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Class 12

Chapter 1

Function:
If A and B be two non-empty sets then f is said to be a
function from set A to set B written as ;f: A — B and
defined as

)Dr = Ali) for every a € A thereexist only one
b € Bs.that (a,b) € f
Domain:
The set of all possible inputs of a function is called
domain.
*the domain of every function f(x) is defined.
*the valves at which at f(x) becomes undefined or
complex valued will be excluded from real numbers.
*domain is also known as pre-images.
Range:
The set of all possible out puts of a function is called
range.
*range is also known as images.
Types of functions:

i) Algebraic function:
Any function generated by algebraic operations is
known as algebraic function. Algebraic functions are
classified as below.
i) Polynomial function:

A function P of the form

p(X) = anXpn + Apo1x™ L+ ap_ox™ % + -+ agx?

+aix+ag

forall x,

where the coef ficients a,, an—1,an-2.az,ay, ag

are real numbers and exponents are non

— negative
integers,is called a polynomial function.
iii) Linear Function:

If the degree of polynomial function is 1. Then it is
called linear function.

iv) Quadratic Function:
If the degree of polynomial function is 2. Then it is
called a quadratic function.

V) Identity function:
A function for which f(x) = y or y = x is called
identity function. It is denoted by I

vi) Constants Function:
A function for which f(x) = b or y = b is called
constant function.

vii) Rational function:

The quotient of two polynomials such as f(x) = o)

where Q(x) # 0is called rational function
viii) Exponential Function:
A function in which the variable appears as exponent
(power) is called exponential function.
e.g;y=e*¥,y=e*e.t.c
ix) Logarithmic Functions:
if x=aYtheny =loga* wherea > o0,a
# 1iscalled

logarthmic functions.
*log10 x is knonw as common logarithm.
*loge x is known as natural logarithm.

X) Hyperbolic Function:

] ex —e™* ext+e™*

sinhx = , Coshx =

X —X

tanhx = , Sechx =
ext+e™* eX+e*
X —X
cschx:ex_e_x, cothx=ex_e_x

xi) Inverse Hyperbolic function:

sinh 1x = In (x + Vx2 + 1), vx
coshlx=In(x+Vx2—1),x>1
1 1+4+x
tanh™1x =" In( ) xl <1

1 V14x2
csch™x=In( + ),x #0

V1 — x2

1 —
sech 'x =In(" + x),0<xS1

coth . x = 2ln%),|x| <1

xii) Explicit function:
If y is easily expressed in terms of x, then y is called
explicitfunction.
symbolically y = f(x)

xiii) Implicit function:
If the two variables x and y are so mixed up such that
y cannot be expressed in terms of x, then this type of
function. Symbolicallyf (x,y) =0

Xiv) Parametric function:
If x and y are expressed in terms of third variable (say
t)suchasx = f(t),y =
g(t) then these equations are
Called parametric equations.

Xv) Even function:
A function f is said to be an even if f(—x) = f(x) for
every x in domain of f.

Xvi) 0Odd function:
A function f is said to be odd if f(—x) = —f(x) for
every number x in the domain of f

Exercise 1.1
Q1. Given that
a)f(x)=x*—x

b)f(x) =Vx + 4 find i)f(-2)
ii) f(a) iii) f(x—1) iv) f(x*+4)
Solution:
(@f(x) =x*—x
Df(=2)=(-2)*—-(-2)=4+2=6
ii) f(0)=(0)2-0=0

i) f(x—1)=(x—1)%—(x—1)
=x24+1-2x—x+1
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Class 12 Chapter 1

=x%—-3x+2
i) f(x?+4) = ((x* +4)* - (x> +4)
=x*4+16+8x%2—x%—4
=x*+7x% +12
(b) f(x) =Vx ¥4 f(-2) =vV—2+4= V2
if(0)=vV0Fd=VZ=2
iNf(x—1)=Vx=TIF&=VxF3
xiv) f(x?+4)=Vx2 +4—-4=+x2+38
Q2. Find /@t ~f@

and simlify where
) f(x)=6x—-9 ii f(x) = sinx

i) f(x)x3 +2x% —1 (iv)f(x) = cosx
Solution:

f(x)=6x—9
fla+h)—f(a) {6(a+h)—9}—(6a—-9)
h h

:(6a+6h—9—6a+9) =6h=6
ii) f(x) = sinx
f(a+h)—f(a) sin(a+ h)—sina
h h

L cos O T Yo )y
1 . h
= {2cost—)sin( )}

= 1{Zcos (a+ h) sing¢) }
i) f(x)=x3+2x%2 -1
fa+h)=(@+h)3+2(a+h)?-1
a3 + b3 + 3a’h + 3ah? + 2a% + 2h? + 4ah — 1
f(a) =a3+2a*>-1
fla+h)—f(a)
h

a® +h3 +3a? + 3ah? + 2a% + 2h% + 4ah—1—a3 - 2a* + 1
h
h(h? + 3a? + 3ah + 2h + 4a)
h
= h? + 3a? +3ah + 2h + 4a
iv) f(x) = cosx

f(a+h)—f(a) cos(a+h)—cosa
h h

) sin€ )

