
Lecture 1
1
.kealnumbersandthe-ealline.se/-of natural numbers :
IN = 11 , 2, 3, . . . }
If a , b E IN then at b E IN

and a. b E IN

This is not true for subtraction and division
set of integers :

Z = L . . . - 3, - 2 , - I , O , 1 , 2 , 3 , . . .
}

Note that a- b E Z for all a , b E Z
The rational numbers :

Q1 = { Men : m, n
E Z and n t O }

↳ ratio between two integers
Except i 12 , - Zz i - ¥



Remark : IN C Z C Q

All the integers are included in the
rational numbers since any number a
can be written as the ratio af .
The irrational numbers : the number
that can not be written as a ratio

Eixample al = 2
what number times itself equals 2 ?
The solution is a = I T2

T2 -
- 1,4142 . . . . no repeating pattern
T2 t Ma for all m,

n integers .
Other famous irrational numbers :
• The golden ratio : 11-215=1 , 618. . .



•
The ratio of the circumference of a circle
to its diameter : TL = 3,14759 . . .

•
The most important number in calculus
e = 2,7182

. . .

Irrational numbers can be further
subdivided into

algebraic numbers ( R2
, 1125 , . . . )( transcendental numbers (TL

,
e
, . . .
)

Real numbers IR = all rational numbers
and all irrational numbers

.

The real numbers are
"all the numbers "

on the real line ( uncountable infinity )

i¥



Complex numbers Q =L at bi , a , b EIR}
i is the imaginary unit F1

If a E IR then a = at O. i

thus IR C Q
.

"

imaginary axis
→#real axis
complex plane

2. Propertiesfthere :

Algebraic properties
a. Closure : at b , a.

b are real .

b. Associative

( at b) t c = at Cbtc)
Ca . b) . c = a. ( b.c )



c. Commutative
at b = b t a
a.b = b.a

d. Distributive
a. ( b t c ) = a.b t a:c

e. Identity
at o = Ot a = a
I. a = a. I = a

f. Inverse
at C-a) = O

a. 1a = 2 if at O

g . Multiplicative property of zero
a. O = O

. a = O

h
. Negation

- c - a) = a
C- a) L- b ) = a. b

The order properties : for any a
,
b

either a> b , a L b or a = b .



Rules for inequalities
• If a> b and b> c then a>

c.If a> b then at c > btc for all c .

• If a> b and c > o then a.c 7 b.c

• If a> b and do then a.cc be

Ex : Find all x such that
2K
Fx
> L

Note that I - x t 0

If I - x > 0 then 2x > 1 - a
⇒ 17 x and x 713 ⇒ x E (13 , 1)
If I - x so then 2x C l - x

⇒ 1 Lx and x C 13 ⇒ no solution

• If a> b > 0 then 1a s I



3
. Intervals = is a subset of the
real line

a#⇒¥w¥, IR
infinite interval open interval
(-y , a ) ( a, b )

• Open interval from a to b

(a, b) = L x E IR : as x C b }
.
Close -4 interval

[a, b] = L x E IR : a Ex f b }
. Half- open interval La , b ) or (a , b]
. Infinite interval
(a
,
t s ) = L x E IR : x > a }

C- is
,
a) = L x E IR : x L a }

( - is
, t- ) = IR



4. tbsouteaue (magnified ) is
defined by the formula
txt = f x if x >

o

- x if x L O

K O

⇒
bot represents the distance
from x to 0 in the real line

.

Ex: I -21=2
,
111 = 1

I 01 = 0
,

I - IT I = IT

IR
-

Ix - y l distance between
two points x and y .

Properties of absolute value :

..
I - al = I al



•
lab I = I al - Ibl and IF I -- fast ,

b to

• I a t b l E lat t lb l
( the triangle inequality )

See the textbook for proofs .

Example Find all x such that
1kt 21 7 5 - 2x

we have two cases :

case 1 : at 27 5 - 2x if at 2 70

⇒ x 7 1 and x x - 2
xE Cl , to) is the solution

case 2 : - Cat 2) 7 5- 2x if at 2 LO
⇒ x 77 and x L -2

no solution !



b-
. cartesiancoordinute.si#theplane

^ Y axis

2
-- - - g.

G
,2)

C-2,1 ) I '.i÷÷¥*..I - I - l

,the origin -z - - - - - Lbj
,
-z )

Increments and distances : consider
a particle that moves from A 64 , ya )

to Btk
, ya) .

The increments are
A-x = Xz - K, and
I y = Ye - Yi



The distance between A and B is
DAB = ¥#dyj2
( Pythagorean Theorem )

BGa , ya )

⇒⇒i.÷¥÷da.

temple : A C- 2,2 ) and B C-2,3 )
The increments from A to B are

47C = -2- C- n ) = - I
↳ y = 3 - I = 2

The distance daB -

- ¥42 = Fb
.


