


Logic

Logical operators : 7 (not or negations) , 1 Landl
, Vlor)

,
=> (implication)

> (equivalences , 1 (shefter stroke)
, ↓ Pierce Arrow

Tartology : Always true (compound proposition

Contradiction : Always false (compound propositions

Contingency : neither tartology/ Contradiction

/ : (A18)

Logically equivalent ?

Compound state And 8 are logically equivalent if AES8 is a tartology

* Notation A B denotes A and 8 are logically equivalent.



A = > 0 < (A = 8) A178 + (A = 8)E > A176
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from the table colven
,
we can see that CA = ES is equal to A178 that

all values is true
,

in other words they are a tartology.

↓

There is
an exist O in elements of rationals number that for all any element "a" in the set of rational

numbers will lead to2+ 0 = 0 + a = a-
eset

of

For all a in rational number there will exist n o in inQ such that
u + 0 = 0 + a = a

-

Both of this is true
,

but by having universal quantifier in front of exisencial prantifier
and vice versa

,
will lead to different ways of thinking /logic

,
EX : PC

, Y)
let take X : Football team y : players wonoplay football

-> There is football team that haveplayers who play football

5
-

for all football players there will be some players who in the footfall tene.&



Set and logic

Piscination =
Or

Conjunction = and

negations = 7 or opposite values

Disjunctive normal form = use of 2
,

1 ,
0 ex GAMB)V(A178)

Pemorgan law = - (plp) = < pV < 9

· use w
,
1

-

(PVp) = 7 D1 + 9

Scheffer stroke : Ald : = <(A18)

Induction

fu+ fn + 1
= En + 2)

Rule

li
Ii7 as

,
10 imply of fath
I

AMGM : +t ....In
W

↓

Mate+9 · %2 - a) .... Yp



Sets

Set : An mordered collection of object.

operations : U Cunion),
1 (intersect)

, 1 (difference) ,
A "complement of set A)

Natural number properties (1 ,
2

, 3 ,8 ....

Addition Multiplication

Associativity a + (b + () = (n + 6) + L n . (6 . 2) = (a . b) . (

Existence a + 0
= 0 + a = d a. 1 = 1 . u = 4

commutativity n + 6 = 6 + 4 a .
6 = 1 . n

Distributivity a (6 + () = a . 6 + 9 - L

Rational number
-> The ratio of two integers

,
a and 6,

Where 6 is not equal to zero.

same as natural number ↑
Add Inverse element

a and 6 are integers and6f

(- a) + d = a + ( - x) = 0



Complex number
note Hi = E reFr 1-i = e .

e
121:z iiT

ei = j

1212 = z : Z

Sz

2 ,
+ =

,
2

,
= [Re(Ech , ) e

* If a sequence have limit ,
it most be bounded

.

Re:
(M2, i=

2
,

+ 22
= En + Es

2. 22
: E- Es

2
, 22

: Eg :E

I : 2 0

Polar form : (121 , arg2) or (r
,
0

1
.

v=+ 62

2 a = rcos(0) ,
6 = rsin(0)



Eoler's Formula : et@ = cost + isin Wemoivre's Theorem

z" = v4 (10s (nf) + isin(nt)

complex number in exponential form : = r . eio

1. 2 , 22 = Greit
+ O2)

2 . E =Heitz

Sequence and subsequence

Sand - San + 13 : Monotonically increasing

593 = San + 13 : monotonically decreasing

& any <Gant)] : strictly increase
,

monotonic

Gan3 > Ganty) : monotonic
,

strictly decreasing

Subsequence : Let San] be a sequence .
If she, are positive

integerseuch that neUA+ for each KEN
,

then Saan3 whose

terrs are an, one ....

is called a subsequence ofGan



Convergence and Divergence of Sequence

1. lim an = L
n + X

V F V then lap-h) < E
2) O NEW n > N

2 lim an : 0

4 ->

V J Y then19n) > M

M>0 NEN n > N

not always
conversent.

Important Reshls/Theorem out bounded
sequence

Y
A convergent sequence is bounded

,
A convergent sequence has precisely a unique limit

let and be a sequence ,
lim den

= a and lim Ment = then live an a

n - * n - 0

Atlaw

tree limiteu ->X n +> 0 n- x

↓tantmultiple an a eleo
n ->

&dutolimu
. Lie

aen Ciman)" if pro , o a

b
n ->x 170 n ->0 lim Na

n = x

= lim a t
n-> 0



treezetherea
that liman = lim C = 1 Then limbn = a

n => 0 n -> I 4 -> 0

E limCan) 1 + 2 + .. - + H =1+ 1)

2

↓:+th

1 + 2 + -- + 4

itThea
+n

2
+ 1

-
! lit8
lim-f

I

accumulation point

A point which value of the set come arbitrarily close.

limit
: number for any given distance ,

all terms of the sequence eventually

are within that distance of limit.

