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Function: \
_ AFL nclnon ff (mia'se: )\ toasetY isarule or correspondence that assigns to each
alernzrox-in X'a unique elementy in Y.

1% 'Symbolically we write itas f:X —Y and read as f is a function from X to V.
Domain and Range of Function:
If f is a function from X to Y then

Xis called the domain of f and the set of corresponding elements in Y is called range of f
For example:

Domain ={a,b,c}
Range ={1,2,3}
Example 1:  Given f(x)=x>-2x*+4x-1, find

@) f(0) @) f(1) (i) f(=2) (v) f1+x) (V) f(a X #0

Solution:
f(x)=x"-2x*+4x-1

(i) f(0)=(0)’-2(0)" +4(0)-1=0-0+0-1=-1

(i) f(1)=(1)-2(2)"+4(1)-1=1-2+4-1=2
(iii)y f(-2)=(- 2) 2(—2)2+4(—2)—1=—8—8—8—1=—25
(iv) f(1+x)=(1+x) —2(1+x)" +4(1+x)-1
=1+3X+3X° + X° =2 —-4x—2X* + 4+ 4x -1 1
=xX+x*+3x+2 | — T\ ' ' Vo=
(V) ffi\ (l) —2(1 ALr-\.—‘.:_=--};.,.-—.?'—'-.Jrf.-.i,)wf0. U
X L xy)! RS
Example 2: Leff ) 2 ijth0 sitialn and range of f.
Solutior:: IRIRIER
| If.\,\i i< terined for every real number Xx.

Further for every real number x, f ( )_ x> is a non- negative real number. So
Domain f =Set of all real numbers.
Range f = Set of all non-negative real numbers.
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Example 3: Let f (x) = . Find the domain and range of f.

X* —4

Solution:
X
f -

f(x) it tefinsd-ii x4 X0 )t 4 ==7

Domair’, t 4= Get ¢f allreal nuntbers except —2 and 2.

RZ:J'IQB fl— tie_f cfall real numbers.

\ J .. }g'g;t_ica:l Livie Test:

If a vertical line meets a graph in more than one point then it is not a graph of a function.

y
1
1
X
o
|
I "
I
a function
nota function

Piece ~Wise (Compound) Function:
A function which is defined by two or more than two rules is called Piece-wise function.
For example:

f(x)— x if 0<x<1
Cx—1 if 1<x<2

Algebraic Functions:
Algebraic functions are those functions which are defined by algebraic expressions.
For example:
f(x)=3x+5, f (x)=x*+3x+2
We classify Algebraic functions as follows:
Q) Polynomial Function:
A function P of the form P(x)=a,x" +a, X"+, X" +..+ &, X +ax+a,

for all x, where the coefficients a,,a,,...a,,8,a, are real num bers Adl- the ex ponmfc
are non-negative integers, is called-z polyl Ioml_ Lfun« Uon if la ¢O tt en F‘/;\,us called

a polynomlal function of 1eqrep ar.d a s the Iead*nu co-e1’f!5|ert(-)f P( )

For exa ”nle : -
P(x)_é, 3' { "x L pdi \' aial functlon of degree 4 with leading coefficient 2.

(i)  Ling arrun‘tl'n

~ »Mfile degred’era polynomial function is 1, then it is called a linear function.
NN symbolically we write f(x)=ax-+b where a=0, a,b are real numbers.

J For example:

f(x)=3x+4, f(x)=x+2 are linear functions of x.
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(iii)

(iv)

Identity Function:

For any set X, a function 1 : X — X of the form | (x) =X VxeX isqailedan

identity function.
Constant Function:

Let X and Y he sets of real numibers; A I 1cuon ( X —>\ defined b
C(x )--a,\_fx SEYS a.\U fl"°O is “aLk;'1 cfistant function. For example C: R — R
defined ny'\C (3t )= 2, \Y <=1 'i5 a constant function.

ROL! el EUnction:

Afunction R(x) of the form P(x) , Where both P(x) andQ(x) are polynomial

Q(x)

functions and Q(x) =0, is called a rational function.

Exponential Function:

A function, in which the variable appears as exponent (power), is called an
exponential function. The functions y =e®,y =e*, y=2*=¢e*"? etc are exponential
functions of x.

Logarithmic Function:

(i)

(i)

If x=a”, theny=1log, x, where a> 0, a# 1 is called Logarithmic function of x.
If a=10, then we have log,, X (written as log x ) which is known as the

common logarithm of x.
If a=e, then we have log, x (written as Inx) which is known as the natural

logarithm of x.

Hyperbolic Functions:

(i)

(i)

(iii)

sinhx = 1(eX —e‘x) is called hyperbolic sine function. Its domain and range are the set of

all real numbers.

cosh x = E(eX +e )ls called hyperbollc cosine fun G0 Tte daraalk i fnecset bl ai-réal

numbers and the range is tie . wef Of 1II rumbvrs n tHn- mTe rv 1I L +c>\
The re: nammq fuar, hyp‘l’LO!IC huhs{ or. s are aenned in terms of the hyperbolic sine and
the hypc rbolic) cps na fi lrrtuo* as follows:

alll’ e —eX 1 2

W kinnx e ; sechx = =

—-X

coshx e*+e coshx e*+e™”

coshx e*+e™” 1 2
cothx=———=-"——+— csehX=——=———
sinhx e*—e sinhx e*—e

Functions and Limits
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Inverse Hyperbolic Functions:

The inverse hyperbolic functions are expressed in terms of natural logarithivic and ye

shall study them in higher classes. . s |
(i) sinh” x:ln(x+\/x +1), for, aIIx'_ (i ci‘sﬁ"’x:tri\x+'ﬁ'2_'?—1;>, x>1
(iii)  faph' x——In(lJr j I <1 _ [iv) ceth x = Z1In V‘—Hj,|x|<l
AR 1—X . 2 kx—l
(v) -~ sech™ r<'=l'1L_l+\/‘ J 0<x<1 (vi) cosech‘lx:ln£1+—‘1|+|x], x#0
y : X X X X

\Zxplicit =unction:

If y is easily expressed in terms of the independent variable x, then y is called an
explicit function of x.
For example:

y=x>+2x—1, y=+/x—1 are explicit functions of x.
Symbolically it can be written as y = f (x).

Implicit Function:

If x and y are so mixed up and y cannot be expressed in terms of the independent variable
X, then y is called an implicit function of x. For example,

2 p—
XXy +Yy? =2, X=Y*I g are implicit functions of x and y.

Xy
Symbolically it is written as f (x,y) =

Parametric Functions:

Even Function:

Sometimes a curve is described by expressing both x and y as function of a third variable
“t” or “6” which is called a parameter. The equations of the type x= f (t) and y=g(t)

are called the parametric equations of the curve.
The functions of the form:

_ Xx=at? __ X=acost ... X=acosd . . x=asecd
Q) ii . iii) ) iv

y = at y =asint y=bsiné y=atand
are called parametric functions. Here the variable t or 4 is called paramernr

] -
- o

A function f is said to be an even functlon ifi (- x) =f (A} for a 'er in Jribfr x i e

domain of f. \
For example [

f(x) x f X\xUGaX aie even r-'ct'itns"dfxf:

0Odd Function!

A 1"unctmn f 'S . c'dto be an odd function if f (—x)=—f(x), for every number x in the
W

dbniain of f.
For example:

f (x)=sinx, f(x)=x° are odd functions of x.
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Some Important Results

Hyperbolic Identities:
e cosh’® x+sinh? x = cosh 2x
e cosh®’x—sinh?x=1
e 2sinhxcosh x =sinh 2x
e 1—tanh?x-=sech?®x
o coth” x=:l'= cosech x(~
Parametric Equations: |

X=[e|cos 6" \ i i s o
o s | |l —iepresent the equation of circle x“+y“=a
J [ '.y'—‘-?_leTIU
'~ x=acosd _ Xy
J ) represent the equation of ellipse — +=-=1.
y=bsinég a~ b
X=asecd . X y?
o represent the equation of hyperbola — —=—=1.
y=Dbtané a~ b
X = at’ _ )
J represent the equation of parabola y“ =4ax .
y =2at
Q.1 Given th?t: (i)  £(0)
(@) f(x)=x"-x Solution:
(b) f(x)=vx+4 f(x)=x*—x
Find Put x=0
@  f(-2) f(0)=0°-0
(i  f(0) f(0)=0
(iii)y  f(x-1) (iii)y  f(x-1)
(iv) f(X2+4) Solution: ny |
(a) f(X):XZ_X o ..-"_ . .I | I_-- __.-: g’
_ ) Replaceix by x -1
0 12 \ A0\ (00U (e ey - (x-1)
Solutlonf:( ) D o x\ VAT v x4+l x+1
X) =R~ X [ .'. et
oty Lo\ | | - f(x—1)=x*-3x+2
CPutp =200 L N
N A S | PR iv)  f(xX*+4
AN N (2) (v) 1 (x+4)
YT 442 Solution: 2
f(2)=6 f(x)=x>—x
Replace x by x*+4
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f(x2+4):(x2+4)2—(x2+4)
=x"+8x*+16—x*—4
f(X*+4)=x"+7x"+12| _

)  f(x)=vx=4

M) fF(=2j—) |
Solution:
NN
SO Rutx=-2
f(-2)="2+4
f(-2)=+2
(i) f(O)
Solution:
f(x)zx/m
Put x=0
£(0)=v0+4 =4
f(0)=2
(iii) f(x—l)
Solution:
f(x)=Vx+4

