
1. (b) Put x = y = 1,   (f (1))2 = 3 f (1) – 2
Þ  f (1) = 1 or 2
Let f (1) = 1, then put y = 1
f (x) . f (1) = f (x) + f (1) + f (x) – 2
Þ f (x) = 1 constant function \  f (1) ¹ 1,
hence f (1) = 2

2. (a) Given
14 11 6 3 2( ) 1f x x x x x x= - + - + +

for f (x) to be defined,
14 11 6 3 2 1 0x x x x x- + - + + ³

Case 1 : x ³ 1
14 11 6 3 2 1x x x x x- + - + +

2 Relations & Functions-1
CHAPTER

14 11 6 3 2( ) ( ) ( 1) 0x x x x x= - + - + + >
Case 2 : 0 x 1£ £

14 11 6 3 2 1x x x x x- + - + +
14 11 6 3 2{( ) ( )} 1 0x x x x x= - - + - + >

{ 11 6 3 20, 0x x x x- £ - £Q }
Case 3 : x < 0

14 11 6 3 2 1 0x x x x x- + - + + >
11 3 14 6 2( 0, 0, , , 0)x x x x x< < >Q

Thus, for all real x,
14 11 6 3 2 1 0x x x x x- + - + + ³

Hence, the domain of  f (x) = R = ( , )-¥ ¥
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3. (a) Given f (x) = cos (log x)
\  f (xy) = cos (log xy)
f (xy) = cos [log x + log y] ....(1)

And 
æ ö
ç ÷è ø

xf
y

 = cos logæ ö
ç ÷è ø

x
y

æ ö
ç ÷è ø

xf
y  = cos (log x – log y) ....(2)

Adding (1) and (2), we get

f (xy) + æ ö
ç ÷è ø

xf
y

= cos (log x + log y) + cos (log x – logy)
= 2 cos (log x). cos (log y)

Þ  f (xy) + xf
y

æ ö
ç ÷è ø

 = 2 f (x). f (y)

Then the value of  f (x)f (y)

1– ( )
2

ì üæ ö
+í ýç ÷è øî þ

xf f xy
y

= { }1( ) ( ) .2 ( ). ( ) 0
2

- =f x f y f x f y

4. (c) We must 4 221 0x x- ³  and
4 210 21 0x x- - ³

Þ ( )2 2 21 0x x - ³ ...(1)

and 4 2100 21x x³ - ...(2)
Eq. (1) gives x = 0 or 21x £ -  or 21x ³
Eq. (2) 4 221 100 0x xÞ - - £

Þ ( ) ( )2 225 4 0x x- + £

Þ 2 25 0x - £ (as x2 + 4 > 0 always)
Þ 5 5x- £ £
Domain is given by

5, 21 21,5é ù é ù- - Èë û ë û È {0}

5. (b)
593 ( ) 2 10 30
1

+æ ö+ = +ç ÷-è ø

xf x f x
x

For x = 7, 3f (7) + 2f (11) = 70 + 30 = 100
For x = 11, 3f (11) + 2f (7) = 140

(7) (11) 1
20 220 9 4

-
= =

- - -
f f

 or f(7) = 4

6. (a)
1( 1) ( 1) 1

1
æ ö+ + = + -ç ÷+è ø

af x bf x
x ...(1)

Replacing x + 1 by 
1

1+x , we get

1 1( 1) 1
1 1

æ ö + + = -ç ÷+ +è ø
af bf x

x x ...(2)

Eq. (1) × a – Eq. (2) × b

2 2( ) ( 1) ( 1)
1

Þ - + = + - - +
+
ba b f x a x a b

x

Putting 2 21, ( ) (2) 2
2

= - = - -
bx a b f a a  + b

2
2 2

+
= + =

b a ba

7. (d) f (x) = cos(sin ) log { }+ xx x
Domain cos(sin ) 0³x  {x} > 0,  x > 0,  x ¹ 1,
logx {x} ³ 0
(i) cos(sin ) 0³x  for all x, x Î R [–1, 1]
(ii) {x} > 0, Int.Ïx   (iii) x > 0, (0, )Î ¥x
(iv) x ¹ 1
(v) log { } 0 1 ( ) 0³ Þ > ³x x f x ,

 so 1 0> ³x   logx f(x) is positive [0, 1)Îx
Þ (0, 1)Îx

8. (c) Given that,

1
( ) tan , 1 1

2 2
pæ ö= - - < <ç ÷è ø

x
f x x

Here, domain of f(x) = (– 1, 1) and

2( ) 3 4 4= + -g x x x  (2 3)(2 1)= - - +x x

Þ  (2x – 3 ) (2x +1)  0£  Þ  1 3
2 2

- £ £x

\ Domain of g(x) 1 3,
2 2

é ù= -ê úë û
Hence, domain of (f + g) = intersection of their

domains 1 ,1
2

é ö= - ÷êë ø
.

