N6 Rational Numbersand Irrational Numbers

N6.1 Rational Numbersand Irrational Numbers

A. Rational Numbers

Any number that can be written as an integer divided by another integer, i.e. !n:eger ,iscaled
integer

arational number.

e.g. E E _—3 E O(zgj 0.013[:1—3}
7 5 17 -8 1 1000

Note that the denominator (i.e. the lower integer) cannot be O because the division by 0 is
meaningless.

B. Irrational Numbers

Any number that cannot be written as a fraction of two integersis called an irrational number.
Therefore, it may be said that any number which is not a rational number is an irrational
number.

eg. m V2, -6

C. Decimal Representation of Rational and Irrational Numbers

A rational number can be distinguished from an irrational number when both are expressed in
decimals.

A rational number always gives either aterminating decimal or arecurring (repeating) decimal.

e.g. S 2.5
g Terminating decimals
-—=-0.75
4
1
—=0.3=0.333333...
23 - Recurring decimals
~ =0.18=0.181818...
11

An irrational number does not behave this manner, and when expressed as a decimal, it always
gives an infinite non-repeating decimal .
e.g. m = 3.141592653589793238462643383279502884...

V2 = 1.414213562419339166281...



D. Rational Numbers and Irrational Numbersin the Number Line

The set of rational numbers (e.g.—%l,gj

= and irrational numbers (e.g.\/i,fr) can be

represented in the number line.

S f L]

Checkpoint 1
Identify each of the following numbers as rational or irrational by putting a tick in the correct

column.

Numbers Rational Irrational

—T

22

7
V8
3.14
0.285714

N6.2  Surds

Surds are irrational numbers involving the radical sign. There are three important properties of
surds:

IMPORTANT PROPERTIES OF SURDS
Fora>0,b>0,
(Va)’=a
Jab =avb
a +a
b b




By using the above properties, a surd may be expressed as the product of two or more surds or
as the product of arational number and a surd. For example,

V12 =\4x3=/4x/3=2/3
V30 = 2x3x5 = /2 x /3% /5

3 43 3 1
L-g-2-in

Note that % is called the coefficient of \/§ )

When a surd is expressed so that the integer under the radical sign is as small as possible, the
surd issaid to be in its simplest form.
e.g. When expressed in their simplest forms,

V12 =24/3
V30 =+/2x+/3x+/5

Conversely, a coefficient of a surd may be brought under the radical sign. For example,

5v2 =/25x+/2 =/25x 2 = /50
45 =4x /5 =\4x5 =420

Checkpoint 2
Express the following surdsin their simplest forms:

(@ 8= (b) 24=
© -vo6- (@ %Js_=_
(@ -5v50= (f) 2./98=
7 28
@ - E:— (h) 2—5=



Checkpoint 3
Express the following surds into entire surds:

@ 2v5= (b) 5V2=

© 6/2=_ d -10/56=__
1 2

(e 2\E= () 5g:

@ -3a=__ (h a/5=__

N6.3  Addition, Subtraction and Multiplication of Surds

Surds such as 2+/3, 3v3, 5v3are called like surds because they all contain the same surd
V3. Surdssuchas 2¢/5 and /6 arecalled unlike surds.

Example 1

Simplify

@ V20 +/45 +/180
(b) ~28++/54-+/63

Solution
(@  V20++/45++/180 = 245+ 35+ 645
=115
()  J28++4/54-463=2J7+3/6-37
~3/6-47

Note: Like surds can be reduced to a single surd; unlike surds cannot be collected and
reduced to a single surd.



Checkpoint 4

Simplify

(@ +V18++8

(b) 2v/80-3J45++/5

© V27x¢ +x12x

Surds can be multiplied and combined together.

Example 2

Simplify +/32-/125-/24 .

Solution

V32412524 = 42 .5\/5.2./6
=40-4/2-4/5-/2-43
= 40x 2x+/5x+/3
=80415



Example 3

Simplify
@ (B+v2)(2-V2) ) (f5+V2)(5-v2)
Solution
@ (3+4/2)(2-+2)=6-3J2+242- (/2)(+/2)
—6-+/2-2
=4-42
(b) (V5+42)(5-+2) = (/5)" - (+/2)
=5-2
=3

Checkpoint 5
Find each product and express the result in the ssmplest form.

€)) V24 %54 %18 (b) 4/8x3J10x 7/3
(© 3J2x5/8x 24/20



Checkpoint 6

Express +/5(4v/5-3v2) inthesimplest form.

Checkpoint 7
Simplify

@ (2/3+5)(/3-2) (b) (2V2+5)°
© (V3-v2)3V3-v2)(V3++/2)



Checkpoint 8
Simplify 2(3v6 —2+/2)? —3(+/6 — 24/2)2.

N6.4 Rationalization

The process of making the denominator rational is called rationalizing the denominator or
rationalization.

Example 4

Express > with rational denominator.

2.2

Solution
5 5

5"

X

NN

SRR



Checkpoint 9

Rationalize

4
3/12°

Example 5
1

N

Rationalize

)

Solution
(In order to make the denominator rational, we may use the identity (a+b)(a—b)=a*-b?))
1 1 342
J3+42 3442 B3-2
V342
3-2

B2

Example 6

5J2+ 245

Rationaize —————

5J2-2y5"

Solution

5/2+2J5 5J2+2/5 5/2+2\5
5/2-2/5 5V2-2V5 5/2+2/5
_ 50+ 20110+ 20
~ 50-20
_ 70+20410
30
_7+2\/E
3




Checkpoint 10

Rationalize the following:
1

a JE—

(@ 71

(©) @
V3+4/2

(b)

(d)

35
645543
1 2

+
\/5—1 \/§+1

10



Exercise N6
Rational and Irrational Numbers

N6.3
1.  Expressthefollowing in their ssimplest forms:
(@ 3V3-+3 (b) 3v8-+/50
© 754108 @ 2o
® 2J2-48+432 (f) 27+4/12-575

© wF-am e 0 eflel
() Vaxd +2/ax-vaad -afax () 3/ah-2a*\b+6Va®®

2. Find each product and express the result in the smplest form.

@  V27xV12x+/45x+/80 ()  2/8x3V6x+12

(© +3(v12-+18) (d) 2-v3)2-6)

@ (2Ja-b)a+2Jb) ) (2V/3-1)(2J3+1)

@ (Tx+V2x)(7x-+2x) (h) (/5-3+v2)(/5-3-42)

() (4+3/2)V2-2) ()  B+2V2-B)E+5+2V2)
3. Simplify:

@ (2V3-3(W2++3)-33++2)+/6(/6-2)
() (2v5-3)(5+243)-(3V5-24/3)°
© 3(W12-+/27)% + (/48— /75)(-3\/48 - 2\/75)

4. If x=2J5+4J3and y:4\/§—2\/§, evaluate each of the following without using a

calculator.
@ v () x*+y? © X -y
(Leave the answersin surd form if necessary.)

11



N6.4
5.

Rationalize the denominator of each expression and simplify the result.

@ % ) Yo
1

© - (d)

5

N1 G

&
o

2

6
© 5-23

(f)

g

2+4/6 3J2-

@

© (h)
. V2 .
O -2z Y

o &

Simplify:

@ 210 5

V10-+5 2/2-43
27 V5

75 53

25
2_ =2
V2 18

ﬁ(@lj

(b)

(©
V2

\/§2+1,findthevalueof -1
X

If x=

(Give the answer in surd form.)

X— Y= X% - y?

Rationalize
X— y+/x =y

, Wherex>y > 0.

;
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