Replace x by x-1

f(x-1)—x-1+4

f(x—l):m
(iv)  f(x*+4)
Solution:
f(x):m )
Replace x by x?+4 \ -:_-3._ p

f(x +4)_ /x +4+4

Eonaei

R |fKa h\_lk)
h

and simplify

where,

(i) f(x)=6x-9

(ii) f (x)=sinx

L) -f~(»‘<)" sxo [ (e
-S).uton

(i) f(x)=x*+2¢"-1 ~ A
(iv)  f(x)=cosx N (O

f’;() 6x 9
f(a+h)-f(a)

h
_[6(a+h)-9]-(6a-9)
B h
:6a+6h—9—6a+9

(ii) f(x)=sinx
Solution:
f (x)=sinx
f(a+h)-f(a)
h
_ sin(a+h)-sina
h

:%[sin(a+ h)-sina |

-.-sinP—sinQ:ZCOS(PJFstin(P_Qj
2 2 ) .
1 a h_l ’1 \ _/a_i_.l"l-.-"‘.\ _.|_.. _'I.. '_. Y
:—[Zpos —— 15 gin -—:_{:—--1.!.-_. A
I_"' _ -L % -"j .-_ "'{::'.. /]
\ 1 /r :.
=X c(ﬂs
, f

i)  f(x)=x"+2x*-1

Solution:
f(x)=x"+2x*-1
f(a+h)-f(a)
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[(a+ h)3 +2(a+ h)2 —1]—[a3 +2a’ —1]

h
a3+3a2h+3ah2+h3+2(a2+2ah+h2)—1—a3—2a2+_1

h
_3a’h+3ah”+h’+2a” +4ah+21° - Za7 |
- 5 \ I" £ A
_3a’h+3ah’- hg-—éaﬁﬂ Lh )

= —

N Sa.‘__+ AR+ 4a+ Zh}
' h

f(a+hg_ £(2) _ 32, 3ah+h? + 42 2h

(iv)  f(x)=cosx
Solution:
f (x)=cosx
f(a+h)-f(a)
h
_cos(a+h)—cosa
h

1
= H[cos(a+ h)—cosa}

cosP—cosQ:—2sin(P+stin(P_Qj
2 2

(e
 Reuat

w = —%[sin(a+gjsin(gﬂ

Q.3  Express the following: -
(@) The perlmeter P of squar R as g '_
functlrm*cfl S a.[ﬁ‘w!*\ N \

Solution:
_ Letg be tno Iﬁnglh of edch S|de of
-\ J 1(,| m ‘eritlen
\ J| YA A= x2 :}«/_Z\/X_Z
x=A
P=4x...(i)

Y __r'

Sclutlu.l

Put x=+A in equatlon Q)

P=4JAl - <

b)) . The aroaAofc e Ie as o |rum,uon

afits dire umftrence C.
Let r be the radlus of circle, then
A=7r?.. (i)

C=2rr=o>Dr=—
T

Put r= < in equation (i)
2r

2
)
27

2

(©) The volume V of a cube as a
function of the area A of its base.
Solution:
Let x be the length of each edge of

a cube, then

=x*...(i)

A=x2 = JA=x2

JA=x

Put x=A in equation (i)
V=(ﬁ)3_.- A\ O\
WMHAﬂ A

\_Linfdthi2 Gumajn/and the range of the

- —function g defined below, and sketch

the graph of g.
(i) g(x)=2x-5
Solution:
g(x)=2x-5
Domain g=R
Range g =R
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(i) g(x)=vx*-4

Solution:
g(x)=vx*-4
g(x) is defined in real numbzrsir |
x> —450" A
x*>4
X2

= K- 279iNz=2

, J | %4 Bomain g =(—o0,—2]U[2,:0)

' ' Range g =[0,)

(i)  g(x)=+x+1

Solution:

g(x)=m

g(x) is defined in real numbers if

X+1>0

x=>-1

Domain g =[-1,)
Range g =[0,x)

(iv)  g(x)=|x-3

Solution:
g(x)=[x-3
Domain g =R

Range g =[0,x)
6Xx+7 x<-2

) g()()::{4—3x —2<X

Solution:
6X+7 x<-2
g()()_{4—3x —2<X
Domain g =R
For range:
If x<=21"

6Xx < 1’) | ,
fxddihg 7 o bdtn ﬁld\.b
NN A Gy

J L 9x+7<-5
N g(x)<-5
g(x) & (o, 5]
If x>-2

._I _.-._. . _..- ..I._.. ._I.- -.I:.-_. » proAL W = X+l 2
Multiphzng Eorh'si ’16‘ LVU L T \ BN

Multiplying both sides by -3

—-3x<6

Adqu 4 e ho‘h ;me°
3K <46 -

__4 -3X -\d_.O _

9()<20—

g(x)e(—o0,10)

g (X) € (—oo, —5] U(—oo,].O)

Range g =(—,10)

. Xx-1 , x<3
Vi X) =
v 9) {2x+1 , 3<X
Solution:

()= x-1 , x<3
g = 2Xx+1 , 3<X

Domaing =R

For range:

If x<3

Subtracting ‘1’ on both sides
x—-1<3-1

x—-1<2

g(x)<2

g (X) € (—»,2)

If x>3

Multiplying both sides by 2
2X>6

2X+1>7

ag(x)>7

g(x)e[7.)

Range g = (—0,2)U[7,)

g(x) is not defined if
X+1=0=>x=-1
Domain g =R—{-1}

Note: After the correction
For range:

g(xX)=———, X#=-1
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2
g(x):X +2x+x+2’ w1

X+1
g(x) = X(X+2)+1(x+ 2)

X+1 _
g(x):%, K71 .
=0 N+l IR
g =20 0 oy L ek
By putting, = -+1 (.
Ig-q'-,- ) =\ -2

, 1
J, ' 'Range g:R {1

~16
x—4 '

(viii) g(x)_ X#4

Solution:
x* —16
909 ="—,"
g(x) is not defined if
X—4=0=>x=4
Domain g =R—{4}
For range:
o(x) = K- Ax+4) o d
X—4
g(x)=x+4, X#4
By putting x=4
g(4)=4+4
g(4)=8
Range g =R—{8}
Q5 Given f(x)=x*—ax*+bx+1.
If f(2)=-3 and f(-1)=0.
Find the values of a and b.
Solution:

X#4

f(x)=x*—ax’+bx+1 J

Puttlng x=2 in f( )

f(2) 522 62, +b\2)41 B

—3= 8 4a+2k+1
;__ -—3_1—43 ]

. J.‘l | L329'Y “a+ 20
[ | % Y,

-12=-4a+2b

-12= —2(2a—b)
-12
2

=2a-b

6=2a-b
2a—b=6 ...(i)
Putﬁnq.x -—1|n 1T
f’-_—l;_:( )i-a(- 1\‘ V- 1)+1
"'0:21L37D+1
“a+b=0...(ii)
Adding equation (i) and equation (ii)
2a—-b=6
a+b=0
3a=

a=

wlo @

a=2
Put a=2 in equation (ii)
2+b=0
b=-2
Q.6 A stone falls from a height of 60m
on the ground, the height h after x
second is approximately given by

h(x) =40-10x".
Q) What is the height of the stone

when:
(@) x =1 sec.
Solution:

h(x) = 40-10x*
Put x=11in h(x)
h(1) = 40—10(1)2

=40-10
=30m
(b) x =1.5sec. _ o
Solution: = [[~= 1\ A
. |I))-—|0 .L()X l ' "-':_.__. —
~O0 L Pui X215 (k)
WL (15) = 40-10(1.5)°
h =40-225
=17.5m
(i)  When does the stone strike the
ground?
Solution:
When stone strikes the ground,
then h(x)=0
40-10x*=0
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40 =10x>
0_ .
10

4 =x?

By taklng square root on btk 5|H :

i

As tlme «dlvrcys pesi |\/°qt,o.*1tmﬁ__

thereforz, |
N =12 S\‘(.

\| Ay \no‘/ diat the parametric
I 1

: equations:
(i) X =at’,y =2at represent the
equation of parabola y* =4ax
Solution:
x=at’...(i)
y=2at=t= Y
2a

Put t=-L in equation (i)
2a

y® = 4ax
(i) Xx=acosé,y=bsind represent the
2 2

equation of ellipse X—2+§ =1
a

Solution:

X
X=acos® = —=coso
'-\". 1 a'

y= bsn(; v:’;: ,mé

o Saay mg an ¢ admng
W (TN -.-|| '-_|'2 J &
J NN 2 TY

? o’ =cos’ 6 +sin’ 0

2 2
X_+y_:1

2 bZ

QD

..l i

i " ~ | I'. 3
LT \

(i)  x=asechd,y=btand represent the

YO~
equatlon of hypel poie 2 B
a’ Q,

_\.lecn B W LS

| »n
)(- ¢ eecu:> -=-secd

y:btanez%:tane

Squaring and subtracting
2 2

g—ﬁ_sec 6—tan’ 6
2 2
a’ b’
Q.8  Prove the identities:
Q) sinh 2x = 2sinh x cosh x
Solution:
L.H.S=sinh2x
e2x_e—2x .
=—...(I)
2

R.H.S = 2sinh xcosh x

9 e —e [ ef+e7*
2 2

=_T...(ii)

From equation (i) and equation (ii)

[sinh 2x = 2sinh xcosh ,V,J

i) sechix ta’ﬂﬂ x' . e
531uuo*1 . A~
' LI—J B steit?y
-( =)

e +e”

4 .

