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er

sa
l 

se
t c

an
 b

e 
th

e 
se

t o
f r

at
io

na
l n

um
be

rs
 o

r 
th

e 
se

t  
R

 o
f r

ea
l n

um
be

rs

Th
e 

se
t o

f a
ll 

su
bs

et
 o

f a
 g

iv
en

  s
et

 
A

 is
 c

al
le

d 
po

w
er

 s
et

 o
f A

 a
nd

 
de

no
te

d 
by

 P
(A

). 
E.

g 
: I

f A
 =

{1
,2

,3
,}

, t
he

n 
P 

(A
)=

{φ
},

 
{1

},
{2

},
 {

3}
,{

1,
2}

,{
1,

3}
,{

2,
3}

,{
1,

2,
3}

.
C

le
ar

ly
, i

f A
 h

as
 n

 e
le

m
en

ts
, t

he
n 

its
 

po
w

er
 s

et
  P

 (A
) c

on
ta

in
s 

ex
ac

tly
 

2n  e
le

m
en

ts
. 

Th
e 

se
t o

f n
at

ur
al

 n
um

be
rs

 
N

=
{1

, 2
, 3

, 4
, 5

, –
 –

 –
}

Th
e 

se
t o

f i
nt

eg
er

s 
Z

=
{.

 . 
. –

3,
 –

2,
 –

1,
 0

, 1
, 2

, 3
,–

 –
 –

}

R
el

at
io

n
 a

m
on

g 
th

es
e 

su
bs

et
s 

ar
e 

N
 ⊂

 Z
 ⊂

 Q
, Q

 ⊂
 R

,T
 ⊂

 R
, N

 ⊄
T

Th
e 

se
t o

f i
rr

at
io

na
l n

um
be

rs
, 

T 
=

 {
x:

 x
∈

R
 a

nd
 x

∈
Q

} 
 

Th
e 

se
t o

f r
at

io
na

l n
um

be
r

Q
=

{x
 : 

x 
=

 p q
, p

, q
 ∈

Z
 a

nd
 q

 ≠
 0

}

Le
t a

 a
nd

 b
 b

e 
re

al
 n

um
be

rs
 w

ith
 a

 <
 b

In
te

rv
al

 N
ot

at
io

n
(a

, b
)

[a
, b

)
(a

, b
]

[a
, b

]
(–

∞
, b

)
(–

∞
, b

]
(a

, ∞
)

[a
, ∞

)
(–

∞
, ∞

)

Se
t o

f R
ea

l N
um

be
rs

{x
|a

<
 x

 <
 b

}
{x

|a
 ≤

 x
 <

 b
}

{x
|a

<
 x

 ≤
 b

}
{x

|a
 ≤

 x
 ≤

 b
}

{x
|x

 <
 b

}
{x

|x
 ≤

 b
}

{x
|x

 >
a}

{x
|x

 >
a}

R

R
eg

io
n 

on
 th

e
re

al
 n

um
be

r 
lin

e

In
te

rv
al

 N
ot

at
io

n

A
lg
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ra
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f s
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s
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M
in
d 

ma
p 

: l
ea

rn
in
g
 m

ad
e 

s
im
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e 
Ch

ap
te

r 
- 
2

R
el

at
io

ns
&

 
Fu

nc
tio

ns

Functions

A
lg

eb
ra

 

Th
e 

fu
nc

tio
n 

f:R
 →

 R
 d

ef
in

ed
 b

y 
y=

f(
x)

=
x 

∀
 x

 ∈
R

 is
 c

al
le

d 
id

en
tit

y 
fu

nc
tio

n.
  D

om
ai

n=
R

 a
nd

 R
an

ge
=

R

f(x
)=

lo
g   

   
, a

>
0 

, a
 ≠

 1
 D

om
ai

n=
x 

∈
 (0

, ∞
) R

an
ge

=
y 

∈
 R

Th
e 

fu
nc

tio
n 

f:R
 →

 R
 d

ef
in

ed
 b

y 
y=

f(x
)=

c,
 ∀

 x
 ∈

 R
, w

he
re

 
c 

is
 a

 c
on

st
an

t i
s 

ca
lle

d 
co

ns
ta

nt
 fu

nc
tio

n.
 D

om
ai

n=
R

 
an

d 
R

an
ge

 =
{c

}

Th
e 

fu
nc

tio
n 

f:R
 →

 R
 d

ef
in

ed
 b

y 
f(x

)=
   

   
   

   
   

  i
s 

ca
lle

d 
si

gn
um

fu
nc

tio
n.