9. (b) We have f(x)
= log4[log5{log3 (18x – x2 – 77)}]
Since, loga x is defined for all x > 0, f(x) is defined if
log5 {log3 (18x – x2 – 77)} > 0 and 18x – x2 – 77 > 0
or log3 (18x – x2 – 77) > 50 and x2 – 18x + 77 < 0
or log3 (18x – x2 – 77) > 1 and (x – 11)(x – 7) < 0
or 18x – x2 – 77 > 31 and 7 < x < 11
or 18x – x2 – 80 > 0 and 7 < x < 11
or x2 – 18x + 80 < 0 and 7 < x < 11
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or (x – 10) (x – 8) < 0 and 7 < x < 11
or 8 < x < 10 and 7 < x < 11  or  8 < x < 10
or x Î (8, 10)
Hence, the domain of f(x) is (8, 10).

10. (a) Clearly, g(x) = 
1

( )
2

-+x xa a  and

1
( ) ( )

2
-= -x xh x a a . Now g(x + y) + g(x – y)

= ( )1 1
( ) ( )

2 2
x y x y x y x ya a a a+ - + - - ++ + +

= 
1

( )
2

- - - -+ + +x y x y x y x ya a a a a a a a

= 
1 ( ( ) ( ))
2

x y y x y ya a a a a a- - -+ + +

=
1 1

2 ( ) ( ) 2 ( ) ( )
2 2

- -æ ö æ ö+ + =ç ÷ ç ÷è ø è ø
x x y ya a a a g x g y

11. (b) Given f (l + x) = f (l – x)  ...(1)
f (2l + x) = – f (2l – x) ...(2)
for l > 0
Replacing x by l – x in l – x in (1), we get
f(2l – x) = f(x) ...(3)
\ From (2) and (3), f(x) = –f(2l + x)
Þ f(x) = –[–f (2l + 2l + x)]
Þ f(x) = f(x + 4l) ...(4)
Þ f(x) is periodic with period 4l.
Further from (3), replacing x by –x, we get

f (2l + x) = f (–x) ...(5)
From (2), (3) and (5), we have
f (–x) = f (2l + x) = –f (2l – x) = –f (x)
i.e. f (–x) = –f (x)
Þ f(x) is odd function
Thus, f is odd and periodic function.

12. (d) 3( ) (tan )sgnf x x x x x= a -b -

Since  ( ) ( )f x f x- =

Þ 3 tan sgnx x x x-a + b -
3 (tan ) (sgn )x x x x= a - b -

Þ ( )22 0x x x Ra -b = " Î Þa = 0 and b = 0

\ [ ] [ ]2 5 4 0a a- + =

and { } { }26 5 1 0a a- + =
Þ ([a] – 1)([a] – 4) = 0 and
(3{x} – 1) (2{x} – 1) = 0

Þ [a] = 1, 4 and {a} = 
1 1,
3 2

\
1 1 1 11 , 1 , 4 , 4
3 2 3 2

a = + + + +

Sum of all possible values of 
35
3

a =

13. (c) f (x) = cos nx . sin 5x
n

æ ö
ç ÷è ø

;

Period of cos nx = 
2
| |n

p

Period of sin 5 2 2 | |
5 5

x n
n

n

p p
= =

\ Period of f (x) = L.C.M. 2 2 | |, 2
| | 5

n
n

æ öp p
= pç ÷è ø

(given)

Þ
1 | | L.C.M. (1, | |)L.C.M. , 1 1

| | 5 H.C.F. (| |, 5)
n n

n n
æ ö

= = =ç ÷è ø

Þ | | 1
H.C.F. (| |, 5)

n
n

= Þ H.C.F. (|n|, 5) = |n|

If g.c.d. (|n|, 5) = 1 Þ |n| = 1 Þ n = 1
If g.c.d. (|n|, 5) ¹ 1 Þ |n| = 5m; m Î ¥
Þ  g.c.d. (5m, 5) = 1
Þ |n| = 5 Þ n = ±5 \ n Î {±1, ±5}

14. (d) f : ®¡ ¡ , g; ®¡ ¡
We know that min. {f1(x), f2(x)}

= 1 2 1 2( ( ) ( )) | ( ) ( ) |
2

f x f x f x f x+ - -

\ min {f(x) – g(x), 0}

= 
( ( ) ( ) 0) | ( ) ( ) 0 |

2
f x g x f x g x- + - - -

= 
( ) ( )) | ( ) ( ) |

2
f x g x f x g x( - - -

15. (b) y = f(ex) + f(|ln| |x|) Domain f(x) = (0, 1)
Þ 0 < ex < 1  Þ x < 0 ...(1)
and 0 < ln |x| < 1 Þ 1 < |x| < e
Þ x Î {–e, –1} È (1, e) ... (2)
Taking intersection x Î (–e, –1)

16. (b) 1 ( ); (2) 5;
2

f x f x fæ ö+ = =ç ÷
è ø

9 12, ( 3) ?
4 4

f f fæ ö æ ö= - - =ç ÷ ç ÷
è ø è ø
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Q f(x) is periodic with period 
1
2