:—2...(|)
(ex+e‘x)

R.H.S=1—tanh?x

are

10

" i
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SN e pe g 2—eP e 42

(ex+e’x)2
i)

(e +e7™)

From equation (i) and equation (ii)

|sech? x =1 tanh? x|

(ili)  cosech’®x =coth®x—1
Solution:
L.H.S = cosech? x

2 2
:(ex—e‘x)

)

EEDi

R.H.S=coth?x—1

2
e +e”
:(ex—e‘xJ 1
2

J_w ﬁu_ﬂ_ _?f3 e . \e‘ +Ie.:.zx—2ex.e’x)

(e-e)
e re 42— —e P +2
(e

I
=
=

From eﬂUaﬂnn '|) a'ld"i"chtl( i \.f)

C(,S"C[ S co*h

LRI eter fine wh-c[her the given

- function f is even or odd.
0] f(x)=x>+x
Solution:
f(x)=x>+x
Replace x by —x
f (%)= (%)’ +(-x)
=—x*—X
:—(x3 + x)
(=) ==1(x)
Hence f(x) isan odd function.
(i)  f)=(x+2)
Solution:
f(x)=(x+2)°
Replace x by —x
f(—x)=(—x+ 2)2
[-(x-2)]
=(x-2)’
As neither f (—x)= f(x) nor

F(=x)==f(x)

Hence, f (x)is \]e fh":revgnrcro-id JAVA R

Tl [P eiees| (2007
Sdmou A\BR=Ny

Replace x by —x
f(—x)=—x (—x)2+5
f(—x):—xm
F(=x)=-f(x)

Hence f(x) isan odd function.

11



Unit— 1

Functions and Limits

(iv) f(x)=X—_1 X#-1 —(x? % 6
x+1 _(X ) 2
Solution: —~n
v = +0 o)
f(X)— fg x)_f\x) g
X+1 | .
Replace xh/ _x AR 'j_el (e f\x) i5.even function.
A KA X2 —X
f(—x) —_x_+7 ) i) f(x)= N
4k Solution:
T Fe) =) X3 —
f (=X _x+1 x4l
-1 Replace x by —x
As neither f (=x) = f(x) nor ¥ _(—
her (=19 g~ ' =()
F()=- (%) (X +1
Hence, f(x) is neither even nor Xx
Odd - X2+1
g 3
V) =X +6 _—(¥-x)
Solution: X2
2 3
f(x)=x3+6 - Xz_)l(
Replace x by —x X+
Pee Y F(=x) == ()
f(=x)=(-x)*+6 Hence, f (x)is an odd function.
1
:[(—X)2J3+6

Composition of Functions:

Let f be a function from set X to set Y and g be a function from set Y to set Z.
The composition of f and g is a function, denoted by gof , from X to Z and IS defmed by

(gof )(x)=g(f(x))=0f (x), ¥xeX

I'\.\. -

Example 1: Let the real valued functlons f and Goe defmpd oy f (%) '\ = /'x r a p,d D=

g(x)=x*-1. = vy RRRLR .

Obtained the expressmns for \I) T}(d ’||,. gffX| f )T ( )(':v)'l 9%(x)
Solution: AR T 5_”,'

(i) '.Ifg_i,-;g)-.f-._f:g(i)) f(;\ 1) +1=2x"-1
AR b= (1 ()= g(2x+1):(2x+1) 1= 4’ +4x
S ) P (x) = F(F(X)) = (2x+1)=2(2x+1)+1=4x+3

(iv)  g°(x)=g(g(x))=g(x*-1 :(x2 —1)2 —1=x*-2x*
We observe from (i) and (ii) that fg(x)= gf (x)

12
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Note:

(i) It is important to note that in general, gf (x)= fg(x), because_0f '("x) 'nearwjha"l"-
is applied first then followed by g, \witereas fﬂ( \) mearis tht ; 'S Al pI o FEst

then followed by f - Ay \ Loy
(i)  Weusually write ff ag f%n1 lﬂ ay f a1d Su pn

(i) A \X LI XﬁJ LU Dl

Inverse of 5 Functlor

A f_ biz:a-ene-one function from X onto Y. The inverse function of f, denoted by f ™, is
a function from Y onto X and is defined by x=f(y), VyeY iff y=f(x),vxeX.

Example 2: Let f:R—R be the function defined by f(x)=2x+1. find f~(x)
Solution:

We find the inverse of f as follows:
Write f(x)=2x+1=y

So that y is the image of x under f.

Now solve this equation for x as follows:

y=2Xx+1

= 2x=y-1
.
2

) =5(-1)  [ex=17(y)]

Tofind f7(x), replacey by x.

f(x)=

1

E(X—l)

Example 3:  Without finding the inverse, state the domain and range of f ™, where

f(x):2+\/ﬁ

] ) (| - _'.. AN
Solution: VL T NN (O g’

We see that f is not defined.when 4 J1. .

Doma|n f _[1 +w .I / . i . P ..- .-I 1 .:. 1 L ] I| |

AS X va,-avs over 1F\3 II’I.[E' V(. 1 urc&\ thﬂ \,a'ae of \/ —1 varies over the interval

[0,+ 0).S¢ the, -fa[_ue-, af x)_2+x/ —1 varies over the interval [2,+x).

'.Z"l‘.ﬁﬁ_i’_;fﬁ;&'tange f =[2,+e0)

By definition of inverse function f*, we have
Domain f ™= range f =[2,+o)

Range f = domain f =[1+00).
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a1
o (1

EXERCISE 1.2
Q.1  The real valued functions fand g Replacexbv 2>fm |r‘ 1 x)
are defined below. Find S TENAR Wt "
(a) fog(x) 4 )
) f ___'-:4fi +1
(b) go (X\)_ . RRYE B RN |*n (%) = 4X+o|
c fof (x) ) | L v,
Ed)) (( AR OV T “(d)  gog(x)
og (X
gog (xJ, J, gog(x) =g(9(x))
UOREE 000 -2, x+1 (
x—1
-Jolutlon 1
3
f(X)=2x+1, g(x)—i1 x#1 Replace x by —= in g(x)
(@ fog (x) _ 3
fog(x) = f (9(x)) i_l
3 x—1
-1(5) -0
X_s JERCS]
Replace x by —— in f (x) . x-1
x—1 _3(x-1)
:2(i1+1 3-x+1
x—1 3(x-1)
gog(x) =———-—
5 4 4-x
x—1 . 1
64x-1 i 1e)=vx+1 900 =17.x#0
x—1 (a) fog(x)
X+5 Solution:
fog(x) =——
- fog(x) = f (9(x))
(b)  gof (x) - f(i)
.
gof (X):g(f(x)) . _.-)f 2 I|-\-.._.' ,. | .;\"
=g(2x+1) ﬁ ) ) Reblate X tyl—7 In“{’i) N
Replace x by 2x+1in g(%)\ 7\ /]~ 0L L LW T
- 3 o \ -;.' . __.Jf 1 I
:’_25(_;'__7 . n \ . Ly — F+1
T celeY) W = 11 X2
b '.| | "—.'T._ — B X2
() of (x)
fof (x) = f (f(x)) «/1+X

= f(2x+1)

fog(x) =

14
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(b) gof (x)
Solution:

gof ()= g ( (¥))
)
Replace x by Vx+1in o(_x_)

NN et

.(c) fof (x)
Solution:
fof (x) = f (f(x))
=f («/x+1)

Replace x by vx+1 in f(x)

fof (x) :«\Nx+1+1

(d)  gog(x)
Solution:
gog(x) =g(9(x))

)

Replace x by iz in g(x)

9og(x) = X

(i) f(x)——,;.—__=1_ 21 .g ) = {2+1}\\

(a) fog ( xi
. Solruon , :
Ju NI Fncv X) = f(g(x))

:f((x +1))

Replace x by (x2+1)2 in f(x)

fog(x) =

i

XN X"+

(b)  gof(x)
Solution:

gof (x) =g( f(x))
% J

Replace x by ——

(1+x-1
L ox-1
(x )
—~ 20 L
OE e (8305
gt (x) = 25—
[g y Kx LY
c  fof (x)
Solution:
fof (x) = f(f(x))
-1(%5)
x—-1
Replace x by in f(x)

x-1

15
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| J -I.__ '_'U.i',-'.. ,
Solution:
gog(x) =g(9(x))

_g( X +12)
2

Replace x by (x*+1)in g(x)

:[((x2 +1)2) +1T

2
gog (X) =((x4 +2x? +1) +1)

(iv)  f(x)=3x"-2x"

(a) fog(x)
Solution:

fog (x)= f(9(x))
e

Replace x by

X=0

9(x)=

Bk

iinf

NS (x)

(b)  gof (x)
Solution:
qoff\')_: 1(-;(1)
ey
r?Pr Iuchby 2 —2x%in g(x)

(c) fof (x)

Solution:
fof (x)=f ( f(x))
= f(3x4—2x2)
Replace x by 3x* —2x%in f (x)
fof (x) = 3(3x4

(d)  gog(x)
Solution:

gog(x)=9g(g(x))
o[ %)

Replace x by

—2x) —2(3x* - 2x?)’