 It
 is

 u
su

al
ly

  d
en

ot
ed

 b
y 

y=
f(x

)=
sg

n(
x)

 D
om

ai
n=

R
 a

nd
  R

an
ge

 =
{ 

0,
 -1

, 1
} 

 

Th
e 

fu
nc

tio
n 

f:R
 →

 R
 d

ef
in

ed
 b

y 
as

 th
e 

gr
ea

te
st

 in
te

ge
r 

le
ss

 th
an

 o
r e

qu
al

 to
 x

 .I
t i

s 
us

ua
lly

 d
en

ot
ed

 b
y 

y=
f(

x)
=

[x
]. 

D
om

ai
n=

R
 a

nd
 R

an
ge

=
Z

(A
ll 

in
te

ge
rs

)

f(x
)=

ax
 , 

a>
0 

, a
 ≠

 1
, 

D
om

ai
n:

 x
∈

R
: R

an
ge

:f(
x)

 ⊂
  (

0,
∞

)

Id
en

tit
y 

fu
nc

tio
n

C
on

st
an

t  
fu

nc
tio

n

M
od

ul
us

fu
nc

tio
n

Si
gn

um
fu

nc
tio

n

Ex
po

ne
nt

ia
l 

fu
nc

tio
n

G
re

at
es

t 
in

te
ge

r f
un

ct
io

n

Rela
tio

n

Dom
ai

n 
&

 ra
ng

e 
of

 a
 R

el
at

io
n

Pi
ct

or
ia

l r
ep

re
se

nt
at

io
n of

   
   

   
   

   
a 

re
la

tio
n

Inverse
 re

lat
ion

D
ef

in
it

io
n:

  A
 re

la
tio

n 
' f

 ' 
fr

om
 a

 s
et

 A
 to

 s
et

 B
 is

 s
ai

d 
to

 b
e 

a 
   

   
   

   
   

   
   

 fu
nc

tio
n 

if 
ev

er
y 

el
em

en
t o

f s
et

 A
 h

as
 o

ne
 

   
   

   
   

   
   

   
 a

nd
 o

nl
y 

on
e 

im
ag

e 
in

 s
et

 B
.

D
om

ai
n(

In
pu

t) 
   

   
   

 f 
   

   
   

  y
=

f(
x)

  R
an

ge
(O

ut
pu

t)

C
od

om
ai

n 
of

 ‘f
’

A

a
b

B

D
om

ai
n 

of
  ‘

f ’
R

an
ge

 o
f  

‘f’

N
ot

at
io

ns
:

x

O
ne

-O
ne

 O
nt

o 
fu

nc
tio

n

R
an

ge
=

C
od

om
ai

n
A

B
A

B

A
B

O
ne

-O
ne

 In
to

 fu
nc

tio
n

M
an

y-
O

ne
 O

nt
o 

fu
nc

tio
n

R
an

ge
=

C
od

om
ai

n

M
an

y 
O

ne
 In

to
 fu

nc
tio

n

R
an

ge
=

C
od

om
ai

n

R
an

ge
 ⊂

 C
od

om
ai

n

f
f f

A
B

f

G
iv

en
 tw

o 
no

n 
em

pt
y 

se
ts

 A
&

B.
 T

he
 c

ar
te

si
an

 
pr

od
uc

t A
×B

 is
 th

e 
se

t o
f a

ll 
or

de
re

d 
pa

ir
s 

of
 

el
em

en
ts

 fr
om

 A
&

B 
i.e

., 
A

×B
=

{(
a,

b)
 : 

a 
∈

 A
 ; 

b 
∈

 B
}.

If
 n

(A
)=

p 
an

d 
n(

B)
=

q 
, t

he
n 

n(
A

×B
)=

pq

Le
t A

&
B 

be
 tw

o 
em

pt
y 

se
ts

. T
he

n 
an

y 
su

bs
et

 ' 
R

 ' 
of

 
A

 x
 B

 is
 a

 re
la

tio
n 

fr
om

 A
 to

 B
.If

 (a
,b

) ∈
R

, t
he

n 
w

e 
w

ri
te

 a
 R

 b
 , 

w
hi

ch
 is

 re
ad

 a
s 

' a
 is

 re
la

te
d 

to
 b

 ' 
by

 a
 

re
la

tio
n 

R
, '

b'
 is

 a
ls

o 
ca

lle
d 

im
ag

e 
of

'a
' u

nd
er

 R
.

Th
e 

to
ta

l n
um

be
r o

f r
el

at
io

ns
 th

at
 c

an
 b

e 
de

fin
ed

fr
om

 a
 s

et
 A

 to
 a

 s
et

 B
 is

 th
e 

nu
m

be
r o

f p
os

si
bl

e
su

bs
et

s 
of

 A
 x

 B
.  