Accumulation point :
for any distance

,
there will be other succeeding sequence

term within that distance of the accumulation point.

· Any limit is also an accumulation point.

· A sequence can have at most a single lit
,

but can have zero or more accumulation points .



if converge , each subsequence limit must be the same

Subsequence * else : it diverge
.

Show = 1-1)" M is divergent. (Hint : check whether its subsequence
an

converges to sure limit

=(t * in
=2 1 ,

2 ,
3

, 8 .... y

lim2n
=

lin 1 + En
=line 1+MEn (o a 2n = [2 ,

4
, 4 ..... 3

n +xn ->x

= 1 + 0 = 1
X

=
lim" += lime-lidnty = -1 - 0

= (difference law)
n -> 0 n - 0

Since thesobsequences do not converse to same limit
,

then an is divergent.

Prove lim: lim an = L

n -> 0 /n + 0

let Eso VEf(an- 112
Exo NEN > N

In-LkE : /E

-

I
since we want to prove /-* 3

,
we only need,

<=2, 20
, choose N = Lez] : when n > N

we not-En:):= This lin press



Consider an = 1 +E + *e
+ .. . + + E , En EN

,

show an is bounded

and monotone
,

then deduceUn is converge

Prove monotonic -"= E..-
- O

strictly increase for nEN

as" nine EnEs) This it is monotonic

Bounded an
=( + En + E+ + ↑) <(7 + 1 - E+ - Ep + -

.

+E -
an = 2- t

1
lim 2- lim T

n -> X n + &

= 2

Thus an is bounded above by 2



Ries

9 + 9 + 4
,.

--
is a seves

Written:
OR

& for A Partial Su

"n"

-
* For the next "n"

=
In st

There is
anew S"

Exist This creates A sea.

of partial sums
.

Telescoping Series

↳ :
n = 1

#
n =-

r
= kntAt BLIA I

n

=
=+6 = - 2



:
( = (7) +(5) +=) ....

)
Su = <

ce

n ->xl
A geometric series

& a (n ) = a + ar + ar + ar3 + .. E
n = 1

· and (
n = 0

* Converse when IwK < 1 or -1 < 07

↳
Diverge 1r12

* The Sum is

&ar



E- >3,
Irl > ) -- Series converses and Sumis==

E
= ( + - - + + - = -)
= - +)
: -1-

M
a = 5 ,

r = -1 so converges

as 10/ < 1

(ra=z =



Harmonic Sereis

If a seriesan converses
,

lime an = 0

n = 1 n -> 0

If lim In #0 or O .

N
. E

n -> X

the series& an Diverge
.

n = i

Ratiotest

1)lim / = L= i is absolutely conversea

2)lim() = for diverse an is divergent he
n = 1

1) lim() == Inconia

1 Ilimk

m/ ↑ into" uni
↓

- cone
lin=



Dtest

1) Iim "N = < < -> converges

n = X

2) /im = ( > 1 = & un is diverse
n -> x n = 1

3)lien = 1 inconclusiveat

E
imr



versi (A18)V(A176)

-I F IT

Tartology so it is logically equivalent

Exercisex((1 + x2) ...

(1 + 2) - 1 + x + X

check at n = 1 1 + X
=

= 1 + X A(1) is true

Assume his true such that not is hold true

Excise

findlim Cn+
n = x

it 22ts"+ ...
"

=
n+1)

↳im (vie
a

h + 0



Exercise5

Consider an On EN show
&n is bounded

and monotone
,

then deduce an is convergent

an + 1

- My = 2(n + 1) - 3
-

-
H

3(n + 1) +4 3n + 1

- > O monotonically increases
(3n + 7)(3n + 27

< and =
-

E= Conotone and bounded no it's
converent

Monotonic sequance theorem

ach) is increasing a (h) is decreasing

an = up + y
for all u ach)]unty for all n

ants t for all n
, an o If for all , an

an + 1 - " p
=0 for all n inte-in &U for all n



Provelie
let so such that GoN N /-L1 < E

1-11:h)

Suppose Xp is bounded
,

and lim Yn = 0
.

Prove lim In - Yn = 0

h -> X n -> X

Since Xp Is lounded5 ,
Mul =M

W , sincelim Yno
,

so for EENEN sun thata

when n > N , we have lyn-ol = (Yn1 > E:*
Then

,
(nyn-0l = An/lynk < M. 3.


