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> Definition of Limits; Limits of polynomials and rational functions, trigonometric, exponential and logarithmic
functions; Algebra of limits; Sandwich theorem; some standard limits; Derivative introduced as rate of change both
as that of distance function and geometrically; Derivatives of sum, difference, product and quotient of function;

Derivatives of polynomials and trigonometric functions.

TOPIC-1

Quick Review

» Definition of Limit

Lety = f(x) be a function of x. If at x = g, f(x) takes
indeterminate form, then we consider the value of
the function which is very near to a. If these values
tend to a definite unique number as x tends to a
then the unique number, so obtained is called the

limit of f(x) at x = a and is written as )lclgllf (x).

OR

If f(x) approaches to a real number I/, when x
approaches to a i.e., if f(x) — [ when x—— g, then
[ is called the limit of the function f(x). In symbolic

form, it on be written as—
lim f(x) =1
X—a

> Left hand and right hand limit.

A real number I, is the left hand limit of function
f(x) at x = a, if the value of f(x) can be made as
close as I, at point closed to a and on the left of a.

Symbolically,
LHL = lim f(x) =1
JC—)l?+
A real number I, is the right hand limit of
function f(x) at x = a, if the values of f(x) can be made
as close as I, at points closed to a and on the right of
a symbolically,
RHL. = I =1
im_f (x) =1,

xX—a

® Method to find left hand and right hand limit

Limit And Its Fundamentals

TOPIC - 1

Limit and its fundamentals

TOPIC - 2

Derivatives

X 2
TIPS... &
*a The students must not think that Z—y is a fraction
x

i.e. dy divides by dx, for dy and dx have no meaning
according to ever definition Zl—y is merely a symbol
x

for the derivative of y, which denotes the limiting

value of fraction g—y

% When the derivative of a function is evaluated
directly by using the definition, then this method
is called 'differentiation from the first principle’.
In evaluating derivatives by definition, standard

formulae of derivatives are not be used.
T sin x
*a Always remember for 0 < |x| < 5 scosx< —— <1
5

% Learn all the standard derivatives, to make the
calculation fast.

% Limit is used when we have to find value of a
function near to some value.

Step I Forleft hand limit, write the given functionas lim f(x) and for right hand limit, write the given function

as lim f(x)

X—a

X—a—
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Step II For left hand limit, put x = a2 — h and change
thelimit x —a~ by 1 — 0. Then limit obtained TRICKS... /~

insteplin lim f(a-h). X, imi i
p haOf ( ) Remember'some standard limits of following forms.
For right hand limit, put x = a + h and (i) lim A =1l (ii) lim tan® =1l
change the limit x — a* by h — 0. Then, =0 0 o0
Limit obtained in step 1 is lim f(a+h - ‘ 1
P o0 ( ) (i) lin(’)n sin” x _ 1 (i) ]irr(} tan™ x _1
x— X x> X
Step IIISimplify the result obtained in step II i.e.,
lim f(a—h) or lim f(a+h). S e = g i i i
h—>0f( ) lHof( ) N E}E} o na is true, if n is any rational
» Existence of limit number and a > 0.

If the right hand limit and left hand limit N. To find the differential coefficient of x", decrease

coincide, then we say that.lil.nit exists anfl their the index of x by 1 and multiply the result by the

co;nmon (;/:li)lue ]115 called the limit of f(x) at x = a and original index.

is denote im f(x).
Y x—)af ) . We can generalise the formula of sum or difference

> Algebra of limits for more that two functions, i.e.

Let 'f and '¢' be two real function with common % [fi(x) £ fo(x) £ f3(x) £ ........ T f,(x)]
domain D, such that )1(13}1 f(x) and )1(13}18 () exists,
then, _ ;_x if, () £ % i, () £ ;—x (o (£ o £
(i) Limit of sum of two function is sum of the limits
of the function i.e., di {f, )}
5

lim(f+g)(x) = lLim f(x)+1lim g(x)
o o o N. To find the derivative by first principle, revise the

(ii) Limit of difference of two functions is difference following trigonometric identities.
of the limits of the function i.e., e in D =25 (C o D) (C _ D)
lim(f-g)(x) = lim f(x) lim g (x) sin C + sin D = 2 sin 2 cos )
x—a x—0 x—a
(iii) Limit of product of two functions is product of sin G — sin D = 2 cos (C + D) S (C - D)
the limits of the function i.e., 2 2
im| f(x).g(x)| = lim f(x).lim g(x C+D C-D
x—>0[f( )g( )} X—mf( ) X—>ag( ) cos C + cos D = 2 cos ( > ) cos ( > )
(iv) Limit of quotient of two functions is quotient of
the limits of the function i.e., cos C  cos D = -2 sin (C "2' D] sin (C ; D)
(x) lim f(x)
im £ _ 24— where lim g(x)#0-
x—a g(x) hmg(x) x—a
xX—a

(v) Limit of product of a constant and on function is the product of that constant and limit of the function i.e.,

lim {c-f(x)} =c lim f(x), where 'c'is a constant.
x—a x—0

» Limit of polynomial function
Let f(x) = ay + a;x+ ayx® + ...... + a,x, be a polynomial function.
then,

lim f(x) = Lm [ag + ax + a7 + ... + a,x"]
xX—a X—a

= ag +ay lim x+a, lim x* +....+a, im x"
xX—a xX—a xX—a

=ay+ aa + aa, + ... + a,a" = f(a).
» Limit of Rational Function
X
A function f is said to be a rational functional if f(x) = igxi , where g(x) and h(x) are polynomial functions such
that h(x) #0. x —>a
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@ fim £x) = 1% h(x) = h(a)

If g(a) = 0 and h(a) = 0 i.e., this is of the form % , then factor (x — a) of g(x) and h(x) are determined and then (x —a)

cancelled out.
Let, $() = (x—a) p(x)

h(@) = (x-a) g(x)
Then,

lim f(x) = me

X—a

(b) For any positive integer 7,

n n
. X —a
lim =na
x—>a X—0a

> Limits of Trigonometric, exponential and logarithmic Functions.
To find the limits of trigonometric functions, we use the following theorems—

(i) Let fand g be two real valued functions with the same domain, such that f(x) < g(x) for all x in domain in
definition. For some 4, if both limit exist, then lim f(x)<lim g(x)
xX—a X—a

(ii) Sandwich Theorem—Let f, g and & be real functions, such that f(x) < g(x) < h(x) for all x in the common domain
in definition. For some real number 4, if lim f(x)=1lim/(x)=1, then lim g(x)=1.
X—a X—a xX—a

» Some Standard Limits
n n

W X'—a _
(i) lim =na""!
x—>0 x—a

eey . SINX
(ii) im =1
x>0 X

anx
=1

(iii) Tim *
x—0

(iv) tim SR
x—>a  X—a

) lim 2 20)

x—a xX—a

(vi) im M =
x—0 X

a* -1

(vii) lim =log,a#0,a>1
x—0

x7
e 1:1

(viii) im
x—0
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(ix) lim 1-cosx _
x—0 X

0

> Note:

® x —q isread as x tends to 'a' from left and it means that x is very close to 'a' but it is always less than a.

x —a* isread as x tends to 'a' from right and it means that x is very close to 'a' but it is always greater than 'a'.

°
® x —aisread as x tends to 'a' and it means that x is very close to a but it is not equal to 'a'.
°

Left hand limit and right hand limit of a constant function is the constant itself. e.g.,

lim 3=3, lim 4=4.

x—1" x—3T

® Some factorization formulae which we use in finding limit of a function are—

(i) If f(a) = 0, then (x —a) is a factor of f(x).
(i) >~b*=(a-b)(a+D)

(iii)a® + b® = (@ + b) (@®—ab + b?)
(iv)a®—b® = (a-b) (@® + ab + b?)