If
 n

(A
)=

p 
an

d 
n(

B)
=

q,
 th

en
 n

Ca
rte

sia
n 

pr
od

uct 
of 

set
s

f

Ch
ar

lss

D
iv

ya

ba cP

Al
i

Be
en

a

Bi
nd

u

Q
G

iv
en

, R
=

{(
x,

y)
: x

 is
 th

e 
fir

st
 le

tt
er

 
of

 th
e 

na
m

e 
y,

 x
 ∈

P,
 y

 ∈
Q

}
Th

en
, R

=
{(

a,
A

li)
, (

b,
 B

ee
na

), 
(c

, c
ha

ru
)}

Th
is

 is
 a

 v
is

ua
l o

r 
pi

ct
or

ia
l r

ep
re

se
nt

at
io

n 
of

 re
la

tio
n 

R
 (c

al
le

d 
an

 a
rr

ow
 d

ia
gr

am
)is

 
sh

ow
n 

in
 fi

gu
re

.  

If
 R

 is
 a

 re
la

tio
n 

fr
om

 A
 to

 B
, t

he
n 

th
e 

se
t o

f f
ir

st
 

el
em

en
ts

 in
 R

 is
 c

al
le

d 
do

m
ai

n 
&

 th
e 

se
t o

f s
ec

on
d 

el
em

en
ts

 in
 R

 is
 c

al
le

d 
ra

ng
e 

of
 R

. S
ym

bo
lic

al
ly

, 
D

om
ai

n 
of

 R
=

{x
:(x

,y
) ∈

 R
};

 R
an

ge
 o

f R
=

{y
:(x

,y
) ∈

 R
} 

 T
he

 s
et

 B
 is

 c
al

le
d 

co
-d

om
ai

n 
of

 re
la

tio
n 

R
. 

N
ot

e:
 th

e 
ra

ng
e 

⊆
 C

od
om

ai
n.

Eg
. G

iv
en

, R
=

{(
1,

2)
,(2

,3
),(

3,
4)

,(4
,5

),(
5,

6)
}.

 
th

en
 D

om
ai

n 
of

  R
=

{1
,2

,3
,4

,5
}

R
an

ge
 o

f R
=

{2
,3

,4
,5

,6
} 

an
d

co
do

m
ai

n 
of

 R
=

{1
,2

,3
,4

,5
,6

}
A

B

1 2 3 4 5 6
61 2 3 4 5

Le
t A

&
B 

be
 tw

o 
se

ts
 a

nd
 R

 b
e 

a 
re

la
tio

n 
fr

om
 s

et
 A

to
 s

et
 B

.T
he

n 
in

ve
rs

e 
of

 R
 ,d

en
ot

ed
 b

y 
R

-1
, i

s 
a

re
la

tio
n 

fr
om

 B
 to

 A
an

d 
is

 d
ef

in
ed

 b
y 

R
-1

=
{(

b,
a)

 : 
(a

,b
) ∈

 R
}.

 C
le

ar
ly

, (
a,

b)
 ∈

R
 ⇔

 (b
,a

) ∈
 R

-1
A

ls
o,

 D
om

(R
)=

R
an

ge
  (

R
-1

) a
nd

 R
an

ge
(R

)=
D

om
(R

-1
)

Le
t f

 :x
 →

 R
 a

nd
 g

 →
 R

 b
e 

an
y 

tw
o 

re
al

 fu
nc

tio
ns

w
he

re
 X

⊂
R

.
A

dd
iti

on
: (

f+
g)

 x
 =

 f(
x)

+
g(

x)
; ∀

x∈
 R

Su
bt

ra
ct

io
n:

 (f
–g

) x
 =

 f(
x)

–g
(x

); 
∀

 x
∈

 R
Pr

od
uc

t: 
(fg

) x
 =

 f(
x)

.g
(x

); 
∀

 x
 ∈

 R
Q

uo
tie

nt
: (

f/g
) (

x)
 =

 f(
x)

/g
(x

); 
pr

ov
id

ed
 

g(
x)

 ≠
 0

,  
∀

 x
 ∈

 R

Lo
g 

fu
nc

tio
n

1,
 x

 >
 0

0,
 x

 =
 0

-1
, x

 <
 0

Th
e 

fu
nc

tio
n 

f:R
 →

 R
 d

ef
in

ed
 b

y 
f(x

)=

It
 is

 d
en

ot
ed

 b
y 

y=
f(x

)=
|x

|.
 D

om
ai

n=
R

 a
nd

 R
an

ge
 =

(0
, ∞

)

is
 c

al
le

d 
m

od
ul

us
 fu

nc
tio

n.
x;

 x
 ≥

 0
−x

; x
 <

 0
Ev

en
 fu

nc
tio

n

O
dd

 fu
nc

tio
n

f(−
x)

=
f(x

), 
∀

x∈
 D

om
ai

n 

f(−
x)

=
−f

(x
), 

∀
x∈

 D
om

ai
n 

Some standard real 

(A
 x

 B
)=

pq
 a

nd
 to

ta
l n

um
be

r r
el

at
io

ns
 is

 2
pq

.

