1. Recall the notion of predicate:

A predicate with variables x,vy, z, - - - is a statement ‘modulo’ the ambiguity of possibly one or
several variables x,y, z, - --. Provided we have specified z,y, z,--- in such a predicate, it becomes a
statement, for which it makes sense to say it is true or false.

Also recall the statement (UPMI) (together with the logically equivalent statement (VPMI)) from the
handout Argument by mathematical induction:

(First) Principle of Mathematical Induction (in its ‘usual’ formulation). (UPMI).
Let P(n) be a predicate with variable n.

Suppose the statement P(0) is true.

Further suppose that for any k € N, if the statement P(k) is true then the statement P(k + 1) is true.
Then the statement P(n) is true for any n € N.

Principle of Mathematical Induction, (variant of its ‘usual’ formulation). (VPMI).
Let R(n) be a predicate with variable n. Let M be an integer.

Suppose the statement R(M) is true.

Further suppose that for any k € [M,+00), if the statement R(k) is true then the statement R(k+ 1)
Is true.

Then the statement R(n) is true for any n € [M, +00).

Here we give some examples on argument by mathematical induction. As explained in the handout
Argument by mathematical induction, each of them has to follow a certain format, as dictated by the role
played by the statement (UPMI) (or the statement (VPMI)) in such an argument.



2. Example (A).

We want to verity the statement
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for any n € N.

Observation.  Note that (x) is of the form

‘for any n € N, P(n) is true’,
in which P(n) is the predicate with variable n that reads:
n*(n +1)°,
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So it makes sense to attempt to argue for (x) by mathematical induction.



Justification of (x) (by mathematical induction).
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Hence P(k + 1) is true.

e By the Principle of Mathematical Inductlon P(n) is true for any n € N.
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3. Example (B).

We want to verify the statement (x):

3

(x) n®> — n is divisible by 3 for any n € N.

Observation.  Note that (x) is of the form
‘for any n € N, P(n) is true’,
in which P(n) is the predicate with variable n that reads:

‘n® — n is divisible by 3’

So it makes sense to attempt to argue for (x) by mathematical induction.



Justification of (x) (by mathematical induction).

\*Fw c>y.:j V\GN
ohﬁm by Ted e }nstimw

V\, -n s&"\r\k\L(LLjS .
\f\ Ju o) e ‘71

D*Q*O“O 3

o€ .
o -0 divkible 3.

T\v\W%wo P 8t

? LJ( \;EN &MWU\L D(L) N Trwe

Thee -k o dvieble L7 5.

_Q\X'k\f T ?Q(H\) True udev the Wﬁh |
L +thak PCE) i True  og Raked wLmA7

We prove 43K Per) G

% Ej OQ@S\\*UL TLM ox  Jome IGZ
W o =39
We  har e
COHOSCHES S L)+31:+3}c S(thlc)

‘N i\ e ~tl.o‘k ‘?/‘H{ ‘(’k Z. [\th? Dfiw]
Thors  (he)=Ckt) 35 bl by 3
He,.,m, ?(L—f 1) ‘frme/ Oﬁ“

B, the Pl A Hotomstiond L for,

Pl) o wajf”wy ne N



4. Example (C).
We want to verity the statement

(%) ii?;; > nzfl for any n. € N\{0, 1}.

Observation.  Note that (x) is of the form
‘for any integer n no less than 2, P(n) is true’,

in which P(n) is the predicate with variable n that reads:
2n)! 4"
O
(n)? " n+1

So it makes sense to attempt to argue for (x) by mathematical induction.



Justification of (x) (by mathematical induction).

e For any n € N\{0, 1},
denote by P(n) the proposition
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Then P(2) is true.

o Let K € N\{0,1}. Suppose P(k) is true.
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5. Example (D).

We want to verify the statement

(x) For any n € [8, +00), there exist some u,v € N such that n = 3u + 5v.

