M ATHEMATI CS

RELATIONS AND FUNCTIONS

SOLVING PROBLEMS ON FINDING
DOMAIN OF FUNCTIONS

n

« Definition of a function « Finding the domain of various functions

JU'S

- Domain and range of a function

« Types of functions

To find domain of basic types of Method to find the domain if addition or subtraction of

where D, D, and D, are domains of h(x), f(x) and g(x).

Ify= then  f(x)>0

functions: E two or more functions are given,
Ify = % then  f(x)=0 - h(x)= f(x) g(x)
S AN
Ify=m then  f(x)=0 E D =D, N D,
1 |

—
—

<
N—"

1
1 f(x)=vx*-x-20 +——
( ) Jx? -5x-14

Case1: x* -x-20> 0
=(x-5)(x+4)=0
=x<-4Jx>5

= x (-0, -4] U [5, »)
Case2:x’ -5x-14>0
=(x-7)(x+2)>0
=x<-2Ux>7

=xe (-0,-2) U (7, )

By taking intersection of Case 1 and Case 2, we get
domain as follows:

x €(-o0,-4]U(7, )
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2. f(x) =——

X|-X

.

Analytical method

Graphical method

Hit and trial

x| -x>0 x| > x x| > x
Whenx=0, '@ Whenx<0, | Y I,:le;tx T)s3éi3bl>e3
=>X>X i =>-X>X i i Letxp=-33>-3
Not possible | =2x<0 i ‘ . ’
- =x<0 i y =X y=X . Letx=3.1,3.1>3.1
= x € (-0, 0) i i Not possible
L, . | Letx=-31,3.1>-31
y=x X | We can see that the
\ - inequality holds for
i ' negative values of x
. > XE(-x,0) . = XE(-x,0)
3. f(x) =—— ¥
X-[x]
x-|x|>0
> |X| <X y= |X|
From the graph, we can see that the green line does not
exceed the yellow line at any point.
) < >
X Fa X
Vv
4. f(x) =+/sinx +4/16 - x*
sin x 2 0 is possible if y = sinx, is above NY
the X-axis.
16-x20 1 e
=>(x-4)(x+4)<0 S on 4 T /10 |4  Hn X
=>-4<x<4 1
By taking intersection of above two sets
of x we get domain as J

X € [-4, -] U [0, ]

@ Note

For the composite function f(g(x)) we have the rule,
Domain of f(g(x)) = Domain of g(x), if Domain of function fis R.
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(5T +V6R)

1.£(x) = sin(vx- 1 +6 - x| 2.f(x) = 4
f(x) =sin(g(x)); g(x) =vx- 1 +v6-x f(x) = 4%

=>Domain of f(x) =R - g(x) =Jx-1+J6-x

We know, Domain of f(g(x))=Domain of g(x) | Domain of Jx-1+6-x,

Domain of vx -1 ++/6 - X, ' x-120=x21

x-1>0=>x>1 ' 6-x>20=>x<6

6-x>0=%x <6 - By takingintersection of above two sets of x
By takingintersection of above two sets of x . wegetdomainasxe[1,6]

we get domainas x [1, 6] E

For function to exist, cos(sinx) > 0
Step 1:
f(x) = Jcos 0: 0 = sinx

= cos 0 > 0 is that part of cos 6 which is above X - axis.

Step 2:
Also, 0= sinx e[-1,1];
i.e,0is bounded to [-1, 1].

Step 3:
Part of cos 6 in[-1, 1] is already above X - axis.

Hence, x eR.

iiii%i'lliii!!l'

1. Domain of (f(x))%(f(x))% ,(f(x))$= Domain of\/@

2. Domain of (f(x))1

3,(f(x))5

1, ,(f(x))W= Domain of f(x)
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1-x

@@ Find the domain of the following function: f(x) =(5
+X

1
1-x )12
f(x) =
) (5 + XJ /—\
1 \9,
Domain of(f(x))@= Domain of,/f(x) -5 1

1-x 1-x
=

N
Vv

= Domain of >0

5+x 5+x
=xe(-51]

Logarithmic Functions

[z] Find the domain of the following functions:

% g 1. log, [log1 (x2 +10x + 5)] 2.f(x) = 10g100X(2108w X+ 1}
3

-X

1. log{logl (x* +10x+ 5)} | Step 3:
3 . For log, (h(x))
Step 1: g
For log, (g(x)), ' Base 1o Aot 21
Base =3 >0, Also,3 = 1 | ’
_____________________________________ ' Step 4:

Step 2:
Now, log, (x2 +10x + 5) >0

3

Now, for x>+ 10x+5 =0,

-10 £4/100 - 20
=X =

2
2 2
=>x"+10x+5<1= x" +10x+4 <0
_-10+2420
2
_-10 £4/100 - 16 —x=-5£20

f/_ So, for x* + 10x + 5> 0
X:M:)(z -Sim

> xeR-(-S -\/ﬁ, -5 +\/ﬁ)
For x> +10x + 4 <0, [ mmmmommmmmmmmmoooooooooooooooooooooooooo-

(s 54 : Step 5:
(VA5 | xe (52,5 420)o (-5 20, -5 21

For x> +10x + 4 =0, S
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2.f(x) = loglOOX(

For function to exist,

2log,, x+1
X

a.Base=100x>0; x>0, Also 100x # 1; x iF}O

.210g10x+1 o0 2log,, x+1 -

b 0

X X

=2log,, x+1<0=2log,, x<-1
1

:>log10x<-%:> x<10% =>x<

1
J10
c. In2log,, x+1,x>0

Considering (a),(b) and (c),

1 11
Xe[0’100ju(100’\/ﬁJ

[Z] Find the domain of the following functions:

