4. (2x)° + P _ i (2%T) (4x® —2x.4+1)
ol @t 0 2%
= lim (4x>-2x+1)=3.
H_%
S5. (2x)2 -1 2= (2% +1)
lim —— =.1im
,H% (2x =1) x_)% M
= |lim (2x +1)=2.
H%
S6. Y
OO 1t 2
x' X
(0,0)
yl’
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By graph clearly the limiting value at x = 0 is zero hence.

lim f(x) =0
x—0
S7. LHL. lim f(x) = lim cosx=1
x—0 x—0
at x=0, f(x)=1
R.H.L. Iim f(x)=0+k=k
x—=>0"
R.H.L.= LHL.
= k= 1.
S8. f(x)=—x

f(=x+h)-f(-x) _ X+h-x
h h

=1 Ans.

o= o
[ fix)=1+ xwhenx>0]

lim f(x) # lim f(x)andso Iimu f(x) does not exist.

x =0 x—=0"

$9. Let, lim [1+x+x*+..+x°] =1+ (=1)+ (=12 + .+ (=1

= 1—1+1+._.+1=1.
$10. Let, lim [x(x + 0] =3 (3+1)=3(4) =12

S11. Let, Iim1[x3—x2+1]=13—12+1=1.

§12. Allthe functions under consideration are rational function. Hence, we first evaluate these functions
at the prescribed points. If this is of the form % we try to rewrite the function cancelling the
factors which are causing the limit to be ofthe form 0

2 2
We have, im X Ay 1 _ 2
x>1 x 4100 1+100 101

S13. Allthe functions under consideration are rational funetion. Hence, we first evaluate these functions
at the prescribed points. If this is of the form % we try to rewrite the function cancelling the

factors which areeausing the limit to be of the form 0

Evaluating.the function at 2, we get'it-of the form % .

2 _ —
Hence, lim — X 24 = lim (x+2)(x 22)
x=>2 x° —4x°+4x  x->2  x(x-2)

. (x+2) 2+2 4

x'+zx(x—2)_2(2-2)_0‘

which is not defined.
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S$14. Allthe functions under consideration are rational function. Hence, we first evaluate these functions

at the prescribed points. If this is of the form % we try to rewrite the function cancelling the

factors which are causing the limit to be of the form %

Evaluating the function at 2, it is of the form %

X —4x*+4x X(x —2)
Hence, lim > lim
x—>2 X -4 =2 (X +2)(x —2)

X(x —2)
x=>2 (X +2)

2(2-2) O
=99 =z=0 as x = 2.

S15. . 22 ) . 22
lim x—7 = lm x-Ilm —

X—T X =T X—=T

22
=tT-—".

7

$16. All the functions under consideration are rational function. Hence, we first evaluate these functions

at the prescribed points. If this is of the form 9 we try to rewrite the function cancelling the

factors which are causing the limit to be of the form %

First, we rewrite the function as a rational function.

x-2 1 [ xo2” 1
x?=x x®-3x*+2x (X (x=1) x(x*-3x+2)

o x-2 1
| x(x=1) x(x-1)(x-=2)

_ [ x2—4x+4-1
| X (x =) (x—+2)
X 24X+ 3

X(X-1N(x-2)

Evaluatingithe function at x = 1, we getit.ofthe form %

Hence, lim

X =1

X—2 1 . x*-4x+3
5 -— 5 = lim
X“—X X =3X"+2x x> x(x =1)(x - 2)
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We remark that we could cancel the term (x — 1) in the above evaluation because x # 1.

m (x-3)(x-1)
x> x(x =1)(x —2)

X-3 1-3

lim = =
x>1x(x-2) 1(1-2)

S17. Allthe functions under consideration are rational function. Hence, we first evaluate these functions

at the prescribed points. If this is of the form 9

factors which are causing the limit to be of the form 9

Evaluating the function at 2, we get it of the form % .

3 2
x —2x
Hence,

s18. - lim rr?

r—=1

S19.

1.1
Hence, lim X2
X+2

X —-2

S20. i
Let lim Z1T1
z>1z7 _1

s21. .. lim 2Xth

lim ———
x>2 x“—5x+6

- x%(x - 2)
2 (x - 2)(x - 3)

2 2
im_X___@° 4 __,
e (x-3) 2-3 -1

nlimr?=n(1)=

r—1

Evaluating the function at —2, we get it of the form % .

2+ X
lim —2X_
x=>-2 X +2
. 24£x
Im —M——
X— -2 2X%(X.+ 2)
. 1 1 1
fim —=——=——
x—>-22x 2( 2) 4
. —z -1
lim +
z 1 z— 1

'2113 -1 2118_1
lim =lim
z—>1_ Z-1 z—1 Z -1

x=0 ox +1

1 ™ 1,21 1,2 1,2
5(1)3 +g(1)“ =§(1):“+E(1)6
1.1 6
36 3
al0)+b
c()+1

, we try to rewrite the function cancelling the
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S22. x4+ x°+1
lim

xILrQ1(x1°+x5+1) 1O

X — -1 x —1

S23. . 4x+3
lim

x4 x 2

lim_(x -1) 11
=‘I+‘I+1_—_3

~2 2
xlim4(4x+3)

fim (x~2)
_44)+3 19

(4-2) 2

$24. We have x > 0,ie,x >0 and x > 0"

_ ) X . X
Now, x—>0 = Ilm —=|lm —=-1
Xx—0 |x| x>0 —X
. X X
x—=>0" = lim = = |lim ==1
X—»0+|X| x—=>0" X
i.e., lim f(x) does not exist.
x—=0
S$25. For x>1

Right hand limit = lim f(x)= lim (-x*-1)

x =1 x =17

=-(1)°-1=-2

For x <A1

Lefthand limit= lim_f(x) =.lim (" - 1)

As lim 7(x)

x =21

Iim1 f(x) does not exist.
X —

$26. Since f(x) is a polynomial of-degree n, the lim f(x).could be found by putting x = a; in f(x).

=(1)’-1=0

#..lim- f(x)
X1

X —dy

Thus, x"ﬂ! f(x) =(a;—aq) (a4 =a) ... (a;— a,)
=0
Similarly, Jima f(x) =(a—=ay))(@a-a,) ... (a—a,).

$27. Accordingto the question:

lim —
x=1 x°—1

fx)-2 _
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fh-2 _

or
0
or f(1)—-2=0
or f(1)=2
Now, Iim1f(x) =f(1)=2.
S28. X2 -3x-x+3 _ . x(x-3)-1(x-3)
lim — = lim
x=55 x°+3x—-x—-3 x=5x(x+3)-1(x+3)
- lim (x =1)(x =3)
x=5(x+3)(x—-1)
_ . (x-3)
x—5 (X + 3)
. 5-3 2 1
= lim =—=—.
x=55+3 8 4
$29. L.H.L. Iin12_ f(x) = |Iﬁ;_ x—[x]
= lim f(2-h)= lim (2 - h)<[@>h)]
= hl|11>10(2—h—1) :;!ITO(1_h)=1
R.H.L. lim f(x) = lim (3x -5)
Xx—>27 x—2"
= f!@o‘f(2+h)=:!£no(3(2+h)_5)
=~lim(6 +3h-5)= lim (1+ 3h)=1
h+0 h—=0
LHL.= RHL.

Hence limit exists at x =2 and equal to 1.

$30. L.H.L. Iim1 f(x) = Iim1_ 2Px+ 3
X = X —
= 2P +3
R.H.L lim £ (x) =«lim 1-Px*
=(1-P)
RH.L.= LH.L.
=. 2P+3=1-P = 3P=-2
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S31. _
Given, lim

P=-2/.

log, (1+ 2h) — 2log, (1+ h)

h—0

Alternative Method:

$32.L.H.L of f(x)atx=0

Putting (x =0 - h)

on— 2N°  @h)° gL
B ; 3 S e
- r!l—rpo h?
2 3
= | 0“” +2h‘2 =) im (14 2h— )= —1+0=—1

(1+ h?)
_ o log.(1+2h)—2log,(1+h) .. 1+2h
= lim =li
h—0 h? ho0 h?
h? h?
In In| 1+
, {1+2h} : [ 1+2hJ
ST Ny
[ ],(1+2h)
1+
2
In[ 1+ h
. [ 1+2h] , 1
= lim : : Aim
h—0 h? h-0(1+2h)
[_1+2h_]
_ 1
= — \I'x =
(1+0)

2
Iimm=1,hereash—>0, L -0
t—0 t 1+ 2h

= lim f(x)
x=0"

= lim. A0~ h) = lim L=M=100=N)
h—0 h—0 (0-h)

1
?
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R.H.L. of f(x) at x=0

x—0" h—0 h—0 0+h

0

L.H.L. # R.H.L. Hence limit does not exist.

S33. a+bx x<1
f(x)= 4 x =1
b—ax x>1

L.H.L. lim f(x) = lim [a+b(1-h)

x—1

Put (x=1-h)

= lim (@+b-bh)y=a+b
h—0

R.H.L. lim f(x) = lim [b-a(1+h)]

x—>1" h—>0
=(b-a)

lim f(x) = lim f(x)= f(1)
x—=>17 x—=1

= a+b=b-a =4

= a= 0, b= 4.

S$34. We have, R.H.L. of f(x)at x=6

lim f(x) = lim f(6+h)
X—>6" h—0

. |6+ h-6| . |h]
= |lim — = lim —
h->0 6+h—-6 hs0_h

= |im ﬁz lim 1=1.
h—-0h h-o0

S$35. We have, L.H.L. of f(x) at x=4
lim f(x)

X —>4

lim (4 — h
hIL.nU (4 )

. |4-h-4| . |-h|
Im —— = |lim ——
h—-0 4-h-4 h->0 —h

= lim —h= lim (-1)=-1.
h>0—-h h-oo
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$36. We have, LH.L.= lim f(x)

X—>2

Put x=(2-h)

lim (2x + 3)

X =2

lim [2(2 - h) + 3]

h—0

=4+3=7.

RHL = lim f(x)

x—=>2°

lim (x +5)

x —= 2"

lim (2+ h+95)
h—0
Put x=(2+h)

=2+5=7.
RHL=LHL at x=2.

= Iim2 f(x) exists and it is equal to 7.
X —»

$37. We have, F(x) = 6x-6, if x<3
2x +k, if x>3

3

L.H.L. at x

lim f(x)

xX—=3

- e
Put x= (3—h)

= lim6(3-h)-6
nILno ( )
=18-6=12.
and RHL at x=3

= lim<f
xm* (X)

="l f(3+ )

= lim2(3+h) -k=6—-k
h—0

if Iim3 f(x) exists, then
X =
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RHL.=LHL.
= 12=6-k
= k= -6.

S$38. Limitas x > 0.

2x+3, x<0

We have, f(x)=
3(x+1), x>0

For x>0
Right hand limit=lim f(x)= lim 3(x +1)
x—>0" x >0
=30+1)=3

For x<0

Left hand limit=lim f(x) = Iirrg_ (2x +3)

x =0
=2(0)+3=3
As Iin;n+ f(x) = Iing_ f(x)
Jimﬂ f(x) =3
Now, limit x —> 1
For x>1

Right hand limit=_lim f(x)

X =1

= lim 3¢+ 1).=3(1+1)=6

x =1

For x <1

Left hand limit=_tim f(x)

X1

= lim 2x+3) =2 (=1)+3=1

X =1
As Iirr11+ f(x) # Iim1_ f(x)

Iim1 f(x) does not.exist.

$39. For a limit.to.exist at a point, left hand limit must be equal to the right hand limit at that point.
Now, for Iimu f(x) to exist, we have

lim £(x) = lim f(0 - h)

x = 0"

=m-0+n=n
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lim f(x) = Aimu f(0+h)

x— 0t
=n-0+m=m

Hence, n=m.

Thus Iim0 f(x) exists forall m=n.
For Iim1 f(x) to exist, we have

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

x =1 h—0

=n(1-0+m=m+n

xlmj(x) = f!@a f(1+ h)
=n(1+0¥%+m=m+n
As m+n=m+n

Iim1 f(x) exists for all integral values of mand n.
S40. lim f(x) = lim (|x|-5)
x =57 x =57
Putting x=5-h
= |lim (|5-h|-95) [h—> 0 as x - §57]
h—0"

= lim (5-h-5)

h—0"

= lim (~=h)=0

h—0"

and lim f(x) = lim (|x}-5)

x—5"

Putting x=5+h

="lim (|5 +h|-5) [h > 0" as x » 57
h—0"

lim (5+h-25)

h-o0"
= lim (h)=0
h—-0"

0.

Hence, Iin'n5 f(x)

$41. Evaluatingthe function at 3, we getit of the form % .

4 242 242
Hence, lim :(;81 = lim (,f ) -(3)
x=32x° -5x -3 x=>32x*—6X+Xx-3
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0 (x*+3%)(x* - 3%)
x-32x(x—=3)+1(x-3)

| (x*+9)(x +3)(x —3)

x=>3 (X =3)(2x +1)

- (x* +9)(x +3)

B
—

>3 (2x +1)
_ (3°+9)(3+3) _18x6 _108
2(3)+1 7 7
5
$42- Given, lim ) -1
Xx—0 X

Evaluating the function at 0, we get it of the form 0/0.
Then, we try to rewrite the function cancelling the factors which are causing the limit to be.of the

0
form —.
0
5(5-1
. 145x+ 20"V oy
XX+ =-1 2!
Hence, lim ——— = lim
¥x—=0 X Xx—=0 X

= im (1+5x +10x* + ...+ x°) -1

x—=0 X

 BX+10x%+... +.x°
lim

x—0 X
- X(5+10%+ .. % x*)
- x—0 X
= Iim0(5+10x+...+x‘*)= lim 5=46_

$43. Evaluating the function at 2, we getit ofthe form %.

. 3x*—-x-10 ... 3x*-6x+5x-10
Hence, lim ———=—=" lim
x>2  x° 4 x=>2 (X +2)(x —2)

m 3x(x —2)+6(x - 2)
x—>2 (X 21X — 2)

im (x—2)(3x +5)
x> 20 (x4 2)(x - 2)

- Iim 3x+5 _3(2)+5 _11
x>2 x+2 242 4

S44

4 2 2
" Given lim (T+x)" -1 _ lim ((1+x) =D+ x)+1)
x—0 X x—>0 X
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im A+x2+2x =D+ x> +2x +1)

x—0 X

2 2
im (x“+2x)(2+ x° + 2x)
x—0 X

lim (x + 2)(x? +2x +2)
X —

2x2=4

5/3 5/3
$45. Given. lim (x+2) (a+2)
X —>a (x—a)
Let x+2=X and a+2=A
X—a = x+2—-sa+2
= X— A

= lim (x + 2)5;3 —(a+ 2)5;3
X—>a (x —a)

5/3  A5/3
X -A”" 5 A(5/3 =)

= m- -—m-o-—m—m
X-4 (X-A) 3

- E_A213:E_(a+2)2f3.
3 3
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- SMART ACHIEVERS

Nurturing Success...

MATHEMATICS - XI | Evaluation of Algebraic Limits (Part B) NCERT

Q1.

Q2.

Q3.

Q4.

Q5.

Q6.

Evaluate: lim 7\“1+xx—1 .

If lim L—:" =500, then find the value of k.
X — x —_

Find the value of lim /X~ =27
¥ =9 X _9

Find the value of lim X~ —a ',

X —a X —a

If a> 0 and lim #z 1, then find the value of a.
x—>a x* —ag

if lim X*=1— jim X’ =m’ then find the value of m?.

x=>1 x —1 x—){m}xs_m

Date: 12/10/2021
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ACH; Y._Elg_g Nurturing Success...
Nurturing Success...
MATHEMATICS - XI | Evaluation of Algebraic Limits (Part B) NCERT-Solution

Date: 12/10/2021

S1. Put y=1+x,sothaty >1asx—0.

Then, jim ATEX =1y =1

x—=0 X y =1 y_‘1
o1
2 _ 12
= lim ¥
y =1 y—1
1, ,2-1_1
= —(1)2 =—.
2() 2
S2. k Kk
Given, lim X =S =500
X=1 X —
k_ n
- k.5 = 500 [ lim X =8 _ pgan
X—=a X—a
= k.5"=4x5°
= k=4
53_ 3!2_
Given, lim X -27 9fr:»rm
x=>9| x-9 0
3 1/2
—X n n
- 2 3 9 : n-1
=-|lim =—x9 =— - lim =na
¥+9 1 2X\/7 2 |: x—»a{ x_aJ :|
S4. -1 _ 41
Given, Iim% P form}
X—a x_
1
il 1
= im | 42X =— —.
x—ald a’
x'—a -1 . x"=a" |
Another Method:  lim ——— = —1a?=—-.  lim =na""’
X —=a X—a X —a X_a |
S5. X _ @ ]
Given, Iima Xa Pform
x—a x* —g 0 |
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- a‘loga—ax®'

x—>a  x"(1+log x)

L y=x" = logy=xlogx=——=x,—+logx.1
y dx X
= ﬂ:y(1+logx):x"(1+log X)
dx
_ a'loga—aa’' a’(loga-1) loga—1

a’(1+loga) a’(loga+1) loga+1

Now, Im ——=-1
Xx—>a X' —a
. loga =1 _ 4 joga-1=—1a—1=2loga=0
loga+1
= loga=0 = a=e’=1.
4 2
S6. LH.S. = fim X1 = jjm X =D+ DO+
x>1 x =1 x=>1 (X_1)
= |im1(x+1)(x2+1)
=1+ ) x(12+1)=2x2=4.
3 3 Toa”
RH.S.= lim Xs m5=§-m‘2 lim Xn an =2an
X—=m " —m 5 - ol f
1. 20 3
- S lea s ZNT o megp
5 & 3 20
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" SMART ACHIEVERS

Nurturing Success...

Nurturing Success...