1
= (—2sin¢€

L 2sin P TPy simey)

2 . a+h_ . h
—Esm (T) sin %2)
Q3. Express the following (a) the perimeter P of
square as a function of its area A.
Solution:

Let each side of square be “x” then
Perimeter:

p =4x - (i)

Area:
a=xxx=x2=>x=VA
put valve of x in (i)
2> P=4VA

b) The area A of a circle as a function of its
circumference C.
Solution:
let r be the radius of circle then
Then
Area = nr? - (i)
Circumference:
C=2nr=r= oy PUL in(i)

2

= A=T[(2T[) =n.(2n)=2

2 A=
2n

(CO)the volume V of a cube as a function of the
area A of its base.

solution:

let each side of cube be x then

volume:

V=xXxXx

V=x3->()

Area of base:

A=x¥= x=VAputin (i)

S V=WA) 3V =4
Q4. Find the domain and range of the functions g
defined below.
(DHg(x)=2x-5
Dy, = (=%, +»),R,, = (-0, +)
ig(x) = Vx2 —4
g(x)becomes complex valued when x> — 4 < 0
orx?<4dor—2<x<2
Dy, =R —(-2.2),R, =[0,+c0)
(ii)g(x) = Vx + 1
g(x)becomes complex valued when x +1 < 0 or
x<—1so0Dy; =[—1,+x)
i) g(x) = |x = 3|
Dy = (—00, +Oo)'Ry = [0' oo)

6x+7if x < -2

Y 4x—=3ifx> -2
Dy, = (—%,—=2] U (=2, +»)
Ry, = (—%,—=5] U (—11,+)
x%+3x+2

2

T

vi) g(x) = ,x + —1
x%2+3x+2
D,=R-—-{-1} ==
x+1D(x+2)
R,=R-—{1 =
Y & x+1
gx)=x+2
x*—16
viii) g(x) = " x+ 4 g(-1)=-1+2
=1
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‘_16 x = acosf - (1)
D,= R— {4} — y = bsin@ - (2)
R From (1)
y=R—18} = x=4 §=cose—>(3)
g(x) =x+4 From (2)
gx)=4+4=8 y _
. 3 2 ; = =ysinf - (4)
Q5. Given f(x) = x° —ax“ +bx + 1if f(2) = -3, b
f(—1) = 0 find the value of a and b Squaring and adding (3) and (4)
2 2

Solution:
fx)=x3—ax?>+bx+1

2 f2)=2)°%-a(2?+b2)+1
2 —-3=8-4a+2b+1

= -4a+2b+12=0

2 —2a+b+6=0- (i)

= also f(-1) = (-1)3 +b(-1)+1
2 0=-1—a—-b+1

2 —a—b=0- (ii)

= )+ (i) —-2a+b+6=0

—a—-b=0
—-3+6=0>-3a=-6>a=2
Putinii) —2—-b=0=>b=-2
Q6. A stone falls from a height of h after x second is
approximately given by h(x) = 40 — 10x?
i) when is the height of the stone when
(a)x = 1 sec?

b)x = 1.5 sec (c)x =1.7 sec
d) when does the stone strike the ground.
Solution:
h(x) = 40 — 10x?
(@) h(1)=40-10(1)>=40-10 =30

b) h(1.5)=40—10(1.5)2 =40 —22.5=175m

c) h(1.7) = 40— 10(1.7)2 = 40 — 289 =11.1m
ii) when does stone strikes the ground then h(x)

=0
h(x) = 40 — 10x?

0 =40 — 10x2
10x2 = 40
x?=4
x=x2
x =2 ,(neglect — 2)

4483830

Q7. Show that the parametric equation:

i) x = at?,y = 2at represented the equation:
of parabola y* = 4ax

Solution:

x=at* - (1)
y=2at =>t= 2aput in (i)

— 2 _
5 x= a(Za) =a.,
2
= x= i’—a = y? = 4ax
(if) x = acosB,y = bsin0 represent the
2 2
equation of ellipse :—2 + Z—Z =1

Solution:

) +€6) = (cosh)? + (sinh)?
= cos? 6 +sin”

,+ o, =1

a b2

iii)x = asecl — (1)
y = btanf - (2)

From 1)
2
— — cap2
a—sec&:az—sec 8- (3
From 2)
2
Y —tang's” =tan?0 - (4)
B)=®
S T s sec?  — tan? 0
2 2
= a?z b2 =1

Q8.prove the identities
i) sinh2x = 2sinhxcoshx
Solution:
R.H.S = 2sinhxcoshx
N z-ex_e—x - eXte X _ er_e—Zx
= sinh2x =L.H.S
Hence sinh2x = 2sinhxcoshx

iii) sech®? x = 1 — tanh? x

Solution:
R.H.S =1 —tanh®x
eX —e~X 2 (ex _ e—x)Z
eX+e* (e* +e7x)2
(e +e ¥ +2)— (e +e ?* -2)
(e* +e7x)2
(e +e ¥ +2)—e?* —e2X 4+ 2)
(e* +e7x)2
2
T (eX+e )2 Eex_+ o)