&in g(x)

x.
-..... .y ..h-
e %)

16
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Q.2  For the real valued function f
defined below find

(@) f(x)
(b) f(-1) and verify

f(100)= (1 00)

) f(x)E22x4g

@ 0L L
Solgmen: A
J SO Y 2 (X) =—2x+ 8
A y=-2X+8
2Xx=8-y
x=2"Y
2
=f(x)=17(y)=x
_ 8-y
f 1
(¥)==~
Replacing y by x
8—-X
f(x)=—=
(-5
(b) f(-1)
Solution:
8—X
f1(x)=—=
()=
Puttingx =-1
_ 8—(-1)
f(-1)=
(-
9
f(-1)==
(D=3
Verification: \
VY
- RG{ZI[CG\(L) Ele i (x)
- J. JINIES)
JI LY :_2(8_)()4_8
2
=—8+Xx+8
=X

WV .-'

(i)
(@)

Now f*(f(x))=f*(-2x+8)
Replace x by —?-X'-'Ht_"" in (5
AN E @ ST T

f(x)=3x*+7

()

Solution:

| ()
| ~Solut! on VA ]

, ';'----'f"_l'(x)z(%}jé

y=f(x)=3C+7
y=3x"+7
y—7=3x°
Y=7_

1

57

cy=f(x)=f(y)=x

3
By taking cube root on both sides.
y

/_\\

|

f

|

ol

|

y
[ i

By putting x=-1

)= (_13 YJ
B

Wl

17
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Verification:

F(f(x))= f{(xT?ﬂ

Now f~*(f(x))= f’l(3x3+7)
Replace x by 3x°+7 in f(x)

1
(3477
3

1
- x3)5
=X
F(FH(x)=f7(f(x))=x
(i) f(x)=(-x+9)
(@) f(x)
Solution:
y=f(x)=(—x+9)"
y=(-x+9)" |
By taking cube-raot on-hoth
A0 L L
% J I..' || I HE .
' y?=-x+9
1
Xx=9-y?
y=f(x)=f*(y)=x

Replacing 5 by [ | -~
— Y

]S 'f’l(—l)

Solution:

- Now #E(R) 5 P

1
FH(y)=9-y*

14,

1

f(x)=9-x
Putting x=-1

1
f(-1)=9—(~1)3

Verification:

(4 (x))= f(Q—xiJ

1
Replace x by 9-x3 in f(X)

)]

f_.x,(_l_g_:'):."_ R
i --":-____:_ ’ /

1)

RN _'F;Ré'g-)li'a&:? »hy (Fy+9)" in f(x)

9 —((—x - 9)3)3

=9—(-x+9)
=9+x-9
=X

fF(FH(x)=f7(f(x))=x

18
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(iv) f(x):zlel, >1
(a) f(x)
Solution:
Y=t -'2_,”11 [
Ay

RIS Pt

Xy—y=2x+1

Xy—2x=y+1

x(y-2)=y+1
y+1

X=2-—

2
f(x)=f
y+1

=2

y—2
Replacing y by x

<
I <

(y)=x

_ x+1
f(x)= o

(b) f’l(—l)
Solution:
f1(x)=—=
(X)=27
Putting x=-1

_ -1+1
=05

f*(-1)=0 _
Verification: '

X+1

- .\v.\_ ) LY
1 "‘-);\+
f 1'“‘}_‘”;..:‘5' .

= [T Rella a;:h =~ In f

. JI -\.J | "\-..Il 'EI__ ¥ 4 X—2 (X)

.. LY -\._. | '

A 2(x+1]+1
_\x=-2

 x+1

—-1
X—2

x—1
_ 2x+1+x-1
(2x+1)-2(x-1)
B 3X
2x4+1-2x+2
_3X
3
=X

fF(FH(x)=f7(f(x))=x
Without finding the inverse, state
the domain and range of f.

(i) f(x)=vx+2

Solution:

Q.3

\ _f\f_y) szle medun redi numbers if
xapzo ' L

T TTX> -2

Domain f =[-2,)

Range f =[0,)

By the definition of inverse function
f~*, we have

Domain f = Range f =[0,)

Range f™ =Domain f =[-2,:0)

19
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.. x-1
i f(x)=—=,x=4
(i ( ) X—4
Solution:

x-1

f(x):::4,x¢4

Domain_f-=R—{4}

Range = ZR\ \1

By the cefinition of mvar;: functlon
(5 wee have-

Range f =R—{1}
Range f™ =Domain f =R—{4}

1

i f(x)=——,x=-3
(i) ( ) X+3
Solution:

f(x)=——

X+3
Domain f =R—{-3}

Range f=R—{0} _

By the definitior-gfinver 7e fu nct.:n h !

f L vetia e |7

~\Rehge— =R {O}
-3

Dqraam -
Rarge- f “= Domainf =R —{-3}

(|v) f(x)=(x—5) ,X>5

Solution:
f(x)=(x—5)2,x25
Domain f =[5,)
Range f =[0,0)
By the definition of inverse function
f~*, we have
Domain f * =Range f =[0,)

Range f = Domain f =[5,)

Limit of a Function:

Let a function f (x) be defined in an open interval near the number a (need not at a).

If, as x approaches a from both left and right side of a, f (x) approaches a specific
number L, then L is called the limit of f(x) as x approaches a. Symbolically it is written
as: Lim f (x) =L (read as “limit of f(x),as x—a,isL”)

X—a

Example: If P(x)=a,x"+a, X" +...+aX+3, isa polynomial function of degree n, then

show that: LimP(x)="P(c)

X—C

Solution:

Using the theorems on limits, we have

LimP(x)zLim(a X" +a X"+ +a1x+a0) — [

X—C X—C P SN B b
=a, Limx" +an1L|mx A +a1L|n>(_ leaC N e
_anC +a, c"t+l a"--'-éo \\ ) NER=

X—C

x —a"
F'ro /o*m L|m
x»a X—a

" Pract: “Case-I: Suppose n is a positive integer.

" Limp k\) P(G, ~ ! N \

=na"

' where nis an integer and a > 0.

By substituting x=a, we get (%j form, so we make factors as follows:

n

X_

a"=(x—a)(x"t+ax"?+a X"+

20
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Cox"—a" L (x—a) (X"t ax"t+aix" P +a™?
Lim = le( X ) )
x>a X—a Xx—a (X_a) . .
=Lim(x""+ax"? +a%"* +........ ﬁ.+.3.”-*'"‘)'- NNV
X—a = K Lo Y Lo '.:__.-\.
= a”‘l +aa"? -!—__a_za'_‘,--3 AR T TR - Y ot O
=a™ ”T1'+_,a”" 4.1} i & mt mb)
- :"Q a o -. [T L .'.. '_ " -

Case-11:7 5t ppcse n isa .1euat|\fe -ntvger (say n=-—m), where m is a positive integer

_' Lax—a" xM—-a™"
_.J\Iow =

VNN K=k X—a X—a
NIRN VA 11
Jh ¥ am
X—a
am—x"
x"a"
X—a
-1 (x"-a"
- Xmam( X—a ,(a;tO)
n_an _l m m

:(um ;1m)x(umuj
x—a X a X—a X_a
-1

™1 (By Case-)

= -m am—l—m—m
= (-ma ™
= na"t (n=-m)
. 4x*-5x®
Example 1: Evaluate Lim————
_ x>=0 3X° +2X° +1 — —
Solution: T e A B )
. 5 AT | S AL sy
Since x <0, so dividing up and down by (X} =—xC~\vEdet N o e
i LY ) 13! | e
:- L"l,. —|— 5 .-'_-I.I-l ."-. -—. I.'. I-l II'. ..' I-l .II 1 ! 1]
. 4x*-5x° AVYA ML ) P iy
le—x —E?, —Lu.“.f—.ﬁql—'.- LR
X—)—oo3 o 7X' J .\.-"X'E-'_)_ Z I et
'l-. 1 1 _\l_ih"_if - B
\ I'_ Q+u
. J. || | —3 0-0
IR -"'l g 2—3X
WA J' ) a.np|e2 Evaluate Lim

Solution:
Here \/x_2:|x|=—x as x<0

21
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. Dividing up and down by —x, we get

—g+3
Lim—223%_ _ | im_X
o 344x® o (3,
X2
__0+3--3
et 2
Example 3 Evaluate (. |r1——_—3x_
X 34 4x°

,ﬂ:JLIGH
Here \/_ [x|=x as x>0

. Dividing up and down by X, we get

2
——3
lefi— Lim
3+4x° ,7+
=«/0+4 2

n—o0

Theorem: Prove that Lim[1+1j =e
n

Proof:

By the binomial theorem, we have

(1+1jn—1+ ( j n(n—1)
n n 2!

1
=1+1+En(n—1)><—2

n / \
Lim(1+1] _le[2+l 1
n—o0 n/__. n—oo

Bl

1

( T L N(-)(n-2) (;j"’ .
n 3! n
1

1 1
+an(n—1)(n—2)><—+...
= 2+1n2(1—1j.i2+

2! n/n

:2+£(1_1j+1[
2! n,/ 3!

n3

S22
3! n n/n

Sy

n n,

n) 3" n'

’.-'

2in

\ /"sneoc-l- fg—‘é\ alltendtozero

51-0)(1-0)+

=2+0.5+0.166667 +0.0416667 +...

=2.718281...

Q. q( \1
-._n)_’_..--J '

I_- :___ 2

22
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As approximate value of e is 2.718281, so

e A NN | 7
1 -.. . N '. i e
Deduction: le(1+x) —e N |
Proof: ";: Ay _ ;~ |
We know ifiat | Lm( _ 1) gt
N 2N n)
WY Put'hzi,then 1y

: X n

When n—> o, x—0

As Lim(1+1j =e
n

1
Lim (I+x)x=e
Theorem:  Prove that Lirg\a ——=log, a
X X
Proof:
Put a*-1=y Q)

Then a" =1+y

Taking logarithm on both sides with base a.
log,a" =log, (1+Y)

x.log,a=log, (1+Y)

So x=log,(1+Y)

From (i) when x—>0,y —0

X

Lim& =t jm— —_
=0 x o0 log, (1+y) =N /~2OV
:Liom 1 [ Y - \ I.-. -"__.- .'-\._:\__..__ h
=0 o, e\ N |
J L ; |
_:l ] i .I-"h."'_.:wj_—x m':I'LlrEl . “.-._-.-
' RIRE ' ) log, (1+y)y
-‘: . -I-\.. \ \ .. .L"" B 1
|-*:. N ] ) log, | Lim(1+y)»
N 0g, yLrgl( +y)y
=1 ~oLim(1+ y)
log,e y—>0

23
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Lim& "*=log,a
x—0 X W
: . [e"-1 { A NN ((C
Deduction: Llrp( jzlogeezl ) u ' -~
X X =\ — K i . 5 .- ) L1 L L1 -l LY L1 |
= ; . _(ax :‘." .'_v- Fo (T P L -:'
We know; that L -[:u)gga = ()
2 S X R\ -

L Futlal=b iy

X

T
Lim
x—0 X

=log, e=1

The Sandwitch Theorem:

Let f, g and h be functions such that f (x)<g(x)<h(x) for all numbers x in some open
interval containing c, except possibly at c itself.