MATHEMATICS - XI | Rationalization Based Question NCERT

Date: 12/10/2021
Q1. Evaluate: lim \/x(./x +a - Vx).
Q2. IfG(x)=—,/25- x?, then find limE(X) = G(1)

x—1 X — 1
Q3. Evaluate lim Vx+h —Jx .

h->0 h

Q4. Evaluate: lim x[,/x* + 6 — x].
Q5. Evaluate: [|im {\(a rX-ya- x} .

x—=0 )¢

Q6. Evaluate: |im (V@ +2x —V3x)
> [3a+ x —2Jx)

Q7. Evaluate: ||m(\“+ 2+ X —\/_)

x—2 (X - 2)
Q8. Evaluate: limVX =2+ VX -v2
x—2 m
Q9. Evaluate: lim VX —2a+x-+2a
x—2a W

Q10. Evaluate: lim Vx2 + x =3 —vJx +1 _

xX—>2 X—2

Q11. Evaluate: |jm VX*+1-1 |
>0 Ix*+9-3

Q12. Evaluate: lim (yx? + 2x =1 - x),

X—m

Q13. Evaluate: |lim (\x + v/x \/—-)

Xy

Q14. Evaluate: lim{x — /x%+.x}.

X

Q15. Evaluate: lim Yx+1-1
:Hﬂ log (x + 1)

Q16. Evaluate: im » 8Xxva? —(a- x)°

=0 (f8ax — ax” + JBax)’.

Q17. The value of lim (/x*+ax + b — x).

X =

Q18. Evaluate: Ilme_(Jx +1- \/Xs—‘l)-

X oo

Q19. Evaluate: ,!'_To (J16x% + x — 4x).
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Q20.

Q21.

Q22.

Q23.

Q24.

Q25.

Q26.

Q27.

Evaluate:

Evaluate

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

lim xz(\/x" +1-— \/x“ -1).

. 3x+7—-4
lim ;

x23 IX+1-2

lim 3=V5+Xx
x—4 1_ fs_x

W1+ x"=1-x")
x"

lim

x—0

. xX-3

lim .
**3{\/x—2—\/4—x}
limYX+4~2

x—0 sinbx

lim2-Vx-3

x>T X% _ 49

X—x

Iim[\/x+w—v’?}
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AC Y._Elg_g Nurturing Success...
Nurturing Success...
MATHEMATICS - XI | Rationalization Based Question NCERT-Solution
Date: 12/10/2021
s1. lim Jx(Jx+a—-+x)

X — o

S2.

Given, IimM formg
x>1 x =1 0
Now, G'(x)
Given limit =
S3. - F—X Th - \/;
h—=0 h
S4.

lim x[y/x%=6"= x]

lim Jx(x+a —\/;)(\/X +a++/x)

X—o= (,/x+a+x/;)

: «./;(x+a—x) . a a a
xl|m =xl|m :ﬂ 1=§.
\/;(J1+£+1J {1+E+1] e

EQG“)zemy

_%(25 _ Xz)-uz(_ 2x) =

X
J25 - x>

ry= o1
SN TN 3

( x+h—\/;) ( x+h+\/;)
lim .
h—0 h ( x+h+\/;)
lim x+h—x_ 1
=0 Sh (Jrhx)
S
2x
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X—>0

{Ja+x_\/a x}

{J&Hx Ja-x Ja+x+ia—x
= Jm Ja+x +.Ja-x

—I (a+x)—(a—x)’\/a+x+\/a—x
= x>0 X Ja+x+Ja-x

_lim (a+ x)—(a—x) im 2X

x—)O(\/a+x+_\/a X)"—’O(\/6+X+\/a X)

2
= lim
x>0 (Ja+ x ++Ja—x)

2 21

B \/a+0+\/a—0_2\/§:\/§‘

S6. Given limit

~ (,/a+2x—@)(«/Sa+x+2f)(\fa+2x+\/§)
x—>a(\/a+2x ++/3x)({[3a + x =2¢x)(3a + x + 2Jx)

(@ — x)(y/3a + x_+ 24/X)
x—)a(\/a+2x+\/§)3(a X)

_ (\3@+ x + 2V/x) 4«/_ 2
x—>a(\/a+2x+\/§)3(a X) 3 ‘2R 33

S7. Given limit

(./1+ 2+X—\/_)(m+\/§)
T ez )

Iy (V24 x =2) ><(,/2+x+2)
S2(x 2142+ x +3) (2+x+2)

. 1
lim
T2+ X +3 ) (Y24 x+2)
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1 1
2J3x4 83

)

1 ioB i
\/X+2 \/x2—4.\/;+\/§

S8. lim \/_2+\/_—\/_

x—2 \/X -4

— lim

X—»2

= lim X-2 1+O=l.
X—=>2 \/X+2 \/X —4. \/_ \/_ 2 2
S9, 1/x 2a +/x —+/2a

x—>26 (\/X —43

——  (Vx —v2a)(/x ++2a)
. JX—2a+ (\/;+\/£)

x—>2a (\Jx* +2a./x - 2a
(x— 2a)
[x—2g + X~ 48)=
= I|m g ar (\/; +J§a-)
2l ((x* —2a\x+2a

1 N JX—2a
Jx+2a  (Yx+2a)(x ++/2a)

— lim

X —>2a

0 1

1 —_
~Vaa  Jaa@Nza) 24a.

s10. lim X2+ x=3 = x+1

(\{x + X =3 X+ ) (X2 + X =3+ x+1)
= (X = 2)(YX? +x =3 +[x +1)

_ (x* - 4)
= dim
27 (X = 2)(Y X2+ X =3+ /x +1)

im (X +2) 4 4 2J§
=2 (X2 x— 3+\/ﬁ B+ 23
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S11. . x?+1-1

0 Ix?+9 -3
. (VX2 +1=DX* + 1T+ DX +9+3)

Ho(\/X:z +g_3)(\/x2 +1+1)(Jx2+9+3)

iim {(x>+)-Tx*+9+3 fim x*\x* +9+3

O UX2 +9) = O(YXE+1+1) O XP(XE+141)

. (Jx*+9 +3) 3+3 6
— lim = =—=23.
O (It 112

$12. |im (yx? +2x—=1-x)

X —»on

i (VX2 +2x=1=x) (x® +2x +1+ X)

= (\/x2+2x—1+x)
1
X

1 +‘I]
X

N
I
|
~

(P +2x=1)=-x*
T =
\/x +2x—=1+Xx [ e

1}
N

>
N

2-0 2

f+0-0+1 2

s13. >
im (Jx +x =x) = lim WXy — V) (x VX +4x)

o T (YX + X +X)
(x +x) = x Ix

="lim =.lim

LT
X

JX 1 1

= lim =

e (SN J0+1 2
T+,[— +1

X

s lim (x —yx*+x) = lim (x_\/m)_(thxzﬂ()

X X (x+\/x2+x)

= lim (x— X% 1 x), KX+ X)

X (x+\/x2+x)
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X2 —(x*+x) - X

= lim = lim
(x+\/x +X) x{‘l-&JHlJ
X
- X -1

= lm — = —
£1+4/1+1J
X

s15. i Jx+1-1 (\/ﬁ—n (Jx+1+1)

x=0 log(x +1) o log(x +1) " (Jx+1+1)

lim (x+1) -1 1
x>0 log(x +1) (Jx+1+ 1)

X 1
Iim ——— . Im ————
x>0log (x +1) x>0 (Jx+1+1)

1 ) 1 1 1 1
= lim =— . _
1

lim 1090+ X) o fx+1+1) 1 (1) 2

x =0 X

S16. 8xa —(a-x? 8x 28y — 2

lim

lim
o ([Bax —4x® +fBax)® ¥ 8x*?({2a - x #x2a)’

B X2 J2a— x
M x¥2(f2a- x +~2a)°

= lim /28 - X V2a
>0/(,[2a - x ++2a)’ " (J2a +\2ay

V2a 1
(2 ++2a)® 16a-

“ (\/x +ax+b.= x)(Jx +ax +b + x)
o (yx* #ax + b +x)

(x +ax +b)— x?

ax+b
lim
H"°(,\/x +ax +b + x) x*“{\1x2+ax+b+x}

I
-5
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x| o

a(a+ ] a+0 _a
lim = —

x> {f b } fi0+1 2
1+ —+—
X

S18. lim xy/X(yx* +1=x* —1)

C i XX 1= ) (14X 1)
x> (WX° +1+x° =1)

= Iim x¥2{(x® +1) = (x* = 1)}

e 1 1
x3’2{1’1+xa+4/1—x3}

= lim 2 2
Koe 1 1| J1-0+{t-0
X 1+—3 1——3
X X
1+1 2

$19. lim (V16X + x — 4X)

X — o

(\/16x +X=4x) (N16X* + X + 4x)

“‘” (16x% + x + 4x)

(\f16x +X —4x) (V16x* +'x +4x)
H“" (V16x% + x +4x)

(16x + Xx) = 16x?

""“‘” (V16X% + x +4x)

. X . 1
= |im = lim
U16+1+4} (1’16+—+4}
X _ X

1 1

1
J1650+4 4+4 8

$20. fim x2(yx* +1—x* =1)

X —w

_ x(Jx F1=x* =) (X 1+ x* = 1)
o (WXt +1+4x 1)
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X {x +1) = (x* =1}

\/X +1+Jx -1)

: 2x?
= lim
X = 1 .-I
xz[\/1+x—4+\]1—F}
o 2% 2 2
= |lim =—=
2

Hm"zu“'*; \/1_)(_] J1+0+1-0

S21. i 3x+7— 4= (\/3x+7 A)(J3X+7 +4)({Yx +1+2)
x>3 X +1-2 s (WX +1=2)(\x +1+2)(\3x + 7 +4)

X—=>3

im {(3x+7)—16 (X +1+2) }

(x-N0)-4 (J3x+7 +4)

- {(3;(-9) (Jx+1+2) }

(x=3) '(J3x+7 +4)
_ (Wx+1+2) _3 (242) 3Xi_§
3, PBx+7+4] S (4+4) T8 2

S22, . 3-5+x _ lim (B=5+x)(B+/5+x)(1++/5-x)
x4 q- Box o4 (1= 5x) 1+ /5-x)(B+/5+x)

= im 256 x) (45 -x) g 4-x) (1+5-%)
1B -x) 345+ x) H4(X 4) 3+/5+x)

(1+45-x) (1+1 )=_2 1

X—>4(3+\/5+x) 3+3

i X7 = 1=x"
—0 xn

(J1+x —\/1— («/‘I+x”+\/1+x”)
H” X (\/1+x +\/1—x )

= jim XD =0=-X1) i, 2x

O XTI XT) 7O X (X 1= x")
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2
= lim =—=1.
2

X0 \/1+x +\/1 x") \j1+ +\}1-

s24. X—3
i
=3 [x—2—J4—x

- im (X = 3)({x =2 + /4 —x)
=2 A x)Wx -2 +a-x)

i (X =3)(Jx =2 +4—x)
x>3  (x—=2)—(4—-X)

o (X =3) (/X =2 +/4—x)
x>3 (X =2)—(4-X)

II\/)(2+\/4x J-J_Z

=1.

¥ —=3 2 2
S25. Sra-2 L (x+d-2)(x+4+2)
sin 5x b (Sin5x) (\Jx +4 +2)
= im _ (x+4) -4}
x>0 (sin 5x)(Jx + 4 +2)

= lim

x—>0 s|n5x x—po( JX+4+2)

= VimaX2! Jjjm —— 1
h |x=>08iNBx ’ x—>0( ’JX+4+2)

1 1 1.1
—ix 1x = =_—.
(JO+4+2) 5x4.20

S26. im 2 [%=3 _ im 2~ VX =3) R x -
I XE— 49 xnT (x2 —49)(2+F>

- lim - (x=-3)}
X TYX + )2+ /x =3)

_ -(x-=7) il
= lim = |lim
ST(X = TYX+T)2+[x=3) =7 (x +7)(2+x - 3)

—(x=7) =

(7-7)(2+7-3) 56
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X=»m

7 i [\ b K

‘IM“JI:T;IJ;_J;HJ;:J?T73+J;)
o (\/X+m+&)

= |lim X+\/x+— M_\/;)(JX-I-— \M+\/;)

o (JX+JX+J;+J;)

X+ x+ Jx = x J;:_;
X —)oo x—)m
X + X + x+J; x+Jx+J;+J;

172

X+ X

= lim
X=pur 172
\/X+\/X+X + X

i Ixxex)
“”\/_(\/1+m+1)

1
= |lim 1+W 9 \f1+0 l

X—»a =3 =2
e e s

X x3!2
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Nurturing Success...

MATHEMATICS - XI | Evaluation of Trigonometric Limits NCERT

- SMART ACHIEVERS

VERS

Nurturing Success...

Q1.

Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

Qs.

Qo.

Q10.

Q11.

Q12.

Q13.

Q14.

Q15.

Q16.

Q17.

Q18s.

Q19.

Q20.

Evaluate the limit: lim

Evaluate

Evaluate

Evaluate

Prove that lim

Find the

Find the

Evaluate the limit: lim

sin ax
x—=0 bx ’

 lim tan '(2x)
x»0 gin3x

- lim {1 —.CIZJSZX}
x-»0| sin“2x

. lim Sin x?
x—0 ) ¢
tanx =1-

x->0 ) ¢

value of lim ta!n 8x .
x—0 sin 2x

value of lim S!Nax
x -0 sin bx

COsS X

x>0 m—-—X

Evaluate the limit: lim x sec x.

Evaluate

Evaluate:

Evaluate

Evaluate

Evaluate:

Evaluate

Evaluate:

Evaluate:

Evaluate

Evaluate:

Evaluate:

x—>0

. lim x?-sin®
x—0 X
lim sin(m — x)
X—=m TC(TI!—X)
: lim sin x°

x—0 X
- lim 1-cos 0
0->0 292

lim sin x —sina

00 Jx—a

. lim sin(x +2).+ sin(x —-2)
x>0 X )

lim SIN(3 — x) —sin (3 +x)
x—=+0 X )

lim x-sinl.
b'¢

x>0

* lim sin25x

x>0 x2

. ax+ xcos x
lim - .
x>0 bsinx

. 1+cos2x
lim ———.

xag(n—2xf

Date: 12/10/2021
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Q21.

Q22.

Q23.

Q24.

Q25.

Q26.

Q27.

Q28.

Q29.

Q30.

Q31.

Q32.

Q33.

Q34.

Q35.

Q36.

Q37.

Find the value of lim tan x — sin x .

x->0  gjnd x

Evaluate: [im 1198 X
x> tan? x

Evaluate: [im cos Ax — cos Bx .
x—=0 X2

Evaluate: [jm 1-€9S mMX
x->01-cos nx

Find the value of |im SOt 2X —cosec 2x
x—>0 X

Evaluate the following limits: lim sinax + bx
x>0 ax + sin bx

Evaluate the following limits: lim €082x -1
x>0 cos x — 1
lim sh14x_

Evaluate: .
x-0 gjn2x

Evaluate: lim SiP2X +3x
x->04x -sin5x

Evaluate: [jm 20X —Ssin x
x—-0 x(1-cos 2x)

Find the value of lim SIN&X +bX 4 p (3+ b) 20.

x>0 gx + sin bx

Evaluate the following limits: lim tan 2x
n n
X — 2 X ——

2

Evaluate: |im (X +¥)-sec(x +y) —xsec x
y—0 y

Evaluate: |im Hﬂ.
)
4

Find the value of lim SN X ~COS X
T

m
X — — X ——

4 4

Evaluate: lim (sec x =tanx).
T

x —
2

Evaluate: lim VI+x —J1-x )
x 20 sin" ' x
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ACH;:

MATHEMATICS - XI |

Evaluation of Trigonometric Limits NCERT-Solution

Nurturing Success...

S1.

We have,
§2. Given
S3.

Given
S4.
S5,
S6.
S7.

lim

x—0

tan

x—>0 sj

lim

x—=0

|

sin ax
bx

n3x

1—cos 2x

lim

x—0

lim

tan 8x
sin 2x

sin x

x—=0 X

tan'@x) _

sin? 2x } -

. sinax ax
lim -—
x>0 gx bx
al.. sinax a
— | lim =—,
blx>0 ax b

-1
(tan 2x}_2x
2x

lim -
x>0 Sin 3x><3x
3x
2x 1 2
—X==—,
3x 1 3
2 sin® x

lim — >
x>0 4.s8in“ x - cOS“ X

1. 1 1
— lim =—.
2x->0cos’x 2

_sinx?
lim " lim x
x>0 x x —>0
1x0=0.
. Ssin x 1
lim .
x>0 X  COS X
. sinx . 1
lim - lim
x>0 X  x—-0CO08X
1x1=1.
. tan8x . 2x 1
lim x8x - lim — -—
X0 8x x—>0sin2x 2x
1
8xx1x—=4,
2x
1

Date: 12/10/2021
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S8. we have,

$9. We have,

S10.

since,

+as x— 0,

Hence,

sin ax
x ax

. sinax
lim — = ax
x->0sinbx 7,0 sin bx
x bx
bx
. 1xax a
lim ==_-8a
x=01xbx b p
. COS X 1 1
lim = =—.
x>0 — X n-0 =
. X
lim x sec x = lim =—=0
X —0 x>0 Ccos X 1
- sin —
lim x%.sin= = lim X
x—=0 X x—0 1
X2
. T
-1<s8in— <1
X
! —> O
2
. LT
lim x’sin— =0
x—0 X

(It should be noted that limit does not gives exact value, it yields only limiting value.)

S11.