- - 2, —
o 4 e‘x)z = cosh? = sech“x = L.H.S

€
(iii) csch?x = coth?x — 1
Solution:
R.H.S = coth?x — 1
ex+e~x (e*+e™X)
=G e 1T e
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eXX f 72X L ) _p2x _p=2x 1 )
(ex_e—x)Z
B 4 B 2 2
- (ex _ e—x)Z - ée_x__ e—x)
2

1

1
= (== 12, = cseh?x = L.H.S
e

Hence csch? x = coth? x — 1
Q9. Determine whether the given function f is even
or odd.
Solution:

Df(x) =x3+x
f0) ==+ (—x)=—x>—x
=—(> +x)=—f(x)
thus f(x)is odd.
i) f(x) = (x +2)°
f(=x) = (=x+2)* # £f(x)
thus f(x)is neither even nor odd.

i) f(x) =xVx2+5
f(=x) = xV(-x)2 +5
=2 = —xVx2 +5=—f(x)

thus fgx)is neither even nor odd.
v) fl(x) =x3+6

=>f(x)=x3+6
[(—x)?]1+6

44030830

4

1
=(x )3+6

0O +6=x +6=f)
thus f(x)is even.

i) f0) =,

(=x)2=(-x) —x3+x
(—x)2+1 x2+1
@ === —f(x)
thus f(x)is oddd.

Composition of function:
If fis a function from set A to'set B and g is a function
from set B to set C then composition of f and g is
denoted by
(fog)(x) = f(g(x))Vx €A

Inverse of a function:
Let f be a bijective (1 —
1 and onto ) function from set

Arosetbi.ef:A

— B then its inverse is f _* which is

surjective (onto) function from Bto Ai.e

f_1:B > Ainthis case D¢:Rr onto Rp = Dg-1

Exercise 1.2

Q1. The real valued functions f and g are defined
below. find

(@fog(x) (b)gof(x) (c)fof(x) (d)gog(x)

i) f(x)=2x+1;g=%,x¢1
SOlution:

3
(@fog(x) = f(9g()) = f )

3 6 6t+tx—1
=GPt E =T
5+4x
x—1

b) gof(x) = g(f(x)) 9(2x +1)

Tox+1-1 2x
o fofX) =) =f2x+1)
=22x+1)+1=4x+3

d) gog(x)=g(g(x) =9 (._D)=

3 3 —1)  3(x—1)
3—-(x—-1) 3-x+1 4—x
x—1
iDf) =vx+1,g(x) ="

Solution:

a) fog(x) = f(g(x))
:f(l):¢1+1:*[1_+_x2:\/1+x2

b)gof(x) = g(f(x) = g(Wx +1) =
Vx +1)
1

x+1

o) fof(x) = F(fF(0) = fF(Vx+ 1) =VVx +1+1

B)g0g() = gg() = g€ = = ,= | =x*

) a
@) f =, 900 = +1)°

Solution:

a)fog(x) = f(9(x))

f((x*+1*) =
Vix2 +1)2 -1

1

1 1 1
Vet +142x2 -1 Vx*+2x2 x2(x2 +2)
!

xVx2 +2
b) gof(x) = g(f(x)) = g\/%)
2 2
=l +1] =( _;+tD
2 2

= %x _‘1—) = (Tl)

X

2

fof @) = fFFx) = 1)
Vx—1
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= 1 = 1 y=-2x+8 :y_;=x
1 1/— _
./ x_l_l (1 ks 1 N x:y_28
R — 2 floy=T ey =f()
= \/x——_f) = o) =x
1 Replace y by x we have
Vx—-1 2 Vx -1 = f ) =8
1-Vx—1 %1L—\/Ev—_ = ) -1-8 _ 9
d) putx=-1,f (-1 = =

gog(x) = g(g(x))
=g(x*+1)
(DD
(iv)
f(x) =3x* —2x2%,g(x) = e
Solution:
a) fog(x) = f(g(x))
—f%)—?’(\/ ) —2%)

8 48 8 48-8
=3(16/x%)— = "= x

b)

gof(x) = g(f(x)) = g(3x* — 2x%)
= g(3x* —2x%)

T V3xt—2x a2 (3x2 —2) T x3x2 -2
fof(x) = f(f(x)) = f(3x* — 2x%)

= 3(3x* — 2x2)" — 2(3x* — 2x2)’

d)
1
gog(x) = g(g(x)) = gv)
1
_ 2 _ 2 22 2
)
1
=2 (_x}Z = 2\/\/x =V2.V2 Wz
= V2vx
Q2.

