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» Rational numbers and Irrational Numbers




Natural number

* Ordinary numbers used for counting and ordering.
» Zero Is not included.
[Ex] 1, 2, 3, 4, 5, -

Integer
» Numbers consisting of the natural numbers, their negative numbers
and zero.
[Ex.]---,-3,-2,-1,0,1, 2,3, -
* Integers are expressed by the following points on the number line.

O O O O O O O O O o—>

-4 -3 -2-1 0 1 2 3 4 3




Numbers - Cont.

Rational numbers

Rational
» Arational number is any number that can be N\,
expressed as a fraction of two integers m:n
: m
in the form — .
n
* The denominator 7 must not be equal to zero.
[Ex.] l(=2), 3
2\ 4 7

* Since 71 can be equal to 1, every integer is a rational number.

* The fraction is expressed by two types of decimal numbers
1
D Finite decimal expansion [Ex] 5= 0.04

1
@ Infinite recurring decimal expansion  [Ex.] 27 " 0.037(037(037(037-..
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Numbers - Cont.

Irrational numbers

* An irrational number is any real number that is not
a rational , i.e., one that cannot be written as a
fraction.

* Decimal expansion of irrational numbers never ends
and never enters periodic pattern.

[EX] /2 21.41421356--.
7 =3.14159265---

Real number
 Real numbers include all the rational numbers and all the irrational
numbers.
* Real numbers are expressed by a number line.



Number System

—enatural numbers
0
—»negatives of natural numbers

—wintegers ——

—erational numbers ——efinite decimals

—ereal numbers— — orecurring decimals

—eirrational numbers

enumbers —

—e complex numbers



Then n

Because m and 73 has no common divisor except 1,mm and nn
also has no common divisor. Therefore, it is impossible to be

nn
Therefore, \/5 Is not a rational number, that is, it is an irrational number.



Example 2.  Express the following recurring decimal as a fraction.

Since the number repeat at every three digits, we consider the difference between

X and 1000x .

1000x = 37.037037037037 - -
-) x= 0.037037037037---

999x = 37
Therefore I gotit!
37 1 /
999 27 ]




Rationalization of the Denominator

In order to make the expression simple and calculation easier, the
irrational number in the denominator are eliminated in the following way.

_________________________________________________________________________________________________________________________________

Example 3.  Rationalize the denominator of the following numbers.

1) 6 @ V2++3
J2 J2 -3
., L i EE
ns 6 _ 6xN2 _6xV2 _,

OV B kT 2

(2) We use the relationship (a +b)(a-b) = a’ - b’
Then

V243 (V2+43)  2ea3f
253 2-6) V2 - B2 +45)
=2+2\E\@+3=_5_2£

2-3 8




Exercise

_________________________________________________________________________________________________________________________________

. Exercise 1. Calculate the following

V5 43
V3-1 J5+4/3

_________________________________________________________________________________________________________________________________

Pause the video and solve the problem.



Answer to the Exercise

. Exercise 2. Calculate the following

5B
V3-1 J5+4/3

_________________________________________________________________________________________________________________________________

\/g ~ \/5 =/\/§(\(§+1)\_/ \/5(\/5—\/5) \
x/§—1 \/§+\/§ (\/g—IX\/g+1) (\/§+\/§X\/§—\/§)
543445 B3Y5-3 3445

2 2 2
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Positive Integer Exponent

Power
The product whose factors are equal.

y= 2"

[Ex] 2' =2, =
22 =2x2=4, A 1
2° =2%x2%x2=8, - 3 '

2l =2
2 po-ee- ?
1
exponent
of 5
- - n
/a =AXAX X d 2 b2

base n :|nteger
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Theorems on Power

Multiplication

anam — an+m, (a”l)m — anm, (Clb)n _ anbn

Division
qa" " if n>m
n n
a | a _
— = f m>n =) —=a"
am am n a
| if m=n
8 3 6
a s a 1 a
BT T AT
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Extension to Negative Integer Exponent

a_ — an_m y~ 2"
am
" 2% =4
fweput m=n, wehave — - j° 4 femmemae- .
a" ‘
3 i
Therefore, we define | 4" = )= §
0 2
fweput n=0, wehave — =a™ o= 1
_ o i
Therefore, we defi ) e I
erefore, we define 272 = 0250 P P
1 2 -1 0 1 2
a = —
a
1 1 1
0 -1 2
[EX] 2 =19 2 =§9 2 =?=Z 14




Extension to Rational Exponent

: X
Rational number
- m
a® a n T -
3 °
Fromthe rule (a”)" =a™ , we have R I S v |
m n m 2 """" o
n w m 1.41---} -9
a" | =a" =a |
—
b AR B
2 -1 Ol 112 «x
Therefore 1 3
m 1 2 2
a" = (a’")z =4a" [Ex] 1
22 =\[2 =1.414--.

3

- 15
22 _\23 222 22,828



Extension to lrrational Exponent

Irrational number

@ 2
a s
[
The value of a power with an irrational 44 o
exponent is defined as the limit of a iy
power with a rational exponent 3t Y
21.414 ““““!
)
[ ] ]
2! =2.00000 vo®® ‘ |
1.4 .? : : i : :
27 =2.63902 5 -1 0 52 3
2 =2.65737 il

2144 — 2 66475
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Exponential Function

Exponential function

Positive real number (Range) All real number (Domain)

\
y=a (a>0, a=1)

Characteristics

a>1 "7 Y 0<a<l1

1.— always pass
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Phenomena with Exponential Growth (1)

SARS Case (Virus)

2002-11 First patient was found in China %

2003-03 Patients 1622 (58 died)
2003-05 Patients 8860 (792 died)

Growth by Doubling Y= pa

Assumption : Each bacteria splits into two cells in every one hour.

End of Hour 1112 (|3 ||4 5 6 7 8 9 10 11 12 13 14 24

Bacteria -

starting with one 2 |14 |I8 ||16 ||32 (|64 [|128 ||256 ([512 |[[1024 |/ 2048 ||4096 ||8192 ||16384]|... 16777216
24 hr
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Phenomena with Exponential Growth (2)

Compound interest calculation
1000 dollers

= 1+ 7)) Year
Yy J{o( ,\) ;

Principal  Interest 0

15

Principal $1000
Annual compound interest rate 5 %
1 Yearlater $1050.00
10 Years later $1628.89
20 Years later $ 2653.30
30 Years later $4321.94

sieaf 8
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Exercise

_______________________________________________________________________________________________________________________________________

. Exercise 2 lllustrate the graphs of the following functions on the given coordinates and
 discuss their relationship.

X 2x
(1) y=2 2 p=2
4 4
Ans 4__)/
3__
2__
1__
| | | | | - X
2 1 0 1 2 3 4
1 20




_______________________________________________________________________________________________________________________________________

Example 4 lllustrate the graphs of the following functions on the given coordinates and
: discuss their relationship.

_ )X 2"
() y=2 @ y==
4

Ans. ) 2_x e o

y y_4_ Since y="-=2"7,itis
y y=27 4
/] obtained by shifting the graph
/' y=2" rightward by 2.

— — -*--

®,
—
DO fmmm
W
=
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