!
Principle of

(.2 Moathematicel Induction

Let S be a svbset of IV

- that satisfies

(V3 The number 1 € S

(2 For ever\l k & N‘

it ke , then kri &9
Then fora" neN‘ heS,



Note (2) does not ask

s to prove thai ke

We only need 4o show

thal “if keS, then kaeS



2.0

U“’"“Y , Moaodh. Tand s

vsed ¢o prove that o sequeue

o{ slaicments ave ol ‘l‘r‘ue,
For each neEN, let Prr

he a mMeaningf,] Statement

shovli n ¢ N We fet

5: {neN; P(r\) ) S i'“‘-}



2.2

The ahove Mathemat al

Induc{ion principle becomes:

SVPPose that

(v Phry s true

(2°) For every keN, it

P(k} is trve then

Plker} is tege.

Then Prm is true for alt neN



2.3
Ex.  Suppose Prny is the

Statemen! tha{ nd. Ind+ 22 0,

Note that Pt is drue,

hecavse V- 31 + 2 = 0O

But it is nol tvue theat

f Ptk) s trve, then Plksr)

i3 drve,

In focd, it K= 2, thea P(2) s

true But, P(3) is felse.



o4
E x. .Suppose Peny) is the

statement thet

ptm s ht-n e H1 s Prime.

Note that when n=),
1220 4 9 s prime.
Then P11 is teve,

Beut (Q'Pfer Some (‘alcula'h'on)

Pluyo): 1601 is prime and
Pegy = 41t = 16 gy



— 'P(H” s NOT prime,

Hence Peuod is teve bl

Ptur) is $alse.

Thes (2} 'Fasl.s whéen n= o0

Ex. Use Moath. Ind to Brove
that

2 2
| 4*7-‘4' 7 ... ﬂ":‘ ”(hl'l}anft’
R———"r

“



When n=1, Pgy ., the

Stotement

'1: l-?.'{‘j)
— =
6
s, Py holds.

Now Suppose P('ﬂ '3 {:rve.

Then
1. 224... 4 k? = k(ku)(zku)
T —— D
6

by the induction

assumption



Now check Plkan:

1.0 k2 4 fk«n)’

Klkse§l2kar)

1
———e——— + (k1)

= A

TS

= (k&-l)[ kfaksr) + (k-n)]
6

= ”‘""[ ktzk+1) + bkl-(r}
G _



. ) |
{..'.(-z-‘- [2k7‘4 7k + ¢

) .(...l.‘_..“j (ker)(2k+3)

&

= (k1) ka2l (20kar) +12)

3 wrM
I S s

b

J.P(kfl);é'tfue.

S (2) haolds



6.

Since both (1) awne (2)

Gre ‘Lrue , 4 follows that

an) is teue for all neN

Hence

24 9%4..c 4 nb s nins1)(2nei)

. S
6



Ex Prove that 5'“‘-1 H

divisihle by g, /;T;:"
' ns.

(1) When n:1,
§%-13: 24 = 3.8

50 Plll ' S 'krve.

(2) Suppose thot Plk} is true

i.e. Szk

L 4

- | 1s divigihle

by 8.



Cl‘etk P(k& v 3

Slfk-l-ll
-] = 5’2, 5‘2’( - |

2
= (5’”‘—)}1&'" - )

" 5’(5"“,,) + (51}

1 t

Both ave divisible by &

P(k-l-lJ is true,

-’
(23 holds = 570 is aw,
by § for el) n,



Bernouvllis Inequa“i’y

Show thot

;01- Ml né&N and tcmr afl x)-l'

n
(14x) 2 (14nx)
Pf. Ficst we check P(u

(|+xf - (l-\—lwt) \/.



{7,
Now check (2)

5uppo.t¢ lka{ ‘H-x)kz 1+ ky

for all x ) -)

Note that

flcar)
(|4.;g) < (H-x’k{l-l-x)

3 (1+kx)(14 22

by Lhe indvehive hypothuis

and that 1,4 O



= Lrkx 4 ox g Ky

2 14+ (ket)x A

Thes P(k#ij s l'“*;

ond hehce (2) holds.

By indvcfion‘ 'Pu.; i {.-.,e

‘for all n¢nN

= (l#x)n?. I+ 0%, when

I},

"



[}

Jvme times , the statement

1S only definea for n» n,

Modifiead Principle of
Malh, Iwndvction.
Suppose Lhat

(1) P(n) is trve.

(2} Foralt k2n, of Pli) is

{rue , Lthen P{k-l'lj ¥ 'tfllf.

Ther Pint is trve #or all 2 n,
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Ex. Prove thot
2" < n for all ny y
Note that when n= y,

29216 < 24 = yi

This shows that P(q] hoid.s,

Now let k be an inles er

2 4, and assume tha &



/3

2k < k.

Note that since k2 4

Z(k“) = 2% 2 ¢ (ki)2

7 (k! j[l{.“) = (kar)!

]

Since 2 < kat.
Hence Plker) is teve By

indvclion p(n) is trve for



L |

Sometimes ¢he r»ldu..clion

Pr.‘nciple con he expre.ﬂed

Qs ‘Fo“ow,s,
Let S he a subset of N

such 'Llao.{

") P(” id ":rue.
(2) For every ke N

&



1§
i# Pa, ..., Plx) are alt

‘Lrue’ then Plk.n) i3 &rve‘,

Then Piny is trve for

o" n GN.

This is sometimes called

'(:.ke Printip\t Of Strong

Indvction.



Ex, 'SVPP'-’JQ 60 Sequence

{xn} is defined by
x.:‘} xz= 2 O nd

oo
Xnaq ° ;{xhﬁ + Xn )

Use 5£ron’ Induc{ion to

| Jl\ow that

V¢ X0 & 2 ol!neN,

i6



1?7

Led me be the stctement
{:'\&‘l | S xn 5 2.
Note that Pris ana Pr2)

both hole by hypoiheus.

Now let ke N with k12,

and suppose that Py is

tvue for all j S k .



Then X - A
Kas 2 ("k"’ixk-')

/5 ':.'_;_’(2+2)=‘2

by stron 4 induction
h" pothes;.

by stroan 9 ‘nd

|§
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8 4 P
Ence | 4 xk“ ¢ 2

which shows thot Plkaer)

' S ‘lrue . Thus the Sivo»?
Inducf‘mu pwfmo'i'ple

implie.l that Prnr s

trve for all n e N