For the real valued function f defined below, find

(@f (%) (b)f_'(-1) and verify

FUTD =f1F@)=x
)f(x)=—-2x+8
Solution:
f(x)=—-2x+8
lety = f(x)then

ii) f(x)=3x%2+7
Solution:
f(x)=3x*+7
lety = f(x)theny = 3x* +7
= Y77 = 43
o x= 7y
= vy =fx) :f;l(}’) =X
2 o) =07’
Replace y by x we have
> fl@=CT)
Putx = -1 f1(-1) = (%’

Verification:
1 12

FE ) = Fle—) =3[ +7

=3—)+7=x-74+7=x
1
Frgen=red e =CE Y
1
3
:(3x )3 _
hence f(f_'(x) =f_'(f(x)) = x
i) f) =(=x+9)3
= y=f(x) =(x+9)°
lety = f(x%theny =(—x+9)3
y3=—x+9
= y5—9=1—x
=2 x=9—ys
= fl0)=9-ys
Cy=f@=>f"0=x

replace y by x we have
1
fl)=9-x3
1

Putx =-1,f1(-1)=9—-(-1)3=9—-(-1)=0
Verification:

3
FU @) = F(9-5%) = [ (9 —x5) +9]
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1 3
=(-9+x3+9) =x

fLU@) = f‘ll((—x +9)%)
=9—((——x+9)3%)3=9-(—x+9)
=94+x-9=x
Hence f(f_'(x)) = f_'(f(x)) = x
iv) f(x) — 2x+1

Lety = f(x)theny = 2t

5 (x—1y=2x+1
= xy—-y=2x+1
2 xy—-2x=y+1
= x(y—-2)=1+y
= x=1+y
= replacey by x we have
N f_l(x)=1+x
= putx=-1,f1(-1)="VY=9
Verification:
2(1+x)_|_1
fFUTEN=f( )=
x-2 7 1ty
21+x +x+2
— 3x 3x
1+x—-(x—-2) 2x+1—-2x+2 3
x—2
Hence f(f_'(x)) = f_'(f(x)) = x

Q3.
Without finding the inverse, state the domain and

range of f~1 ) i) f(x) = Vx +2 ii) f(x) =

x_l,xqtél-

i) f(x) = g X F -3

iv) fx)=(x—-5)"2,x=5

Solution:
i) f(x) =Vx+2
v f(x)becomes complex valued when x + 2
<0
orx < -2

Df = [—2,+00),Rf = [0,+00)
By definition of inverse function,
Df—1 = Ry = [0, +0)

By definition of inverse function,

Df—1 =Ry =10, +00),Rf—1 = Df = [-2,+x)
ii)

—x1

f(x)—x_4,x¢4 )

—_p_ . —x1
Df=R—-{4},~ f(x) X * 4

x—1

Rf=R-{1} y=—
2 yx—4y=x-—1
xy—x=4y-1

2 x(y—-1)=4y—-1
E> x:ﬂ

y—1
f‘l(x) _ 4x -1
T ox—1

By def. of inverse function.
Df-1 =R =R — {1}
Re-1=D =R —{4}

, X +1

i)

f(x)=x+3,x¢—3

D =R—-{-3} ~v f(x)= X F -3
Rf:R_{O} y:x+3
By def. of inverse x+3= y
Df-1 =R =R — {0} x=y—3
1
Ri-1=D =R—{=-3} . f'(x)=" —3x#0

Rp-1 =D =R —{-3}
iv)

fx)=(x—-2)%, x=5

D =1[5+%) ,Rf =[0,+x)
By definition of inverse function.
Df—l = Rf = [O, +00), Rf—l =D = [5, +00)

Limits of functions:

Let f(x) be a function then a number L is said to be
limit of f(x) when x approaches to a from both left
and right hand side of a, symbolically it is written as;
lim f(x) =L

x—a

And read as “limit of f of x as approaches to a is
equal to L”

Theorems on limits of functions:

i) lim[f(x) + g(x)] = lim f(x) +

lim g(x)
o =L+M
i) lim[f(x) = g()] = lim f(x) =
lim g(x)
o =L-M

iii) lim[k, f(x)] = klim f(x) = kL
iv)  Tim F(0)g(x) = k lim f(x) . lim g(x) =

x—a x—a x—a
LM
v) lim () = lim g() M

vij lim[fGO]" = flim f(x)]n —

Theorem:
. x"t—am
Prove that lim =
x—a x—a

na™ ! where nis an integer

Anda >0

6|Page


zain


Class 12 Chapter 1
Proof: Theorem: .
Case 1: Prove that lim (1 + i) =e

Supposenisa + veinteger.
n_

x"—a" 0
x—a @ fom

(x—a)(x™ 1+ x" 20 + x®3g2 4 ... 4 xg"2 4 g1
xX—a

L.H.S = lim
x-a

= lim

=lim ¥ ' +x" 2a+x"Da? 4+ 4 xa" % + g™ !
x—-a
=a"1+a"%2a+a"3.a?+ - +xa"?% +a"!
=a"l+a"1+a" 1+ +a¥1+a™!
=na"!
n

thus lim = na™!

