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22loa/ts MATH _INDUCTION
Suppose. l:,Z: (2041) = 3+ 5+ 749+ 114... + 201
) 1This is an Vari’rhmcﬁc. Sequence - difference betw: any 2 consecuhive numwﬁ# =2
:sé (2i+1) = # of terms ({s+ tem + [qst +ermj
2

= foo (3+201) = 40200
_ 2.

‘NE

63!

@ir1d= 1+3+5+3 +9 = 25 = 5(1+9)
n . 2

generally, i=3 ’ then number of terms = (n-3+1) = (n-2) i |

1=0

0N $
ettt L T dhen | number of 4erms = (N-m+1)

1=m

AR :
question:  show D 24 (2i+1) = (n+1)? , for every n2z1,

=0

D Prest: we prove by Math Induction
RRREREY

. value
- We prove i Jor n=1. (4ne first possie of n).

== 1 - ; il S | ;

,,,,, Lt LI (i) [=l1+3 <y |
| =0 !

S - check, when. n={ , (n+1)* = 92 ="-}. |

J:] Assume it s truc for some potitive integer n2 1. This means we gssume

— "”’”f"f'“;zm (2it1) = (h+1)*. In other words, we assume what we need +o prove s true.

i —- .lﬁ.,: —_— — : e S S S —— % ) | |
3 Prove ik for (n+1). Te D3 (2it1) = (n+1+1) = (ns2)>
{1 | i=o |

| Drey: we musk (2] with Some  math manpulaton 4o prove [2] ]
§ S I 1 :, |l n#lt o0 , no. :

LT @it = 3 (2i+1) +(2n+3)
my "'_"'i' 1 ":”>'-‘_" T 1 T - 1 T T T | S 1

I

| s L. fom: 2(nti) +4 2n+2+ | = 2nt3, |
From [Z1, we know | 2 Qi+1) = (n+1)* _ 1

—g e ——r— ‘rf—w.- —p—

! | | 1=0
S U SR S S S EN

il ilse |3 = (pea)F +(Onr3)| | |
| % = nrygnetones | L | ) || |
S O O R N Y R RN
T e e T T T
S . T o O O A | P LT
il Y 2 3 ,;'I;C;,_you_kf:ep‘repeaﬂng,%@, and [8l in & lop , this holds true for any value o n..
| hence, this_formula is tue for any volue of n = 1. |
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Question: CHI - T - P O i5 a Sequence. )
let Q, =% 2 |
Qang 1l Bn+tl Y nn
S for ever
| 1
Prove 4hat Gy <3,V nx| 53
Rroof : @ e n=1.
=2 as glven !
a""l = 501 3
and J3 < 3
2] Assume an <3 Vn3= 1
also, Qp = |ogpy t1 < 3
31 et n= ktl.
Ay~ .ICXkﬂ~ 14 , Qk <3

n
quesh USe induction to prove D —(~_ =
iz ii+d)

Ln , ¥ n€N*

nt+1
E ﬁDvae it for n=1.
I. SHRERERER
R EZTY IR RE
and n = | !
' n+i 2
= iASSumé. it is he -f(;r some n= k=1
S I
! [I 1 13 H
;‘7'7:1'[(1—.1)‘ H+-| ,
| : i - Lkt I ] ! | 0}))
@ 1Ps‘uve it f-by n= k+1 e | 3 % 11 gt K+l % = ki
i b el PG | Chleterhmes | k2
I O O k
We. agree.hr\ai- o 4] = l 1 + e |
NN | |‘=l ,[1+1) 1=¢ i(i+1) (k“f")(k""l“"i)r
L 1 fmm sﬂzp. {3 =k | |
{ { I
2 I . - "' l(“’1) Kkt
H " . ;--kl-l-; ——{— I I N
] {Henee, | J | = k| (#] 11 | | |
" = ket (KD (R#2) |
BENEBENNTTIIRNRNNE
} L (k) (kie2)) | 0 L O O O
| = kEaokel| =) gkm 1Tl
. _ L k) (k#2) | (keDCE*2) kt2
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Xt =8, Aney = J—?t Hxpn . Use math induction o prove ‘ihéf‘

Question.
xns 5) Y n2 {.
prucf: T Prove for n=1{.
) X=h and X, = X, < J3+L|x' =J3+|£, = )Qq

Jia < 5

Hence 4rue {or n=1.
12l Assume X, €5 W nzq,

Xn = 3+ Hxn_q < ) 3 ¥n21.
21 Prove for n= k41,
ey = J3 +L}Xk < 5

Since. we assume X, < 5,

Xioy €3 ¥ O(5) +

2‘0 < {23

23 < 5,
Hence Xk < 5
que stion: (i) F x EN* ond £ Y EZ st x+ty =0
ans:  True , for every positive integer x, there will be o negotive integer
Y, Where [)Cl = l\fl i
A | | _Hence x4y =0
N il | €8 x=) s y=-I
B B M Xty = 1-] =0.