S12,

So

lim

x>n m(m—X)

1 radian

o]

X

sin x°
x—0 X

sin(m — x) _

1 . Sin{r — X)

lim

MX—>T

(n=x)

T sinh
— [im
M x—=mn

1><1=—.
s T

180°

X radian
180

. T
sinx - .
litn 180

x —>0 ) i
180°

180°°

X
180°

X—>Tn

= m-Xx—-oh

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in

Page 2



$13. Given

. 1-cosO _ 2sin-
im ——— = |lim
050 202 050 202
0 2
_ smE 1
-ZJIE‘IO 9 X —
2
So =2x1=1.
8 4
s14. Given, lim Sinx-sina
Xx—>a \/___\/g
X+a . |x—-a X+a
2 cos 5 -sin > a sin
= i T i cos T2 i R i (V7 )
2
=(cosa)x1x2\/5=2\/5-cosa.
S15. - —(x —
. . , 2Sin((x+2)-2|-(x 2)]*003((}“'2)2()( 2)]
Given, lim SN(X+2)+sin(x-2) _
x>0 X x—0 X
= lim ZSmx-0052=20032 lim Sih X
x—=0 X x—=0 X
=2 cos 2.
Sle6. _ —v)
| _ 2008[(3 x)+(3+X)J-sin((3 X) (3+x)]
i sin(3—x)—sin(3+ Xx) . 2 2
im = [im
x—0 X x—0 X
= —-2cos3 lim SIEH
x—=0s X
=—-2cos 3.
S17. 1
-1<sin=<1 for xe R
X
1
1 sin —
lim x-sin— = lim X
x—0 X x—0 !
X
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As x—0, ——oo.
X
. 1
Hence, lim x sin— = 0.
x—0 X
S18. _ sin®5x . sin5x sin5x
lim > = lim .
x—»0 x x=>0 X X

= Im 5.[S|n5x}<5[sm5xJ
Xx—>0 5x 5x

5 -[Iim sin SX} 5 -[Iim sin 5X]
x—>0 By x—=0 5x

=5x1x5x1=25.

S19. im @XtXcosX _ . ax X Cos X
x>0 bsinx x>0\ bsinx bsinx
a .. 1 . xcosx
= —. lim — +— lim —
b x=0sinx bx—-0 sinx
=8940 im X
b b x—-0 tan x
a 1 a+1
= ——_—=
b b b
S20. I
11 cos 2x | 1+cos2[§+hJ
Im ————— = |im

S 7'[—2)(2 h—0 2
. 2( ) {n—Z(nghﬂ

Put x=£+h as x—>£,h—+0
2 2

. 1+cos(n+2h) . 1+cos2h
lim — = |lim ———
h>0 (m—m—2h) h>0  4h?

. 1-@=2sin*h) _ . 2sin’h
= |lim = lim

h—0 4h? h—0 4h?

[smh]z

= — lim

2 h-0 h
=1 i sin h | sin h

2\h>0 h h->0 h
=1><1><'|=l

2
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S21.
. tanx —-sin x
x>0 sin” x
sin? x =
S22,
i 1+cosx _
x> tan? x
tan® x =
S23.
. . cos Ax —co0s Bx
Given, lim
x—0 X2

. Sinx —sin x cos x
lim —
x=>0 8N X-CoS X

. 1-cos x
x—08sIn“ X - cOS X

i 1-c0os X
x—0 (1-cos x)(cos x +1)(cos x)

1 — cos® x
i 1 1 1
lim =1x—=—.
x—0 cos x (1+ cos x) 2 2
X
2 cos? =
lim — X COS° X
x—n  sin?x
sin? x
cos? x
X
2cos’ =
lim x 2 Xx(coszx)
T 48in? Zacos?
2 2
. cos8®*x  cos’n 1
lim = =—,
X =T 2

262X 2sin?T
2 2

Ax +Bx r.w.Bx — Ax
-sin

2 sin
- | 2
_xIILnO xz
m{(*37) ] snl(*3%) ~)
sin > -X | sin T - X
= |lim'2- .
x—0 X X
sin(AJrBJx
. 2 [A+B]
= 2. lim .
2

X0 [A+B]
X
2
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S24,
. . 1—-cosmx
Given, im —— =
x>0 1-cos nx
S25.
. . cot 2x — cosec 2x
Given, lim =
x =0 X
S$26. . sinax + bx
Let lim —— =

x =0 gx + sin bx

sin B~A)

x>0 (B-A) 2
2
) 2
PPN B+A]x1x(B—A)=B - A |
2 2 2
.2 MX . mx
2 sin® —~ sin ——
= lim n2 — i n2
X0 ogin2 X X200 G X
2 2
sin ™% oY
= |lim 2 ><ﬂ « lim 2 l
o0l mx T2 | ol o onx X
2 2 2
2 1 mz
=mx—=—0ro
n’> n?
cos2x_ 1
lim sin2x sin2x
x—0 X
. cos2x -1
lim ————

x>0 X-sin2x

. —2sin%x
lim ——r—
x>0 X'sin2x

. —2sin’ x
fim :
¥—0 X-2Sin X COoS X

x—0 X COS X x—0

. —sinx , sin x 1
lim ———=.lim = .
X COoS X

=1 x1=-1.

: sin ax bx
lim : + .
x=+0|ax +sin bx ax + sin bx

sin ax
. . 1
lim|—2%___ 4 lim| —
x>0 1+5|nbx X0 a_x+5|nbx
ax bx bx
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S27. We have,

S28. Given,

S§29. Given,

. cos2x -1
lim —————
x>0 cos x — 1

= |im

. sindx
lim —
x=>0 gin 2X

. sin2x +3x
lim ——
x—04x —sin5x

sin ax
ax + li

lim

- m
x—>0 sinbx bx x>0

1+

x P
ax bx

sin ax

a sin bx

+
b bx

_|_
la+b| |a+b

_(2cos*x -1) -1
lim
x>0 cos x —1

2(cos® x - 1)
x>0 cosx—1

[ a | [ b :a+b=
a+b

1.

x>0 (cos x = 1)
2 Iim0 (cos x + 1)
2(1+1)=4,

lim [sm4x. 2x 2}

x>0 d4x sin 2x

22 lim sin 4x +[

x—0 4x

2X

+ulim

x>0 4x X0

2><S|n2x_|_3_x

lim 2x__X
x>0 4Xx sin5x
x5

X 5x

2[sm 2XJ+3
. 2x
= |lim

X -0 4_[sm5x]x5
5x

lim 2 {(cos x +1)(cos x.— 1)

sin 2x}

[ sin4x | [ sin 2x
2x

|
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2x1+3_2+3_

4-5x1 4-5
tan x —sin x

1 _1J
. _ cos X
lim —=—>""" = |im
x>0 x(1-cos2x) x-0 x-2sin®x

$30. Given .
Given, smx(

sinx . 1-cos x 1
= | - lim 5
x—=0 X X—)Dz(z X X COosS X
sin — - cos —
2 2

2 sin? X
2

Lo X
2x45|n2§-cos

« lim
2 X x—0cCo0s X
2

= lim
x—=0

. 1 1
X
" 4c0s? =
2
S31. sin ax N bx
. . sinax + bx . v
Given, lim —= " = |jm XX
x =0 ax + sin bx X0 ax+smbx
X X

. ax
a-sin—+5h
= lim ax

x—0 [ bx]
a+|sin—|-b
bx

axt+b a+b
a+bx1 a+b

$32. Put y= x—g.So, as x — %,y—»O,wehave

T
tan 2 —
tan 2x . (y " 2)
lim

lim
X_)E X_E y—0 y

*7 T

= Iim tan (2y + m)

vy >0 y

im tan 2y — lim sin 2y
y—0 y Y-’“_VCOSZ_}/
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sin2y 2y

= lim
y>0 2y  ycos2y
= | lim sin2y | im 2
yoo 2y y >0 Ccos 2y
=1.2=2.
$33. Given, [y, (X *¥)-S€c (x+y)—xsecx
y—0 y
X+y X
= lim cos(x +y) cosx
y—0 y

S$34. Given, lim

Put

1-tan x

(x+y)-cosx —xcos(x+y)
Yy COS X - COS (X + ¥)

lim
y =0

X [cos x —cos (x + y¥)] + y cos x

lim

y—0 Yy COS X -COS (X + )
X -2sin 2x +y .sinY

lim 2 2

y—0 ¥ COSX-COS(X+Y)

2X+Y GinY

lim g
y—>0 Yy CcosSX:coS(X +¥)

X +2sin . sin

. Y cos x
+./lim
y—0 y COS X - COS (X +/)

. 2X+ Y
X - sin sin Y
2 lim —/2+ lim

" (Xty) y30 y 0,60s (x + )
y—=0C0S X -COS.(X + y— y—=0,C0S (X +
y /2 y

X.8inx
=sec x(xtanx +1).
COS X+COS X COS X
i .
Z+h’ where h—=0
1—tan E+h] 1—tan E+h]
. 4 . 4
lirm = lim
h=0 T T h—0 h
_+h__
5-3)

1-[tanE+tanh

. 4

lim

h—-0

1—tanE¢tanh
4

h
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_['1+tanh

. 1-tanh . 1-tanh-1-tanh
lim - = lim

h—>0 h h—0 h(1-tan h)

—-2tanh . tanh 1
2 lim

im —————= :

h—0 h(1-tanh) h-0 h 1-tanh
1 —
(1-0)

—2x1x

§35. Let,  ginx —cos x
lim —m8 ——

n i
X = — -
—)4 X

4
Put x=——nh
4

As x—>% = h—>0

sin(% + h] —cos(% +h]

=hlim
-0 (E_}_h_gj
4 4
. (T . 3n T . [T T
n _ o Z4hl= —Bh: =
_ S|n(4+h] sm[h+4j cos[4+] S|n[4+ +2J
= |im - -
h—>0 h o A 35
—sm[ +—4]
2003[h+£).3in[_EJ
= lim 4 4 {Sinc_siw:uosmo_mC—D}
h—0 h 2
(=sin h) {sin [— EH
: 4
= lim
h—0 h
= fim 2sin£[—smh]
h—0 4 h
.
= 2sin— x1=+/24
4
$36. Given, lim (sec x —tanx) = lim 1-sinx
X x_© COSX
2 2
as x -~
Put X = [g_h] 2

h—0
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I
?

1-cosh 25in” 7
= i - = lim
h-0 sinh h402sin— CcOoS —
= |lim talnE =0.
h—0 2
$37. Given, J1+x J1 X
X—>0 sin"'x
Put Xx=sin® = sin'x=6
= lim J1+sin® —1-sin 0
0->0 3]
I’ (J1+sine—J1—sinB) (J1+sin9+J1—sin9)
= lim X
00 0 (\/1+sin9+\/1—sin9)

o 1+sin0—-1+sin0

B 9*06(\/1+sin9+\/‘1—sin8)
. 2:s8in0

= lim
02001+ sin0H [1-sin0)

23in8

2
= |im Z_
)

0_’OJ1+SlnE)-1-J1—S|n \J1+ +4/1-
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Nurturing Success...

MATHEMATICS - Xl

- SMART ACHIEVERS

VERS

Nurturing Success...

Evaluation of Exponential and Logarithimic limits ncert

Q1.

Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

Qs.

Q9.

Q10.

Q11.

Q12.

Q13.

Q14.

Q15.

Q16.

Q17.

Q1is.

Q19.

Q20.

Q21.

x Il
Evaluate: |im €_—Sinx -1

x—0 X
. 4
Evaluate: |im € -1,
x—=0 X
X -
Evaluate: |im € _—2sinx -1,
x—=0 X
x -
Evaluate: |im & _+Sinx—-1
x =0 X
] 4 .
Evaluate: |im € —sinx -1,
x—0 X
X
Evaluate: lim & —tanx -1
x—=>0 X
) 4
Evaluate: |lim loge .
x-1 x -1
Evaluate: |im e’n* -1,
x>0 X
in2
Evaluate: lim € -1,
x—0 X
—X
Evaluate: lim ¢_—¢€ .
x—0 X
Evaluate: |im & —X -1
x—>0 X
) 2+ x
Evaluate: lim €'~ - X
x>0 X
3
Evaluate: |im € — X
x->3 x-3
. K K
Evaluate: |lim € "* —-e keR-.
x—0 )¢
- 1/
Evaluate: lim _€ ~ .
x—0 e1fx+1
. A
Evaluate: lim & __— €,
x —1 x_1
- X X
Evaluate: lim )
x> X + 1
For what value of k. If Iin'!](1 + 3x)
X
Evaluate: lim €*"™ -1, (nelI).
x>0
Evaluate: lim € -1 nelI.
x—=>0 nx
. X + @ \x+b
Evaluate: lim .
x>l X+ b

1IX"_ k, is continuous at x = 0.

Date: 12/10/2021
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Q22.

Q23.

Q24.

Q25.

Q26.

Q27.

Q28.

Q29.

Q30.

Q31.

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

lim x

x =1

lim 9* 7"
x-0 gin~'x
lim & -1,
x>0 h%X -1
lim €2 -1
x>0 Sx

Ilm ex + e x —2
x—->0 x2
lim 7% -5
x>0 sinXx
lim 3" -2
x-0 tan x
|im eax eDX
x—0 X

lim X(€*-1)
x>01—-cos x
. X _ ok
lim u, (keR).
x>k X—k

Q32.Evaluate: lim a* -b*

x—0 X

Q33. Evaluate: lim X zx.
X —r > +x

Q34.

Q35.

Q36.

Q37.

Q3s.

Q39.

Q40.

Q41.

Q42.

Q43.

Q44.

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

Evaluate:

lim (1+L)’”3_
X3 e x -1

lim (X—3)”_
x>o| X+ 2

|iITI (2+ x){2x+1]

x—>=\ 1+ X

lim (1-a x)"~.
x—0

lim 109 (1+ kx) . Syc R,
x—=0 X

lim e — e,
x—=0 X

lim 10x _2x _5x +1 .
Xx—0 tan x
lim (1-2x)"~.

x—0

lim ["*5 4
x—>ol x+1

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in

Page 2



Q45. Evaluate: lim % -
)
X

Q46. Evaluate: lim [ —ifxq.
X —y a0 X _1

Q47. Evaluate: lim [1 + %Jx

X —» o

Q48. If a, b, c, d are positive real numbers, then find the value of fljlin [1 + 2 +1bn ]Hdn .

Q49. Evaluate: lim (log; 5x) ™",

Q50. Evaluate: lim (log, 2x)™"" .

Q51. Evaluate: lim [—xz -5x+3 )x.
x>o{ x? =X+ 2

2 X
52. Evaluate: lim [ X.—2x+1)"
< x> ( x?-4x+2
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MATHEMATICS - XI |

Nurturing Success...

Evaluation of Exponential and Logarithimic limits ncert-Solution

S1.

S2.

S3.

S4.

S5.

S6.

S7.

Put
As

. e —-sinx-1
lim ——=
x—>0 X
e* 1
lim
x>0 X

e -2sinx -1

lim
x—=0 X
. e +sinx-1
im ——M—
x =0 X
e _sinx -1
lim
x—=0 X
. e¥ —tan x <1
lim -
x—0 X
x=1+h
x—1, = h->0
. loge*
lim 9 =
x—1(x —1)
. log(1+ x
hm—éu——l=
x—0 X

Date: 12/10/2021

. e* -1 sinx
lim -
x—0 X X

. e*-1 . sinx
lim — i
x—=0 X x—=0 X
1-1=0
4 x _ X _
lim & x4 [ lim & 1:1]
x>0 4x x—=0 X
4x1=4
X .
mn[e 1}_2| sin x
x>0 X x->0 X
1-2=-1
. 1 sin %
lim + lim ——
x—0 X x—0 ¥
1+1=2
4x i
lim & x4 — |jm SNX
x —0 X x—>0 X
T"%4-1=3
- e¥=1 . tanx
lim — i ,
x—0 X x =0 X
1-1=0.
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sin x 1

S8. ., e
lim
x—0 X
S9, sin 2x -1
lim
x—>0 X
S10. . e g™
lim
x =0 X
Si1. e —x-1
im ———
x—0 X
S12. 2+Xx X2
lim
x—>0 X
S13. . ¢ —x°
lim
x>3 X-=-3
Put x=3+h
o @3th _ 8
— lim ———
h->03+h-3
S14. _ ks x " ok
lim
x —>0 X
S15. 1/x
N, g
S16. . e'x _e'1
lim
¥ =1 x =1

sin x -1

. e . sinx
lim - x lim
x—>0 sln X x>0 X
1x1=1.
_eS"2X _1 sin2x
lim - .
x—0 sin2x X
R sin 2x
lim - . x 2
x>0 sin2x x-»0 2x
1x2=2.
2>r_
lim lim —
x—-0 X x—0 g*
2x1)x1=2.
e -1 . x
lim — lim —
x—0 X x—>0 X
1-1=0.
. e?.ef-e? L . Bfed
lim =e“- lim
x—0 X X 0 X
e’.
et —e3 o elle
lim =e” - lim
h-0 h h—0/"h
e’.
. e* -1 . e* —1
lim ( ]e"=e". lim =1
x—=0 X x—=0 X
[1_1_1) 1
lime”* * ‘=lime'=¢e" =—.
x=»0 x—0 e
0
— form
0
. (—e”” _ 1
Ilm—( )=—e1=——
x->1 x —1 e
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Alternate Method:

e’ —-¢e el —e™*
lim = — |lim
x =1 X—1 X =1 X—1
x =1
: -1
= —{Ilme ’(} {Ilm (e )}
x =1 X =1 (x—1)
1
=—e'1=——.
e
S§17. _ x Y ‘ 1 X
im|——| = lim |———| =—.
x—=l X +1 X == ( 1) e
1+ —
X
sis8. .
lim(1+3x)* = e
x—=0
k= e
S19. @S _q ™™ _1 sinnx
lim = lim - .
x—0 X x—=0 sInnx X
e 1 sinpx
= lim ———- |lim
x>0 sinnx x-0_ nx
=1xn=n.
S20. _eS™ 1 eS™ q sinnx
lim = lim - .
x—>0 nx x—=0 sinnx nx
o @SN sinnx
=4 lim—- lim
X»0 sinnx x-0 nx
=1x1=1.
S21. + (x+hb)
G im [ X2 x D)_ im | X+ b)E(@=b) -
ven, xSelex + b e (x = b)
(x+b)
y a->b _
A P Clal) =g~ "
%+ b)—> = X+b
$22. 0 =l
lim x™* = lim (1+ x = 1)*""
X =1 X =1