xX—a
Case 11:
Suppose n is +ve.
letnis —ve

(wherem is + ve integer)
n n -m -m
then lim = lim
x—a x—a

=lim(x™ —-a™) y—a lim—. an) =

: xm
= lim (axm )

x—a
a 'x—
=lim(:fx_a ),
)llm( )

= lim (
x—a x—a

mam—l (

_mam—l—Zm — _ma(—m—l) — na(n—l)

S|

»-PV

n—-1 “n=-m

. X n
Thus lim , —na

Theorem:

Prove that lim
x—-a

Vx+a—/a _ 1

proof:
L.H.S = lim\/x+a_\/a%) form
x—0
\/x+a—\/a \/x+a+\/a
\/x+a+\/a

x—0 X
xX+a—a

x>0 x(Vx + a +Va)
= lim Vx + a ++a)
= lim

x>0 (Va ¥ Va)

= lim

)
= 1/2\/11

thus lim
x—0 X

X—+00 n
Using Binomial theorem we have

n
A+ =1+n(D)+"= 1)() i 2)(11) oo
=1+14+ ' "H+CHC 2)

2+2!(1_n) +3!(1_n) (1_n)+m
whenn —» o, , , ..alltendtoterm
n'n'n
Thus,
n
lim (1+ ) =2 + t 3] + +
2+0.5+0. 16667+
= 2.718281
Thus,
1 n
lim (1+ ) =e
X—+00
Deduction:
1
lim(1+x)x=e
x—-0
We know that
1 n
lim (14+ ) =e—- (1)
n—oo
putn=x=>x = in(i)
whenn - o, x - 0
So (i)
1
lim(1+x)xr=e
x-0
Theorem:
Prove that
a* -1
lim log a
x-0
Proof:
oa*-1
L.H.S = lim

x—a
puta*—1=y=a*=1+y
Sox =log,(1+y)
Asx—> 0,y —> 0so

L.H.S =1lim loga(14y)
= lim
log.(1+y)
= lim = lim
yloga(1+y) % 1og,(1 + y)3
1
= = < li Yy =
log,e log.a lim(1 +y) e
N R.H.S
Thuslim® ' = log a
x>0 X €
Deduction:

llm%) = log e=1

x—-0
Since we know that
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llm(i) = log a - (i)

x-0
I put a =ein(1)we get
lim® log e=1
x-0 X
Important results to remember:
i) lim (e*) =0
X—4o00

ii) lim (e*) = lim ¢—) =0

xX——00 xX—>—00

iii) lim ) = 0 ehere a is any real numbers.

x—+oo
The Sandwich theorem:
let f, g and h be functiions s.that

f(x) < g(x) < h(x) For all numbers x in some open
interval containing "c" itself .if hm f(x) = Land

hm h(x) = Lthen g(x)is sandwhlch b/w
f(x)and h(x)so that lim g(x) = L

X—C
Theorem:
. . . . sind
If @ is measured in radian, then lim °™" =1
6-0
Proof:

draw a unit circle (radius 1)in which

A

Areaof A OAB =" (base)(perpendicual)

=, |OB||AC| where 104 =sinf
1
= (1(sinH) |AC|= |OA|sinf
1
= sin6 |AC| = sinf

v radius.= |0OA| = |0B| =1

Area of sector OAB = 5 rZe

1 1
=" (D=0

Area of A OAD = ) (base)(perpendicual)

1 AD
= |OA||AD| Where| |=tan9

=, tanf |AD| = tan6
Now by (1)

1 . 1 1
Esmﬁ < 29 < ztanﬁ
or sinf <0 < tanf
sinf 0 sinf 1 ‘ ]
or sinf < siné < cosf % siné - by smH)

1

<
sind  cosf
take reciprocal and limit 6 — 0

. . sind
lim(1) > lim

or 1<——

> lim cosf
6-0 6-0 @4 6-0
sin
1> lim >1
6-0 @
applying sandwhich therom
_ sinf
lim =1
6-0
Exercise 1.3

Q1. Evaluate each limit by using theorems of limits.
i) lim(2x + 4)

x—-3
Solution:
lim(2x + 4)
-3
= lim 2x + lim 4 = 2(3) + 4 = 10
x—3 x—-3
ii) im@3x%—2x + 4)
x—1
Solution:

=3(1)>-2(1)+4=3-2+4=5
iii) lim x24x+4
x—3
solution: V(3)2+3+4=V16=4
iv) lim xVx2 — 4

x—2
solution: (2)V(2)2 —4 =0
V) lim(Vx3 +1—Vx2 +5))