1 (ﬁ) Fox ENX sk X¥j_=0, Yy€EZ

{1 X ans: false. Fora pesitive integer y € Z | there can be no pbsiﬂ've ‘fnﬁqgr
__.,.fb R I ST - - X EN* that can result in xty =0
Rt d doy. o0 4 g+ ¥=2, No x exists where Y¥X = 2+x =0 with X EN*,

“ﬁ, - ;H(iﬁ) Ix €2 st x +y.= 0 for everyv YEZ.

| ons: False. if Y =0 there can be no ron-zero integer x EZ* that
{ | __can resulk in __X+y =0, |

| § 1 1L teql yap) | OixF0 for any xcZ*
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ezl questian | Use math induction 4o Show M is divisible by 5 M n2 [

e Sl L{ -1

e 4 s (mod 5)

I:C an =1 in 25 | |

Breof LT-] ‘|¢:f n=1{, prove |+ ‘ - | ! ')

44-f = 255 285 i duisibc by 5. i
Infad 265 = 5 So 255 =5x5l.

5

Seo it is true for W =| ‘ .

@ Assume )} is true Fbr ﬁ;k = 1.‘. |
hence | we assume twat Y- is divisible by & ¥ nsk=1

@,

Prove "f For n =kt1. We necd -h; Slnow +hal‘ S S S S
; H(Ml)
-‘ Ll =1 - divisible b~f 5, |

;_l_lew'l) L

n

1»-‘;.31.;1'17'. it L T T T T T Ly
\ | | | ! | | i I i 1 7 ¢ t . t : i )
—t—— H“(H"‘”—1)+L|‘*—b1 ' | | QD
I iy —1) + 265 || I O B A
“ ' | 1 - MM@é:<q"f‘-l :IS divi;ib\e b\! 5 : | i | | il

[l

:‘:l
]
-3
D
I

Ll P T T T T T T T T T w7 ’ W i ) 1T T 1
s Sty F ass| | L LT T TP
f ;_) | | | VV'\ﬁ —_ | | ] { | ! E
BEEEREEEE [ duisibte ' diuisible ! T
T T T T e PP T T | |
t  Hence , i ":’"‘L i —l ~is divisible by 5. ’
| [ I [ {
', . D ims T T ' f
/. .€q:  Prove 5[ Aol =1 dlirgehy. . !
Y H“",:— i (mjod‘-S)' || . |
% | o [ [ , . | ] i i
SN USSR TN (S5 S00 S S (S ! DO | | ! L] |
] | I I U, I T 1 17 TT1TT—t+— =t g — 4 — |
11— dls) =k, |°"°' ~¢(5).=i<m!=d_‘=.‘): mnEEEREREEEERREREE
{1 S0 by Euler, Fermqi- resalt L L L L L L L LT TN T T T T
DI 2 Y W1 ”-r” “ 1 (mod ’5) i L O O O - ‘ | |l |
T ANNENEEEEEE EEREEEEEE .
T B I N '

:H‘ .,i ey

= n | { ! | hi—= AN
=i ;,le)- (l::')” ":i ' . 2{ 1\_‘ ,iori’ C\l[enﬁ (’-} ) ] h(mod 5) - .» |
N N IEARSMENEEE /H“"*—1 (mod ONEENENEEN

1
\ I |

is d|V1S|ble by 15 \;J 0>l bl l ’
| BN T

, |
. Queshion p) L‘sc; ma+h mduchcm 15 show -}ha’r fisn —;1 '\
N OO ’use d:rc:i- meF i 'show 15 1480 - ) | |

hl)xuse mcan mduchon +o Show ' ﬂmfﬂ ci

L i ]
 1 )!- side nofe once. proved bonts, F_;__,i x rll,_; L ‘i ’s: diw_s]b\é b‘f ,1? _V "‘>'l P"ove:,d!wegﬂy; G}So
'l Can_valso rave . 118'"' 1'— 111(mod 15) ~—j;, [_‘IJ ] J‘ _I’ : | '\ T —

%3 Bfs g fmed W) | L L 3 1
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logic__quantifiers
€g: AE€Q, and hene A might  egual o J3 — False.
D S belongs 4o, 13 in.