of
 f u

nc
tio

ns

e 

Kinds of Functions

x
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ri
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F
un

ct
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ns

Difference of sine and cosine

      with two variables

Trig
on

om
et

ric
al

 F
un

ct
io

n 
su

m
 a

nd
 

Multiple and Half

Angles

Tr
ig

on
om

et
ric

al 
So

lu
tio

n

Pr
in

cip
al

 &
 G

en
er

al 
So

lu
tio

n of

si
n 10π

or
 s

in
 1

8°
=

 √
5 

−1 4

si
n 1

5°
or

 s
in

 12π
=

√
3 

−1
 c

os
75

°o
r 

co
s 5

π 12
2√

2
=

co
s 1

5°
or

 c
os

 12π
=

si
n 

75
°o

r 
si

n 
5π 12

√
3+

1
2√

2
=

 

ta
n 1

5°
=

 
 

√
3−

1
√

3+
1=

2 
− 

√3
=

 c
ot

 7
5°

ta
n7

5°
=

 √
3+

1
=

 2
+

√3
=

 c
ot

 1
5°

 
√

3−
1

co
s 

5π
or

 c
os

 3
6°

=
 

4
√

5+
1

co
s 

co
s 

θ=
 

α
⇔

θ=
 2

n
π±

α
, w

he
re

 α
∈

[0
,π

] 

ta
n 

θ=
 ta

n 
α

⇔
θ=

 n
π+

α
, w

he
re

 α
∈

si
n

2 θ=
 s

in
2 α

⇔
θ=

 n
π±

α
,c

os
2

θ=
 c

os
2

α
⇔

n
π±

α

co
sθ

 =
 1

⇔
θ 

=
 2

nπ
, c

os
 =

 -1
⇔

θ 
=

 (2
n+

1)
π

si
n

θ
=

 s
in

α
 a

nd
 c

os
θ=

 c
os

α
 ⇔

θ=
2n

π+
α

, η
∈

z

si
n  

θ =
 0

 ⇔
θ=

 n
π

, c
os

 θ
=

 0
 ⇔

θ=
(2

n 
+

   
) 2π

ta
n

2 θ=
 ta

n
2 α

⇔
θ=

 n
π±

α
, s

in
 θ

=
 1

 ⇔
θ

=
(4

n+
1)

2π

ta
n 

θ=
 0

 ⇔
θ=

 n
π,

 s
in

 θ
=

 s
in

 α
⇔

θ=
n

π+
(–

1)
n
α

, w
he

re
 α

∈
,π

π
− 2

2











,π
π

− 2
2

e.
g.

 s
in

θ
=

1 √
2

A
 s

ol
ut

io
n 

of
 tr

ig
on

om
et

ri
c

eq
ua

tio
n 

is
 th

e 
va

lu
e 

of
 th

e
un

kn
ow

n 
an

gl
e 

th
at

 s
at

is
fie

s
th

e 
eq

ua
tio

n.

Th
e 

eq
ua

tio
n 

in
vo

lv
in

g
tr

ig
on

om
et

ri
c 

fu
nc

tio
ns

 o
f

un
kn

ow
n 

an
gl

es
 a

re
 k

no
w

n
as

 T
ri

go
no

m
et

ri
c 

eq
ua

tio
ns

.
e.

g 
co

sθ
=

 0
, c

os
2 θ

–4
co

sθ
=

 1

θ
=

⇒
, .

 . 
. .

3
9

11
,

,
,

4
4

4
4

π
  π

π
 π

si
n2

A
 =

 2
si

nA
 c

os
A

=
 2

co
s2 A

-1
=

 1
-2

si
n

2 A

ta
n3

A
 =

3
3t

an
ta

n
A

A
−

2
1

3t
an

A
−

co
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A
 =

 c
os

2 A
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 s
in

2 A

si
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A
 =

2t
an

A 2
1

ta
n

A
+

co
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A
 =

1
ta

n
A

−
2 2

1
ta

n
A

+
si

n3
A

 =
 3

si
nA
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 4

si
n3 A

co
s3

A
 =

 4
co

s3 A
 –

 3
co

sA
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os

2

2θ
−1

=
1−

2s
in

2

2θ
co

s θ

ta
nθ

 =
 2

ta
n

2θ
/  

1−
ta

n
2

2θ

2θ co
s 2θ

2s
in

si
n

θ
= =

ta
n2

A
 =

2
1

ta
n

A
−2t

an
A

si
n(

-θ
)=

 -s
in
θ

co
s(

-θ
)=

co
sθ

ta
n(
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)=

-t
an

θ
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=
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θ
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cθ
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nθ

2π
θ










=
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π
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π
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±
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π
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=
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)
π

θ
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+
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c
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si

n
3 2π

θ









=
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