(v) a*=b* = (@® + VP (@®*-1*) = (@® + V) (a+Db) (a—D).

X" —g"
® The result lim
x—>a X—4a

= na" " is also true for any rational number 'n' and positive 'a"

® The domain of exponential function f(x) = €* is (— oo, o) and its range is (0, o).

e The domain of logarithmic function f(x) = log, x is (0, =) and its range is (- oo, o).

—— ° ° o
= | Multiple Choice Questions (1 mark each)
[A] Objective Type Questions 2 4
lim Sinx . g oSy
Q.1 5, is equal to : = lxlgl}
x-m 2sin® =
(@)1 (b) 2
() -1 (d) -2 lim (x)z 2cosx
[NCERT Exemplar Q. 54, Page 242] 0o\ 2
Ans. Correct option : (C) = X
) limsinx_sin(ﬂ—x)__1 sin"
Given, pa— 7—(75—3() )
sinx =2cos0°=2x1=2 ['.'lirr(} - =1]
[ lirr(} =landn-x—0=x—> 7] =l sinx
Paad TC —_ x
) Q.3. E§0(1+x)"—1 is equal to :
Q.2 lim ¥ COSY ¢ equalto: x
*209_cosx b) 1
(@) n (b)
(a) 2 ) 2 (c) -n (d) 0
3 [NCERT Exemplar Q. 56, Page 242]
-3 a1 Ans. Correct option : (A)
) — n n
© @ (1+x) —(1)

[NCERT Exemplar Q. 55, Page 242]
Ans. Correct option : (A)

. . x*cosx . x%cosx
Given, lim =lim
x-0 1 —cosx x—=0

I
2sin*x =

[ 1-cosx = 2sin’ %]

1+x)”—1_li

Given, lim( n (1+ ) 1
paed x p—

x—0 X

. (1+x) (1)
= ey —(1) SmMOTi=n

n n
. x"—a _
[ lim =na" 1:|

x=a X —q
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tim X" -1 .
Q.4. [0, o is equal to :

(@)1 v =
n

2

(0 -2 d) 5
n n

[NCERT Exemplar Q. 57, Page 242]
Ans. Correct option : (B)

P L
-1
) m_ . m(1 mn
Given, lim=—— = lim—X=—— = ()H =—
-1 x" -1 -1 x" =1 1’1(1) n
x-1

lim 1—cos406

. 5. is equal to :
Q-5 650 1—cos60
4 1
a) — b) =
(@ 5 (b) 5
-1
c) — d) -1
(© > (d)
[NCERT Exemplar Q. 58, Page 242]
Ans. Correct option : (A)

. . 1-cos46 2:sin*20
Given, lim = lim——
60 1 —cos60 6-0 2sin” 30

[~ 1-cosB = 2sin? g]

_ sin20 [sinze]z
= lim = m| —
050 5in230 6-0 sin 30
. 2
smze><Ze )
= lim # = |~ = —
90| S99 39 301 9
3000 39
Q. 6. Egow is equal to :
-1
a) — b) 1
(a) 5 (b)
1
Q) — d) 1
© (d)

[NCERT Exemplar Q. 59, Page 243]

Ans. Correct option : (C)
1 CcoSXx
. . COSsecx —Ccos+x T
Given, lim———————= = jjy, Slnx__sinx
x=0 X x—-0 X
. l—cosx
=0 xsinx
. 2 X
2sin* =
= lim

x—0 . X X
x.2sin—=cos—

sin = tan = tanz
= hrrl} = lin& = lim 3
x— xcost x— X x—0 2)(7
2
:lxlzl [ 1 tanle]
2 x—0 X
Lim sinx X
Q.7. xﬁom is equal to :
(@) 2 (b) 0
(1 (d)-1

[NCERT Exemplar Q. 60, Page 243]
Correct option : (C)

. . sin x
Given, lim

Nl -Vix

lim sinx[\/x+1+ 1—x]
-0 (\/x+1—\/1—x)(\/x+l+\/l—x)

) sinx[\/x+l—\/1—x]
= lim

¥=0 x+1-1+x

sinx[\/x+l+ 1—x]

= lim

x—0 2x

= 1 lim Si“x[er 1—x:|

2 =0  x

Taking limit, we get = %Xlx[\/o +1-+0 —1]

Ans.

= 1><1><2:1
2

Q.8. lim sec?x—2

x—n/4 Is:

tanx -1
(@3
()0

(b) 1
(d) 2
[NCERT Exemplar Q. 61, Page 243]

Ans. Correct option : (D)

1+tan®x -2
tanx—1

sec’x—2 i
. im——— —
Given, - tanx —1 -
tan’x -1
X_,% tanx—1

i (tanx—1)(tanx+1)
= B (tanx—1)

_ lirr}(tanx+1) = tan"4+1 =1+1=2.
xo— 4
4

im Wx —1DQ2x —3)

Q.9. is equal to :
1 2 x -3 1

1 -1
(a) E (b) E

()1 (d) None of these
[NCERT Exemplar Q. 62, Page 243]
Ans. Correct option : (B)
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Given, limM
x->12x% +3x - 2x -3
(Vx-1)(2x-3) (Vx-1)(2x-3)

T x(2x+3)-1(2x+3) 1 (x—1)(2x+3)

 (Vr-1)(Vr+1)(2x-3)

1 (x-1)(Va +1)(2x+3)

C (x=D(2x-3) oy -3
1 _ lim
= o) (Va+1)2r+3) ~ 7 (Vx+1)(2x+3)
Taking limit, we have,
(€ St B G| .
(VI+1)(2x143) ~ 2x5 10 (x=1)
sin[x], [x] %0
Q.10. If f(x) [x] ,where [] denotes the
0, [x]=0

greatest integer function, then lim f(x) is equal
x—0

to:
(a)1
(c) -1

(b) 0

(d) Does not exist
[NCERT Exemplar Q. 63, Page 243]
Ans. Correct option : (D)

. B sin|[x] [x] =0
Given, f(x) = { ] " 1] =0
im sin[x] B 1msin[O—h]
LHL = xlw x] T 0 [0-H]
. —sin[-h]
= lhlir(}W_ 1

im sin[x] i sin[0+h]
RHL = h—0* [x] T o0 [0+h]

L sin[h]
=0

LHL # RHL; So, limit does not exist.

Q.11 If f(x) = {

1

O<x<2

x* -1
! , then the quadratic

2x+3, 2<x<3
equation whose roots are 522, f(x) and

li .
xlif f(x) is:

(@) x*—6x+9=0 b) ¥*-7x+8=0

() x¥*-14x +49 =0 (d) ¥*-10x +21=0
[NCERT Exemplar Q. 65, Page 243]

Ans. Correct option : (D)
Given, f(x) = {

¥-1,0<x<2
2x+3,2<x<3

o lmo= f limo 2o 1) = Tm - 21

X2 h—0

=lm@_p2_4p-1) = im [p2_4p +3]=3

h—0 h—0
and m gy = M- oy 4 3)

=M pE+hy+31=7
Therefore, the quadratic equation whose roots are
3and7is x>~ 3+ 7)x+3x7=0
ie x— 10x +21 =0
Q.12. lim tan2x —x

—— isequalto:
x—03x —sinx

(@2 (b)

= N =

-1
(c) > (d)

[NCERT Exemplar Q. 66, Page 244]
Ans. Correct option : (B)
x[tan 2x 1]
= lim >+ 4

x—=0 sinx
x|3-——F-
X

. . tan2x—x
Given, f(x) = im ———
=0 3x —sinx

[taan ) 1]

i 2x 12-1 2-1 1
= m " = — = =
50, [p_snx] T 31 2

x

[B] Fill in the Blanks
Q.1. Iff(x)= 2%

t.
,then lim f(x) = ...
o Lim f(x)
[NCERT Exemplar Q. 77, Page 245]
li . X
Q.2. x‘ﬂo(smmxcot\/g) =2 thenm = ...