F ¢ there exists (at least one )

Flx ¢ tnere exists a unique X . (0““:‘ one )

Um : for every m
A7 | dbes Aokl exist.

¢‘ does not belong

Question: T er F
L E X EN s A'—2-0 = E (het in N)

i) %"! x ER St X*-2=0 = F ( not unlcluc)

M) Fx e st X2-0=0 = T (gtleast one n R ).

W) Y xeR, FyeR st =1 = F (does not opply for 0).

VI MAEW', FyeR st xyl=1 = T

Vi) \Jxeﬁ.* &’YGQ stxy=1= F

Y/os. use Math Ihdud'lon to prove that

$.+_ep_‘1x Prove for n=1.
$+eg 2° Assume for some n>|.
| step 3¢ Prove for n+ ‘ |
| . Show 24 | (n+1)(nt2)(n+3) (n+y),

i€ show 24] n (ne1) (M2)(n+3) + L (n41) (ne2) (ht3),

2H| h(nfl)(n+z)(n+3) a2l

=) ¥ We need to Show : él(nﬂ) n+2)(n+3) ¥V n>.
} ’ l.e | ln(n+l)(ﬂ+2) t 3(nt1) (nt2).
__Prove él n(n+) (nt2) ¥ n>i,
o letn=1. |
{1 1(2)(3) = 6 66
@) Assume for Some n 2=
‘ e él.h(ntl)(mz) for some h> |,
L IZ) Prove  for nH,
| L[ lell (n+:)(n+2)(n+3) .
“ = .C_,l n(ne)(nt2) + 3 (n+1)(n+z) |
; From 2] , we  know +hat ,é,l n(nt1 )(n+2)
1 Fact: (n+1)(n+2) s always even ¥ n=(. i 312 l 3 Cr\+l)(hf7_)
:
[

| S0 6] 3nr1dnr2). S gl GE)(n12)(nt3) = 6] a(n11)(nea)
vl:wf, 24 | alns0ne2) (nesd 4 4 (n+1(m2)(r+3)
L1 | 6’('+| n(n+l)(n+2)(nt3) + Hh41) (he2)(nt3)
\_"_—v_——\, e e e et
f‘ 1 j ~ o 24 ds afacer LY and  Fromabove, 6‘(?111)(»“2)(”{3)

!Zul Ln+l)(n1-2)(n+3)(n+|.|) = 2L|] n(n+|)(n+z)(n+ 3) .

|

{
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Gienerg resuld:  for any mEY” N,
ol b athaifntad .l tndmm ) | W0kl

. ERY
Questiond . Ix st Ny gR* | ay=1. DR
(a)
FALSE. Why 2 Using the same X for every \ Y- i-e K Is independant f Y.

)

Vi V\/SR*, JreW™ ot x\;=1-

TRUEL | Edei ahd every y will have at leask one Xx.
e x depends en value of Y

W) My eR*, I xeWR st Xy =1.
TRUE ,

* note : the order is Importan+t .

|,V) V7 ER‘) 3! XEQ* St Xy =1,
V)

FALSE . ¢ =J2 . I 5
uppose ¥ = (2 XAFF bc AE®

. queshon: Prove tnere are inF(’n'lte,\Y many Irrattonal number. ( dired proof ) .
e QV\S ) -‘“fhere are |nFm|‘rely mMany prime number,

- ® ony Jprime ¥  is irrational. (uSmS rule IDﬁr\'\enﬂ I b" +hen prime’b )
Hence there are m-ﬁn'ﬂely many  irrational number,
LSt then_ S2  |ogic:

e 81 = g,

1

4 T S -~ - a L] implies.
- eq- K X+l = =3 then 3 is irrakonal number.  This is a 4
: i X rue  Stotement.

A0S L St k24 =3 S2 * 3 is irrational.

4 1| Slis fdse (positive + positive ¥ false).

i - Sma: 81 is false, then “Phe—ef So- g qluuays true. »
- | | Ll‘ﬂve Whole stotement Q\D‘

- 'le s s *h—ue’ then the whole Shatement 15 | true only if  S2 is true
it %\F; S1 is true ond 52 is folse, the whole stakement s false '