\/(2;3+1—\/(2)3+5=3—3=o

(vi) lim 2+
x—=2
2(-2)3+5(-2) -16—10 26 13
3(-2)-2 -8 -8 4
Q2. Evaluate each limit by usmg algebra techniques.
x3—x
i) lim
x—--1
Solutio3n:
lim * °F (0) form
x--1
ox(x?-1) ox(x—D(x+1
=l = Jdim,
= limx(x—-1)=(C-D(-1-1)=2
x--1
ii)
i 3x3 + 4x
ling ( )
Solution:
i 3x3 + 4x
lim ) form
x-0
. x3x*+4)  3x*+4
im im
Cx-0 x(x+1)  x-0 x+1
_ 3(0)> +4 4
0+1 1
iii)
x3-8

lim

xﬁ2x2+x 6

(%) form

8|Page


zain


Class 12 Chapter 1
_ x)3 —(2)3 _ x+h—x
= lim - ——— = lim
Xx=2x44+3x—2x—6 h=0 h(\/m + \/E)
 (x—=2)(x?+ 4+ 2x) 1
= lim =lim—-—
x-2 x(x+3)—2(x +3) h-0Vx F i + V%)
; (x —2)(x* + 4 + 2x) 1 1
= 11m = =
w2 (x+3)(x—2) Vx+Vx  2Vx
x2+4+42x (2)2+4+2(2) 12 ix)
x-2 x+3 2+3 5 x™—a™
iv) foaxm — gm
T .
. 23 —=3x24+3x—-1 0 Solution:
lim €)fom i
im () form
. x—
= lim X —1) v (x—1)° dividing up and down by x — a
=x3—3x2+3x—1 X" — g™ x™ — g™
l 3 1 2 = lim (xm_ _am)_: x—)axm —am
M-+ Mxx+1) x—a xod X —a
1 1 n—1 X n
2 = (+ lim =na™ 1)
= =0 ma xX—a
1(1 + 1) — a1 m+l — anm
V) m B m
3 Q3. Evaluate the following limits.
: x”+x sin7x
Jimy i) lim
Solution: x-0
_ 3 Solution: ]
lim (x2—1) (0) form lim sin7x ) form
x%(x+ 1) x? (-1)? 1 x-0 sinTx
x--1 (x—1Dx+1) »-1x—-1 -1-1 =2 =7 (lim )=71)=7
vi) x_jo . sinf
2x% — 32 : ;‘f(‘) =1
x—4 x3 — 4x2 ..
Solution: ) i)
2x° —32 inx©
lim x ) form limy smx
x=4 Solution:
2(x? — 16) 2(x — ) (x+4)
x4 xz(x — 4-) x—4 xz(x — 4) lim sinx? (0) form
o 2(x+4) 24+4) x>0
Ll_]’)q = = 1 x_)()szrg;x o
vii) =" w1V = 180 rad
CoVx =12 x+2 0
lim X sox’ = rad
2 sim]r§0
— ) x-0 180 T
= lim 180
(x—2 x+ 2 180
. . 1x =
lim = lim =
@-DOx=V2  Vx+vV2 V242 i 180180
= 1 — cos6
2v2 6-0 sind
viii) Solution:
Vx4 h—+x lim 1=°%° (2) form
}11_1')16 h 6-0 sind 0
Solution: 1 —cos6 y 1+ cos6
=i -
lim Vxth—x (2) form é—% sin@ 1+ cos6
o0 R 0 i 1—cos?6
_lim\/X+h—\/§x\/x+h+\/§ _olf(l)sine(1+cose)
h=0 h Vx+h++Vx
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. 0
i 1 —cos?6 i sin’ 6 lim 1= cosx) ) form
6-0sinf(1 + cosf®) 6-0sind(1 + cosb) 120 . $in? 6 0
i sind  sinf 0 0 lim  sin?0 + cos? 9 =1
T o NT+cos® T+cos® 1+1 x>01~ cos?x 5
iv) = sin“0 =1—cos“6
sinx 0 . 1-cosx o
lim (_) form = 3151_1}(1) (1-cosx)(1+cosx) - (1 COSG)(l +
x> — X 0 cosf)
putm—x=t > = lim _ _ _
2 x=mT—t 1+cosx  1+4cos(0) 1+41 2
whenx - m thent - o ix)
So
) . 2
. sinx . sin(mw —t) . sin“@
Aim . =} by
sin P
= lim » sin(mr — ) = siné Solution: sin? 9
=0 lim ) form
=1 ) 99—>0
sin
v) lim lim sinf =1.s5inf = 1.0 = 0
sinax 6-0 6-0
x-0 Sinbx x)
Squt!on: o . Ssecx — cosx
llm stnax ( )fo,rm Jflga
x-0 Solution:
sinax
X ax ./ secx — cosc 0
ime b Iz €) form
sin x . p x 2y
X = lim (cosx — cosx) = lim ( cosx )
lim > x ax 1xax a 1 sn x . sinx .. sinx
=(lim xbx)z = =11m()(is)=11m lim
X0 . Sinx
vi) = lim Jdim tanx = 1.tan0 = 0
X x—0 x—0
Xi)
x-0tanx 1— 0
Solution: cosp
6-01 + cosql
tanx (0) form Solution:
= lim x. cotx v cotx = lim '~¢**? (*) form
tanx 60
, 2
=limx o | 2sinfE)  (imsing)
= lim Jlim cosx 6-0 .
x—0 §-0 2sin? (limsine—) )
_osinx_ -0
= (lim ) .limcosx sinp 5 2
x-0 x—0 . 2 1%
=(1)tcosx=11=1 (lel_r)r:) x50
vii) _ _@ax )
= . 2= 2
sin 0
- 1—cos2x 1 (1Xq)
lig (lim X )
Solution: -0 2
1—cos2x 0 2g2
ligy form p°6 27,2
i 2sin®x " 0 = 2sinc) =q292'=p/q
= lim 1 —cosf = 2sin ’
x-0 ..
= 1—co0s26 = 2sin’ 0 ii) )
> =9l Sinx2_212_2 . tanf — sinf
=2(im(C) =2(1)*= N sm3e
(viii) Solution:
. — 0Sx lim 46 —sinb % form
hm{ — ) 9—0 sin360 (0) f