[NCERT Exemplar Q. 78, Page 245]

Q. 3. Jim 3
[NCERT Exemplar Q. 80, Page 245]
Answers

1 _tan(n-x)
" —(n-x)

243
3

2.

3.1+ 6y +1=0.
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Very Short Answer Type Questions

(1 mark each)

Evaluate the following limits (Q. 1 to 6)

2
Q.1. Evaluate Eﬂsx __39
[NCERT Exemplar, Q. 1, Page 239]
2 2 (q\2
Sol. lim X 9 = limﬂ
x-3 xy—3 -3 x—3
= }im (x+3)(x-3)
x—3 (x — 3)
= lim(x+3) [x#3]
=3+3=6
Q. 2. Evaluate iim 4x% -1
x—1/2 v —1

Sol.

Sol.

[NCERT Exemplar, Q. 2, Page 239]

im (20)* = (1)
2x -1

lim 4x2 -1
x—)% 2x -1

1
x—o=
2

im (2x+1)(2x—1)
H% (2x-1)

;
= Im ox+1y |1
x%i 2

= 2><%+1=1+1=2

. Evaluate lim0 Jx+h—x
x>

h

[NCERT Exemplar, Q. 3, Page 239]
 Ax+h-Jx
hmi
x—0 h
. Nx+h=Jx _Jx+h+x
lim X
x—0 h \/x+h+\E
lim x+h—x
x—>0h(\/x+h+\/§)

h
Im ———— h#0
x—>0h( x+h+\/§) [ 01

lim 1

1
—0Jx+h+Jx  2Vx

Q.4.

Sol.

Q.5.

Sol.

Q.6.

Sol.

9)1/3 _51/3
Evaluate limu
x—0 X

[NCERT Exemplar, Q. 4, Page 239]
1/3 _51/3

lim (x+2) 2

x—0 X

Letx+2=y

yl/3 o3

y—2

lim
x—0

(257

Wk W=

(2) 3

1

3(2)2/3

Evaluate lim Sin°2x

x—0", 2
sin” 4x

[NCERT Exemplar, Q. 16, Page 240]

lim sin? 2x lim sin?2x

x—0 x—0

Given,

sin? 4x (2sin2x COSZJC)2
_ lim sin? 2x
0 4sin®2xcos® 2x
[+ sin 20 = 2 sin O cos 0]
= m =
4cos?2x 4
[ cos0=1]
0S2x

Evaluate lim 1—c0s2x
x—0 xz

[NCERT Exemplar, Q. 17, Page 240]

lim 2sin’ x

lim 1—cos2x
x—0 2
X

x—0
xz

(1= cos 2x = 2 sin%x)

_ lim 2sin® x
x—0 2
X

lim sin? x
x—0 2
b

. 2
5lim sinx
= “x-0
X

I:.  lim sin© _ 1:|
* 00 9

=2

2xXx1=2
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Short Answer Type Questions

(2 marks each)

Q.1

Sol.

Sol.

Ans.

Q.4.

im (1+3)°-1
Evaluate -0, 5 =

1+x)>*-1
[NCERT Exemplar, Q. 5, Page 239]
6
lim (1+ x)2 1
=0 (1+x)" -1
Letl+x=y
6 _
lim yz 1
y-1y” -1

()l
()

= ;i_>n1l(y4+y2+1)

y—1

ly=1]

=1+1+1=3

5/2 5/2
. Evaluate lim (2+X) / —(a+2) /
X

x—a
[NCERT Exemplar, Q. 6, Page 239]
5/2 5/2
lim (2+x)""=(a+2)
x—a

xX—a

Let2+x=y
When x - athey — (a + 2)

yd/2 —(a+2)%"?

i
y=@+2)  y—(a+2)
5 n_n
= E(u+2)5_1 |:1imx e =nu”_1:|
2 x—a X—4a
5 3/2
= —(a+2
~(a+2)
. Evaluate lim xt—Jx
x—0 \/;_1
[NCERT Exemplar, Q. 1, Page 240]
lim xt - x
o1 Jx -1
\/;(XWZ _1)
Iim ———~
o1 Jx—1
Let \/;zy
7
y\y -1 n_ n
mi( ) [Iimx a =n(1x_1:|
y-1 y_l x—a X—4a
7_
lim y lim y
y—1 y—-l y—l
=1x 7(1)°
=7
Evaluate lim0 Vi+x® —V1-%°
X 2

X

[NCERT Exemplar, Q. 11, Page 240]

Sol.

Sol.

Sol.

x—0

lim \/1+x3 —\/1—x3
2
X

lim \/1+x3 —\/l—xa_\/1+x3 +\/1—x3

= x—0
x? \/1+x3+\/17x3
—im  (1+2%)-(1-2%)
x—0

xz(\/1+x3 +\/1—x3)

— lim 14231428
x—0 >

213 +1-13)

223
x2(\/1+x3 +\/1—x3)

= lim
x—0

= 1im02—x
X
W1+2% +41-2%)
=0
) 3
- Evaluate lim xs +27 [NCERT Exemplar,
x” +243 Q. 12, Page 240]
Given, lim 3 X +27
TS 1043
3 +27
= |i A
M, x+3
x°+243
x+3
©-(=3)° 1m13x3—(—3f
x——
. J5c—(—3)5 _ JSc—(—3)5
=903 T w2 —(B)
¥ (_3) x—-3 _ (_3)
n_ _n
|:11m roe . na"_1:|
x—a X—a
GO
5(-3)* 15
. se i xt o
. Find the value of 7, if ?ﬂzﬁ =80,n¢c N.
[NCERT Exemplar, Q. 14, Page 240]
1 x" 2"
Given, 5, > = 80
= n(2)"~'= 80
) n___n
PP
X—a
= n2)""1=5x%x16
= nx2tl=5x (2)*
= nx2'"1=5x (2°!

n=>5
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Q.7. Evaluate lim sin3x lim Sin3x
i Ll s
[NCERT Exemplar, Q. 15, Page 240] 7 i SI;ZX
sin3x 3y lim Sin3x '
Sol. Given,lm —3X —  — M 3x [ ggosmﬁ 21:|
"x>0_sin7x 7y nmo sin7x | 7x 0
: x—>
7 7 3.1 _3
= IxZ ==
7 1 7

Q. 8. Evaluate lim 2sinx —sin2x
x—0 x3

lim 2sinx—sin2x
x—0 x3

Sol. Given,

Q. 9. Evaluate lim @
T
¥ \/E( g B x)

Sol. Given, lim

x~>n/3f
\/E(g —X

Q.10. Evaluate lim w

\1-cos6x

)

. T . T
) \/E(SIHXCOS* - COSX'SIH*)
— lim 4

T T

x——

! 4
1 1
\/E(sin X—= — COSX—=
lim \/E \/E

Sol. -

X—>— T

4 X——

&

[NCERT Exemplar, Q. 18, Page 240]

lim 2sinx—2sinxcosx

x—0
x3

[+ sin2x = 2sin x cos x]

lim 2sinx(1—cosx)
x—0 3

X
olim SINX jim ( 1—cosx
x—0 x—0 2
x
. _ . sin®
2.10m, ! C;) = [ 2 Slg = 1]
X
21im, 5 2= 4%, 5 [(l—cosx):zsin2 —]
X ax® 2
4
2 2
4 sin— lim sinE
glim, " = 2| 21 =1 Apply the limit
2 2
[NCERT Exemplar, Q. 20, Page 240]
lim \/Esin 3x
= xon3T N
a(5-)
3
im  Sin3x o sin(m—3x) _.lim SInO@ _
= x-n/3 = /3 Yy =7n-3x) [ e=0 =1
T_, T 7 —3x 0
3 3
_ 5303smy —3x1
=3

[NCERT Exemplar, Q. 21, Page 240]

4

n
x>
4
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Q.11.