If Limf(x)=L and &Lrph(x): L, then &Lrpg(x)zL

X—C

Theorem: If 8is measured in radian, then %irp¥:l
Proof: Take @ a positive acute central angle of a circle with radius r = 1.
Produce OB to D, so that AD 1 OA.
Draw BC L OA. Join A and B. As show in figure, OAB represent a sector of the
circle.

Given ‘O_A‘:‘(ﬁ‘:l (radii of unit circle)

In right AOCB, siné = T =‘ﬁ‘ (‘(ﬁ‘:l)
OB

In right AOAD, tan8 = AD :‘ﬁ‘ (‘(ﬁ\‘:l)
OA

In terms of @, the areas are expressed as:

1%,

: e 1. . 1. _ =N (PONVY
(i)  Areaof AOAB=§\0AHBC\_=_E(1)suﬂff?s_-n_g:f_-__I 2\ (G

(i)  Area of secior, OAB ~,1_‘ 0= %‘-.(—!.)‘-9-; 419 W(r=1) 1
(i) | fvea O ACHD o [O[AL =) tand
1 firon th figure) vie-see that
|I WY | oNeed of AOAB < Area of sector OAB < Area of AOAD

1sin¢9<g<1tam9
2 2 2

1. 6 1sin@
—sinfd <—
2 2 2cosd
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As sin@ is positive, so on division by %sin 6, we get

;sine 0 1sino

<2 2000 "

1sin@ lsina Lhing7T
20 20 e\

PAN In/oS e
L<i +—\ = 1
sing - edse
o L L sing
N | Qs 1>T>cose or

when @ =0, cosd —1

"'(~.-0<9<£j
2

cos¢9<w<1
o0

since % is sandwitched between 1 and a quantity approaching 1 itself.

So, by the sandwitch theorem, it must also approach 1.

ie., Limﬂ =1
-0 @

Limits of Important Functions:

- Xn_an n-1 - -
Lim =na" ", nisan integer,a>0
Xx»>a X—a
.ox"=-a" n_,_
Lim =—a""
x>a X" —a"™  m
1
Lim==0,x=#0
X—)ioox
. a N
Lim— =0 where peQ’,aeR
X—)ioox
H 1 " . H.\,. 1
Lim{1+=| =e le(ex)Zf’O. AN N \
n—o n X o AN (O -
-._. A 1 _'__;__' ___.-'..
L i ~ -:_—-"_ ; . . . I'u_ L '|_ /:,I ll \ll
Lim(1+X) =& YFARIES .,L_lmi’.o.x.j_umt JXJZO
x—0 Ty e = LY IX—>=w x—>—o| @
AR A a BN
= L . (a

| ima—x——l:?ogqa le(—j=0, aeR

. Jx'-,:g._l 2o | L X—xo\ X

. i J | | %
NN
A= . [e*-1 . sin@ . .

le( jzlogeezl Lim—— =1, where @ is in radians.
x—=0 X 60-0 @
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EXERCISE 1.3

Q.1  Evaluate each limit by using
theorems of limits:

(i) Lim(2x+4)
Solution: Ay
L|m(LX‘l 1) AW e

x—3

le[f XJHg (x4 lefky\ﬂ_lmg( )

120+ Lim(4)

X3 x—3
le[kf ] k[Limf(x)J
~2Lin(x)+4
:2(3)+4
=6+4
=10
&L@(2x+4):1o
.. ] )
(i) I;l_)rp(Bx —2x+4)
Solution:
Lim(3x* —2x+4)
x—1

I;LT[ f(x)xg(x)]= Lim[f (x)]+ Lim[g(x)}

= Lim(3x ) L|m(2x)+ Lim(4)

x—1 x—1 x—1
- Lim[ kf (x)]= k[Limf(x)J
=3Lim(x’)-2Lim(x)+4
=3(1)"-2(1)+4
=3-2+4
=5 'l .-._:

L|m(3x —2x+4) 5

X—1

a3

———

(i) Lum«/v_ﬁﬂ N ~. AR AU

Solutlor‘

/—:'x'+"4 -
= Lim[ f(x ]:[Limf(x)}n

X—a X—a

Lim(x2 + x+4)

x—3

lJm[f(x\ g(x\-quff\yVLFU"ruexu
.-"

] irax2 4 L|n<+ Lim4

x, 15 - X- >3 x—3

CFraa
=416
=4

L|m X2+ x+4=4

(iv) Lirp XNx2 —4
Solution:

Limx/x? — 4

X—2

Ll (99(]-[ i 09| tma (0]
[ ipx [ i -2

~Lim[ £ (x)]' :[Limf(x)}n

X—a X—a

-2 [l =)

Lim[ £ (x)-g(x)]=Lim f (x) ~Limg x)

=2,Limx’ - i
=242 -4
=2J4-4

-20

:2(0}_ - :H.;--:_

I_- :___ A

w

=\

1——————-?

ELI’T x«fxz_"-_ )

X—>?

s .'.
(V) LII‘;](\/X3+1—\/X2+5)

Solution:
Lir?(\/x3 +1-+x? +5)
= Lim[ f (x)—g(x)]=Lim f (x)—Limg(x)

= Lirp(\/x3 +1)— Liry(\/x2 +5)
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Lim[ £ (0] Z[Limf(x)}" Q.2 Evaluat.e each Iimit by using
. o8 algebraic techniciss, =, =
Lim(x®+1) - /Lim(x*+5 _ ain [,
Hz( ) Hz( N ) ) mimea s N | [ 2.0
~wLim[ f(x)+g(x)]= lef(x)J-leg\x) LR e AL P’
Limx®- _|m1 ‘/1 mxiill;g A ,-SC-.I"?[W' '
X=2Z 4 W2 xR b Ayt 3
W e LimX =%
241 A9 ol x4l
— /o' | Vo
N \I_ L _ x(xz—l)
NN -|I i T -X +5):O =Lim
! o2\ x>1 x+1
vi)  Lim 25X _Lim X =1)(x+1)
x>-2 3x—-2 ] X 4+1
Solution: L 1
. 2x3+5x =Limx(x-1)
Lim
X—>—2 3X_2 _1(_1_1)
(0] Lmt)
IILT{g(x)}: gn;g(x) :_1(_2)
Lim(2x° +5x) =2
" Lm(e-2), L X=X
o Lim[[ £ (x)+g(x)]=Lim[ f (x)]+Lim[g(x)] 1 X+
Lim(2x3)+ Lim(5x) (”) Lim[3X3+4X
— xa—.Z X*.>72 x—0 X2 +X
Lm;(Sx)—Lm;(Z)
X—>— X—>— | R :
= Lim[ kf (x) | = k[Limf(x)J Solution
- X—a X—a le 3X3+4X
_ 2Lim(x’)+5Lim(x)
3)|(__I>ILTZ1(X)—)|(__I)[TZ1(2) X(3X2+4)
3 =|_. _ — i )
:2(_2) +5(-2) 0 X(x+1) > 20
3(-2)-2 S NIARE
_ 2(_8)+5(—2) '-'H.: = L‘m——1—-\.~ ____.-.--
_—3(_2)_2 — ) .:__-'_ — % b X-I— ] _|I
161G YNARVIAT AL UKU) +4
= T__i;l_. - - ..Ix \\- . e —0+1
_ 5 - _0+4
NI 0+1
| J N3 =4
4 . 3
. 2x°+5x 13 LimSX 4% _ 4
Hence |Lim 3Ix—2 4 0 X2+
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. x*-8
ii Lim
(- Ly X*+X—-6

Solution:

Rt

TR (4 —'jj(ai +ab+ bz)

NN ' (x—"2)(>.(2+2x+22)

~ o2 x(x+3)-2(x+3)
:Lim(x—z)(x2+2x+4)
2 (x+3)(x—2)

. X 4+2x+4
=Lim———
x>2  X+3
2°+2(2)+4

2+3
_A4+4+4

ox*-8 12
Lim 5 =—
x>2x°+x-6 5

3 2

. . XT=3x"+3x-1

(iv)  Lim 3

X—1 X" —X

Solution:

X =3x*+3x-1
Lim 3
X—1 X" =X

=Lim

(x*)-3(x)" (0 +3(x)@) - @)

oL x(x*-1) .

oy

|
-

2

L - ."-. ..
~2(a—b)’ =a’—3a% +4ab® 12 | | |

(v)  Lim

x*(x—4)
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(vii)  Lim~— -9_-.—'- \

Solu'_[i_or::

V=X

x—2 X —
By Rationalizing the numerator

:Lim\/;_\/ix\/;_'_\jE
x>2 X —2 ﬁﬁﬁ

L ) -(2)
HZ(x—2)(\ﬁ+ )
= Lim X=2
K2 (x_z)(ﬁhﬁ)
=Lim !