x-0 Isin 0

Solution:
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sinf
— ¢ = lim(1+ 3x)x><3 = hm(l + 3x)33€
9—>0 sm3 0 “cosb ~sind ) =0
= rlim(1 + 3x)%] = e®
1 = [im(1 +3x)7]
= lim . _(sinf — si vii
sing b sin3 @ (sinf — sinfcos0) )
= lim (1 - cosf) = lim 1/sin%8 (1 — cos6) 1
0-0 5in36 -0 lim(1 + 2x%)=
1 —cos6 1 —cos6 x>0
6-01 —cos?26  6-0(1 — cosO)(1+ cosH) Solution: L
— — _ lim(1 + 2x2)x?
14+cos® 1+1 2 x>0 L2
Q4.express each limit in ;irms of e = lim(1 + 2x2)2x? = lim(1 + 2x2)2x> = e?
i lim (1 + =0 =0
) lim 1+ ) viii)
. 1
Solution: ” lim(1 — 2h)h
. h—0
,l,‘j?o 1+ Solution:
n
n-oo -2
. . 1.2 =lim 1+ (—2h) “h ={lim 1+ (—-2h) —2’1]
ii) 1lzl—>rg a+" h—0 h—0
Solution: =e7?
.
=[lim 1+ | =et ix) .
nmee lim——)
x—0
n H .
i) lim (1+ ) Solution: .
n—->oo 1 (
Solution: chl_r)r(l) )
1 3371 1 . -x . x(-1)
lim(1+ ) = lim(1+ =lme—) =lime+1)
n—->oo n—->oo x _1
1 =[lim+1) ] =e!
= e3 x—0
iv) (x) .
ex —1
lim(1- ) lim ( ), x <0
n-oo x—0
Solution: ex+1
n Solution:
lim 1+ (- =[lim 14+ (- 1
lim =) [n%o = el
1 lim ( )
=e x-0
) ex+1
) 4 " Since x < 0,s0 let x = —t wheret > o0
lim (1+ ) asx—>0,t—>0
e r—1 e 1
iane ex — —
Solution: an so lim ( ) = lim ( )
lim (1+ ) 0 i1 0 ers1
o 1 1
_ 4% . 44 1 1 1
“lm )= m s - et e 1
B - e® + 1 +1
vi) 2 (e t+1) (e +1)
lim(1 + 3x)= _o-1__1__,
x-0 0+1 1
Solution: xi)
2
lim(1 + 3x)=
x—0

11| Page


zain


Class 12 Chapter 1
1
lim x>0 lim f(x) = lim 2x>+x—5)=2(1)>+1+5
x-0 1 x—-1- x—1-
ex+1 =2
Solution: ) RHS
. ex—1 hmf(x)—hm(Zx +x—-5)=2(1)2+1+5
lim x—+ x—1
S0 1 S
Vex+1 =2
1 AsL.H.S=R.H.S
ex(1— ) So,
= lim e lim f(x) = -2
x-0 1 x—>1
ex(1+ ,) i)
) ex flx)= g €= -3
1-") Solution:
_ eo  _ e* _ oo=1_0=1 L.H.S 2&2
1+ o, 1+ lim x) = lim
1+ 1) € *® x—o—3 N x—-—=3
eo I (x—3)(x+3) _ I _ _
The left hand limit: im = limx+3=-3+3=0
if lim f(x)=Litmeans f(x)takes value L as x X3 N
x—-a R HS 2 9
approaches to afrom the left sideof "a" . o Xt
(i.e from — o to a)then lim f(x) = Lis called xEr_r; flx0) = xkg
. xoa (e =3)(x+3)
left hand limit. lim = lim x+3=-34+3=0
The Right hand limit: x—>=3 *—>-3
if lim f(x) =L it means f(x)takes value L as x AsL/:H.S=R.H.S
x—a
approaches to afrom the right side of a(i.e from 50, lim f(x) =0
a to o) then lim f(x) =L is called right o3 -
x—-a
hand limit. tit) B B
Existence of Limit of function(criteria) f) - |.x —5le=5
lim f(x) = L if and only if Solution:
x-a _ LH.S
lim f(x) = lim f(x) =L lim f(x) = llm x—5|=5-5=0
x—a x—a x—5
i.eL.HS=R.H.S R.H.S
Continuous Function: lim f(x) = lim|[x—-5/=5-5=0
A function f is said to be continuous ata number x = As x5 x=5
oif
i) f(a)is defined ii) llm f(x) exist.iii) lim f(x) L.H.S=R.H.S
x-a So
- f(a) lim £(x) = 0
Discontinuous function: x5