1 -1

= lim (4 (x =) -1

[
®
[
I

a0 A&

o lim (14 px)

x—=0

=

{ li_rp1 (1+1¢)

ep

:e]
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Alternate Method:

Let f(x) = x. Then, Iim1 f(x) = Iim1x =1.
. lim g (x){F(x) - 1}
I|m1{f(x)}g“" = e

o |imL.(x—1) 1
lim{f(x)}'~* = """ —e ' =—.
¥ —1 e
X X X X
523. im 9. 17 — im © 1? 1(7’ 1)
x>0 sin” ' x x>0 sin” x
X X
= gim &=V Xy 20X
x—0 X sin” ' x x-0 X sin” x
=log9-log 7= (Iog%)
S24. a* —1
X
fim &1 = jim —X
x—=0p* 1 x>0 ph* —1
X
log, a
=log, a
log, b %
S25. er e2x_1 2
lim = X —
x>0 3x x—>0 2x 3
2 eX-1 2
= — lim =—,
3x30 1 2x 3
S26.
e"+i}‘—2.e"‘1 (& — 1
lim € X=lim ~——
x—0 X x—0 X
2
x_
= lim (e 1} =12=1
x—0 X
S27. X _ X X o Ex
jim ~—=5" = i =N-6" -1
x—>0 8Inx x—0 sSin X
. 7% -1 X 5% —1 X
= |lim — Iim - —
X0 X sinx x-0 X sin x

=log7-log5= Iog%.
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S$28. .32 , (3" - 1)—(2" -1)
im —— = Ilim
x-»0 tan x x—0 tan x
. 3% -1 X 21 x
= [im X — lim .
x>0 X tanx x-0 x tan x
3
=log3-log2-= IOQE'
$29. _ e _ gbx ax 4\ rabx
jim (&= €7) _ jjy (€7 =0 =(67 -1)
x>0 X x—0 X
ax bx
= lim Ta_iim & ~Tp
x—0 ax x—>0 bx
= (a—-b)
. x(e* -1 1 . x(e* —1
>3 llmo(ix) -3 Ilmo%
P osin? 2 % sinZ .sin >
F N2
X
1 . e -1 L—}“‘
= 2 Ilm0 Im0 2. "
X = X X = sinz—
2
1
= —x1x4=2.
2
S31. Given, . e _ek
lim
x>k X—K
Put x=k+h
ekl _ ok o gkth _ gk
= im ——— = |m ——
h—=0.kK+h-k h->0
h
= & . lims 1
h—0 h
= g
X X X X
S32. im =0 _ iy @ == -1
x—0 X x—=0 X
_ (a" -1 b —1}
= lim —
x>0 X X
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_.a -1 . b -1
= |lim — lim
x—0 X x—0 X

= Ioga—logb:logg.

$33. Given, . 2¢

_ X . —2 —2 Y2
lim lim |1+ =lim||1+
x>\ 24+ X X > X+2 X = X+2

S$34.

X+3
4 (x+3) 4 (x=1) [ﬁ]
lim {1+ ] = lim {1+ }
X —» @ x —1 X—=wm X —1

S35. - (x=3Y e =5\
lim = lim|1+
X =\ X + 2 R S

X+2 |ei2
= [im (1+ "5] }
X X+2

li (1 r
= (e‘s)‘:n""-“%] Llim [H%) =e¢’]

$36. _{2“1]
(2x +1) x+1
- (2+x . 1 X1
[im = |lim |[1+
x==| 14+ X X —>® 1+ x
) ] 2+l
| [2x|1} fim 1+E 2.0
= el T+ X —e =e1+0=e2
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$37. Let .

_ 0
Then, log L= lim log(1-ax) [— form]
x—=0 X 0
=
1— ax
= lim [~— (-~
x =0 ‘1
= L= e
S38.
im 109 (1+kx) _ ["m Ioge(1+kx)=1]
X —0 X x =0 kx
= lim Ioge(1+kx)xk
x—=0 kx
=1xk=k
S$39. ) g™ — eBx
lim ——
x—=0 X
ox Bx
= lim ae” B _ e —Beli=o —
e —e™ (e™—1)—(e™ -1)
Another Method: = lim ———— = 1lim
x=0 1 X =0 X
X Bx
= jim =0 Ny, 7 =1
x—=0 X x—=0 X
ax P
- o{llm J B[Iim (e 1)}
x>0  OX X0 Bx
so1-B1=a-p.
S40. K _ e 0
Given, lim e -e {— form]
x»a X—ag 0
w .
e . wl a
- i e
X—>a 2‘/5
K Vo (V57 _ 4
(Alternate Method) lim & —€" = jm —& -(© )

xva x-a 2 (Jx —Ja)(Wx +a)

= eﬁ{lim&}.{lim;}
x>a x —Ja | |*>adx -+a
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%X _4q
S41. lim

T COS X

X — —

Put x= E+h asx—>£,h—>0
2 2

COS[E+ J—‘l e—sinx —1
lim = Iim —=1.
h—0 0 h—0 —sin X
cos(—+hj
2
S42. 10" =2 =5 +1 _  2X(5F =1)-1(5" -1)
lim = [|im
X —>0 tan x x—>0 tanx
X X
O Clll) B YO i)
x—0 tanx x—-0 tan x
.21 X .51 x
= |im . — lim .
x=>0 X tanx x-0 x tanx
=log2-log5= (Iog%).
S43. Let L= Iim0(1—2x)”"
Then, og L= lim 291=2X)
x—=0 X
\&3
1-2 —
£ tim X)_=2 __,
x>0 1 1-0
L= e>
Alternate Method:
=]
Iim0 (1-2x)"* = IimD {1+E2x)p
= g\
S44. 5(x +4)
X+4 X1 x+1
X+6 _ 5
lim = |lim<| 1+ —
x>0 X +1 x =0 x+1
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-] =

=0 and Iimizo

= gin X+ o lim (1+1)
t—0 I—»nx+1

lim 4§ =
el g1
N
5(1+0)
— e(1+0) 95_
$45. Let X
L= lim |—2—
[1+3)
X
, e
= log L= lim xlog -
X = 1]
1+ —
X
P 2 1 ' 2 1
lim <xloge—x“log|1+— |} = lim {x —x“log|1+—
X = m x X = m X
Put t= 1
X

Then,as x — «, t — 0.

log L= lim-——log(1+4)

t>of f?

t—>0 t?
I - 1
= lim | —+.terms containing powers of { | =—.
t—>ol 2 2
L= e
S46. Let 4
L= lim 1——]
t—0 x._1

3x -1

(x=1 %=1
= lim [1— 4 J ]
t—>w x =1
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S47. Let

$48.

§49. Let

lim

n—»a

e

M)A (3-0

I"--
1

lim (1 +l]
X—»wm X

lim xlog [1 + 1]
X

X —=»o

log L=

Il

B —

N

83

b
—_—

x|

|
N| =
—
x| =
~
M

+
W] =
/—'\
=
~
(9]

|
_V_J

c+dn

c+dn (a+bn) |g bn
1 ] = lim [(1 P } }
a+bn no a+bn

r‘--
1"

lim (log 5x,) °-°

1
logs x

lim1 (logs 5 + log; x)

Putlog.x= t. Then,asx—1,f— 0.

1
= |j t -
L :"To (1+t) =e.

xJ) _ (6'4)|‘-m] —(e %)Y =g

......
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S50. Let [ = Ilm1 (I092 2X)I0g"5

log5 log2
log2 logx

Iim1 (log, 2 +log, x)[

1 log, 5

= lim | (1+log, x)'%”

x =1

Putlog,x =1t Then,asx—>1,t—0.

| =

=e
t—=0 t >0

1 logs 5
[ = lim {(Ht)f} =g\%"%, v lim (1+6)

I"I-n.
I

X =

S51.  (x*+5x+3) . 4x +1 )
Let lim —— = lim 1+2—
xowel XS+ x+2 X +Xx+2

_X(4x+1)
X2(4x+1) x4 x+2

[ 4x +1 X2 e x+2
T
X 4+ x+2

lim

X =

N ax? 4 %)
5 lim ———
X“+X4+2) x3m x2 L x4 2

. 4x +1 4L
lim [ 1+ ———F
X X+ X+2

4+-1~
Now, fim — Xt o i —"2=i=0.
- XS+ X+2 o WML ™

X

we put t= =24)(*+1.Then,t—>0asx—>m.
X“+X+2

= lim(1+t)"" =e.
x =0

1

4x% + x . ¢+ 4+0
— lim X_ - =
x—>w1+l+£ 1+0+0
X x?

Also lim

Hence, L=e"
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S§52, Let

Now,

we put
lim [1 +

Also,

Hence

lim| ————
to=\ X —4x +2

r‘--
1
T
5
3]
|
N
3
+
—_—
S—
k4
I
3
—
—
_|_
N
>
|
—

x(2x -1)
X2 =dx+2 |(x% - ax+2)

2x =1 2x 1
14 X701
X2 —4x +2

lim

t—rm

2x% — x

X2 —4x+2 |(x2-4x+2)

. 2x —1 2x -1
= | lim |14+ —5———
X" —4x +2

1
2_
r|im22X—‘1= r||rr|7x2=£=01
»o X —4x +2 oE 44l @
X
t= 22x——1 Then, T— 0 as x — <=.
X —4x +2
2x +1 (xg?r_x4j1+2\| !
——— = lim(1+1) =e.
—4x +2 X
1
2x2 —1 2= 2%a
lim = [im = =
xsm| X2 — 4x + 2 ow, 4.2 A4-040
X X
L= e’
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Nurturing Success...

MATHEMATICS - XI | Derivatives Using First Principle NCERT

- SMART ACHIEVERS

___________ Nurturing Success...

Q1.
Q2.
Q3.

Q4.
Q5.
Q6.
Q7.
Qs.
Q9.

Q10.

Q11.

Q12.

Q13.

Q14.

Q15.

Q16.
Q17.

Q1is.

Q19.

Q20.

Q21.

Q22.

Date: 12/10/2021

Find the derivative of f(x) = 10x.
Find the derivative of f(x) = x°.

15
Evaluate: |im X -1,
x—-1 xw -1

Find the derivative of xat x=1.

Find the derivative of the constant function f(x) = a for a fixed real number a.

Find the derivative of — x from first principle

Find the derivative of sin x at x= 0.

Find the derivative of f(x) =3 at x=0 and x = 3.

Differentiate from first principles f(x) = 1, x>0.
X

Find the derivative at x = 2 of the function f(x) = 3x.

Find the value of n. If lim X" =3" —108.
x>3 Xx-3

Find all possible values of nif lim X" —2" — 80,neN.
X2 (X - 2)

Find the value of a, (ac R).If lim x°—-a° _g,
X—>a (X —a)

Find the derivative of (x* — 27) from first principle.

. . m _ .m
Find the value of lim X__—@ |
X —>a x" —_ a"

Find the derivative of x* — 2 at x = 10 from first principle.

Find the derivative of ax + b from first principle.

. 517 _ o517
Evaluate: |im X_—@
xa 317 _ g3I7

Find the value of A if
x*-1 . x*-al

lim = lim —5——
x>1 x -1 Xo>h X< — A

Find the derivative of Xt P from first principle.
cx +d

Find the derivative of % from first principle.

Find the derivative of </x from first principle.

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in

Page 1



Q23. Find the derivative of ax?+ bx + ¢ from first principle.
Q24. Find the derivative of x” from first principle.

Q25. Find the derivative of x cos x function from first principle.
Q26. Find the derivative of x sin x function from first principle.
Q27. Find the derivative of cot x function from first principle.
Q28. Find the derivative of cosec x function from first principle.
Q29. Find the derivative of sec x function from first principle.
Q30. Find the derivative of tan x function from first principle.
Q31. Find the derivative of cos x from first principle.

Q32. Find the derivative of sin x from first principle.

Q33. Differentiate from first principles f(x) = (x* +1) (x — 5)

Q34. Differentiate from first principles f(x) = (x + 1) (x + 2) (x + 3).
Q35. Differentiate from first principles f(x) = (x + 1) (x + 2).

Q36. Differentiate from first principles f(x) = x* + 1.

Q37. Differentiate from first principles f(x) = x°.

Q38. Find the derivative of 1—2 from first principle.
X

041. Find the derivative of x* — 2 at x = 10.
Q42. Find the derivative of the function f(x) = 2x* + 3x— 5 at x=—1, Also prove that f'(0) + 3f (1) =0.

Q46. Differentiate from first principles f(x) = (ax + b)".

x+1.

Q47. Find the derivative of the following functions from first principle:

048. Find the derivative of 99x at x = 100.
Q49. If f(x) = X¥* — 19x + 18, then find /(2), (1) and (10) using limit process only once.

Q50. Find the derivative of x + % w.r.t. x from the first principles.

Q51. Find the derivative of the function 3x® + 2x* + 3x — 6 at x = — 1. Also, prove that
8f(0)-3f(—1)=0.
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Q52. Differentiate from first principles f(x) = 8X 2+bx+c,

Ix

Q53. Differentiate from first principles f(x) = \/x +1, when x> —1.

Q54. Differentiate from first principles f(x) = 2-x ,._4,
4 +3x 3

Q55. Find a if f(a) = 0, where f(x) = x* — 3x* + 3x — 1

Q56. Find the derivative of cos (x - g) from first principles.
Q57. Differentiate sec [% - 1) w.r.t. x from the first principle.
Q58. Differentiate cos (x* + 1) w.r.t. x from the first principles.

Q59. Differentiate Si;‘( X from first principles.

Q60. Differentiate )3("1’6‘ w.r.t. x from the first principle.
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Nurturing Success...

MATHEMATICS - XI | Derivatives Using First Principle NCERT-Solution

Date: 12/10/2021
f(x +h)—f(x)

S1.  Since, f'() = lim p
- im 10(x + h) — 10(x)

= lim ﬁ:f!imﬂ(m):m.

h-0 h
S2. e have, F(x) = lim f(x +h) —f(x)
2 2
h—0
= r!i[’nﬂ(h+2)():2x_
S3. 5
im X =1y { x-1 J
x—1
- 15_3
10 2
$4. We have, f(x) = x
Frix) = lim BXEM = 1(X)
h—0 h
h-0 h
= |im M=Ilm1=1
h—0 h R 1
S5. We have, F() = lim f(x+h;—f(x)
= im 22 jim 220 as h=0
h—10 h h_,oh
$6. Here, f(x) =—x
. f hy—-f
Fix) = n"ino e f: & [Formula]
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When, f(x)=-=x
f(—x +h)—f(—x)

f(x)= lim

h—0 h
S7. Let f(x) =sin x
Then F1(0) = lim fO+h) -1(0)
- lim sin (0 + h) —sin(0) i sin A 1
h—0 h h—-0 h

S$8. Since, the derivative measures the change in function, it is clear that the derivative of the constant

function must be Zero at every point. This is indeed, supported by the following computation.

o _ . fO+h)-f0) . 3-3 0
f(0) = r!‘To h _.'!LDT_ALOF_O
Similarly, f(3) = Jim “3’“’2'“3): I 0%:0
9. Let fx)= 1
X

1 X-(x+h) x<x-h h

f(x+h)—f(x)= A =
Xx+h X X(X+h)wox(x+h) x(x+h)

Taking limit on both sides as h — 0

jim TXEM =) iy T ey 2 L
h—-0 h h—0 X(X—|—h) xz
$10. \e have, F2) = lim LEEN-1Q@)_ , 3@+ M 3()
h -0 h h—0 h
Sl 81380 =6 _ . 3h s
h—0 h h—0 R W0

The derivative of the function 3xat x =2 is 3.

S11. We have,
n n
lim X —3 =pn. 3"
X—3 X—3
n n
lim X "8 =gt
x—>a (x —a)
n.3"1=108
= n.3"" =4 3""
= n=4.
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S12. We have,

n n
im X-—2 = go
X2 xX-—2
n_ an
= n.2"1= 80 {Iim X —4
X—>a (X—a)
= n.2"'=5_2%"1
= =5
$13. We have,
9 _ .9 n _ an
im X228 =9 gt lim X2 _
X—>a (X—a) x—>a (X —a)
: 9.a%=9
= a®=1
= a==1.

S14. Wehave, f(x)=x"—-27

o fceh) —fO) L [(x+ hy® — 27] - [x>=27]

f(x) = |i |
h—0 h h—0 h
- iim x® +3x%h + 3xh* + h® - 27 — x> +27
h—0 h
2 2 3
= fim XA (3524 3xh+ h2) =352,
h—0 h—=0
S15- .. jim X8 = gy (2787 (x—a)
. X & Xn_an x >3 (x—a) Xn_an

]
b
L
13
——

>
x| 3
| |
O D
~| 3
\
b —
¢_.
) -
———,
—
- 3
|
O D
- | 3
S —

$16. We have . f(x) = x* -2

f(10+h)-f(10) _ im [(10 + h)? —2]—[(10)* - 2]

F(10)= h“glo h nl_>0 h
2 2
= lim 100 + 20h + h* - 2 100+2= lim h +20h: lim (h +20)
h—0 h h—0 h—>0

= 20,

Ans,

Ans.
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S$17. Given, y=ax+b.

Let Ax be a small change in x and Ay the corresponding change in y.