Sol.

Q.12.

Sol.

Q.13.

Sol.

. J3sinx - cosx
Evaluate lim —————

I:"lim sin6_1:|
* 0-0 0

T
Let x—— =
e 1Y

[NCERT Exemplar, Q. 22, Page 240]

—,_ T
ly=x 6]

] [+ sin A cos B - cos A sin B = sin (A - B)]

[NCERT Exemplar, Q. 23, Page 240]

[ ggosuew —1and ggo tage _ 1]

[NCERT Exemplar, Q. 25, Page 240]

[+ cosec®x = 1 + cot®x]

T n
6 xX- 6
Z[ﬁsinx —lcosx]
i Y3sinx—cosx L2 2
L n PN .
e YT 6 6
2| sinxcos ™ — cos xsin ~ ZSin(x—f)
. 6 6
= lim =
T (X _ E)
6 6
= thﬂ I: lim
y=0 Y 60 ©
=2
Evaluate lim Sin2x+3x
*%2x +tan3x
in2x +3
lim sin2v+3x %-h
-~ - - m
=055 + tan3x 0577 tan3r
7.3)(
3x
sin2x _ 3x ), sin2x 3
limO 2x 2x lim
= X = x50 Ao o
2i+tan3x 3 %+tan3x 3
3x 3x 3
sin2x +§
~ 2Ztm _ 2x 2
37792 jiym tan3x
3 x—0 3x
3
1+—
_ 22
3 %+ 1
3
5
= gxl = —x—x=— =1
3 5
3
. cot?x -3
Evaluate lim ——
,rcosecx — 2
6
_ cot’x—3 _ cosec’x—1-3
hm = llm ————
L, Teosecx—2 LT cosecx—2
6 6
~ lim cosecix — 4 _ lim (cosec x)z - (2)2

g — g —
(meosecx—2  m cosecx—2

6 6
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(cosec x +2)(cosec x —2)

= lim = lim (cosec x+2 i
x_)g (cosec xX— 2) X_>16[( ) [ é%% = 1}
=2+2=4 (Apply to limit)
Q.14. Evaluate lim Sin¥ —25“;3’6 +$in5x [NCERT Exemplar, Q. 27, Page 240]
lim Sinx—2sin3x+sin5x lim Sin5x +sinx —2sin3x
Sol. x50 = x50
X X
_ lim 2sin3xcos2x —2sin3x
- x-0
x
_ EE;O 2sin3x(cos2x—1) _ ﬁﬂo 2151n 3x (cos2x—1)
x
—x3x
3
= plim SNy )= 6x1x0=0
3x
. 4_ . 3_13
Q.15. Evaluate lim, x -1 _ hT)k x"—k , then find k= 8
x—1 Yok 2 g2 3
the value of k. _
.16. Show that im |*—4]| ;
[NCERT Exemplar, Q. 28, Page 240] Q . e does not exist.
4 3 13
Sol. lim X" =1 _ 1im X7k [NCERT Exemplar, Q. 51, Page 241]
x—1 Y1 x—k 2—k2
* . lim | X—4]
ERE Sol. Given, 5. /4 )
3 _ 1 x—k —(x—
4 (1) =Tm, 2 52 Let f(x)z{ (x—4),x<4
Y —k (x—4),x>4
lim X" —a -1
e =na" )
xa LHL = fm =
lim K
N 4= x—k x—k -1
2 12
lim X"~k (x—4)
=k T RHL = 11r11[1+ Py =1
3 e
- 4=70 - LHL # RHL
So, limit does not exist.
lim X" =a" _m oy ’
[X—)ﬂ xn _ an - n ]
L]
Long Answer Type Questions-I (4 marks each)
x2_4 [NCERT Exemplar, Q. 8, Page 240]

Q. 1. Evaluate lim

D2 3y 2 Jx+2

fim x2—4 _ lim (x* —4)(V3x -2 +/x+2)
2 Br—2-x+2  TrBr—2)-(Vr+2)(Bx—2 —Jx+2)

Sol.

—iim (P -4)(Bx-2+Vx+2) o
2 (-2 -(Vx+2) [+ @+ b)a-b) =~ ']

_iim (P -4)(Bx-2+x+2)
=L 3y —2)—(Vx+2)
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_iim (¥ —4)(\Bx—2+x+2)

x—2

3x-2-x-2
_lim (x —4)(x/3x 2+x+2)
= x2
2x—4
lim (X+2)(x=2)(V3x-2++x+2)
= x-2
2(x—2)
lim (x+2)(3x-2+~x+2)
= x-2 5 [x#2]
_(242)(V6-2+v2+2)
2
_4(2+2) _ 8
2
Q. 2. Evaluate lim x4 . -1
x>V2 2 a2 fhe o 2+3\/ﬂ 8 Brilx (x+1)_hm o
[NCERT Exemplar, Q. 9, Page 240] = :
01 - 200 (x +1)
Sol, m X' 4 1x2-5x(1)* _ 2-5
x—>f2+3\/58 :x—x():—
1-2x2 1-4
— lim (x ) ( ) _ ;3 -1
T V22 .2 he _a 2+3\/—x 8 3
= lm (*)*-(2)* 4 Eval lim [8x-3 4x"+1
¥—v2 2+3\/—X 8 Q.4. Evaluate x—)% 2x -1 4x2—1

= lim (x —2)(3( +2)
x—\2 2+ 42x—2x—8
Sol lim [

im (x=V2)(x+v2)(x* +2)
DTG 2)(x+4V2) [ V2]

[NCERT Exemplar, Q. 13, Page 240]
8x-3 4x*+1
*)% 2x -1 4x%2-1

Q. 3. Evaluate

—im  (r+V2)(F* +2)
N2 (4 42)
(V2++2)[ (+2)? +2]

- (2 +442)

22(2+2) _
52 5

lim x —2x +1
x—1
x®—3x% 42

[NCERT Exemplar, Q. 10, Page 240]

Sol. hmlx —2x +1
A
T8 o342

_lim x —xP - +1

=m - - =

T 2 2x% 42

im X (2 =1)-1(x°-1)
U 2e—1)-2(:2 -1)

(-1 1(x°-1)
= tm _(x-1) (x-1)
-1 22 -1)
(x-1) (x-1)

x>

Chim | (8x=3)2x+1)—(4x* +1)
oy (x> -1)

hm 16x% +8x—6x-3-4x> -1
- HE 4x? -1

_lim f12x% 40y -4
e 4x% -1

lim  2(6x” +x-2)

x>

2 4x% 1
lim 2(6x2+4x—3x—2)
= xo- 3
2 4x° -1

tim 2[(3x+2)(2x-1)]

=y R (17
1im1 2(3x+2)(2x-1) { 1}

- S A S 24 yot

= 2x-1D(2x+1) 2
2 3><1+2
liml 2(3x+2) _ 2
- xﬁa 2x+1 2X1+1
2
2 2
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lim 1—cosmx
x—0

Q.5. Evaluate

[NCERT Exemplar, Q. 19, Page 240]