; | ]
- :_ .i;,,; ;. - 5 -t '
bt L L L llogic table
} { t f f 1 | i T
pooptpef L S] 152 | S = 5o
" ot Fx 1.7
S S A A o I e Y OO O B 1
| | ' ' | i | |
S IO O . BEEGE LE ‘ |
| e [ I 1
 —— ’ i ', ’. H o ’
eqg: | Prove (13 ] cl"'”! ® ~q | i ‘ ||
» | | | |
. Clns ) —* ; qrnn ol W L L pmo# ;
_‘ enou3H fo. prove | 131 95" b dnr'ecf-
iF proop Mm Indudton .fII let' n=l “
- @ Assumel ]
i i [ w)
| | ) . L | E] PrDVe ‘FOI‘ rH‘l ! P d
. : . e 2nt(2 [_'q | | 1 T7771 !
£ § § [ ) El I EE S GGl 1 Ial ql h lg : \q -+ ‘~ A 3 -C
t i } | 1 |
i SR, | i1 : RN |
; BN ! | 1 1
g - R E e St Bt - L
. - O .i._ ! -
? " L | pesileatey . R . L
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Use math inducton to prove (8| 9¥"' —q, Yn2|,

1 prove Hfor n =],
|
qa —9 = Some \qrqe infeqcr that /s divisible bY i3 r

2] Assume 13| g1t -9 for some n 2 1.

3 Prove For n+l,
lh
= q n _

qi2n g3 _ i3 +92 -q
q's (ql""'-l) ¥ qns__q
| MHIHPI\{ b\, q crla (q““-q _ q) + qls_q

nn

9% (" ~q) + 96 g
- . —
divisible. by divisible by 13 | os
13, as shown Shown in [%
in |21

iidiza i3] ql2m g = | Ja]q? -] ylaxg

Prove directly.

eOzd=l2 3 qcd (a,13)=1.
hence 9% = | (mod 13)

Mrrhoie—t a5 (1972 17 (mod 13 ).
# q™".9 2 1-9  (mod I3)
qlznfl = 9 (mod l3)

Hence 7 2] a®"" —q,

| Question:  sShow 'H-;l‘rﬁﬂ—i— ¥ n=). (direcﬂy) |

v 1# 18" -
e 18" = [ (mod I7) Note: 3%, 2,
L 1e? =1l in 24 | can be. Written
{ﬂq =1 _in.Zpn Y n>_|. (:,7 mocd 3)q in 25
' (D3 in Zy
Cammot do lqm’d?_

JquesHOnﬂ Prowe [O-| (.134" -1) (dl'recfly ).
~ded)= Y. 13,10, have — ged kil 1

1 set [18%/=4 n 2,
Lijo | B Lgtel ig 2
T hew lolUs.
| Tor free, we get :  [o|(3%" 1)
| | Because  13"7 = @nod o)
i O I 2 (13 mod lo)“"ﬂl
‘_ L {1 ia¥i=) |y Z ot
) 0
:3&“"‘"_ -t vyxzill-r Y. yEeR

ans.: ‘Fals& IF y 0, then X Coan be gwyf_hina - A ls not unique
RN B - —————1—t———1—1 Ignere

|
!
1/
!
}
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MO 3 N ERE
TN sy vyeR.
il ‘”‘1' There i3 qne x EN  juhere ¥x = b4y for Gvery Yy ER.
e, x=h Wil wark! for! eve possile value of y. EVen when y =0, x =Y
Wil werk. Ne ofher x will work for every Y-
)

L V YER, 31 XEN s+ yx = Yy,
lmanglate @ For evgv-y y EM , there is a L.:QJ'_QE‘;_ x EN St yn.-.qy,
Ans: False, What if Y=0, X Con be any Vale - hot unique.

Y VYER?', J| x eN st yA = Hy
Ans . Tyye,

B {3x Ent sty | v 200 ¥ yer

Trans\at ; % i
'._n_S\ﬂc. There s at least bne X 1N N*, S't  whenever j the number is alwcurs

N .{n N‘J and\ Y can be am/ Number 1n TR.
Ns: True. For x = €ven numoer \’k 20

IB] 3l xen sy g Y =0 Yyewm

—

Translate ' f i
Slox There is  unique ‘namral nuwber  x , Suds thak YXZO for Every value of

Yy m R . )
Q)

Ans:  False |, x is  not unique ,

Yy
/OO x works for all values of y.

\_ ) .'Docs W uniquely  exist ?
i~ (@]
(= x| | ||
; - @ ~— ®ath vy has ONE value of X  cuch that x =4
; ‘ XY Dres i+ uniquely  exist? J 1
Mo
|3 | Y;TR’ X &) x € akeoct
| [ ® ! | | i
| } | I B there is 4ty one ¥
; 4+ i ——-; Foe questions:  does i€ exist
L o———8 | i
= X yem®

X

there is one x
- Hor all y :
- cwo ﬂue‘lh'gnsf L exist2
R | Unique?

o
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False .

8 not prime.

2 is prime .

—and

istintt primes |

y SUCh tat m is o product of d
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