A function f(x)is said to be discontinuous at x = a if

lim f(x) # f(a)

xX—a

O if f(x)isnotdefined at x = a then f(x)is

called discontinuous

O Any function which does not satisfied at least
one of three conditions of continuous is called
discontinuous.

Exercise 1.4

Q1. Determine the left hand limit and the right hand
limit and then find the limit of the following
functions whenx — ¢
Dfx)=2x2+x-5¢c=1

Solution:

Q2. Discuss the continuous of f(x)atx =c
i)
2x+5 ifx<1
4x+1 ifx>2
Solution:
L.H.S
lim f(x) = 11m (2x+5)=2(2)+5=9

x—2

R.H.S
lim f(x) = 11m (4x+1)=42)+1=9
-2

x—2

At x =2
f(x)=2x+5
= f(2)=2(2)+5=9
AsL.H.S=R.H.Sso
llmf(x) =9

= lim f(x) = f(x)Ls continous at x = 2
x—2
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i) Solution:

3x—lif x < 1 LHS—hmf(x)—hm(mx)—3m

x—3—
fx)={4 ifx=1 c=1 RHS—hmf(x)—hm( 2x +9)
] x—-3+
colution: peifx=1 2 a3 4923
LoHuStlon. atx=3f(x)=n=>f3)=n
o lim f(x) = lim 3x—1) = 3(1) =1 =2 Given that f(x)is continuous so L.H.S = R.H.S
x-1 x-1- = 3m =3

R.H.S

lim f(x) = lim (2x) = 2(1) = 2
x—1 x—1
atx=1,f(x)=4=f(1) =4
asL.H.S =R.H.S so lim f(x) exist.
x-1
But lim f(x) # f(1)hence f(x) is discontinuous.
x—1
3x ifx< -2
Qiff(x) ={x?—-1if-2<x<2
3ifx=2
Discuss continuityatx =2 and x = -2
Solution:

x=2
L.H.S;. lim f(x) = lim (x? — 1)
x—2 x—2
=(2)?-1=3
R.H.S lim f(x) = lim 3 =3
x—2 x—2
atx=2,f(x)=3=f(2)=3
©L.H.S=R.H.Sso lim f(x) exist.
-2
so lim f(x) = £(2)
x—2
hence f is continous at x = 2
i) x=-2
R.H.S;. lim f(x)= llm (x?-1)
x——2
= (-2)* - 1 = 3
L.H.S lim f(x)= lim 3x=3(-2)=—
x——2 x——2

atx=-2,f(x) =3x= f(-2)=3(—2)=-6
“L.H.S+RHSSso.
hence f(x)is discontinous at x = —2

< —
Qi f) = T2* =Y irandre
so that lim f(x) exist.
x--1
solution:
L.H.S
lim f(x)= lim (x+2)=-1+2=1
x—>-—1 x>
R.H.S = llm f(x)= lim (c+2)=c+2
-1 x--—1

Given that llm f(x) exist.so
x——1

L.HS=RHS
2 1+4c+2
2 1-2=c¢
> c=-1
Q5. Find the value of m and n, so that given function
f is continuous at x = 3
mxif x <3
{ nifx=3
—2x+9ifx>3

> m=1
We know that for a continuous function

lim f(x) = lim f(x) = f(3)

x-3 x-3
3m=3=n
= n=3m=1
i)
mxifx<3
x%if x>=3
Solution:
hm flx) = hm (mx) =3m

R.H. S = 11m f(x) = llm (x?)

g (3)2 =9
atx =3 f(x) =x*>= f(3)=(3)>=9
Given that f(x)is continuousso L.H.S=R.H.S
= 3m=9

> m=3
V2x+5—/x+7
Q6.If f(x) ={ =x2
k ,x=2

Find value of k so that f is continuos.
Solution:
atx=2f(x)=k =>f2)=k
Now lim f(x) = lim V2x45—Vx+7 " form
x—2 x—2
V2x+5—vVx+7 V2x+5+Vx+7
x-2 x—2 V2x+5+Vx+7
2x+5—x—7

=2 (x — 2)(V2x + 5 +Vx + 7)

m(x—Z)(\/2x+5+\/x+7)

m(\/2x+5+\/x+7)
1 1

(V22)+5+V2+7) 6
« given function is continuous at x = 2s0

lim () = £(2)
2 '=k=>k=1/6
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