Then, y+Ay=ax+ Ax)+b
= Ay =a(x+ Ax)+ b—(ax + b)
A
—arx = Y=g
AX
Yo im2 = jim (a)=a
ax Ax=0 A X Ax—0
S18. ¥5/7 _ g5!7
i X5J’7 _ an? = (X _ a)
X'Lna NS x'_rI‘a T
(x-a)

3.4 3
S19. x4 1 Iy x3 _23
lim = lim
x—=1 x =1 Xk X2_?u2
3.3 3
lim X2 ’”2 (X ?) = 308V« 11
X—>h x< )5 (X—1) 20"
4_
im X1 = 4.1+ 1 =4
x—=1 x —1
gl =4 = A=
2
$20. Given, y XY
cx +d

5 _
O G6IT-1)

= lim £
x—>a 3 BT
7

Let Ax be a small changesin x and Ay the corresponding change in y.

a(x+Ax)+b

Then, + Ay =
y c(x +Ax)+d

a(x +Ax)+ b ax+b
c(x+Ax)+d cx+d

= Ay

- [a(x + Ax) + b]l(cx +d) —[c(x + Ax) +d](ax + b)

[c(x + Ax)+d](cx +d)

_ (ad — bc)Ax
[e(x + Ax)+d](cx +d)
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Ay _ ad — bc

= — =
Ax  Je(x+Ax)+d](cx +d)
dx Ax—0 AX
= Iim ad - bc _ ad-bc
m-0 [e(x + AX)+d](ex +d)  (ex +d)?
s21. Given, 1

Y—W-

Let Ax be a small change in x and Ay the corresponding change in y.

1

Then, + AY = —mx
Y Y JX + AX
1 1
= Ay = -
Y Jx+Aax Wx
:\/;—\/x+Ax=\/;—\/x+Ax_\/;+,/x+Ax
IxJx + Ax xx+ax  x +x*ax
_ X — (X +AXx)
XX+ Ax (X +x + Ax)
- Ay _ —1
AX XX+ AX(NX + X +.8%)
dx M0 AX
= lim il
=0 e Jx% AX (VX + /X + AX)
_ =1
2xalx
S22. Given, y= Ix .

Let Ax be a small.change in x and Ay the corresponding change in y.

Then, y+ Ay = X+ Ax

e Ay=(,/x+Ax—\/;)\/“i:i::£
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X +AX—X

- fx+Ax +0x
N Ay L
AX X+ Ax +4x
dx Ax—0 Ax
: 1 1
= lim = .
20 [x o+ Ax +4x 24x
Given, y=ax’+ bx+c.
Let Ax be a small change in x and Ay be the corresponding change in y.
Then y+ Ay = alx + Ax)> + b(x + Ax) + ¢
= Ay = a(x + Ax)® + b(x + Ax) — (ax® + bx)

= 2xaAx + AX* + bAx
= Ax(2ax + Ax + b)

— =2ax+ Ax+b
AX
4 = lim (2ax + Ax + b)
ax Ax—0
=2ax+b
$24. Given, y=x".
Let Ax be a small change in x and Ay the corresponding change iny.
Then, y+ Ay =(x + Ax)". y=x"
= Ay = (X +Ax)— X"

= X! [1+MJ —1}
L X

2
= x" 1+n£+n(n_1)[%] +...—1}

X 21

X"AX E+ﬂ(n_1)ﬂ—‘,':(+...
X 2! x

= AY oo nn=DAX
AX X 21 x?
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dy

dx

$25. Given, y=

lim &Y. = x”(ﬂj =npx"1
Ax—=0 A x X

X COS X.

Let Ax be a small change in x and Ay the corresponding change in y.

Then, y+ Ay =
= Ay =
= Ay _
AX
dy _
dx
S§26. Given, y =

(x + Ax) cos (x + Ax)

(x + Ax) cos (x + Ax) — x cOs X

x[cos (x + Ax) — cos x] + Ax cos (x + AX)

2X + Ax AX

X (—2)sin sin > + AX Cos(X + AX)
(%)
= —-2x sin 2x +Axsin 2 + COS (X + AX)
2 AXx
m Ay
Ax—0 AXx
(%)
lim — x sin 2x+Ax lim sin 22 +Yim cos(x + Ax)
AX—0 2 AX—0 AX AX 30

2

— X sin X + cos x

X sin x.

Let Ax be a small change in x and Ay the corresponding change in y.

Then, y+ Ay =

= Ay =

- AY .
AX
&
dx

(x + Ax) sini(x-+ "Ax)

(x + AX)sin (x + Ax) — x sin X

x[sin (x+ Ax) — sin x] + Ax sin (x. + Ax)

2X + AX AX

X-2C0S sin?+Axsin(x+Ax)
2X CcoS 2x 4 sin~2/ 4 sin(x + Ax)
AX

lim &Y
Ax—0 Ax

: 2x+Ax . . 2 o

lim x cos —— |lim smi+ lim sin(x + Ax)
Ax—0 2 Ax—0 AXx Ax =0

2
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§27. Given,

=xcosx-1+sinx=xcos x+ sin x

y = cot x.

Let Ax be a small change in x and Ay the corresponding change in y.

Then,

=

$28. Given,

y + Ay = cot (x + Ax)

Ay = cot (x + Ax) — cot x

Cos (X + AX) cos x _ sin X cos (X + AX) — cos X sin (X + Ax)

sin(x + Ax) sinx sin x sin (x + Ax)

sin[x — (x + Ax)]
sin x sin(x + Ax)

Ay _  sinAx 1
AX AX  sin x sin(x + Ax)
d_y = | ﬂ
dx Ax—0 A x
_sinAx 1
= lim lim — -
Ax=0  AX  Ax=0 sin x Sin (X + AX)
1 2
=-1.— — =—cosec x.
sin x sin x
y = CcosecC X.

Let Ax be a small change in x and Ay the corresponding change in y.

Then,

e

y + Ay = cosec (x + AX)

Ay = cosec (x + AX) —.cosec X

1 1 _ sinXx —sin(x+ Ax)

sin (X +Ax) sinx sin x sin (X' Ax)

(2x +Ax] . [—Ax}
2cos sin
2 2
sin x sin (x + Ax)

cos [L * Ax] sin (ﬁ]
Ay _ 2 ‘ 2

AX sin x sin(x + Ax) AX

adx Ax—0 AX
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(2x + Ax] . [Ax)
2cos| —— sin| —
— i ; 2
= |lim — _ lim —==
Ax-0 gin x sin (X + Ax) ax»0  AX
2
—COoSs X
= ——.1 =—cosec x cot x.
sin x sin x
§29. Given, y =sec X.
Let Ax be a small change in x and Ay the corresponding change in y.
Then, y+ Ay =sec (X + Ax)
= Ay =sec(x + Ax) — secC X
- 1 1 _ cosx—cos(x+Ax)
cos (x + AX) cos x COS X COS (X + AX)
. (2x+ ij . (Ax)
2sin| ——— [sin| —
- 2 2

COS X COS (X + AXx)

) [2x+Ax] . (Ax)
sin| 22— =2 sin| =2
Ay _ 2 2

= = .
AX  COS X COS (X + AX) [M]
2
ax Ax—0 AX
. (2x+Ax] . [ij
sin| === sin| —
lim 2 . lim ——2
= ax>0 COSX COS(X + AX)  4x—0 {g]
2
sin x
T ——— x1=secxtanx
COS X COS X
$30. Given, y'=tan x.
Let Ax be a small change in x and Ay the corresponding change in y.
Then, y + Ay =tan (x + Ax)
= Ay =tan (x +'Ax) — tan x

_ sin(x +Ax) sinx
cos(x + Ax) cos X
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sin (x + Ax) cos X — €cos (X + AX) sin x
COS X cOS (X + AXx)

sin (x + Ax — X)
COS X COS (X + AX)

- Ay _ sinAx 1
Ax AX  €os x cos (X + AX)
ax Ax—0 A X
. sinAx . 1
= lim lim
Ax>0  AX Ax-0 COS X COS (X + AX)
=1.— 1 -sec?x.
COS X - COS X
S$31. Given, Y = COS X.
Let Ax be a small change in x and Ay be the corresponding change in y.
Then, y + Ay =cos (X + Ax)
= Ay = cos (X + AX) — COS x

L 2X+AX . Ax
= -2sin —— sin—

sin(gj
- ﬂ=—sin2X+Ax- 2
AXx 2 AX
2
dx Ax—0 Ak
sin(ﬁj
=—1im sin X im .t
AX >0 ax—0 4 AX

—(sin x) - 1 =—sin'x

$32. Given, y =sin x.
Let Ax be a'small change in x and Ay.the corresponding change in y.
Then, y+ Ay =sin (x + Ax)
= Ay = sin (x + Ax) —sin x
2X + Ax . Ax
= 2C08——sin—
2 2
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sin[MJ
AY - cos 2X + Ax 2

- AX 2 AX
2
Y im &Y
ax Ax—0 AX
sin AX
_ 2X + AX . 2
= |im cos - lim
AX—0 2 Ax—0 ﬂ
2
= (cos x) - 1 = cos x.
$33. Let f(x)= (3 +1)(x=5),
fx)=x*+x-5x¥-5
f(x+h)=(x+h?>-5(x+h?+((x+h -5
fix+h)—f(x)=x+h*+3x°h+ 3xh* = 5xX* = 10xh+ x+ h=5—%x*—x+ 5x*+5
divided by h

f(x + h)—f(x) _ h° +3x°h+3xh® —5h* —10xh.+ h
h h

f(x +h)—f(x) = h? + 3x% + 3xh — 5h —10x * 1

Taking limit on both sidesas h — 0

f(x+h)—f
fim TP =100 i (12 %852+ 3xh - 5h - 10x + 1)
h—0 h h—0

f'(x) =3x* +10x + 1.
$34. Let f(x) = (x + 1) (x + 2) (x*.3)
= (X + x + 2x +2) (x + 3)

= (X° + 3x #2) (x + 3)
=46+ 11x+6
f(x+ h) ="+ h)>+ 6(x + K2+ 11(x + h) + 6

f(x + h) = f(x) = h* + 3x*h + 3xh?> + 6h? + 12xh + 11h

Taking limit on both sidesas h — 0
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S35.

S$36.

S§37.

lim f(x +h)—f(x)
h

= lim [h? +3x? + 3xh + 6h +12x + 11]
h—0 h—0

f(x) = 3x° + 12x + 11.
Let fxX)=(x+1)(x+2) = Ff(x)=x*+3x+2

f(x+ h)y=(x+h?+3(x+h)+2
Subtracting (i) and (ii), we get
f(x + h) — f(x) = h* + 2xh + 3h
divided by h

f(x +h)—f(x) _ h®+2xh +3h
h h

=h+2x+3

Taking limit on both sidesas h — 0

im f(x+h)-f(x) _

Jim (h+2x+3) = f(9=2x+3.

h—0
Let f(x)=x*+1
fx+h) —f)=(x+h*+1-x*—1
= h* + 2X°h? + 4x°h? + 4X°h + 4xh®
= h* + 6x°h? + 4x°h + 4xh®
divided by h

f(x+h)—f(x) _ h* +6x°h° + 4x°h + 4xh®
h h

='h3 + 6x%h + 4x° + 4xh?

Taking limit on both sides as. /— 0

im f(x+ h)—f(x)
h

= = lim (h° + 6xZh+ 4x° + 4xh?).
h—0 h—0
f(x) = 4x°.
Let f(x)=x

f(x + h) = (x+ h)® = x>+ (h)® + 3x%(h) + 3x(h)?

Subtracting Eq. (i) from Eq. (ii), we get
f(x + h) = f(x) = (h)® + 3x%(h) + 3x(h)®
Dividing by h, we get

.. (i)
... (i)
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f(x +h)—f(x) _ (h)’+3x*(h)+3x(h)
h h

Taking limit on both sides, as h — 0.

im [ =00 _ L (D)I(h)? +3x% + 3x(h)]

| .
- h0 h A, )
= f(x) =0+ 3x* + 0 =3x% Ans.
$38. We have, f(x) = 1
X2
() -5
_ h 2
F(x) = lim f(x +h) f(x)= iim X + X
h—0 h h—0 h
1 1
o x2+2xh+h* X% X?—(x® +2hx +h?)
= lim = lim
h—>0 h h—>0 x2(x? + 2hx + h?)
h
. —2hx — h? . —2xw=h
= lim —— - = lim ——— >
h—0 hx“(x“ +2hx + h*) h-0 x*(x“+2hx + h*)
= lim “2x—h -2 G Ans
h—0 x* + 4hx® + x?h*> x4 x> '
$39. We have, fX)=x—-1)(x-2)
= f(x) =x*=3x+2
- £0) = lim f(x +h) f(x): im [(x+h)-3(x+h)+2]-[x"—-3x+2]
h—0 h h—0 h
= jim DC £ 2mx+h® -3x-3h+2]-[¥* -3x+2] _ . 2hx+h®-3h
h>0 h Ch0 h
Sviim DX N =31 o’ h-3)=2x -3 Ans.
h—0 h hi>0
$40. Given, _ COos X
X

Let Ax be a small change in x and Ay the corresponding change in y.

cos (X + Ax)

Then, + Ay =
i (X + AX)

_ Cos(X +Ax) cosX _ XcCoOs(X+Ax)—(X+Ax)cos X
X + AX X X (X + AX)

= Ay
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Ay _ x[cos(x + Ax) —cos x] — Ax cos x
AX X(x + AX)Ax

1 cos(x+Ax)—cosx  COsX
X + AX AX X (X + AX)

ax Ax—0 AX

1 . cos(Xx+Ax)—cosx . cos X
lim - lim ——

Ax—=0 x 4+ AXx Ax—0 AX Ax—0 x(x + Ax)

Il
§

1-i(cos X) - cos X
X dx x?

COos X
X2

= l-(— sin x) —
X

sinXx Ccos X

S41. We have, f(x)=x*-2
F(10) = fim f(10 + hh)—f(10)

h—0

lim [(10+h)*-2]-[10*-2]

h—0 h
_ i (100 +20h+ h? - 2) (100~ 2)
h—0 h

= jim (1" +20h +98) > (98)
T ho h
= lim (h+20y=20.

h—0

S$42. We first find the derivatives of f(x) at x==1 and x = 0. We have

F1(= 1) =i f(-1+h)—f(-1)

h—0

= lim [2(-1+h)* +8(=1 + h) - 5] -[2(-1)* +3(-1) - 5]

h—0 h
. 2h*-h
= lim =5 = im (2h —1)=2(0) - 1= -1
and £(0) = im0+ M ~7(0)
hies 0 h
= jim [20+h)* +3(0 +h) ~5] - [2(0)° +3(0) - 5]
h—0 h
2
= tim 2230 _ i (2h +3)=2(0)+3=3
h—0 h h—0
Clearly, £(0) + 3f'(=1) = 0.
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$43. Let f(x) =sin (x + 1)

P = lim sin(x +h+1)-sin(x+1)
h—0

h
2cc:-s[x+1+£]sinE
= i 2 2
= lim
h—0 h
. h
h smE
= i — . = +
n"ino cos [(x+1)+ 2} h cos (x + 1). Ans.
2
S44. |et, _ 1
f)=(x""= -~
X
1 1 1 1
)., e
F(x) = lim =~ X/~ fim X
h— h h—0
= |lim w= i — = lim ;:l Ans.
h>0 h(x +h)x h->0hx(x+h) h->0X(XFh) x?
$45. Let y = tan x*
Let h be a small increment in x.
f(x + h) = tan (x + h)®
: 2 2
F(x + h) — f(x) = tan (x + h)? — tan x%= S'"(“h)z _SnX
cos(x +h) cosx
_ sin(x+ h)? cosx? - cos (x + h)? sin x>
cos(x + h)? cos x?
: 2 2
SIS+ h) — X [+ /$iMA cos B - cos A sin B = sin (A - B)]
Cos (X + h)* cos x
f(x+h)—7(x) sin(2x + h)h 1 ~sin(2x + h)h 2x +h
Now, - 5 2 L= x 2 2
h cos (x + h)° cos x“ «h (2x + h)h cos (x + h)“ cos x
Now, proceed to limits as h — 0, we get
, 2x 2,2
f(x)=1- 5 5 =2X sec” x°. Ans.
COS X COS X

$46. Let f(x) = (ax + b)"

f(x + h)= (ax+ b + ah)"
f(x + h)=f(x) = (ax+ b + ah)" = (ax + b)"
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divided by h
f(x +h)—1(x) _ (ax+b+ah)" —(ax +b)"

h h
f(x +h)—f(x) _ 4 [(ax + b +ah)" —(ax + b)"]
h ah

Taking limit on both sidesas h — 0

_ n _ n
lim f(x + h)—1f(x) a lim (ax + b + ah)’ —(ax + b)
h—0 h h—>0 ah

im (ax + b +ah)" - (ax + b)"
(ax+b+ah)>(ax+b)  (ax +b+ah)-(ax +Db)

n_ gn
=a.n(ax+b)"" o lim 228 !
x—a X-—a4a
S47. | et Fo = X
x —1
df _ im f(x+h)—f(x)
ax h—>0 h
(x+M+1 x+1
- lim (x+h) -1 x-1
h—0 h
- lim (x =D[(x+hy+1-[(x +h)=1(x +1)
h—0 hl(x + h) = 1][x - 1]

- XA xh+x=-x-h-1-0C+xh<x+x+h-1)
ho> 0 h[x?+ xh —x—x =h +1]

4 x?+xh-—h-1-x>=xh=h+1
h—0 hIx®+ xh = 2x —h +1]

. -2h
= |lim
h=0 h[x?+ xh=2x —h + 1]
. -2
= lim

h->0 x24% xh —2x —h +1

. -2 -2
= lim — = =
h—0 x*-2x+1 (x-1)
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$48. We have, f(x) = 99x.
f(100 + h) — f(100)
h
im 99(100 + h) — 99(100)

h—0 h

f(100) = lim

. 9900 + 99h - 9900
lim
h—0 h

= lim 99=99.