1—cosnx
sin? mx 2
2 (mx tim sm%
mx ) \ 2 — 2
9 2 mx (7) mx 2 X
Sol. lim 1=cosmx _ ) “S0 57 gim 2 _ 2 "y 0
=07 onx 0 i x—0 = > > [x#0]
2sin” — gin2_ ™ 5 lim (oo Y 2x
2 (nx) ¥-0| S5 "y
)\ 2 nx
D) 2
. mx
sin——
lim 2
x—2 mx
2 - 2
= mT 2 , :'% |:”1im sin9_1:|
n . nx n * 00 0 -
sin—
lim 2
x—2 nx
2
Q. 6. Evaluate limw s1n( )
¥oa NX—Na = 22 -2cosa lim ——2 2
[NCERT Exemplar, Q. 24, Page 240] x—a
. sinx—sina Let x-a =y
Sol. lm——F+—
o i Ly
sin <
— lim sinx—sinuxx/;+\/a_ = 4\/§cosulin}) 2
= —
x—a \/;—\/E \/;4' \/E Y y
. . sinx—sina sin? .
=1 + lim —————
XIE}I(‘/; */E),}E}z x—a — 42 cosalim —2 I:lim sme:l]
y=0 oY -0 ©
Joed 2cosx+asm% 2
= (Va++a)lim
( )x—m x—a = 4\/Ecosu><%><1
sin~— = 42 cosa
= 2Jalim ZCOS( )11 m— 2
x—a 2 Jx—sa x-—a
Q.7. Evaluate 5;30J— V1+cosx [NCERT Exemplar, Q. 26, Page 240]
sin“ x
2 - ’1+2c052£—1
Sol. Gi lim \/——\/1+COSX _ lim 2 '.'COSXZZCOSZE—l
ol en, x=>0" . 2 = x-0 2
sin” x sinx?
V2 - /2cos
= lim ["Cosx=25in£cos£:|
x=>0" . 2 :
sin? x 2 2
\/E(l—cosf) \/5(1—1+2sin2£)
_ lim _ lim 4
- x>0 .2 — x>0 . 2
sin” x sin“ x
X 2
X
V2| 2sin2 % sin? > [7j
_  lim — 5202\/5 4 4
- x>0 ) 2
sin? x 2 )" sin“x
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Sol.

Q.9.

Sol.

Q. 10.

. X
. s — 2
lim ; x 1 . 0
— 2\/5 4 | lim ( ] L (hm :1j
20T % iny ) 16 0-0Gine
4
1 1
= 2J211— =
16 42
3 . . —si
. Evaluate tim [0 X— I _ i (1 tan gyl | (COSXTSINN)
= n X—>— x——] T
4 Cos| x+— 4 4] cOoSx-CoS| x+—
(%) (%)
[NCERT Exemplar, Q. 49, Page 241] 1 1 .
3 V2| —=.cosx — —-sinx
Given, lim tfan” x—tanx 0 B lim \/E \/E
ANt S ; = —(1+1)xtm
x—= T —Iorm =T T
4 COS X+Z 4 COSXx-COS X+Z

lim tan x(tan2 x-1)

n LT
_)TC P i COSZ-COSX—SIHZ'SIHX
N

4 cos(x+z) 242 x

x—— T
4 COSXx-COS X+Z

_ _ —(1-tan%x) [ cosA-cosB-sin AsinB
= M ptan il —— = cos(A+B)]
4 cos(x+ —) ( n)
cos| x+ 1
_ lim \ 4/
lim (1+tanx)(1—tanx) = 22 PN T
- —Ix 4C0SX-COS| x+—
x—=— ( TC) 4
4 cos| x+—
1 _
[ @1 = (@ +b) @b = 2V2x— = 22x2 = -4
V2
1- sini
lim———— 2 p [NCERT Exemplar, Q. 50, Page 241]
C0S—COs— —sin—
4
) 1-sin2 X X X X . cos? = +sin > — 2 sin > cos >
gﬂn 2 [sin——sin—j[cos——sin—] = l;rin 4 4 4 4
x X X . X
COS— cos— (cos——sin—)
2 4 4 4
[+ sin? 0+ cos®® = 1, sin20 = 2sin6 cos6]
S
cos= —sin=
_ lim 4 4
x—>7 P . X X X 1) [+ cos 260 = c0s%0 — sin?0]
(cosf +sin f)(cosf —sin fj[cosf - sinfj
4 4 4 4 4 4
X . X
cos= —sin=
I G .
= lim . . . . [ a~b"=(a+Db)(a-Db)]
o (cosf + sinf](cosf —sin f)
4 4 4 4
= lim 1 _ 1 _ V2 _ 1
X7 -1 1 = 5 T /5
cosz + sin% ﬁ + ﬁ 2 V2
x+2, x<-1 Sol I x+2, x<-1
If f(x) = , then find c when ol. x) = 5
f) cxz, x>-1 ,}gﬁ cxz, x2-1
f(x) exists. _ lim _ lim
LHL x_ﬂ_f(x) - (x+2)

[NCERT Exemplar, Q. 53, Page 242]
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= WB0(-1=h+2) = limc(-1+ k)’ = ime(-1+hy?
RHL = lim _ lim 2 - =
x— 11 f) s -1+ If ilg—lf(x) exist, then LHL = RHL
c=1

(6 marks each)

Long Answer Type Questions-II

Q.1 330(x+y)sec(xy+y)—xsecx [ COSC—COSD=—2SinC+D'SinC_D:,
[NCERT Exemplar Q. 47, Page 241] . y). vy
x42sin| x + = |sin=- + ycosx
. lim (x+y)sec(x+y)—xsecx ; > )
Sol. Given, y—0 = ”1‘)0
y Y ycosxcos(x +¥)
Xty X
_ lim cos(x+y) cosx
y=0 y 2xsin (x + 1) sin?
— lim 2 lim 2.1+1im sec(x+y)
= lim (X+y)cosx—xcos(x+y) Y20 cosxcos(x+y) V70 y 2 70
y—0
ycosxcos(x +y) 2
; y
— lim [xcosx+ycosx—xcos(x+y)] 2xsm(x+EJ 1
y—=0 = lim ————=_- =+ lim sec(x +
ycosxcos(x+y) x>0 cosxcos(x+y) 2 y-0 (x+y)
lim | Xcosx —xcos(x+y)+ycosx ] y
= y—0 2xsin| x + <
ycosxcos(x +y) . 2 )
= lim————— = — 4 lim sec(x +y)
im %(COSX — COS(X + ) + Y cosx x>0 cosxcos(x+y) 2 y-0
= y—0 .
ycosxcos(x +y) 2xsinx 1
= ————+4secx
y —y cosxcosx 2
x| =2sin| x+= [sin| —= [|+ycosx
lim 2 2 = x tan x sec x + sec x
=0 ycosxcos(x +y) =secx (xtanx + 1)

Q. 2. Evaluate :

lim sin(o+P)x + sin(o —B)x + sin 20w
x>0 X

[NCERT Exemplar Q. 48, Page 241]

cos2Bx —cos20x

. lim sin(o +B)x + sin(o — B)x + sin 2o0ux
Sol. Given, x0 -X

Ccos2PBx — cos2ox

2si . +sin 2 -
= lim[ sin ox-cospar + sin OUC]'x ['.'sinC+sinD:ZSinC+DcosC D]
x>0 cos2fBx —cos2ox 2
. |2sinaxcosPx +sin2ax|x _
= hm[ : - ] '.'cosC—cosD:ZSinC-FDsinE
=0 2sin(o + B)xsin(a — B)x 2

. [2sinaxcosPx +sin20x|x

x—=0

2sin(a + B)xsin(o —B)x

. [2 sinaxcosPx + 2sin ox cosax]x
= lim

x—0

2sin(o + B)xsin(o —B)x

2sin ox[cosPx + cosax]x

im
=0 2sin(o + B)x.sin(o — f)x

C+D C-D

Ccos

[ cosC +cosD =2cos andsin26 =2sin6cose]
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. sin ox.x
= 1

e
sin oy
x—0
GO .
R e,

——.x.(ox)
ox
2sin
[ij (L—Bj 2 2
2 2

1 jim sinox
lim 0sz

.sin

2 x—0 .

