1.2 Pr:aciple of Mathematical

I nduect ‘0n

Let 5 he o subset of N

thaet satisfies -

(1) The number 1 ¢ §

end

(2) Forevery ke N
if keS, then ktr €5

Then forall ne N neS.



Note (2) does not ask

vs to prove thai ke

We only need 4o show

'L'"“{ " if kG.S. then k«ntSf



2.0

Usvally , Mothh. T and s

vsed ¢o prove that o SeGuence

o{ Statements are olf 'Erueo
For each neN, led Pery

he o mMeaningf,] statement

shovi n ¢eN. We let

5-.'. {nGN; Piny is t'“‘-}



2.2

The above Maolthematal

Induvetion principle becomes:

Svaose that

(v Phy is true

(2°) For every keWN, :f

Pk} is trve then

Plker) is teye.

Then Pl’vn is true for all ”eN.



2.3
Ex. SUPPDSG P(n) is the

.S‘Laf(menf thet

'plnl s n’w- n 4+ HI s Prime.

Note that when n=),

Then P‘(:}“ is trve,

But (after some calwlahon)

Pruyp): 1600 s Prime and
Peyry = 1% = le gy



— F(HU s NOT prime,

Hence Pruo) is trve bot

Ptwi) is false.

Thus (2} 'f'asl.s when pn= (T E))

Ex. Use Math. Ind to Prove

that

] L 2
1"+ 2 ¢ 3 $ ... rl":- ”('N'l}fznfl)
P

b



When n=1, Puy o $he

S{Gteme“t
I‘L s 1-2-(03)
P = 1

6
. Pty holds.

Now Suppose P(k‘ '3 frue.

Then
124 224... 4 k2 = k(kei)l2ka)
P e
&

by the inductisn

a.SSUmpl'iow (2°).



Now check Plkers:

114 .s k4 {k‘“)‘

Klkaedl2ka)
e+ (k1)

&

[
foac

H

(km)[ krak+r) + (k)
—¢ b

\$

{,'_‘_:_'_’l kczk+r) + 6k+(,]
G |



:(k-ﬂ’ 9 |
T Zk < 7k+6

- fk-l-ls
— (ke2)(2k+3)

&

= (ker)(ka2) (20(kas) +1)

N,G

- P(k-rl) S 'brue.

o (2) holds



G.f

$S:ince both (11 and (1)

ore trve , it follows thatl

Penr is true for all neN,

Hence

‘[7‘ I 8 2_7’.;... & n1 ~ h(mu(znu)
’__—-——“‘“
6



E
x. Prove theat 5'“'
-4 i

(1) When n:=i
2
§ -1z 284 = 3-8

5o Pas is dre
e.

'.o e. Szk-‘

4

] ) :
s divisihle

by 8.



Ckeck Ptkas :

Slfk*’j" - 2
: §4 52k

¥ ]
=5(;2k—’}+5‘1_'

¢

5" (5'"“-—:) + (5%}
1 f

Buth ave divisible by &

~ Plk#1) is trve.

-*
(25 holds = 5*™o1 is an,
'Oy § for ol] n,



Bernouvlli’s Inequality

Show that

for ol n& N and for all Xyl

3
(1ax) 2 (14nx)
Pf. Ficst we check Pouy

(l.'.xf = (l-i'l‘)() V.
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Now check (2)

.Sup\so.tt thatl fn-x)kl 1+ ky

for all x ) =)

Note that

(lkor)
(1+x) # (u-x)k(u-!»x)

3 (1+kx)li42)

by Lhe indvckbive hypo*huii

andl “uo,i 1+ % ) O



i

= lrkg g 0 g Kyt

2 1e (ket) X

Thes P(k&-i, 03 l"'*:

ond hence (2) holds.

B‘I fﬂd“‘*iﬁn. plﬂ‘ o *rpe

fOr all n¢N

= (162 2 1ank. wpoe

I},



fe.§

Sumeiimes, the statement

1S only definea for n > N,

Modified Principle of
Malh, Iwndvetion.
Svuppose Lthat

(1) P(n) is krve.

(2) Foralt k2 n, if Prk) is

'l:rue , lthen P(k-l'\J is trve

Thern Pint is trve 'Fot all P2 n,
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EK. ‘pfbve *h“t

2" < ny £, an "y y
Note that when n= 4
29216 < 24 = )

This shows that P(y) holds

Now let k be an iules '35

2 4, and assume tha &



/3

2k < k.

Note that since k2 4%

2(""") fe

2 2%. 2 ¢ (ki)2

74 (k' ){l{.“) = (ke )!

]

Since 2 < kav,
Hence P(k...a) i s *rvt, B,

indvelion p(n) is trve for



L |

Sometimes the I'»du'.f.l ion

Princ:p'e con he expressed

Qs ‘Fo“ow.s,

Let S he o subset of N

such that

(13 Paiy a5 troe,
(2) For every ke N

4



1§
4 P(.)’_,,.Pfk) are ol

‘Lrue’ Lhen Plwar) is {"""4

Then Ptny s trve for

oll n iN.

This is sometimes called

the Princiv‘t ef Strongq

Indvection.



6§

" '8 dehngd by

Xy=1, X,: 12 @
nd

Xnyq ° 2

Use 5£rong Indvc{ion to

Jkow that

V¢ Xn € 2
_ oW nelN

(6



Led P!ns be the stotement

that 1 € X%, ¢ 2.

Note that Pris ana Pra)

both hola by hypothesis.

Now lel ke N with k22,
and Suppose thot Pf_,-! ' $
bvve for ol j s k, ie.

) e x; 2, s jek

1?7



Thgn x - |
oo 5 7 (X 4 x,)

/5 %(2-&1)*2

by stron 9 induction
h’ pothesis

b\, stron & Y R
hypothes,

|§
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Hence | ¢ X 4

ke ¥ 2,
which shows dhat Plwaer)
is tvue . Thus Lthe Strong
Induction Prineciple

implies that Prnd s

trve for all n e N
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Conjecturc a Fonnula ‘For

n:3, 5y3z2 14345 = ¢

- 7° 16
ne H 51.. z 143491

It seems that 5,.: n*

Prove Ly induetion.



&t

When ns |, ¢ s chvigus

that S5,:= 1 = 2.

Now assume theat Sn: n?

‘Sﬂ'l'l

(V434 ..v (2n-1) ) 4 (2m41)

nt + (2na)

T (ned)t.
This shows thatl f2) is trus

for na.
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B .
Y wmduction

e
3aS5a4... +(2n-1) = n*

4ov all n € N.
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hs s 28 ¢ 2° =32 Vv
We prove he <« 2" {for N2 §.

We alveady proved this if ney

Assume h* ¢ 2" for n2 §

X ?
(n-rl)‘ = (nad™ 2 5{.':.'%3} 2 7t

nl
t inductive
I'F n?2 ’; hyro‘tht-ﬁ‘.
|41 + L |
(1+2) ¢ 1+ < &



Hence

4]

We conclude By indvetion
that nt ¢ 2" f

ns | or if N29

Y

('..'.’S..'le" ¢ 2-2"= 2" v