1.log,,[1 + X°| 2. f(x) = log,, |[4x - 1] 3.l0g,,| 1-log,,(x* - 5x + 16)

1.1og,, |1 +x3|

3.log,, [1 -log,, (xz -5x + 16)]
For function to exist, For function to exist,

a.Base=10#0,als010>1 a.Base =10+ 0, also, 10> 1

3
b-1+ 2 b.1-log,, (x* - 5x + 16) > 0
=x#-1=x# -1
—xeR-{-1} = log,,(x* - 5x+ 16) < 1=> x* - 5x + 16 < 10

= x*-5x+6<0=>(x-2)(x-3)<0=>2<x<3
c.x*-5x+16>0

=>D=25-4x16=-ve=>x€e R

=x¢e(2,3)

2. f(x) =log,, [4x - 1|
For function to exist,
a.Base=10%0,also10>1

b.4x-1¢0:>x¢%

:xeR-{l}
4
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Polynomial-Based Questions (Type 1)

@ If f(x) is a polynomial with degree 5 with leading coefficient 2 and f(1) = 1, f(2) = 2, f(3) =
% 3,1(4) = 4, and f(5) =5, then find f(6) .

. Step 2:
From the step 1 calculations, we can conclude that,

1. g(x) is a polynomial having roots 1, 2, 3, 4, and 5.

2.g(x)is also a 5 degree polynomial.

Now, g(x) =(x- 1)(x- 2)(x- 3)(x- 4)(x-5)
f(x)-x=2(x-1)(x-2)(x-3)(x-4)(x-5) (- the leading coefficient is 2.)
=f(x)=2(x-1)(x-2)(x-3)(x-4)(x-5) +x

= £(6)=2(6-1)(6-2)(6-3)(6-4)(6-5) +6=246

Concept Check

Find the domain of the following functions.

1. f(x) =lr\1/(XxT-z) 2. f(x) = x21-4x 3. f(x)=+/cos2x +V4-x’

4. £(x) =E 5. £(x) =(51;’)‘( j 6. £(x) =log, cos(sim)

7. f(x) =log,, (log, x)

8. If f(x) is a polynomial with degree 4 with leading coefficient 3 and f(1) = 2, f(2) = 5, f(3) = 10,
and f(5) = 26, then find f(4) .
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Q Summary Sheet

?

—_—

Key takeaways

To find the domain of basic types of functions:

|fy=L then  f(x)=0

f(x)
Ify=m then  f(x)>0
1

then  f(x)>0

Ify=

f(x)
When we need to find the domain of two or more functions,
h(x) = f(x) £ 8(x)
N N
D =D, ND,
where D, D, and D, are domains of h(x), f(x) and g(x).

1. Domain of (f(x))i ,(f(x))% ) o ,(f(x))Flen = Domain of\/Tx)

2. Domain of (f(x))% ,(f(x))%, ,(f(x))ﬁ = Domain of f(x)

@ Mind Mag
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apt Check
1.

f(x)=\/mx !

In(8-x)
=Jx+4 xlog,, (e)

We know the base of the logarithmic

2.
x> -4x>0
=x(x-4)>0
=>x<0Ux >4

=x € (-0,0)U(4,%)

function cannot be negative or 1. =>xeR -[0, 4]

Xx+4>0 8-x#1 8-x>0

=>x2>-4 =>x#7 =>x<8

By takingintersection of above three

sets of x we get domainas x €[-4,8) - {7}

3.

cos2x= 0

Is possible if y = cos2x, is above the X-axis. ™Y

4-x220

=>x%-4<0 = Cos 2X

1

y
= (x-2)(x+2)<0 a||||||||||||“N|"””|| N 4|||||||||”|“N“ Iy A|||||||||"N““|”"”| D\
=-2<x<2 RS 1 X

3t ~I 0 ;31

By taking intersection of above two sets of 7N I E AN
X we get domain as

X _E,E v
4 4

4,

1-5 S0

7 -7

Multiplying numerator and denominator by 7* \

<5X _ 1)7X 0 b + _ / \

A a———— S \ % 7
7 -1 -1 0

Now finding the critical points,

5-1=0

= 5*=5°

=>x=0

7 1-1#0

> 71270

=>x#-1

=>x20andx<-1
On taking intersection of above, we get domain as

x €(-o0,-1)U[0,0)
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5. . 6.
f(x) (1 -x jlll f(x) =\/log3 cos(sinx); Now, for the function to exist,
X) = :
5+x ia. Base =3>0,also3#1
1 : .

— Domain of (f(x))m = Domain of f(x) ! b.log, cos(sinx)>0

1-x - = cos(sinx)>1i,e cos6>1
= Domain of = 5+x# 0 1

5+x . But cos 0 =1 is the only possible solution.
=x#-5 - = cos(sinx) =1
=x € R- {-5} - = sinx=0

. =>X=nm,nez
1

f(x) =log,, [log, x
For the function to exist,

a. Base=10# 0,also,10>1
b.log, x#0=x#1. Also, x>0
c.Base=e# 0,alsoe>1
=X e(O, oo) {1}

(
g(3)=f(3)-(9+1)=10-10=0
g(5) =f(5) -(25+1) =26-26=0

Step 2:
From the calculations, we can conclude that,

1. g(x) is a polynomial having roots 1, 2, 3, 5.

2.g(x) is also a 4 degree polynomial.

Step 3:

Now, g(x) =(x - 1)(x - 2)(x - 3)(x - 5)

f(x) -(x2 + 1)= 3(x-1)( x-2)(x-3)(x-5) (- The leading coefficient is 3.)
=f(x)=3(x-1)(x-2)(x-3)(x-5) +(X2 + 1)
=f(4)=3(4-1)(4-2)(4-3)(4-5)+17=17-18=-1
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Self-Assessment
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