S49. Let f(x)=x*—19x + 18 .. (i)
= f(x+h)=(x+h?>-19(x + h) + 18

= x% + (h)? + 2x(h) — 19x — 19h + 18 .... (i)

Subtracting (i) from (ii), we get
f(x + h)—f(x)=x*+ (h)> + 2x(h) — 19x — 19h + 18 — x* + 19x — 18
= (h)* + 2x(h) — 19h

f(x +h)=F(x) _ (h)* +2x(h)-19(h)
h h

Taking limit as h — 0 on both sides, we get
f(x+h)—f(x) _ m hl(h) +2x-19] _

lim li =Him-[h +2x-19]
8 -0 h h—0 h h >0
= f(x) =0+2x-19
= f(x) =2x-19
Therefore, f(2) =2(2)-19=4-19=-15
ff(1) =2(1)=19=2-19=-17
f(10)2(10)—-19=20-19=1 Ans.
2
S50. Let foh= x + L= Xt ()
X X
2
F(x + h) = (x+h)”+1 .. (i)
X+h

Subtracting Eg. (i) from Eq. (ii), we get

2

(X+h?+1 x*+1

f(x+ h)—f(x)= oy p

_ x(X®+(h)’+2xh + 1) = (x* + ) (x + h)
(x +h)x
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_ X2+ x(h?+2x*h+x-x>=x*h-x-h
(x +h)x

Dividing by h, we get

f(x+h)—f(x) _ h[x(h)+ x> 1]
h h[x + hlx

=

Taking limit on both sides, we get

fix+h) - f(x) _ i [x(h) + x2=1]

lim
h—0 h h-0  X(x +h)
2 2 _
N pog=2rx -t x-1 4 1 Ans.
X(x+0)  x? X2

S51. We have, f(x) =3x°+2x*+3x—-6

f(x + h)—1f(x)
h

0= o

= jim BOHR)’ +2(x + h)° +3(x + h) - 6] - [3x” + 2x% + 3x ~ 6]
h—-0 h

im [3(x®+3x%h+3h°x + h)+2(x? + 2hx + h?)+3(x +h) — 6] - [3x° + 2x2 + 3x — 6]
h—0 h

- 9x°h+9h*x +3h> + 4hx +2h* + 3h h[9x?+ 9hx +3h? + 4x+ 2h + 3]

=i = |lim
h—0 h h—0 h
= lim [9x2 + 9hx + 3h? + 4x £.2h + 3].
= f(x)=9x*+4x+ 3
= f(-1)=9-4+3=8
f(0)=3
Now,  8F(0)—3f(—1)=8(3)— 3(8) = 24 — 24
N 8f'(0) — 3f'(=1)=0. Ans.
$52. Let ax? +bx +¢
fixy) ———
() 7
2
= f(x) = 2 ox , & 32 4 bxV? 4 oxV?

\/;-I-\/;-I—&:EIX
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fix+hy=akx+h>?+bx+h"?+c(x+h) "
fix+h)y —fx)=ax+h>2+b(x+h)"+cx+h) "= @+ bx"+ cx ?)

- a[(x+ h)3!2_x312] + b[(X'l' h)1!2_ X‘HZ] + C[(X'I' h)_ 12 _ X—‘WZ]

f(x + h)—f(x) _ al(x + h)>* - x*?] L blix+ hy'2 — x"2] L cltx+ hy V2 - x
h h h h
Taking limit on both sidesas h — 0

_ 32 312 112 12 12 12
im f(x + h)—f(x) - lim al(x + h) X ]+ im b[(x + h) X ]+ im cl(x +h) X 7]

h—0 h h—0 h h—0 h h—0 h

[(x + M2 - x32] [(x +h)"2 — xV2] [(x +h) V2 = x 2]

= alim +b lim +c lim
h->0  (x+h)—x h—-0 (x+h)—-x h—0 (x+h)—x
I T BNV T B I - 3av/x L, b ¢
2 2 2 2 2Jx  2x%?

S53. Let fix) = Jx +1
fix+h) = Jx+h+1

fix+h)y—f(x) = yx +h+1-x+1

divided by h

f(x +h)=F(x) _ Jx+h+1-yx+1
h h
Rationalize the numerator

f(x +h)—F(x) _ \/x+h+1—\/x+1x\/x+h+1+\/x+1

h h JX + B x + 1
f(x+h)—f(x). X+h+1-x-1 h
= 5 4
h hlyx +h+ 1+ x+ 1 Yx+h+1+x+1
Taking limit on both sidesas.h — 0
im foes h) - f(x) _ lim 1
h—0 h h=>0 [xah+1+x+1
, 1 1
= f'(x) = lim = ,
) h0 [x +1+x+1 2 x+1
§54. |et F(x) = 2-X
4 + 3x
Fix+ h) = 2 —(x+h)
4+3(x+h)
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S§55.

2-(x+h) 2-x

Foc+ ) =106 = 4+3(x+h) 4+3x

_ [2-(x+h)][4+3x]-(2-x)[4+3(x+ h)]
[4+3(x+ h)][4+ 3x]

8 —4x +6x —3x%> —4h—-3xh -8+ 4x —6x + 3x%> —6h + 3xh
(4+3x+3h)(4+3x)

-10h

Foc ) =169 = (4 + 3x + 3h)(4 + 3x)

divided by h

F(x +h)—f(x) _ ~10
h (4 + 3x + 3h)(4 + 3x)

Taking limit on both sidesas h — 0

Cf(x+h—f(x) _ . 10 , ~10
lim = lim = f(X)=—©zz"
h—>0 h h—-0 (4 +3x +3h)(4 + 3x) (44 3xX)

Let f(x)=x>—3x°+3x—1 .. (i)
= f(x+ h)=(x+h)>=3(x+h)?+3(x+ h)—1

= x° + (h)> + 3x%(h) + 3(h)*x — 3[x2.+ (h)* + 2xh] + 3x + 3h— 1

= X% + (h)> + 3x2(h) + 3(h)?x — 332 =3(h)? — 6xh + 3x + 3h =1 ... (i)

Subtracting (i) from (ii), we get
f(x + h) = f(x) = x° + (h)® +38x°(h) + 3(h)°x — 3x* — 3(h)*—6xh + 3x + 3h — 1
— x>+ 3 =3x+ 1
= (h)® +3X%(h) + 3h*x — 3(h)* - Bxh'+ 3h

Dividing by h, we get

~ f(x+h) ~f(x) _ (h) [(h)? + 3x2 + 3(h)x = 3(h) - 6x + 3]

h h
Taking limit on both sidesas h — 0

Jef(x +h)y—f
- Jim = fx) Jim_ [(R)2% 3x2 + 3(h) x - 3(h) ~ 6x + 3]
= f(x) = 0'#:3x* + 3(0) x — 3(0) — 6x + 3
= f(x) = 3x"—6x + 3
Given that f(a)=0
= 3a°-6a+3=0
= 3[a’-2a+1]=0
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—
=
$56. We have,
€ hnave f(X)=
f'(x) =

S57

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

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

fix +.h)—f(x) =

Dividing by h, we get

f(x+h)—f(x) _

" Let f(x)= sec [%—1} f(x+h)= sec[

3(a-1)7%=0

a=1 Ans.

1L
cos| x ——
[ 8]

f(x+h)—f(x) _

cos[x+h—£]—cos(x—£]
8 8

I- = -
hlino h n“To h
1( T ) . 1 T n
2sin—|x+h—-=—+Xx—-—|sin—|X—-—-x-h—
) 8 8 2 8 8
lim
h—0 h

. h n] . (—hJ
2sin| x+——-—|sin| —
( 2 8

. 2 .
lim =— |lim
h—0 h h—0 h
(2]
sin 2
lim sin| x+— 2. lim - lim sinfx +2 T (1)
h—0 8) h . Q h—0 8
2 2
—sin [X — E] Ans.
8

X+h

—1), F(X + hy— F(x) = sec[erh

1 ~ 1
cos(x+h—1J 005(5—1)
2
X X+h
cos[——']]—cos[ —1)
2 2

cos [x_+h_1] cos [5—1]-
2 2
(x+2+x+h—2] [x—2—x—h+2]
) 2 ) 2
2 sin ~ sin
2 2

X+

Al

. [(2x+h-4) . h
-2sin| ——— [sin| ——
[ 4 ) [ 2J

h

hcos[zx +h_ 1] sin [% -1J
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2sin '2x+h—4]8.n[_h)
Fx+h)=F(x) _ '[ 4 "2

[+ sin (- B)=—sin 6]

h hcos(zx+h—1]cos(£—‘l]
2 2
25in [M] 1 sin [EJ
- f(x e h)—f(x) _ 4 474
lim = lim - lim ———=
h—>0 h h—>0 X X+h h o h
cos| ——1|cos -1 2~ —
2 2 4
. (2x—-4
ZSIn( )
F(x) = 4 %x1=1sin[i—1}< L

)4
0032[5—1)
2
1tan 1—1 sec i—1 )
2 2 2

S58. Let f(x) =cos (*+ 1), f(x+h)=cos[(x+h)+1]

f(x + h)—f(x) = cos [(x + h> + 1] — cos (x* + 1)

2 2 ' 2 2
_2Sin((x+h) +1+ X +1}$in£(x+n) +1-(x +1)J

cos? (5 - 1] cos [5 - 1)
2 2

2 2

_ . x2+h2+2xh+1+x2+1J .{x2+h2+2xh+1—x2—1j
= -2sin > - sin 5

= —2sin

2x? +h? +2xh + 2 sin (h(h + ZX)}
2

. [2x2+2+2xh+h2 . [h(mzx)j
2 sin > singe—=——1~

fix+h)=f(x)= -

h

. [2x2+2xh+2+h2J . [h(h+2x)j
2 sin > sin| ———~

Taking limit on'beth sidesas h — 0

. {2x2+2xh+2+h2] _ h(h+2x)
=2 sin sin ———~

fim fOCEM —F() 2 2
h—0 h h—0 h
sin h(h + 2x)
f(x) = lim sin 2 +2xh +2+ 1 lim 2 h+2x)
h—0 2 h(h+2x) o h(h+ 2x) 2
)= — ==
2
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=—2.sin(x*+1)-1-x==2xsin (x*+1).

S$59. Let F(x) = Sin X . (0)
sin(x + h) "
fx+hy= —= .
= (x+h) xih (ii)
Subtracting (i) from (ii) and dividing by h, we get
sin(x +h) sinx
f(x+h)-f(x) _ (x+h) X
h h
Taking limit on both sides as h — 0, we have
im f(x+h)-f(x) _ lim x sin(x + h)—(x + h) sin x
= oo h = h>0 h(x + h)x
60 = lim X [sin (x + h) —sin x] - h sin x
- 0=, h-x (x + h)
X [2 sin [%J cos (%J] ~ hsin x
= lim |
h—0 h-x-(x+h)
. (h h
sin [E) cos (5] sin x
= f(x) = lim ——=- lim =lim ——
h o (g] h-0 (x+h), h>0 x (x+h)
’ 2
=(1)‘cosx_“m Sinx__cosx sinx .€OSx sinx
X #20x(x+h)  x X - X X x?
S$60. i i i i
Let f(x) = sin x | f(x+h)=M Fx + HY=F(x) = sin(x +h) sinx

X -6 X+h-6"' X+h-6

F(x + h) — Fx) = (x —=6)sin(x + h) — (x(+h=6) sin x
(x + h-6)(x~6)

_ (x =6)[sin (x4 h)= sin x] — h sin x
(x+ h=-6)(x-6)

X -6
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X+h+x . ([ xX+h-x
— 2 . z
(x —6)x cos[ > ) sin [ 5 ] b sin x

_(x+h—6)(x—6)

[ sinC—sinD=ZCosC;D-sinC;D]

(x + h—-6)(x —6)

(x—6)2(.::::5(2)(+h]sinE ,
2 2 h sin x

(X +h—6)(x - 6)

(x +h-6)(x -6)
Dividing by h, we get

2x+h)_._ h
f(x+h)_f(x)=2(x—6)cos[ 5 jsm—

2 sin x
h h(x+h-6)(x —-6) (x +h-6)(x -6)
Taking limit on both sidesas h — 0

o fx ) —f(x) _
h

2(x —6)cos[2x +h]sinﬂ
i 2
h—0

im

| 2 im sin x
h—0 h(x +h - 6)(x —6) h—>0 (x+h—-6)(x —6)
2(x - 6) cos XM tein
L 2 w2 2 sinx
f'(x) = lim - lim - 3
h>0 (x+h-6)(x-6) 4L, h (x —6)
2

=2(x—6)cosxxi_ sinx  (x-6)cos x =sin X
(x —6)? 2 (x-6) (x —6)?
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- SMART ACHIEVERS

Y__E!:_B_g Nurturing Success...

Nurturing Success...

MATHEMATICS - XI | Differentiation (As sum, Product) NCERT

Date: 12/10/2021

Q1. Ify=(x+ a)". Find g_y, where ne R.
Ix

X +
If a

2. = .Find %, wh : R.
Q y <+ b mddxwereabe

Q3. Ify =sin (x+ a). Find 9 .
dx

Q4. Ify=(ax+ b)". Find 9 .
dx

%

Q5. Ify=(x*+x+1)-sin 2x. Find &,

S

Q6. Ify=(x+1)(x+2).Find & .
dx

12 g dy

Q7. If yz[\/; +—J . Find &Y.

v’; dx

Q8. Find di[x+1)2, x #20.
X X

Q9. Ify=(2+x)? find ¥ .
dx

Q10. Ify =5 x? find 9V .
dx

Q11.Ify=5cos x, find 9V .
dx

Q12. Compute the derivative of f(x) = sin 2x.

Q13. Compute the derivative of f(x) = sin®xX.

Q14. Find the derivative of f(x) = X ; 1.
Q15. If y = sin” x. Find % where (n'e R).
X
Q16. If y = x* tan x. Find 9",
dx

Q17. If y = x? sin x. Find 9 .
dx

dy where @€ R.

Q18. If y = (x + a) - tan 2x. Find
dx

Q19. If y = tan »2. Find 9 .
dx

Q20. If y = x* sin 3x. Find dy .
dx

021. Find the derivative of x° cot x.
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Q22. Compute the derivative of g(x) = cot x.
Q23. Find the derivative of: 5 sin x—-6 cos x + 7.
Q24. Find the derivative of: 5 sec x + 4 cos x.
Q25. Find the derivative of: cosec x - cot x.
Q26. Find the derivative of: sin (x + a).

Q27. Find the derivative of: ax - 2.

Q28. Find the derivative of: (x + a).

Q29. Find the derivative of m
sin x

030. Find the derivative of: cosec x.
Q31. Find the derivative of: x° (3 — 6x™ ).
Q32. Find the derivative of: sec x.

Q33. Find the derivative of: sin x cos x.

Q34. Find the derivative of: 2x — %
Q35. For some constants a and b, find the derivative of: (x — a) (x — b).
Q36. Find the derivative of X T C0S X

tan x
Q37.If y = (ax)™ + b™. Find W .

y =(ax) o
Q38.If y =5 - (sin (1 + nx)), find % where ne R.
Ix

Q39. If y = x" tan x. Find dy

dx
Q40. Ify = co’;x . Find %.
Q41. |fy=ﬁ.Find %.
Q42.Ify = m Find %’.

Q43. If y = (x* — 5x + 6) 3™+ 2). Find g_i.
Q44. If y = (1 - cos x)'(1 + tan x). Find %.
Q45. If y = (x2=6x + 6) sec x. Find %'

Q46. If y = (1 + 2 tan x) (5 + 4 cos x). Find %.

Q47.1fy= 3X+*D (a b c,decR).Find W .
cx+d dx

Q48. If y = x* (sin x — cos x). Find ‘;ﬂ.
). 4
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Q49. Find ﬂ, if y = cot x.
dx

Q50. Differenciate X "-a" wrt x

X -a
Q51. Find % . 1
dx 1+;

Iify= 1

1- —

X

Q52. Differentiate the following function with respect to x:
(x —1)(x -2)
(x —3)(x —4)

053. Find the derivative of X"+ ax"~ ' + a’x™ 2+ ... + 3"~ 'x + a" for some fixed real number a.

Q54. If f(x) = X>+3X =9 find F(x).
x?-9x+3

Q55.1fy= X . Find W .

sin x dx
= X g dy
56. If y= ——— . Find 2V,
Q y 1+ cot x dx
X : d
572.fy= —>  Find 9.
Q y 1+ tan x dx

Q58. Find the derivative of: 2 tan x—- 7 sec Xx.

Q59. Find the derivative of: 3 cot x + 5 cosec x.

Q60. Find the derivative of: _ 2 _ _ X ? .
x+1 3x-1

Q61. Find the derivative of: x™* (3 — 4x™°).

Q62. Find the derivative of: x * (5 + 3Xx).

Q63. Find the derivative of: (5x° + 3x — 1)(x—1).

f. X—-a,

Q64. For some constants a and b, find the derivative o 5
x -—

Q65. For some constants a and- b; find the derivative of: (ax* + b)>.

Q66. Differentiate the following function with respect to x:
x tan x

sec x + tan x

Q67. Find the derivative of the following function: (ax + b)" (cx + d)".

Q68. Find thé.derivative of: -2 — % +€O0S X .

x* x

Q69. Find the derivative of: PX>+aX+r
ax+b

Q70. Find the derivative of: fx—"'b

pxi+qx +r’

1

Q71. Find the derivative of: ————.
ax“+ bx +c
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Q72.

Q73.

Q74.
Q75.

Q76.

Q77.

Q78.

Q79.
Q80.

Qs81.

Q82.

Q83.

Q84.

Q85.

QS6.

Qs87.

Q8s.

Q89.

Find the derivative of: (ax + b) (cx + d)%

Find the derivative of: (px + q) (i + sj. p, q, r, s € constant.

Find the derivative of the following function: (x* + 1) cos x.

Find the derivative of the following function: x* (5 sin x — 3 cos x).

sin(x + a)
cos X

Find the derivative of the following function:

Find the derivative of the following function: @+ Psinx
c+dcos x

Find the derivative of the following function: S€¢X -1,
sec x + 1

Find the derivative of the following function: (x + cos x) (x — tan x).

Find the derivative of the following function: (ax? + sin x)(p + q cos Xx).

x*cos (n/4)

Find the derivative of the following function: >
sin x

Find the derivative of the following function: 4X + 8 sin x

" 3x+7cC0S X
Find 9 (_COoSX |
dx | 1+sinx

Find the derivative of S/NX+COS X
SINX—-CO0S X

fy=—=—.Find 9.
sin” x dx

Differentiate the following function with respect to x:
a+sinx

1+ asin x

Differentiate the following function'with respect to x:
Ja +x
Ja -x

Differentiate the following function with respect to x:
ax?+bx +c

px? + qx +r

X
X+5

Prove that xy’=y(1-y). If ¥ =
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MATHEMATICS - Xl

Nurturing Success...