Þ f(x) = 
2
n

f x xæ ö+ " Îç ÷è ø
¥

Þ f(–3) = 
10

3 (2) 5
2

f fæ ö- + = =ç ÷è ø

and 1 1 1 94 2
4 4 2 4

f f fæ öæ ö æ ö æ ö= + = =ç ÷ ç ÷ ç ÷ç ÷è ø è ø è øè ø

\
1

( 3) 5 2 3
4

f f æ ö- - = - =ç ÷è ø

17. (c) f(x) = 2

2 3 1

1 1

x x

a x x

+ £é
ê

+ >êë
For x £ 1 ;             f(x) £ 5
So for range of f(x) to be R.
Þ a2 + 1 £ 5 and a ¹ 0 Þ a Î [–2, 2]
Hence, a = {–2, – 1, 1, 2}

18. (b) ( 2 ( ) 3)g f x +

= 5log ( 2 (sin cos ) 3)x x- +
We know that

2 (sin cos ) 2x x- £ - £ "  x Î ¡

2 2 2 2sin cosa b a x b x a bé ù- + £ + £ +ê úë û
Q

Þ 2 2(sin cos ) 2x x- £ - £

Þ 1 2(sin cos ) 3 5x x£ - + £

Þ 0  £ 5log ( 2 (sin cos ) 3) 2x x- + £
(Q logax  is increasing for a > 1)

Hence, range of ( 2 ( ) 3)g f x +  is [0, 2].

19. (d) –g(2, f(x)) = 2
1log 1

4 x
æ ö

- +ç ÷è ø

Þ –g(2, f(x)) – 1 = 2
1log 1 1

4 x
æ ö

- + -ç ÷è ø

\ 1 , (2, ( )) 1
2

g g f xæ ö- -ç ÷
è ø

1/2 2
1log log 1 1

4 x
æ öæ ö= - + -ç ÷ç ÷

è øè ø

Þ 2
1log 1 1 0

4 x
æ ö

+ + <ç ÷è ø

Þ 11
0 1 2

4 x
-< + <

Þ
1 1

1
24 x

- < < - Þ x Î f (null set)

20. (d)

x

y

1

0 1 2 3
0 £ f (x) £ 1 Þ 0 £ 7 f(x) £ 7
Þ – 1 £ sin (7 f(x)) £ 1

21. (5.5)Here ( ) 1
1 xx

e
f - =

+

So, ( ) ( ) 1 1
1 1x xx x

e e-
f + f - = +

+ +

1 1 1
1 1 1

x x

x x x
e e

e e e
+

= + = =
+ + +

\ ( ) ( ){ } ( ) ( ){ } ( )5 5 ... 1 1 0S = f + f - + + f + f - + f

= 1 + 1 + 1 + 1 + 1 + f(0) 0
1 1 115 5

2 21 e
= + = + =

+
22. (2) f(x + p) = 1 + {1 – 3f (x) + 3f 2(x) – f 3(x)}1/3

Þ f(x + p) = 1 + (1 – f(x)) = 2 – f(x)
Þ f(x + p) = 2 – [2 – f(x – p)]
Þ  f(x + p) = f(x – p)
Þ f(x) = f(x + 2p)
Þ Period of f(x) = 2p = lp (given)
Þ l = 2

23. (9) Given f(x + 2) = f(x) + f(2)
Put x = –1. Then f(1) = f(–1) + f(2)

or f(1) = –f(1) + f(2) [as f(x) is an odd function]
or f(2) = 2f(1) = 6

Now, put x = 1
We have f(3) = f(1) + f(2) = 3 + 6 = 9

24. (6) Given f(x, y) = f(2x + 2y, 2y – 2x) "  x, y Î ¡ ,
f(x) = f(2x, 0) and f(x) is periodic with period k.
Þ f(x) = f(2x, 0) = f(2.2x + 2(0), 2(0) – 2.2x)
= f(2x + 1, 2x +1)
= f(2.2x + 1 – 2.2x + 1, – 2.2x + 1 – 2.2x + 1)
= f (0, – 2x + 3)
= f(2.(–2x + 3), –2.2x + 3) = f(– 2x + 4, – 2x + 4)
= f(–2x + 6, 0)
= f(–2x +7, 2x + 7) = f(0, 2x + 9)
= f(2x + 10, 20x + 10) = f(2x + 12, 0) = f(x + 12)
Þ f(x) is periodic with period 12 Þ k = 12.
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25. (6) f(x) = 
15

15
x

x
é ù é ù-ê ú ê úë û ë û

x Î (0, 90)

0 £ x < 15 f(x) = 0
15 £ x < 30 f(x) = – 1
30 £ x < 45 f(x) = – 2

45 £ x < 60 f(x) = – 3
60 £ x < 75 f(x) = – 4
75 £ x < 90 f(x) = – 5

Total integers in range f(x) = {0, –1, –2, –3, –4, –5}
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