X—2 X +ﬁ
1

)

(viii) IFLT ™
Solution:

Neer

Lim———

By ratic naiwn tt e numﬂrctnr

'~.'|=| wi\ =
w50 h

J‘ l« +h \/X \/X+h+\/_
W .__ |

«/x+h+\/_
L ) ()
h-0 h[ x+h+ﬁ]

h>0 \ .-x"w"_ VYA ,
._.-"”. '- Ll i .""'-\. \

Lim
h—0

3

=+

> | =
|
B
[EEN

n

(ix)  Lim—
X—a X _a

Solution:

m

(x— a)(x +X"a+x"%al 4., +a”*l)

x-a (x—a)(xm e x™2a X"l 4. +am’l)

x”‘1+x"‘ a+x"2a’+...+a"

xoa XML 4 x™2 a4+ x™ %% ... +a™

a +a a+a”3a2+ ...... +a™t
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Q.3  Evaluate the following limits:

Q) Limsm 7X
x—0 X
Solution:

. Sin(7x
Lim ( )
x—0 -X - —\
Multipty.and divide by '

As x—0, then 7x >0

_7Lim sin7x
x>0  IX

=7(1)
Lim sin7x _
x—0 X

7

. . sinx®
(i) Lim
x—0 X
Solution:
. sinx°
Lim
x—0 X

As 1°= z radian
180

X )
X°=-—— radian
180

. (ﬂXj
- sin| —
I_imsmx _ Lim 180

x—0 X x—0 X

Multiply and divide by —*—
ply Y Te0

. [ X )
SIN (180) il ) ':.—"'. ; g
= Lim-Z-x VA \

x—0 18{’: ,.. 7_2_;_5)(*«.- Y !
! 148Gy L\
. | [
N[N = X180)
J SO 180 e Ea
180

When x — 0, then ix—>0
180

kS

x>0 X 180
(i) Limi=<0s?

6-0 sin@
Solution:

. 1-cosé
Lim—
00 sin@
By rationalizing the numerator
1-cosé y 1+cosé

=Lim—
60 sin@  1+cos@
L 1? —cos® @
60 sin@(1+cos )
) 1-cos’ 6
=Lim—
6-0 sin@(1+cos6)
=2
— Lim— sin“ @
6-0 sin@(1+cos6)
_Lim sin@
6-0 14 c0s @
__sin0__ 0 _0_
1+cosO0 1+1 2
I_iml—_cosé? 0
0-0  sin@ )
qv)  LimSPE L
Vet TR ATXAN Y [ L Zaa™
Sptution:\ Lo Ly T
VL WY ki L
s R
L X—>r 72'_X
Let O=mwr—X
X=mx—60
When x— 7 ,we have & — 0 then
. Si . sin(z-6
le—smx :le—(” )
x>z 51— X 6—0 12

wsin(z—6)=sing
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_ Lim sin@
00 @

=1

Lim——=1
X—>r 72' X

. sipax, — N\ W
\") le——-— i JP | "
) =0 sirgh VLo L

Solution:

IR >»u Sinbx

(smaxj
x ax
:Lim_ax—

x->0 [ sinbx
x bx

( bx j

sinax
ax
b 0 (‘sinbx
bx
sinax
a x0\  ax
b, . (sinbx)
x—0 bx

b

i sinax _a
-0 sinbx b
X

Vi Lim—2—
v x>0 fan x

Solution: —\ D)

Lim—p= | | WARIA
N N ) TR
-0 tamd | VT e O L oL

e

= B Im?“_r‘_(j

\ cos x

. COSX
=Lim

x-0 [ Sin X
X

sin x . -,

Limcos x

— _x20

Limizl
x>0 tan X

1-cos2x
2

(vii)  Lim
Xx—0 X

Solution:
Lim

x—0 X

1-cos2x
2

-+ €08 2X =1—2sin?x
2sin’

=Lim >

x—0 X
Ho

SIN~X
2

=2Lim

x—0 X

. 2
—2 Lim(wj
x—0 X

_ Z(L msm x]
X—0 X

2(1)°
2

I_iml—c052x _9

x—0 X2

(viii)  Lim1Z%%X

-0 sin?x Y =0 R |
Solution: 5 | | o\ e

x>0 1—cos® X
—Lim 1-cosx
x>0 (1—-cos x)(1+cosx)

=Lim————
x=0 1+ C0S X

1
1+cos0
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. _sirfa) O\

(ix) Lim—— "\ 0 |
650~ G, N

Sr_)lu‘-iOIII:_ . _

A J SOy L esint 6

b | oim

1™ ; 0—0 2

= Limw.sine
6—0

:(Limﬂj(umsin 49)
60 @ 6—0
=1xsin0

=1><(0)

=0

=2
Lim sin“ @ _
6—0 2

(%) I_imSE‘CX—COSX

x—0 X
Solution:
. SecX—Ccosx
Lim———————

x—0 X

0

1
—~— —COSX
_ Lim£0sx

x—0 X
1-cos® X

— Lim__Cosx
x—0 X

sin? x

=Lim
x>0 X COS X — o

. sinx sinx
=Lim————

X—0 '.-X: | (-I.Os-x\..l- .y \ '.I '._,,' Iy '|_- -.I ..\_
LY — . \\

=(Lim'_°11—fj ..I(.ILr-m'tau'w )",-,\) =

2>0 '__ X._ '._ 1 X—=10 .'._.-: ¥
A J .'-;I'|1-J<_t?n('0/
' J [N =1x0
N ' L =0
. SECX—COSX
Lim————— =0
x—0 X

sin(pze)
Lim —=—~2

(i) Limi=CosPY
0-0 1—c0sqé
_.Solution:

Vi1ceospa T L e
Lim =S98, -

T 0L e chsye

+1-c0sO = Zsinz(gj

-timl — 2
” sin(q
2

- 2
=Lim
o0 Sin(qe que

)
-..... .y ..h-
e %)

6—0 pl9

2
q sin(qzej
Lim — =~

6—0 q¢9
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p?(1Y
e
p2

2

o]

Lim= =2 B=r
0-0 1-7Ch¢ qU 17

— _-__.,_

1 csspe "'|-’_'_ AL

am? swn 9

|_:m O —

- (%) [*
W dse Tsin®e

[ 1 i
Solution:
. _tan@-sin@
L|mT
sin“ @

6—0

ﬁ—sme

— Lim cosd
6-0 sin@

sin 9(1— j
cosé

— Lim cos«9
0-0 sin%@

=Lim

1-cosé
=Lim
00 0050(1 cos 9)

- 1—cosé
60 c0s@(1-cosd)(1+cos)

=Lim
60 c0sf(1+cosd)
_ 1 . O
cos0(1+cos0) \ 70\
B 1'.:_: e ™ \ i
1(1+3
| | ’ 2
. _tan@-sing 1
L|mT:—
-0  sin° @ 2

Q.4  Express each limit in terms of e: .
1\2” — o
L|m(1+— l %
] n—)+oo\-" I'\ ._.| [ .-'__.-.
| uc1u |cn ' o
1 L] './ '_ -.J _\I'Zn
._L-!mLiJriJ
N—-+o0 n
i
= Lim{(ﬂ—j
N—-+c0 n
1 P
={Lim(1+—j
N—-+oc0 n
=ge? i
2n
L|m(1+1j =e?
N—+w n
>
(i) Lim(1+lj
N—-+o0 n
Solution:
>
L|m(1+lj
N—-+o0 n
n2
= Lim{(ﬂ lj
N—+oo n
n2
={Lim(1+1j
N—+o n
1 i
—g2
1 \Zn i~ l'\-\.l
le S l =l ‘\‘-e!"' ‘:
__(_; LA LS
'/ IJ \-'.1

K

L1

i iz
LY -___-_"l1~>+oo

(I;-)I

Solution:

Lim(l—

N—-+o0

-t

1)”
n
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Gv)

Lim

N—-+o0

Solution:

(v)

Lim

N—-+o0

[-3)
3n

5
3n

Lim

N—-+o0

Solution:

Lim

N—-+o0

= le[[l 4)n

n—o0 K ﬁ.

i il
L-". 'IJ_.--\.

)
)

i Solutlon N\ | 7~

A L 172
VA _le{(l—Zh)_Zh}

(vi) Lim(1+ 3x)§

Lit rr(lth;X |

X—>1

Lim@“gx)éf

x—0

={Lim(1+3x)31xJ6

x—0

2
Lim(1+3x)x =

X—0

(vii) I;Lrp(l+ 22 )xlz
Solution:
Lim(1+ 2% )xlz

x—0

=Ixiig{(l+2x )}

Lim(1+ 2x2)X12 =g?

x—0

(viii)

Solution:

1
p(-2n)

1
= (

-..
T P
f

J].. -.\.:_- 'H.]I 2 - |1
U_ Zh)h—l e

A -.'

h—0

1 ?
| tim(2ny =

—g?
1
-2 =G
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i . x Y
(ix) %LT(m]

Solution:

um[Lj
x>0\ 14X

@A RN

NAUE R

_I: ]'.':":'_'.':"J.-' \J A WAE Ay

x)  LimE

Solution:
1
. eX
Lim—
ex+1
Replace x by —y where y >0

,X<0

() Lim=— e

Solution:

Lim —
x—0 =

ex+1
As x>0,50 X=X

1

ex[1- =

=Lim—¢ 5
x>0 1

ex l+7 ) - \ .-.____ _".__ ...:'-\. '.I
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Left Hand Limit:
Lim f (x)=L is read as the limit of f(x) is equal to L as x approaches c from the left

X—C~

i.e., For all x sufficiently close to c, but less than c, the value of f (x) can be made as

close as we please to L.
Right Hand Limit:
Lim f (x)=M is read as the limit of f (x) is equal to M as x approaches from the right

x—c*

i.e., for all x sufficiently close to c, but greater than c, the value of f (x) can be made as

close as we please to M.
Criterion for Existence of Limit of a Function:
Lim f (x)=L iff Limf (x)=Limf(x)=L

Continuous Function:
A function f is said to be continuous at a number “c” iff the following three conditions

are satisfied:

(i) f(c) is defined. o
(i) Limf(x) exists. I, HARCS
(iiiy  Limf(x)=1f(c) — — \ | =

X—C =
Discontinuous Fuingtion: BYFARIBR R
If one or Irnore, ofigse. three ('or t'"oras fail.to-hold at c then the function f is said to be
discontiitunu’ at R
Example: Discuss| thiz\cantini Jl-y ‘ot the functlon f(x) and g(x) at x=3.