Differentiation (As sum, Product) NCERT-Solution

S1.

S2.

S3.

S4.

S5.

dy
dx

y

dy
ax

(x + a)"

d n
—(x+a
dx( )

n(x+a)"’ -i(x +a)
dx
nix+a)"".

X +a
X+b

d d
(x+b)-d—x(x+a)—(x+a)-d—x(x+b)

(x + b)?

(x+b)=(x+a)
(x + b)?

1. (x+a)
(Xx+b) (x+b)2.

sin (x + a)

d .
p™ (sin(x+a))

cos(x+a)-di(x+a) =/cos (x + a)
X

(ax + b)"

d
il bY"
dx(ax+ )

n(ax)y 'L (ax+b)
dx
na(ax+ b)"".

(% + x+1)-sin 2x

ax
(2x + 1) -sin 2x + 2 (* + x + 1) cos 2x.

Date: 12/10/2021

(i (X +x + 1)} sin 2x + (x? + x + 1)(% (sin 2x)]
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S6. y=x+1)(x+2)

y d d
— = 1) — 2 2) — 1
™ (x+1) dx(x+ )+ (x+2) dx(x+ )
=(x+1)+ (x+2)=2x+3.
s7. 1)
- J;+_]
g ( Jx
1
= Y= X+—+2
X
dy 1
= = -
ax x?
ss. 2
i[x+1) = i(x)2+i[i2J+i(2)
dx X dx dx \ x dx
d_y (c)= 0, cisconstant
dx
2
= 2X ——.
3
s9. y= (2 + x)?
Y i(2+x)2
dx  dx
= 2(2+x)-i(2+x)
ax
= 2(2+x).
s10. . i(x”) = P
ax
y = 5%
ay _ 5.i(x2)
dx dx
= 5x2x=10x.
S11. Given, y =45.Cos X,
dy d
- 5-a(cosx)
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d
prrACRAY)

d
—f
¢ dx (X)

dy
ax

-5 sin x.

$12. Recall the trigonometric formula sin 2x = 2 sin x cos x. Thus

S13.

S14

S15

dfd(:) = 5—)( (2sin xcos x)=2 di:( (sin x cos x)
= 2 [(sin x)' cos x + sin x (cos x)']
= 2[(cos x) cos x + sin x (— sin x)]
= 2 (cos? x — sin? x).

df(x)

d , . :
— (sin x sin x)
ax ax

= (sin x)' sin x + sin x (sin x)’

= (cos x) sin x + sin x (cos x)

= 2 sin X cos x = sin 2x.

. Clearly, this function is defined every where except at x = 0. We_use the quotient rule with
u=x+1andv=x. Henceu' =1andv =1. Therefore

" Let,sinx=p

S16.

S17.

S18.

df(x) _ d

ax

dx

|

x+1] d [u)zu’v—uv':1(x)—(x+1)1=_i

X —a v vz X2 XZ-
f)=p" = )= ”Pn_1‘£
dx
f(x)=n-sin"""x* cos x.
y= X" tan x
ay _ xz.i-tanxnanx-i(ﬁ)
dx dx ax
= x% - sec x - tan x + 2% tan x
= xtan x [x sec x.# 2]
y = x*sin x
ay _ xz-i‘sinersinx-i(Xz)
dx dx dx

X2 cos x + 2x - sin x

= X(x cos x + 2 sin x).
y= (x+a)-tan 2x
Y _ (x+a)‘i(tan2x)+tan2x‘i(x+a)
ax ax dx

= (x + a)(2 sec 2x - tan 2x) + tan 2x.

(Pe R)
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S19.

S20.

S21.

S22,

By definition,

y = tan X

We use the quotient rule on this function wherever it is defined.

Alternate method:

d_y = i(tanxz)zsec x? -tan x? -i(xz)
dx  dx dx
= (sec x* - tan x?) - 2x
= 2xsec X* - tan X°.
y = x*sin 3x
e -g(sin 3x) +sin SX-i(Xz)
dx dx dx
= 3x2. (cos 3x) + 2x - sin 3x
= x[3x cos 3x + 2 sin 3x].
y= x° cot x
ﬂ = (3(:;’(Jr(-i()(5)-+-)(5 -i(cot X)
dx dx dx
= (cot x) - 5x* + x® - (- cosec? X)
= 5x* . cot x — x° cosec? x.
g (x) = cot x
99 = 9 (cotx) =9 [ LOSX
dx  dx dx {isin x

_ (cos x)'(sin.x) — (cos x)(sinx)’
(sin x)?

_ (—sinx)(sin x) — (cos x)(cos x)
(sin x)?

sin? x + cos? x
sin® x

d_g i(cotx)zi 1
dx dx dx'| tan x

= =icosec’ x

_ (’ftanx) — () (tan x)’
(tan x)?

_ (0)(tan x) - (sec x)’
(tan x)?

—sec? x )
= ~—— =-—cosec” X
tan® x
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§23. Let

S$24. |et

§25. Let

Hence,

$26. et

S§27. Let

$28. Let

f(x)y=5sinx—6cosx+7

_ d(5sinx-6cosx +7)
ax

F'(x)

_ d(5sinx) d(6cos x) N d(7)
dx ax dx
=5cosx—6 (—sinx)+0

=5 cos x + 6 sin x.
f(x) =5 sec x+ 4 cos x

_ d(5secx +4cosx)

f'(x) ™

_ d(5secx) N d (4 cos x)

dx ax
-5 d(sec x) 4 d(cos Xx)
ax ax

= 5 sec xtan x —4 sin x.

y = cosec X - cot x

o = cot x (—cosec x cot x) + coseex (- cosec? X)
X

[Applying product rule]

= —cosec x cot? x — cosec® x

= —cosec X (cot® X'+ ¢osec’ x).

y=sin (x + a)

dy _ dSin(x+a)=cos(x+a)-1

ax ax
=.COS(x + a).
Y= Ax -2
dy _ d4Vx-2) _d4/x)’ d()
dx dx ~ Jldx dx
12
= &_0
dx
1 2
=4l | x5
[2) =5
y=(x+a)
dy _ d(x+a)
adx ax

=900 d@) _ 4,021
dx ax
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$29. Let

5
X —C0s X
hx = sin x

We use the quotient rule on this function wherever it is defined.

S$30. Let

S31. Let

S32. Let

(x* —cos x)'sin x — (x> — cos x)(sinx)’
(sin x)*

h'(x) =

(5x* + sinx) sin x — (x® — cos x) cos x
sin® x
—~x°cos x +5x* sinx +1
(sin x)? '

5x*sinx — x*cosx +1
sin? x '

f(x) = cosec x
d _1
d(cosec x)  sin x
dx ax

F(x) =

ain A _1-(sinx)
= ax dx
(sin x)?

O-cosx -cosx 1
sin® x sinx _sinx

—cosec x cot x.

f(x) =x°(3-6x % =3x"-6x"*

_ d(3x° ~6x7)
ax

£ d(3x°) B d(6x*)
dx ax

d(x®) 5 d(x™*)
dx dx

=3

= (3)(5)x* — B)(-4)x°
= 15x* + 24x°°.
f(x) = sec'x
1

dsecx  cosXx
ax dx

f'(x) =

d(1) d cos x
coSs X -1
_ dx dx

(cos x)*
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0—(-sinx) sinx
(cos x)>  cos®x

sin x 1
= : =sec x tan x .
COS X COS X
$33. Let f(x) = sin x cos x
Using product rule, we have
. dcosx d sin x
f'(x) = sin x + COS X
X ax
= sin x (—sin x) + cos x (cos X)
= —sin® x + cos® x = cos’ x — sin® x.
S34. | et f(x) = 2x — 3
4
3 3
d|2x —— d|—
o ( - 4_] d(2x) (4]
f'(x) = = -
dx dx adx
= 29X g2,
dx
S$35. Let f(x) =(x—a)(x—b)
Using product rule, we have
df(x) - (x-a) d(x —b) F(x2B) d(x—a)
dx dx dx
- a4 O], Td()dE)
dx dx ax dx
=(x=a)[1-0]+(x—-b)[1-0]
=(x—a)+(x—b)=2x—(a+b).
$36. We use the quotient rule on thisifunction % wherever.it is defined.
B(x) = (x + cos x)"tan x'— (x2+ cos x)(tan x)
(tan x)
_ (1=sinx)tanx - (x + cos x) sec? x
(tan x)? '
S37. y= (ax)" + b"
y=a"-x"+p"
v i(c';f”’-x"”)+i(abm)
ax ax ax

ma™ - x™ 1,
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S38. y = 5-(sin (1 + nx)),
dy a .
—— =5.—(sin(1+nx
I dx( ( )
d
= 5cos (1+ nx)-— (14 nx)
dx
= 5-cos(1+nx)-n=5n-cos (1+ nx).
$39. - y= x"tan x
L/ i(x”)-tanx+i(tanx)-x”
dx  dx dx
= nx"~"tanx —sec® x - x".
$40. X
y:
COS X
cosx-i(x)—x-i(cosx)
a _ dx dx
ax (cos x)?
_ COS X — X sin x
cos? x
X
S41. y= —
1+ cos x
d d
d_y= (1+cosx)-a(x)—x‘a(1+cosx)
dx (1+ cos x)?
_~(T#cos x) — x(-sin x)
(1+ cos x)?
_ 1+cos x +xsinx
(1+ cos x)?
S$42. _ 1
y= -
1+ sinx
. d d
1+sinx)-— (1) —-1.— (1+sin x
dy _ ( ) CM() dx( )
dx (1+ sin x)?
_ _ Cosx
(14 sin x)?
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S$43.

S44.

S$45.

S46.

S47.

$48.

y=(¢-5x+6)(xX°+2)

Y (x? —5x+6)-i(x3 +2)+(x° +2)-i(x2 —5X +6)
dx dx dx

= (x> =5x+6)-3x°+ (xX° +2)(2x - 5)
= 5x* — 20x° + 18)x% + 4x* + 4x—10.

y=(1-cosx)(1+tan x)

Yy = (1—cosx)-i(1+tanx)+(1+tanx)‘ i(1—(:1:)3)()
dx dx ax
= (1 —cos x) - sec® x + (1 + tan x) sin x
= sec? x — sec x + sin x + sin x - tan x.
y= (¢ -5x+6)-secx
Y st—:ﬁcx{i(x2 —5x+ 6)}+{i(sec x)}-(x2 —5X + 6)
dx dx dx

(2x — 5)-sec x + sec x - tan x (x? — 5+ 6)

sec x [()¢ — 5x + B) tan x + (2x =5)].

y=(1+2tan x)(5+ 4 cos x)

a _ {i(1+2tanx)}-(5+4cosx)+(1+2tanx)-{£(5+4cosx)}
dx ax dx

= 2 sec’x (5 + 4.cos x) + (1 + 2 tan x) (—4'sin'x)

= —4 sin x +10 sec®x + 8 cos x.

_ ax + b

4 ex+d
(cx+d)-i(ax+b)—(ax+b)‘i(cx +d)

ﬂ = dx dx
dx (ex+d)?

(ex+d)-a—(ax+b)-c

(ex +d)?
_ ad — be
(ex +d)?

y= x*(sin x — cos X)

Y _ (sinx—cosx)-i(x“)—x“ -i(sinx—cosx)
ax dx dx
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$49,

S50.

S51.

f(x)

F(x) =

f(x)

f(x) =

(sin x — cos x) 4x° — x*(cos x + sin x)
(sin x) (4x° — x*) — cos x (4x° + x).
cot x

cos X
sin x

i cos X
dx | sin x

d ) d .
— (cos x)-sin X —cos x - — (sin x)
dx dx

(sin x)?

(—sin x)(sin x) — cos X - COS X

(sin x)?
—(sin® x + cos? x) 1 .
— = ———5—= —COSEE’ X .
sin x sin? x
x" —a"
(x —a)

d o d il n_.n[d 4
(x—a)—{—x a} (x a){dxx dxa

dx dx

(x - ay’

(x —a)mx"- ) — (x" - a")-1
(x - a)’

nx" —nax" ' - x" +a"

(x —a)?

(n—=Nx"—a(nx1=a""

(x=ay
1 2x+1
1+ -4
X=X
1_1 x -1
X X
X +1
x -1
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d d
[a(xn)}(x-n-(x+1)-a(x-1)

F(x)

(x =1
_x =N -(x+n1 =2
(x —1)? (x=17"
$52. Let (x-1N(x-2)
f =
0= X3 (x-2)
(x2—7x+12)i(x2—3x+2)—(x2—3x+2) 1(x2—7x+12)
f(x) = dx ax
(x2—7x +12)?
=(x2—7x=+12ﬂ2x-—2)—(x2—3x-+2ﬂ2x-—?)
[(x =3) (x —4)F
_ 2x3 —14x%2 +24x - 3x2 +21x - 36 = 2x° +6x%2 —4x + Tx% - 21x + 14
(x = 3)% (x — 4)?
_ —4x*+20x - 22
(x =37 (x -4y
$53. Let fXX)=x"+ax" " +ax" 2+ . +a"x+3a"
- Ffo)=n"""+an-Dx"2%x22n-2)x"3+ .. +a""
= fllay=nx"""+a(n-1a""?+a*(n-2)a" 3+ .. +a""
=nxX"""+(n=1a" "+ (n-2)a" "+ ..+’
=a" In+(n=1)+(N=2)+ ...+ 1]
Sum of n natural
=gt N+ n(n+1)
2 number =
2
S54. ( x?43x-9
x% -9x +3

dy _ d [x*+3x-9
dx  dx |x?-9x438

(x? —9x+3)-i(x2 +3x -9)—(x? +3x-9)-i(x2—9x+3)
_ dx dx

(x? —9x +3)?

_ (x*-9x+3)(2x +3)— (x* +3x-9)(2x -9)
(x2 —9x +3)? '
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S55.

S56.

S57.

S$58. Let

ax

f(x)

Fr(x) =

x2

sin x

) d , » o d .
sinx:-— (x%)—x°-—(sin x
dx( ) dx( )

(sin x)?

2x sin x — x2 cos x
sin? x

X (2sin x — X cos x)

sin? x
X
1+ cot x

(1+cotx)-i(x)—x-i(1+cotx)
ax ax

(1+ cot x)?

(1+ cot x) - x - (—cosec?x)
(1+ cot x)2

1+ x cosec? x + cot x)
(1+ cot x)? :

X
1+tan x

d d
[a(x)}-ﬂ +tan x)—[a (T+tan x)]- X

(1+ tan x)?

(1+tan x) — (sec x~tanx) - x
(1+ tanx )

tan x(—x secx + 1)+ 1
(F4tan x)? '

2tanx—7 sec x

d(2tan x — 7 sec x)
ax
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§59. Let

SGO.Let

f(x)

f'(x)

f(x)

f'(x)

d(2tanx) d(7secx)

dx dx
g Sinx
=2 cos X —7 sec x tan x
X
i d(sinx) _. _ d(cos x)
cos x —— =2 _ginx ——~27
=2 dx > dx — 7 sec x tan x
i (cos x)
cos? x +sin® x
=2 5 }—TSecxtanx
cos® x

= 2 sec® x — 7 sec x tan x.
=3 cot x + 5 cosec x

_ d (3 cot x + 5 cosec x)
dx

d (3 cot x) N d (5 cosec x)
dx adx

3d (cot Xx) N 5d(cosec x)
ax dx

[ cos x

d—
sin x
dx

+ 5(—caosec x cot x)

Sin X d(cos x) oS X d(sin x)

=3 — dx “'5 cosec x cot x
sin x
—sin® x — cos® x
%O — —2cosec x cot x
sin® x
B P, 2
—(sin® X + cos®x
=3 ( — )}—SCosecxcotx
sin®.x

—3 cosec®x =5 cosec x cot x.

2 x°
X4 1% 3x -1

2
]
x+1 3x-1
dx

] e

dx dx
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S61. Let

Another method:

Let

Hence,

$62. Let

d(2) ,d(x+1)

d(x?) 2 d(3x-1)

- (x+1) dx 2 ax _(3X_1) dx ax
(x +1)° (3x — 1)
_o|dx  dl _ _ 2| dBx) _d(1)
_ 0 Z[dx+dx]_(3x 1)(2x) - x [ ™ dx]
(x+1)° (3x = 1)

_0-2[1+0]  (3x =1)(2x) - x*[(3) - 0]

(x +1)? (3x — 1)
_ -2 (6x*-2x)-3x’
(x +1)° (3x — 1)
-2 3x*-2x

T+ Gxo1

f(x)=x*(3-4x %
(4 dB- 4x7%) dx*

f'(x) = o +(3—4x‘5)d—x
= Xt {d(a) . d(4x—5)]+ (3 54%%) (- a)x°
dx dx

=X “[0-@4)(=5)x )+ B-4x°)(-4)x°

= x *[20x" ®1 - x 712 - 16x°°)
=20x " —12x %% 16x " = 36x "0 — 12x 5.

fix) =x 3+ 4x %) =3x"*-4x"
d(3x*-4x°)
dx

F(x)=

_d@x*) d4x?
dx dx
= (3)(=4)x° = @) (-9 x "°

=—12x° + 36x '°
=36x 0 —12x°,
f(x) =x3(5 + 3x)

_ dx*(5+3x)

F' dx
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, d(5+3x) dx

=X’ ——+(5+3x)
dx dx
= x3[96) +d(3X)}+(5+3x)(—3)x'3"
| dx dx

= x° O+3g}+(5+3x)(—3)x‘4
L dx
=3x > -(15+9)x *

3 (15+9x)  3x-15-9x

x° x* x*
_ —6x-15 -3(2x+5)
= X4 = x4
$63. Let f(x)=(6x°+3x—1)(x—1)

d(x-1)

f'(x) = (x-1) +(5x°+3x-1)

d(5x®+3x-1)
dx

= (x—1)| Lisxey+ LCX d“’] (5x%43x 1){M-

| dx ax dx dx

i 3
=(X—1) SM'F%
dx dx

—0j|+(5X3+3X -1N[1-0]

=(x—1)[5@x*") + 3] + (5x%+ 3x — 1)
= (x—1)[15%° + 3] + (5x°.+'3x — 1)

= 15x° + 3x— 15— 3% 5x° + 3x — 1)
= 20x° — 15x° # Bx = 4.