_ ox
oa+p oa—B .lim sinQ _
lim . [ 2 jxlim ( 2 jx[az_ﬁz] 2 ['9—)0 0 _1:}
x—0 51 x—0 | x
(a+Bjx (a—Bjx 2
2 2
lim Sinowx
_ 1 o4 x—0 ox
ZQZ—BZ (a+B)x [a—Bjx
lim ' sin 2 tim 'sin 2
x—0 (OH_BJ x—0 [OL— )
x — |x
2 2
1 4o 200 200
= 2 (XZ—BZ =a2_[32 = (XZ—BZ
Derivatives

Quick Review

» Derivative at a point
Suppose f is a real valued function and ‘4’ is a point in its domain. Then, Derivative of f at a is defined by
lim f(a+h)-f(a)

, provided this limit exists.
h—0 h

The derivative of f(x) at a is denoted by f’(a).
> First Principle of Derivative

, wherever the limit exists and is

f(x+h)—f(x)
h

Suppose fis a real valued function, the function defined by lim -
h—0

defined to be the derivative of f and is denoted by f’(x). This definition of derivative is called the first principle
f(x+h)—f(x)
h

of derivative. Thus, f'(x) = lim
h—0

’(x) is also denoted b d x) | orif y = f(x), then it is denoted b 24 and referred to as derivative of f(x) or
y 7 y y
X dx

y with respect to x.
» Algebra of Derivative of Functions
Let f and g be two function such that their derivatives are defined in a common domain. Then,
(i) Derivative of sum of two functions is sum of the derivatives of the functions.
S e(0)] = ()
or u+v) =u+7

(ii) Derivative of difference of two function is difference of the derivative of the functions.
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d d

LLr0)-e()] = s (x)—re(x)

or Wu-v) =u-7v

(iii) Derivative of product of two functions is given by the following product rule.
d d d
AL s] = [t o]

or W) =u.v+v.u

(iv) Derivative of quotient of two functions is given by the following quotient rule.

d d
d {f(x)} _ g(X)Ef(x)—f(X)ag(x),g(x)i0

dx| g(x) [g(x)]

dx
u) vu'—uv'
or —| =
v v2

» Some Important derivatives

> (i) %x" =" = !

(i) %[Cf(x)] = C%f(x) C is a constant.

. d n -1
iii) —(ax+b) = na(ax + b)"
(iii) —-(ax+b)" = na(ax +1)
(iv) If fx) = a,x" + a, X"+ a, X" + .+ ax + ay,
then f(x) = na,x" ' + n=1) g, X" 2 + 1-2) a, X" >+ ... + ay.
d, .
v) —(sinx) = cos x
(v) —-(sinx)
Lod .
vi) —(cosx) =-sinx
(vi) —-(cosx)
o d 2
vii) —(tanx)=sec
(vii) dx( x) x
oo d
viii) —(cosec x)=— cosec x cotx
i) % cosee-)
. d
(ix) —(secx)=secxtanx
dx

x) %(cot x)= —cosec’x

(xi) %(ﬁ):ax log, a

1

xlog,a

d

(xid) a(logHX)=
d 1

xiii) —(log,x)=—

(xiii) —-(log, x)=—

. d x x

xiv) —e* =

(xiv) n’ ¢
d e

(xv) d—[C]:O , where 'c'is a constant.
X

» Geometrical meaning of Derivative at a point

Geometrically, derivative of a function at a point x = the slope of tangent to the curve y = f(x) at the point

{C}.
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Slope of tangent at P = im () =7(¢)
xX—¢ x—c
O
= { dx }x_c or f'(c)
> Note:

® Derivative of f at x =a is also given by substituting x = a4 in f '(x) and it is denoted by d— f(x)

dr
dx

)

i

Multiple Choice Questions

or

d
or —
dx

a a

(1 mark each)

[A] Objective Type Questions

Q.1. If f(x) = x - [x], € R, then f'(%) is equal to:

@ > (b) 1

(©)0 (d) -1

[NCERT Exemplar Q. 67, Page 244]
Correct option : (a)
Given, f(x) x — [x]; we to first check for

differentiability of f(x) at x = %
1 1
! ibsdiE
B =LHD = im————=

h—0
li 2 2
1m

h—0

Ans.

1—h 0—1+0

2 2 _h_
—h C-h
1 1
iy ) ) e
fly*h -1y

2
h

lim
h—0

1
~(3)
1 1

—+h-1-=+1
2 2

=RHD = lim

x—=0

= lim _E:1
h

x—=0

LHD = RHD
(1
. ~ =1
1(3)
dy

1
2. Ify = Vx +——, then £
Q y Jx en dx

atx = lisequalto:
1

1 b) -
@ ®) -

(©) (do

Sl

[NCERT Exemplar Q. 68, Page 244]

Ans. Correct option : (d)

Given thaty = /x +L

L

" dx

dy
dx

lth

Q.3. If f(x) =

@ >

(©)

1

Jx
1 1
2\/; 2x3/2
S
2 2
\/_ , thenf' (1) is equal to :
4
b) =
®) <
(40

[NCERT Exemplar Q. 69, Page 244]

Ans. Correct option : (a)

-4
Given, that f(x) = ——
fy = S
\/;.1—(x—4).L
a1 2/x
o f) = .
_ Lf2x-x+d] 1) x+4
2Jxx T2 2(x)3/2
1/1+4] 5
[f(x) atx= 1_ Py 2%1 Z
1+i
x2 dy
Q.4 Ify= 1 7 then ~isequalto:
A
-4 —4x
a) % ®) —
(x2-1)? x"-1
1-x2 4x
d
(0) x (d) 21

[NCERT Exemplar Q. 70, Page 244]
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Ans. Correct option : (a)
1
Given, y = 1+? >y = x4l
Y= 1 v x* -1

dx (x*-1)’
2x(x* -1-x7-1)
G
o 2x(2) . HAx
= =

i d
Q.5. Ify = w, then d—y atx = Oisequalto:
x

sinx — cosx
(a) -2
() lim f(x)

(b) 0

(d) Does not exist

[NCERT Exemplar Q. 71, Page 244]

Ans. Correct option : (a)
. sinx +cosx
Given,y = ———
sinx —cosx

(sinx —cosx)(cosx —sinx) -

dy _ (sinx +cosx)(cosx +sinx)

dx (sinx - cosx)2

—(sinx—cosx) —(SInx+Cosx
(si )~ (s )

. 2
(sinx —cosx)
—[sinZ X +cos* x — Zsinxcost

-t—[sin2 X +cos* x + ZSinxcost

. 2

(sinx —cosx)
2
(sinx —cosx)’

() 2
Ty )l (sin0 — cos0)*
-2
— =-2
G
sin(x +9) dy .
Q.6. Ify="""_""then —atx =0isequalto:
cosx dx
(a) cos9 (b) sin 9
(90 (d1

[NCERT Exemplar Q. 72, Page 245]
Ans. Correct option : (a)
Given, y = sin(x+9)
Cosx

dy _ cosx.cos(x+9)—sin(x+9)(-sinx)

dx cos® x

cosx cos(x +9)+sinx sin(x+9)

cos® x
cos(x+9-x) _ cos9
cos®x cos®x
d
(y) _ cosz9 _ cos9 — 089
dx ) ot y=0 c0s’0 1

x100

2
Q.7. If f(x) = Tex+> bt
2 100

, then f'(1) is equal

to:
(a) 1 (b) 100
100
()0 (d) Does not exist

[NCERT Exemplar Q. 73, Page 245]
Ans. Correct option : (b)

xZ xll)()
Given, f(x) =1+ x + —+....... +—
2 100
fly=1+ 2X ot 10027
T 100
A =141+ 1., + 1 (100 times)
=100
Q.8. Iffix) = x"-a" for some constanta, then f'(a) is
xX—-a
equal to :
(@1 (b) 0
(c) % (d) Does not exist

[NCERT Exemplar Q. 74, Page 244]
Ans. Correct option : (c)

n n

Given, f(x) = ra
x—a
B (x—a)(nx" )= (x"-a").1
o) = (x_a)z
. ~ (a-a)(na"")—(a"—a").1
<. fl(a) = (a_a)z

So, fi(a) = % = does not exist.