= | I'-_.__I:._..I ] ’ )'(2_

NN T =%

. .
g T x=3 (b) g(x)=2 9 if xx3.

6 if x=3

Solution:
(@) Given f(3)=6
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*. The function f is defined at x =3.

2
Now Limf(x)=Limx -9
x—3 x-3 X—3
x»3 )\ 3
—lefV+3)

AjE

g it (IX/.: B=1r (3,) -

A 11(x)) is dontinuous at x =3

|\ | Gitlis'noted that there is no break in the graph. L D

(See figure (1))

0 g(x)="—

9 if x£3

As g(x) is not defined at x =3
g(x) is discontinuous at x =3

Fig (1)

Fig (n)

It is noted that there is a break in the graph at x =3. (See figure (ii))

EXERCISE 1.4

Q.1  Determine the left hand limit and Hence Lim f (x) exists and
the right hand limit and then, find "
o _ . Lim f (x) = Lim(2x* + x—5) =2
the limit of the following functions Xl X1
when x —c. i) fo)= x*-9 __3
()  f(x)=2x2+x-5, c=1 _ -3
: Solution:
Solution: x2—9
f(x)=2x"+x-5 f(x)= 3 c=-3
Left hand limit: Left hand limit:
Lim f (x) = Lim(2x? + x—5) Lim £ () = Lim 329 /7
x—1" X—1" xa—3 5 ) >T‘| x= J‘. .
=2(1)*+1-5 A _ (i3)2 g =
=2+1-5 [ N \ B3
— =2 AN ~9-9
Right fizsla lilnf “\. " 6
I ||1f(x) me” ?+x 5) _0
. J"":-"-' | N RN et S =0
.' W —241-5 Right hand limit:
=—2 2 9
As  Limf(x)=Lim f(x) Lim f (x) = Lim > 3
x—1" x—1"
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0
.'6
—~=0

As L, £9) = le f’,<,

X

'Huc_e i T(X) eX|sts

2
and lef(x) Lim2 =9

x—>—-3 x=>-3 X —

=0

(i)  f(x)=|x-95, c
Solution:
f(x)=|x-9,
Left hand limit:
I;lrsnf(x) L|m|x 5|
= Lim[-(x-5)]

X—5"
=—(5-5)
=0

Right hand limit:
Lim f (x) =Lim

x—5|
x—5" x—5"

=Lim (x-5)

x—5*
=5-5
=0
As Li{_)n f(x)= Ligl f(x)

Hence Lirpf(x) exists and
Lim f (x) = Lim|x—5|=
Q.2

X=C:
[2x 5 i x<2— )
-C =2

M) o= Y

"-R-+1 iF
Solution: IRy
R X =2 _
) 245
f(2)=2(2)+5=9
f(2)=9
Lim f(x) = L|m(2x+5)

X—2~

DISCUSS the continuity of f (x) at

L Q&

=2(2)+5
=9
Lim f 60 Lim(4k£2).
- 4(2) F1
As Lim f (x)=Lim f (x), so

x—2" x—2"

Lim f (x) exists.

X—2

As f(2)=Limf(x)

X—2

Hence, f(x)is continuousat x=2.

3x-1 if x<1

(i) f(x)=1 4 if x=1,
2x if x>1

c=1

Solution:
At x=1
f(x)=4
f(1)=4
Llrlnf(x) L|m(3x 1
_3(1) -1=2
Lim f (x) = Lim(2x)

x—-1* x—-1*
~2ip(x)=2

As Lim f (x)=Lim f (x),

x—2~ x—2*

) L|mf( ) exists.

X—2

As, f(1)=Limf(x)

x—l1

42

Hence function f(x) is dISCOhT”"IOUS at x="1"" i\ A
R x\—? S

P U4

, [3x | |
Iff(xw f("il i< x<2,
-'. 8 | _|I if XZ 2

& | N

W -Discuss continuity at x=2 and

X==2.

Solution:
Continuity at x=2
At x=2

f(2)=3
Lirzn f(x)= Lir21j(x2 -1

=2°-1=4-1

38



Unit— 1

Functions and Limits

=3
Lim  (x) = Lim(3)
x—2" x—2"
=3
As Lim f (x)=Lim f (x),sC

x—2" x—2"

Lim f /%3 nsttc RS

X—>2

As f (2) = Lirp f (x,

Herige o) 1S continuous at x=2.

Q.5 Find the values mand n, so that
given functlon f is M.ﬂnuou 1531

x=3.. '_-'“";
( iF “xls
X\’:T | if x=3
2x+9 if x>3

"Solutlon

As f(x) is continuous at x =3
So f(3)=Limf(x)=Limf(x)

continuity at x =2 At X=3 - "
at x=-2 f(3):n
f(x)=3x i —1i
) L ()= Lim(my
f(-2)=3(-2)=-6 =m(3)
Lirg f(x)= Lirl](Sx) =3m
-3(2) 09 =p(-2x+9)
=-6 =—2(3)+9
Lim f ()= Lim (x*~1) =_—36+9
=(-2)* - As f(3)=Li2nf(x)=Ligpf(x)
fg -1 n=3m=3
_ - n=3 , 3m=3
As Hp FO)= L 00 o
S0 Lir?f(x) does not exists. mxif <3
Hence, f(x)is discontinuous at (i) f(x)z{xz if X >3
X=-2. Solution:
Q4 If f(X):{X+2 » X1 As f(x) is continuous.at X=3_ ) '
+2 , x>-1 1182
] So f(?\ um (xL— L|r1fr>Q el
Find “c”so that Lim f (x) exists. _ A -
x>t ) T\ Al f—3 LA ..f -
Solution: \ A R L A f(\(‘ o]
As let(V‘ exists. ARUITRLS , s’
SE N~ - \ A gl f(3) 3=9
So Limi _r m— W mf(’) ) Lim f (x) = Lim(mx)
! \ x—3" x—3"
w | ILm X+?)— _drp(c+2) =3m
NN RV e Lim f (x) = Lim(x?
"-I ' -1+2=c+2 x—>3" () Hy( )
=3?
-1=c —9
c=-1 As f(3):|;l2?f(x):|;L2?f(X)
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9=3m=9
3m=3
m=1
Q6 If
J\/2x+5—\/x+7'-' N
fO) 24 x=2— | U7

A0 VU O\ 2
find-the value\cf it ¢0 thet' t1s
_ Gertinugusietx=2.
[\ Betation!
' As f(x) is continuous at x =2
So f(2)=Limf(x)

X—2
At x=2
f(2)=k
Now,
L £ ()
L m\/2x+5—\/x+7
X—2 X—2

By rationalization of numerator
\/2x+5 IX+7 \/2x+5+\/x+7
X—2 \/2x+5+\/x+7

] («/2x+5) —(\/x+7)2
=Lim
7 (x=2)(V2x+5+/x+7)

x—>2

Lim

_Lim 2X+5- (x+7) .
X2 (X—Z)( 2 1— -J-\,.X+7}

7x+3 e 7

=
<2 (x=2)(V2x+5+x+7)

= Lim !
o2 \[2X+5+X+7

1

\f2(2)+5+\/2+7

.
3
—_
—
b3
N—"
Il
ol

ié
—
—~
X
~

x

|

Graph of the Exponential Function f (x) = a*

Let us draw the graph of y =2, here a=2.
We prepare the following table for different values of x and f (x) nesijine or gln

X —4 -3

-2

1 -2

._ .-- )

AL

a1 0
Y [0.0625 [ 0,125 [0.25 |5 | 1 JF
| - - T — = ——
- y IFAR\AS AL
_.-':_ - :" ) | T e
-.L. -J'I'\-.. | I
J | I
—"'/ >\
=R . 1 3 4 ’

40
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Plotting the points (X, y) and joining them with smooth curve as shown in the figure, we
get the graph of y =2* A~ N
From the graph of 2*, the characterlstlcs ofthe graph of y - af are bbaervm a it |'” S
If a>1, - \ \

Q) a i< always positive foi ail ren_,l va__lue.s _J‘_x. /
(i) lingreases as ilcreases: A\

(i) & —;1 y_fht_n X=0""__

()] & - 0las Koo

o 3 Jm R OPIITIE g Logarithmic_Function f (x) = log x:

it x=10", then y=logx

Now for all real values of y,10* >0= x>0

This means log x exists only when x>0

= Domain of the log x is positive real numbers. It is undefined at x=0.

For graph of f(x)=1logx, we find the values of Igx from the common logarithmic table

for various values of x> 0.
Table of some of the corresponding values of x and f (x) is as under.

X -0 0.1 1 2 4 6 8 10 | >+

y=f(x):logx —>—0 | -1 0 [030(0.60|0.77090| 1 | ->+o0

o—= N W S

Graph of

y=f(x)=logx

N K L )
S R

.- I"'\.