S64. | et fFx) = X292
X='b
Using product rule, we have
(X_b)d();—a)_( _a)d(x b)
- X
(X b)*
dixy_d@]_, _[dx) _d®)
_ (x b)[ ax dx ] (x a)[ dx dx :|
(x = by’
_ (x-b)[1-0]-(x—a)[1-0]
(x - by
_ (x-b)-(x-a)
(x - b)?

xX-b-x+a a-b
(x=by  (x=b)*"

ad

dx

|
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$65. Let f(x) = (ax* + b)?

IX) = 9 (ax? +b)- (ax? + b)
ax ax

Using product rule, we have

- (ax® + b) d(ax® + b) +(ax? + b) d(ax® + b)

dx dx
e[ d o d(b) s o [d . d(b)
= (ax +b)_dx (ax®) + o }+(ax +b){dx (ax )+—dx }

= (ax®* + b) am+0}+(ax2+b){ai(x2)+0}
| dx dx

= (@ + b)[a@2 N+ (ax* + b)[a(2xX* )]
= (ax? + b) [2ax] + (ax* + b)[2ax]
= 4ax (ax’ + b).

2ee bt Fe0 = secxxtint:nx

(sec x + tan x) a (x tan x) — (x tan x) a (sec x +.tan x)
ff(x) — dx dx

(sec x + tan x)?

(sec x + tan x) [x di tan x + tan x di (x)] ~(x tan x)[sec x tan x +se¢? x]
X X

(sec x +tan x)?

_ (sec x +tan x)(x sec? x + tan.x).-(x tan x)(sec x)[tan x + sec x]
(sec x + tan x)?

_ (sec x +tan x)(x sec®x'+ tan x — x sec x tanx] /X sec x[sec x —tan x] +tan x

(see.X + tan x)? (sec x + tan x)?
$67. Let y=(ax+b)" (cx +.d)"

d m n

_‘y: (ax+b)nM+(cx+d)mM

ax dx dx

=(ax+b)"- mx+d" '-c+(cx+d)” n@x+b)" ' a

=mec(ax + b)" (cx + d)" ' + an(cx + d)"(ax + b)" "

=(ax+b)”(cx+d)’“[ me an }

+
(ex+d) (ax+b)
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S68. | ot

Y= ———5 +C0S X
x* x
dy d [ a J
— = —| ———;+COsSX
dx dx\x® x
), ),
-4 X _p X N (cos x)

dx dx dx
=a.(-4) (X% -b.(-2)(x%-sinx
_—4a 2b _
= +;;—mnx.

2
$69. | y=PCraxer
ax+b
2
J (ax+b)duﬂ +qx+r)_un2+qx+r)dwx+b)
ay - dx
dx (ax + b)?
_ 2apx’+aqx + 2bpx + bq — (apx” + agx.+ ar)
(ax + b)®
_ apx* + 2bpx + bq — ar
(ax + b)? '
$70. | ¢t y= fX4—b
pX>+qgx +r
2
J (pﬁ+qx+r)dwx+b}—wx+b)dum +gx+1r)
ay _ dx
ax (px*+qx +r)’
_ (pX? +:gx + 1) -(a) - (ax + b) (2pX* q)
(px*+qx +r)?
. apx’ + aqgx + ar — 2apx” ~aqx — 2bpx — bq
(px® %ax +r)?
_ —apx’ —2bpx= ar — bq
(pxZ+agx +r) '
1
S71. | ot = A
Y @ bx + o
d(1) d(ax®+ bx +c)
ax’+bx+c -1.
dy _ ( ) X dx
dx (ax®+ bx +¢)?
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S§72. |et

S73.Let

S74. Let

§75. Let

+b

= (ax + b) [(cx +d)

_ O0-a@x)-b  -b-2ax
(ax®+bx +c)* (ax*+bx +c¢)’

_ _—(b+2ax)
(ax®+ bx + )

2"

(ax + b) (cx + d)?

d(ax + b)

) d(cx +d)?
dx dx

+(cx +d)?

c;f(c:x+c;i')+

(ex +d)

M} +(cx +d)* [a+0]
dx

= (ax + b)[(cx + d) (c) + (cx + d) (¢)] + a(cx + d)®

= (ax + b)2c(cx + d) + a(cx + d)?
= (cx + d)[2c(ax + b) + a(cx + d)].

y= (DX+Q)(£+S]
X

dy
e (px +q) o

= (px+q)|r

+g_@ +[£+s] {_d(px) +%}
X dx dx

(bx + q) r[—lz)+0]+ £+s.][p+0]
X X

—(px+q)[é]+p[£+sj.

y.=(x* + 1) cos x

dy _ d(x*+1)cosx
ax ax

- (x? +1)dcosx +Gosxd(x"' +1)
dx

= (x%+"1) (= sin x) + cos x (2x)
="=(x* + 1) sin x + 2x cos X,
y =x*(5 sin x — 3 cos x)

d 4 . _ . 4
dy _ x'd(Ssinx 3COSX)+(55|nx—3cosx)di
dx dx dx

= x*[5 cos x — 3 (—sin x)] + (5 sin x — 3 cos x) (4x°)

= x* (5 cos x + 3 sin x) + 4x° (5 sin x — 3 cos X).
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S76. | ot sin(x + a)
cos X

oS X dsin(x + a) _Sin(x+a)dcosx
ay _ dx

dx (cos x)?

COS X COS (X + a) — sin (x + a)(—sin x)
cos’ x

COS X COs (X +a) + sin(x + a) sin x
cos? x

cos(x+a-x) cosa

cos’x  cos’x’
S77. Let y = a+bsin x
c+dcosx
(C+dcosx)d(a+bsmx)_(a+bsinx)d(c+dcosx)
dy _ dx
ax (¢ +d cos x)?
_ (c +dcos x)(bcos x)—(a+ b sinx)(—d sin x)
(c +d cos x)°
_ bc cos x + bd cos® x +.ad sin x + bd sin’® x
(c +d.cosx)’
_ adsin x + cb.cos x+ bd
(c + d-cos x)*
s78. L
_secx~1" cosx 1-cos x
Let y= — —
sec.x +1 1 1 1+cosx
cos X
o (1+ cos X)d(1—cos X)—(1—Cos X)d(1 +dios X)
ax (1+ cos x)°
_ (1+ cos x)(sinx) — (1 cos x)(—sin x)
(1+ cos x)?
_ 8in X'+ sin X cOs X + sin X — sin X COS X
(1+ cos x)?
_ 2sinx
(1+cos x)*
§79. Let y = (x + cos x) (x — tan x)
dy _ (x+cosx)d(x_tanx)+(x—tanx)d(X+C°SX)
ax dx
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= (x + cos x) (1 —sec? x) + (x — tan x) (1 — sin X)

= (x + cos x) (- tan? x) + (x — tan x) (1 = sin x)

= — x tan? x — sin® x sec x + X — x sin x + sin® x sec x — tan x

= x (1 — sin x — tan? x) — tan x.

$80. Let y = (ax* + sin x) (p + q cos x)
2 .
4 = (ax? + sin x) d(p+qcosx) +(p + q cos x) d(ax” +sinx)
dx dx dx
= (ax? +sin x) @+q dcos X +(p + g cos x) dax2+ dsinx
dx ax ax dx

= (ax* + sin x) [0 + g (—sin x)] + (p + g cos x)[2ax + cos X]

=—q sin x (ax* + sin x) + (p + q cos x) (2ax + cos x).

2

S81. _ x?cos (n/4) X
Let = . =
sin x JE sin x

2 -
\/Esinxdx _de\/Esmx

dy - dx dx
dx (+/2 sin x)?
_ 2 sin x(2x) - x* (\[2) cos X
- 2 sin® x
_ 22 xsin x =2 'x? cos x
- 2 sin® x

\/E.x(ZSinx—xcosx)

2 sin® x
S$82. _ 4x+5sinx
Let =
3x +7cos x
J (3x +7 608 X) d(4x +5 sin x)_(4x +5sin X)d(3x+7cos X)
ay _ dx dx
X (3x + 7 cos x)*

_ (3x +7 cos x)(4 +5cos x) —(4x +55in x)(3 - 7 sin x)
(3x + 7 cos %)

(12X + 15x cos X + 28 cos X+ 35 cos® x) — (12x — 28x sin x + 15 sin x — 35 sin® x)
(3x +7 cos x)?

12x +15x cos x + 28 cos X + 35 cos? x —12x + 28x sin x — 15 sin x + 35 sin? x
(3x + 7 cos x)*

15x cos x + 28 cos x +28x sin x —15sin x + 35
(3x + 7 cos x)? '
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S$83.

S84.

S85.

{i (cos x)](1+ sin x) - cos x -~ (14 sin x)
ax

d [ cosx | _ [dx
dx | 1+sin x (14 sin x)?
_ —sin x (1+ sin x)— cos x - CoOs X
(1+ sin x)?
_ —[sin x + sin® x + cos” x]
(1+ sin x)?
_ —[sinx+1] 1
(1+sinx)?  1+sinx’
F(x) = s!nx+cosx
Sin X —Ccos x
: d, . . d .
(sinx —cos x)-——(sin x +cos x)—(sin X +€0s x)-—— (sin X —cos Xx)
f(x) = dx dx
(sin x —cos x)?
_ (sin x —cos x)(cos X —sin x) —(sin X +C0s X)(COs X +sin x)
(sin x —cos x)?
_ 2 sin® x — 2 cos® x _ —2(sin2x +coszx)
(sin x —cos x)? (sin X =cos x)?
- -2
(sinx —cos x)?
FX) = —
sin” x
d iall can—1
—(sin” x) =n -sin"."" x - cos x
ax
d (x)|-sin” x = x . ¢ (sin” x)
Jren | OX dx
f(x) =

(sin%x)?

1-sin” x< x+n-sin” ' x -cos x
sin®" x

sin” =" x (sin x — nx cos x)

sin?" x

sin X — NXx cos x

sin”*1 x
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S86. Let Fx) = a+ SII.'I X
1+ asin x

(1+asin x)i(aJrsin x)—(a+sinx)£(1+asin X)
f’(X) = adx ax

(1+ a sin x)?

(1+asin x)(0+cos x)—(a+sin x)(0 + acos x)
(1+ a sin x)?

_ (1+ a sin x)(cos x) — (a + sin x)(a cos x)
(1+ a sin x)?

COS X 4+ a Sin X COS X — @° COS X — @ Sin X COS X
(1+z:1'sinx)2

_ (1-a*)cos x
(1+asinx)?

S87. Let F0 = ﬁ + \/\/_;
a-—X

(Na -vx) & (Wa+ ) 2(a+ V) 2 (fa )
(Ja=/xy’
a1 d .
(JE—\/E)(O+a(x)2J—(JE+\/§)[0-&(x2)]
] (Va -y

F(x) =

a2 [% x_%]—(%] W) 2

(Va —afx)?
1 1
_ (Va —x) s (W +x)
(a - Vx)
1
_ ﬁ[\/g—x/;+\/5+x/;]
(Va —/x)?
1 2Ja Ja

T2 Wa-VxP  Ix(a-xp
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S88. 2
Let  f(x)= ax2+bx+c
PX“+qx+r

(px? + gx + r)i(ax2+bx +c¢)—(ax?+ bx+ c)i(px2+qx+r)
f/(x) = dx dx

(pPx% +qx +r)?

_ (px*+gx+r)(a-2x+b+0)—(ax*+bx+c)(p-2x +q +0)
(px? + gx +r)?

(le<2 +gx+r)(2ax + b) — (a)(2 +bx+c)(2px +Qq)
(px? + gx +r)?

_ (2apx® +2aqx? + 2arx + pbx? + bgx + br) —(2apx® + 2pbx? + 2pcx + gax? + ghx+qc)
(px?+gx +r)?

2apx°® +2aqx? + pbx? + 2arx + bgx + br — 2apx® - 2pbx? — gax®~2pcx — gbx — qc
(px%+qx +r)?

_ (aq - bp)x®+2(ar - pc)x + br —qc
(pxz+qf)|(+r)2 '

$89. | y= X
X+5

(D)

d d
d_y ) (x+5)a(x)—xa(x+5)

dx (x +5)?

d_y _A(x+5)-1-x-(1+0) x+5-x 5

dx (x +5) (X #B)Y  (x+5)

Multiplying by x on both sides

Xdy_ Sx x5
dx (x+5)% (Xx%5) x+5

4 as 1-y=1- x5

y , X+

X —— =yu(l- B

ax QY- [By ()] _x+5-x 5

1-— =
y X+5 X+5
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MATHEMATICS - XI | Basic Application of Devrivative NCERT

Date: 12/10/2021

Q1. Find the slope of tangentat 0 =g of curve y = cot 0.

N

Q2. If f(x) = x* — 9x + 20, then find f(x) and hence find (100).

03. Find the derivative of x at x=1.
Q4. Find the slope of tangent at point x = 2 of the curve f(x) = x> - 3x* + x + 1.

Q5. Find the slope of tangent at point x = 1 of the curve y = (x + a)(x + b). Where a and b are
unity.

Q6. Find the slope of tangent at 0 =g of the curve y = sin 0

Q7. Find the slope of tangent at point x = 1 of the curve y = (x* — 1) (x* + 1).
Q8. Ifthe slope of tangent at x = 1 of the curve y = x* + bx + 1 is 3 unit. Find-all'real values of b.

Q9. If the slope of tangent at x =1 of the curve y = x* + bx is 12 unit. Find all possible values

of b
Q10. Find the slope of tangent at 6 = % of the curve y = %
i
Q11. Find the slope of tangent at 6 = T of the curve y= A
4 cos 0
Ql2.Ify = .Provethatx-d_y=y(1—y).
X + dx
Q13. If y = 0 - sin 0. Find slope of tangent at point.x = % .
Q14. For the function f(x) = % . J;_;g A +x72 +1. Prove that £'(1) =100 - £/(0).
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MATHEMATICS - XI | Basic Application of Devrivative NCERT-Solution

Date: 12/10/2021

Si. _ . dy
Slope of tangent at point x = x, is given by ™
X
X :Xo
y=cot0
Y - _cosec?o
dx
A
dx X=X
s2. - f(x) = x*=9x + 20
f(x)=2x-9

f(100) = 2x100-9=191.

§3. Dernvativeof f(x)atx=11is

F(1)= lim f(1+h)-f(x)
h—-0 h
= |lim w:hm Ez“]
h—-0 h h—=0h
S4. o dy
Slope of tangent at x = x,, is being.given by o
X=Xg

f)=x3— 3%+ x+ 1

3x* - 6x + 1

(%)

dy
dx |, _,

3x2°—Bx2+1=1

Slope of tangent = 1.

S5. '+ a=1,-b=1(given)
y=x+1)(x+1)
y=(C+2x+1)
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dy (2x +2)
ax

A —
dx x=1
S6. dy
Slope of tangent at point x = x, is given by I
X X =Xp
y=sin0
dy
— = cos 0
do
Y=o
=2
Hence at 6 = g , tangent is parallel to x-axis.
S7. dy
Slope of tangent at x = x,, is given by —
ax |y,
y=0C =104 +1)
dy d 3 2 d > 3
— = — (X" (XD — (X" + ) (x7 1
I {dx( )}( +)+{dx( +)}( )
= (3 =1) ¢+ 1)+ 2x+1(x°=1)
= 3x* #3x% + 2x° — 2x
= 22X+ 3x* + 3x° — 2x
& =2+3+3-2=6.
dx |,
S8. . o dy
Slope of tangent atpoint x = x, is given by —
y=x*+bx+1
b =2x+Db
dx x=1

2+bhb=3 = b=1
b= 1.
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S9.

Slope of tangent at point x = x, is given by g—y
X X =Xy
y= X+ bx
Y _ae4p
ax
& =3+b
dx x=1
3+b=12 = b=09.
$10. _ o dy
Slope of tangent at point x = x,, is given by ——
dx X=X
y= O
sin©
. do d .
dy _ sme-%—e-%(sme)
do (sin 0)?
_ sin6—0-cosbo
sin? 0
sin-".cog ¥
dy 3 3 3
do _E { 2 TI:]
sin® '—
3
Byr 1 Bon
22 3 2_ 2 6
3 3
4 4

J3-n) A%
{s ;3 ]{) ~2(33-x).

1.
Slope of tangent at point x = x, is given'by dy
dx X = Xg
- 0
cos 0
do d
cosf-——06-—(cosb6
dy _ do do %9
do (cos 0)?
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cosO+0-sinf
cos? 0

Slope of tangent at 6 =

A

S12. y= X~ = y.(x+5)=x
X+5
= y-%(x+5)+(x+5)-3—§=1
= y+(x+5)-d—y=1
ax
d
- (x+5)-L = (1-)
X
dy
= .X+5._= i
y )dx y(1=y)
dy
= PR W 1 —v).
X 40 y(1-y)
Hence proved.
S$13. y=160-sind

Slope of tangent at point x = x, is given by Z—y
X

X =Xg
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0-cosO+sind

dy T T .
— = —.cos—+sin—=1.
do|,_= 2 2 2
S14. .. i(x”’) = nx""’
ax
100 99 2
f(x) = X X+
100 99 2
99 98
F(x) = 100x 99x

100 99
ffix)=x®+x%+  +x+1

Now, f(1)=1+1+..to 100 term = 100
F(0) = 1.

f(1) = 100 - 1 = 100 - f(0)
f(1) = 100 - f/(0).
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