Q.9. If f(x) = x'% + ¥ + ... + x + 1, then f'(1) is equal

to:
(a) 5050 (b) 5049
(c) 5051 (d) 50051

[NCERT Exemplar Q. 75, Page 244]
Ans. Correct option : (a)
Given, f(x) =10 + x¥ + .+ x + 1
o i) = 1006 + 9908 + ... + 1
So, /(1) = 100 + 99 + 98 + ........ +1

100

= 7[2 x 100+ (100 - 1)(-1)]
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= 50 [200 - 99] = 50 x 101

[2>< )+(50-1)( ]+f[2><z+(50 1]

= 5050
Q.10. Iffx) = 1-x+ x> -2 + ... + ¥ + x10 thenf'(1) =25[-2-98] + 25 [4 + 98]
is equal to: =25 x (=100) + 25 (102) = 25[-100 + 102]
(a) 150 (b) -50 5% 2 50
(c) 150 (d) 50 [B] Fill in the blanks of the following
[NCERT Exemplar Q. 76, Page 244] > 3 P
Ans. Correct option : (d) Q.1 Ify=1+= 0 +% +% , then dz =..
Given, f(x) = 1—-x + X2 = + ... =x”° + 10 =
i) =1+ 20 =322 + o + 99x% + 1002 Sol. [NiEEEEXGmPIar Q. 79, Page 245]
) =-1+42-3....-99 + 100 dy
=(-1-3-5.0. 99 + 2+ 4+ 6 + ....... + 100) relialrel il
dy
e Y
Short Answer Type Questions (2 marks each)
Q. 1. Find the derivative of x" + ax" ! + a®x"2 + ... + _ i(azx“ T 2abe® 45
a"'x + a", for some real number a. dx
[NCERT Exemplar Q. 6, Page 313] 5, d d » d .
Sol. Let, fy=x"+ax" 1+ "2 + o+ ax" T+ " - a Ex +2ab$x +—b
= {f(x)} [x” +ax™ + a2+ L+ a =a%-4x° + 2ab-2x + 0
= f(x) = 4a* + dabx
+ a" e
= ="+ m-1)ax"?+ n-2)ax"> + ... + " (iif) [
{.'ix" =nx"" and iar" =0} x—a
dx dx Sol. Let flx) = -y
since a is a real no.
= f)=n"1+ n-1)ax"2 + (n-2) ax"> = if(x) = i(ﬂ]
dx dx\x—b

+ o+ at L
Q. 2. For some constants 2 and b, find the derivative of
(i) x—a) (x-Db)
[NCERT Exemplar Q. 7, Page 313]
(x—a) (x-b)

%{(x—a)(x—b)}

Sol. Let, f(x) =

£ 1w=

o ) = (x—a)%(x—b)+(x—b)%(x—a)

= (x—a){%x—%b}+(x—b)[%x—%a}

= (x-a)[1-0] + (x=b) [1-0]
=(x-a)+ (x-b)
=2x-(a+D

(ii) (ax* + b)?
Let flx) =
d

= Ef(X) = %(axzwtb)2

Sol. (ax? + b)?

d d
_ (xfb)a(xfa)f(xfa)a(xfb)

(x-b)*

(x—b)[%x—%a}—(x—a)[%x—%b}
(x=b)

B (x=b)[1-0]-(x-a)1-0]
- (x—b)

~ G-b)-(x-a)

T (x-b)

B a-b
B (x—b)2

Q. 3. Find the derivatives of—

(i) 2x —% [NCERT Exemplar Q. 8, Page 313]
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Sol.

Sol.

Sol.

Sol.

Sol.

Let flx) = 2x —%

-4

—,d . _d(3
TR dx(4)
=21-0
=2

(i) (5 + 3x - 1) (x = 1)

Let, flx)=(5x>+3x-1)(x-1)

flix) = % {Bx®+3x-1) (x=1)}
= (5x3+3x71)%(x71)+(x71)%(5x3+3x71)

= (X +3x-1) 1+(x=1)(15x> +3)

=20x% - 1522 +6x -4

(idi) 73 (5 + 3x)

Let, f(x)=x2(5+3x)=5x7+3x2
. %f(x) = %(S)C_?’ +3x_2)

= 51)6_3 +3ix_2
dx dx

= 5(=3)x 43 (2)x !

- W —3(2;;+5)

X

(iv)x® 3-6x"9
Let, flx)=x"(3-6x%)=3x"-6x*

. d _d(25 -4
T dx(3x 6x7%)

R

=3(5) X1 - 6(—4) x*!
= 15x* + 24x7°
= fl(x) = 15x* + 24x7°

2 x*
(v) =
x+1 3x-1

2 x?

Let, X)= —— _
f) x+1 3x-1

d daf 2 x*
af(x) ~ode{x+1 3x-1

EL)_E x?
=25 \x+1) dxl3x-1

Sol.

Sol.

By quotient rule
(x+1)L2)-24 (x+1)
fl(x) _ dx dx

(x+1)°

(3x—1):—x(x2)—x2%(3x—1)

(3x—1)2

. [(x+1)(0)—2(1)}_{(3x—1)(2x)—x2(3)}

(x+1)Z (3x—1)Z

-2 |6x*-2x-3x’
T (x+1) (3x-1)°

-2 | 3x*-2x
T (x+1)7 | (Bx-1)
2 x(3x-2)
C(x+1) (3x-1)

. Find the derivatives of the following functions.

(i) sin x cos x.
[NCERT Exemplar Q. 11, Page 313]

Let  f(x)=sinxcosx
d .
. — f(x) = sinx cosx
dx
d .
= —{sinxcosx}
dx
. d d .
= Sinx—COS X+ COSx—sin x.
dx dx
= sinx +(—sinx)+cosx -cosx
= f'(x) = cos 2x
Alternative method

f)=

2sin cosx
2

fx)= %sian
f(x)= %sian

f'(x)= %%sian

f'(x) = cos 2x

(ii) secx.

Let f(x) = secx=
cos x

d _
af(x) =

dx cosx
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d d
cosx —1—1-—cosx
dx

(cos x)2

cosx0—1 - (—sinx)

(cos x)2

sin x

COSZX

sin x

COSZX

sin x

COSZX

= f'(x)=tanx -secx
(iii) 5 secx + 4 cos x
Sol. Letf(x)=5secx + 4 cosx

%f(x) = % (5 sec x + 4 cos x)

5isecx+4icosx
dx dx

=5-secxtanx + 4 (- sin x)
= f’(x) =5secxtanx + 4 (- sin x)

(iv) cosec x

Sol. Let f(x) = cosec x = L

sinx ‘0—1 -cosx

sin? x

COoSXx

sin® x

cosx 1

sinx sinx

= f’(x) = - cot x. cosec x
(v) 3 cotx + 5 cosec x
Sol. Let, f(x)=3cotx + cosecx

if(x) -4 (3 cot x + 5 cosec x)
dx dx

= 3£cotx+51cosecx

dx dx
= 3 (- cosec’x) + 5 (- cot x cosec x)
= f’(x) = — cosec x (3 cosec x + 5 cot x)

(vi)5sinx—-6c¢cosx + 7
Sol. Let f(x)=5sinx—6cosx+7

%f(x) = % (5sinx-6cosx + 7)

= Sisinx—6ic0sx+i7
dx dx dx

=5-cosx—6-(-sinx) + 0
=5cosx + 6sinx
(vii) 2 tan x — 7 sec x

sinx Sol. Let flx) =2tan x -7 sec x
d rn= (1L 4y =4 _
af(x)— dx(sinx) dxf(x) dx(Ztanx 7 sec x)
sinx ~il—1 -isinx = 2£tanx—7£secx
dx 2dx dx dx
(sin.x) =2-sec’x—7secx - tan x
= f’(x) = sec x (2 sec x — 7 tan X)
Long Answer Type Questions-I (4 marks each)

Q. 1.Find the derivative of the following function :

cos.x [NCERT Exemplar Q. 16, Page 317]
1+sinx
Sol. Lef f(x) = —2~
1+sinx

By quotient rule,

1+ sinx)i(cosx)—(cosx)i(1+sinx)
dx dx

f'®)

1+ sinx)2

(1+sinx)(—sinx) —(cosx)(cosx)

(1+sinx)2

—sinx —sin® x—cos” x

(1+sinx)2

—sinx—(sin2 x+cos’ x)

(1+sinx)2
—sinx—1
(1+sinx)*
—(1+sinx)
(+sinx)®
-1
1+sinx
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Q. 2. Find the derivative of the following function :

Sol.