Plotting the points (x, y) and joining themgiwith a smooth cur\m We c*;e* the ufapr* i

shown in the figure. ) — A |
. ] § .l_ I.' -' R ._I : | r

Y

0] Hne leolew (x y) wm”r (\ \' ard there IS no change in the equation then the

graph it "ymms Tic W|th respect to x-axis.

\'l} Uf'vie replace (x,y) with (—x,y) and there is no change in the equation then the

graph is symmetric with respect to y-axis.
(iii)  Ifwe replace (x,y) with (—x,—y) and there is no change in the equation then the

graph is symmetric with respect to origin.
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EXERCISE 1.5

Q.1  Draw the graphs of the following equations AN (P
2 2 ) e -.'m | .I g ! LY ;
(i) X’ +y2 =9 (i) =+ VT —1 Gy e o Vv h RO

(i) X +y*=9 N\
Solution: ~T\ o~ Y \ A\ =

X|-3| 2 -1 0 1 2 3
Y| 0| +22 | +28 | £3 | 28 | 22 | 0

Solution:

X
N
+
INNES
I
H
|

Given

< »[<. 5]
>
Ry
’
-'-...
Ty

1
o
| =
i O
|
=
L "

Here domain=[—4,4]
X -4 -3 -2 -1 0 1 2 3 4
y 0 +1.3 +1.7 +1.9 +2 +1.9 +1.7 +1.3 0
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of\
A\ \!
\ AERTEN
AR
r‘u\ o\
||) y =e”
Solution:
Given y=e
-3 =2 -1 ‘.I' 3
!
(iv) y=3
Solution:
y=3'
X | =2
Ly [0

- \ r?ﬂx

O\ wN
.il:—nllll.ll\I III".III". -{I".II r—?'J'.II N
NUANS Sy
L
ﬁJr\[]’\\hx ‘_RJ

L L T 1
4 32
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Unit— 1 Functions and Limits

Q.2  Graph the curves that has the parametric equations given below
(i) x=t,y=t>-3<t<3 where “t” is a parameter _ A
Solution: _ S T e
il ! - R B o

x=t,y=t*,-3<t<3 A T=R TR
ti ¥ 272~ Tola[eysnt ||

G A= aEaE

Q) Xx=t-Ly=2t-1-1<t<5 where “t’ is a parameter
Solution:
Xx=t-1y=2t-1-1<t<5
t -1, 0] 1] 2|3
x=t-1 |-2|-1| 0
y=2t-1|-3|-1|1 |3 |5]|7]9

N
ol

[N
N
w
TN

ey 'q,-.m-,h.ll .;J | "."'.I. . l- L )
S J | ."-\.__Ul)'x. X=secd,y=tano where “0” is a parameter

Solution:
Xx=secH,y=tand

= x> —y* =sec’f—tan’ O
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X2_y2:1

x> -1=y’ J€. a'_*,h" = ,x )
y:i X2 _1 A r :-:- xx"'\.l |II |'.-...:':--: .:.'.x:\' 7
- | - ! { '\-\.x | .H. ..___a. -
Here domain=(—oo,—1] UL o) £~} | ) |
EENE SRSt
AN ”Ly J};:a ﬂ\ e
L ! . '.-.'. _'. e Y
a oS el
B -.,_'- h --.\,_- |--\..-\..| .\"'.\, | _-. 2
A SRR N T 0 W O T
¥
4
Q.3  Draw the graphs of the functions defined below and find whether they are
continuous.
i x=1 if x<3
@ y= .
2x+1 if X>3
Solution:
| x=1 if x<3
Y ox+1 if x>3
Table for y=x-1, x<3
x| -1 ]0|1]2]3
y| 2 [-1]0|1]2
Table fory =2x+1, x>3
x| 3]14]5
y | 71911
'):l 3 o~ = "J.'d’_“: \
-1 ! - I | "" Il '\""\-._..-":l -
£ ‘;ll} 1 1 = I'I- -l'l I'I L \\ -' -
™\ - _+ - |"II I '|II ' I'. I |
VAR TH BB A1 T =
-, r'. \ ___v_.--'_-u.'lll Wt II'. '-,I-;l'" W _I'_,_M“n__
'F"'I,I |III -—\v"'r \ :;I—h.ll -II ?\_k',__j:'; A
| \ L] 'III 1 I'|__ L 1 I
- ..Jl"'l. l,,]l :i/,
NN IN IRV A !
l"kf: |\' | ."‘-.l_lxl"'" s 4 _!} _Ey ) 2 3 456 g
AW B :
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2 -
- X" = .—\.-"_""'Ir.ﬁil
(i) y=  X#£2 A0 0N
. - - { -H.:_ r?.l I.-"':_.—.J I"I.- 1 'I '.I.-'| I|_|I L
Solution: 2 “\ . “”ﬁ ?“ﬁxl |' {’?j A\ <
y — X —4’ X # 2 - I,-j_j j.- Il IIIII_Il--\.III lII IIIllIII |III |III 'II "'\-RI\' I| "H._.-"'ﬁ__.
X=2 V7R EAR\RC AR Y.
(x+23%-2) RYVARIBT LS -
= —|:;_x _lﬁlk_',_i_ -\‘"-..I_ \'I |1 ; |1 I|I "uh L -
y .;:('7'5."'.' 2“ I'. 11 "I_H'. I|I II| I'K_\_' ! -
AR L] Vol
y_\: )"+:'::, X '.;é 2': I|I Il III__!, e
."*x]-i(;:‘d f:\” A T [k [ 2101 2 3
i B " — n
":::, rJP‘\I_J AV y|] 01 % 3 | Undefined | 5
S
-6
-5
Y
/ )
X' < -E}/'l'l‘_l; T {32(, » X
v
x+3 if X#3
() y=1, if  x=3
Solution:
B x+3 if X#3
P if X=3
x| -110|11]2]|3]|4 -
2 4 2|7 . T N
y 313195 ACD ;;-,-"EI "\EI"-E |
T - -\
M\ AT N ,'I o\ @“—?LJ
. I:r:j o\ IIII:--'iIIII/'I)‘ '|II|II li:_lll |II | \ |
|II _Ti-'—lll _I.-'_'|I '.III' /lLI:!, |II'|II IIII E. ll-i" |I
e '. "-,,-"F;’ | A %) /‘.Ik\__..-‘---’l' - i
I::_F’III' II"-'_V.- fﬁ_ﬁl‘l \ Illﬁ.\__{"ﬂ""-.
AN O NNSU
"-."."-"'-'-"-.L' 3
AR S
_\"-. I_\\J’I\\‘\HI_J"-‘L'LJ I:"l IIJ B -1
Q‘JMHJ_JH‘J B / 249 r
- ‘ !
y
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2
iv) y=X"18 x.4 _.
X—4 '
Solution: N
, .
=X _16,x¢4 N
0G5\ | ENT
EARWAR .
- J '5.':.Iy;-:':-.>.+4._>_<;-a
ARV AV A 1]0[12][3 4 5
' y| 3 |4 6 | 7 | Undefined | 9
y
‘A
X'« — - > X
v
Y'
Q.4  Find the graphical solution of the following equations:
(1) X =sin2x
Solution: - — -~
Let y =X=sin2x - - x '\ .'H_,l ‘~_-'
.|SO :y:V' .- .I ‘x.\. | T
Nivsauen ) |
|\ Lyn*c *({’ldlﬁl‘\ Vo qu
- LI'IRJI Also  y=sin2x
Y T X —-90° | —75° | —60° | —45° | -30° | -15° | 0° | 15° | 30° | 45° | 60° | 75° | 90°
y=sin2x| o | 05|06 -1 |-09|-05|0|05]09| 1 |09|05] 0

47



Unit— 1

Functions and Limits
I Y
N
— — T
From two graphs, solutions are — 1M | '\
X = —55° 0°,55° SN | o a2t
Solution set ={-55°,0°,565°% [ _} ‘
et .. ’ .\_.-"". b .I' I'l.- 'Ill IIII K
L} i \ 1

L

J|-J

11 1 K .. I', |I-' A . l..
- ! 'l i 1A il o e
1 L L 1 -
& A =
] | 'y || B

T X
5* 30 435* 60° T5°

;—l
. X
i — =C0SX
(ii) >
Solution:
X
Let =— =CO0SX
y 2
X
So =—
y 2
X 0° | 60°
X .
y:E(radlan) 0| 05
Also y =cosx
X -90° | —60° | =30° | 0° | 30° | 60° | 90°
y=CcosX | 0 05109 |1]09|05| 0
From two graphs, solution is
X =60°

Solution set = {60°}




NN R
W X —-90° | -60° | -30° | 0° | 30° | 60° 90°

Unit— 1 Functions and Limits

(i)  2x=tanx

Solution: N RON\U

T, |I:H" A i : 1 et
LetS y:2X:tanX _ 1 l'. - -I'""_': e L |I | "-:--' 1 _.'l'h"'
- .-. s R L] LI I. ""'\-‘\ e _.-"'H
= SO i"l:'v { ﬂx.h lI ! Y |I |I ! 1 |
i VI f . - I
1 J-' IR A i i - L~
OV V=~ T WS S Tes] 600
:"'I | alEE ™, W 2
RIBIRLR I = 2x (radian) | 0 | 2.1
. L

. ] |‘“{~| l‘-{Jl 1 Aol Also y=tanx
BN b | e T

y=tanx | Undefined | -1.7 | -0.6 | 0 | 0.6 1.7 | Undefined

5
>

From two graphs, solution is
x=0° L3
Solution set = {0°}

yre— g W —_— Y
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1 - .-"\-"'-.- -H'::\\ f |I I"" ;‘:J | I-:::.“HI:‘::"'M_-
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