Let f(x)

sin x + cos x
sinx —cos x

sinx +cos x

sinx —cosx

By quotient rule,

(sinx—cosx)i(sinx+cosx) —(sinx+ cosx)i(sinx—cosx)
dx dx

[NCERT Exemplar Q. 17, Page 318]

fr)= . 2
(sinx —cosx)
(sin x —cos x)(cos x —sin x) — (sin x + cos x)(cos x + sin x)
B (sinx—cosx)2
—(sinx—cosx)* —(sinx +cosx)*
B (sinx—cosx)
—[sin2 x+c0s2 x—2sin xcosx +sin> x +cos” x + ZSinxcosx]
- (sinx —cosx)’
~[1+1]
" (sinx—cosx)?
2
" (sinx—cosx)’
Q. 3. Find the derivative of the following function : sinx +cos xsin x +sin x — sin xcos x
_ = 2
seex : [NCERT Exemplar Q. 18, Page 419] (1+cosx)
secx + Dsinx
Sol. Let f(x) = secx -1 " (1+cosx)*
secx+1 . .
| _ 2sinx _ 2sinx
-1 - 2 2
 cosx ' l-cosx (1+ 1 ) (secx2+1)
f) = 1 B 1+ cosx secx sec” x
cosx _ 2sinxsec? x
By quotient rule,d . (secx +1)°
(1+cosx)—(1-cosx) —(1—-cosx)—(1+cosx) 2sinx
1oon x dx secx
fe= (1+cos x)2 = cosX
(secx+1)
(1+cosx)(sinx)—(1-cosx)(—sinx)
= 5 B 2secxtanx
(1+cosx) (secx+1)
Q. 4. Find the derivative of the following functions. 4x+5sinx [NCERT Exemplar Q. 26, Page 318]
3x+7cosx
Sol. Let f(x) = M
3x+7cosx

By quotient rule,

f'®)

(3x+7cosx)di(4x+55inx)—(4x+55inx)d£(3x+7cosx)
X X

(3x+7cosx)?

(3x +7cosx)|:4i(x) + 5£(sinx)] —(4x+ 55inx)[3i(x)+7i(cosx)]
dx dx dx dx

(3x +7cosx)?

(Bx+7cosx)[4+5cosx]—(4x +5sinx)[3—7sin x]

(3x+7cosx)?

12x +15x cos x + 28 cos x + 35c0s2 x — 12x + 28x sin x — 15sin x +

35sin? x

(3x+7cosx)?
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15xcosx +28cosx +28xsinx —15sinx + 35(Cos2 X +sin? X)

(3x+7cosx)?

35+ 15xcosx +28cosx + 28xsinx —15sinx

(3x+7cosx)?

Differentiate each of the function with respect to x in following question using first principle.

Q.5. cos (x> +1)
Sol. Let

ax+b

Q.6 cx+d
Sol. Let f(x)=
flx+h)=
. d f—
. af(x) =

[NCERT Exemplar Q. 43, Page 241]

fix) = cos (x* + 1) and f(x + h) = cos {(x + h)* + 1}
d i x+h)— f(x
?f(x) = LSOM
x h
 lim cos{(x +h)? + 1)} —cos(x? +1)
~ h—=0 h
2 2 2 2
2sin (x+h)"+1+x"+1 sin (x+h)+1-x"-1
— lim 2 2
~ h—>0 N
[ cosC —cosD =-2sin €+ D-sinaTD}
1l 2,.2 22
- }iﬂo% _ZSin{(x+h) 2*" +2}sin{(x+h; X }
et 2,.2 2,42 2
B ;11301 osin (x+h)"+x°+2 L +h*+2xh—x
= h 7 5
) [ 2,2 2
= ;1130% _2sin{(x+h) 2+x +2}sin{h -;ZXhH
(h+2x
i Cla+n?+2 2]y sinh 2 h+2x . ;
- —ﬂﬂosm{( )2 }hm x( 5 ) ['-’330 5126:1]

= —2xsin (¥ + 1)
[NCERT Exemplar Q. 44, Page 241]

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

Ao+ )~ £ )

lim 1{a(x+h)+b ax+b
h=0%, c(x+h)+d cx+d

lim 1| ax+b+ah ax+b
=0 (e h)y+d  cx+d

h=0" " (h+2x
2

= lim 1 (ax +ah +b)(cx +d) - (ax + b){c(x + h) + d}
=0y, {c(x+h)+d}(cx+d)

lim 1| (ax+ah+b)(cx+d)—(ax+Db)(cx+ch+d)
= =0y, {c(x+h)+d}(cx +d)

|

[

Sol.

[ acx?® +achx + bex + adx +adh + bd

= }Iiﬂo% —{acx2 +achx + adx + bex + bech + bd}

{c(x+h)+d}(cx+4d)

[ acx?® +achx + bex + adx + adh + bd
—acx? —achx —adx — bex —bch —bd }
{e(x+h)+d}(cx+4d)

ot
= —>0h

=

—im 1 adh—bch
h=0 | {c(x+h)+d}(cx+d)
lim ac—bd
"20T e+ h) +dHex +d)
_ ac—bd
(cx+d)?
2/3

(h=0)

x
Let

[NCERT Exemplar Q. 45, Page 438]
fx) = 2%
fa+h) =(x+m?

Now, & fiw) = fim, Lt =S0)
x h
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. 1 —
= }Jﬂo%[(xmf” —x2/3] ['.'(1+x)” =l+nx+ n(nzl D2 +}
r 2/3 2
_lim 1| 2s3(; K 2/3 lim 1| 2/3(2h 1h
= - 1+— — _ - Zo ..
h—>0h>x ( XJ X :l —h—)Ohlix 3 x 9x2+
) _m 2P 20(0 1h
= tim 1| 273 1+E.%+E(Z_1j£ ...... . =03 e
=071 % X3 3 )2 )
L 21 = 2x5_1 gx_l/a
3 3
Q.8. xcosx [NCERT Exemplar Q. 46, Page 438]
Sol. Let flx) = xcosx
fx+h) = (x+h)cos(x+h)
d i x+h)-f(x
L = L1
dx h
= lim

;HO%[(x +h)cos(x+h)—xcosx]

= }}SO%[xcos(le) +hcos(x+h)—xcosx]

= Eﬂoi[x {—2 sin(2x2+h )sing} +hcos(x+ h):|

sin—
= ;}T,O —2xsin(x+2) h2+cos(x+h) ['.'cosC—cosD:—ZsinC+D-sinC7D}
_ _zlim . E lim SIHE.l lim h
= 2,25 gxsin x+2 >0 2+h—>0 cos(x +h)
2

1 .
= —ZEx sinx + cosx

= cosx—Xxsinx