Observation.  Note that (x) is of the form
‘for any integer n no less than 8, P(n) is true’,
in which P(n) is the predicate with variable n that reads:

‘there exist some u,v € N (dependent on n) such that n = 3u + 5v’.

So it makes sense to attempt to argue for (x) by mathematical induction.



Justification of (x) (by mathematical induction).

Qg.ggunwg _ M ¢t Ta the o,fl/mk‘(j Ldor PML(L r) | i
T ke > 30+ 5) [ Tuproiag
o7 e | o depom
©r o= 3(wr2)+5(v-1)

T i ‘gl 7 Yoo ug\&t» v =, |
Bt Dt NEG ! |

LETW i j k3w The uz3, and hl:BM‘:“':}(W})%'Z;

Neke €&k V=0 & v
. (09&\) Sw“u\z/ vso. Thew k=3 .
| Sk kf%)w&kw& W%, Thee widen].
Now kel = Justl= 3(a-3)+5- 2 (Wtedat 2en)
*(Cane?) . Spprae V2 1. Thew V- L€
Chee weN, we Lae wt 2eN.
Now  k+| = 3utbv+| = 3 (w+2) +3$(v- l),
o~ a«) car PCRtt) True .
"By the ?r]»\QZPLL o)& HO?T‘\%\QVC&Q I‘J)«Eﬁ‘d\.\/
Py B e Jor ony welld H) g

9\]%\( 'l n€ I\:g/* bo)J
dene b?@) T‘ML Prﬂ‘mh‘&&ﬂ_. 'th«-X
det ok Some w,velN
‘5w)~ t\KX n= Su\+g\/ '

e Bk LeW ok d=3:0e81 .
he ?Q%) N Trae

DN ke TR va)
S\PWJQ ?(b v Yrae

Ther, thot vk Sme v el

ka *;\j\; L= ,3\&4’5\/ : |
e Wpe o dede Plr) +
’[L\@w oK sme 8 Ke N |

s gk ktl = 33154,
Mol W o do to sktod hy yetee]

e

U

) oW+ ’;,-\.'~'+«;
?_«J‘.T‘ l C :n

iy, — — — — — — — — & — — o — ——— —— — — —— ——— — — > o gmm e e e——

—



6. Example (E).
We want to verify the statement (xx):
1 —a"
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n
(x%) Suppose « is a number, not equal to 1. Then Z ot = for each positive

k=1
mnteger n.

Observation.  Note that (x%) is of the form
‘Suppose blah-blah-blah. Then for any positive integer n, P(n) is true’,
in which P(n) is the predicate with variable n that reads:

n n
c§ :Oék—lzl_a )

]l —«
k=1

[t makes sense to attempt to argue for (x%) by mathematical induction. However, the
process of the argument is conducted under the ‘overarching assumption’

"« 18 a number, not equal to 1.



Justification of (xx) (by mathematical induction).

Suppose « is a number, not equal to 1.

« For any positive integer n, denote by P(n) the proposition

n
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. Hence P(1) is true.

« Let m € N\{0}. Suppose P(m) is true. We deduce that P(m + 1) is true:
We have

m+1 m
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Hence P(k + 1) is true.

« By the Principle of Mathematical Induction, P(n) is true for any n € N\{0}.



7. Example (F).
We want to verify the statement (xx):

(xx) Let {a,}>° be the infinite sequence of real numbers defined by

aq = 0
Upe1 = 2n—a, if n>1
(—1)" -1

Then a, =n + for each positive integer n.

Observation.  Note that (x%) is of the form
‘Suppose blah-blah-blah. Then for any positive integer n, P(n) is true’,
in which P(n) is the predicate with variable n that reads:
(1) -1,
2

[t makes sense to attempt to argue for (x%) by mathematical induction. However, the
process of the argument is conducted under the ‘overarching assumption’

‘a, =n+

“{a,}>°, is the infinite sequence of real numbers defined by so-and-so.’



Justification of (xx) (by mathematical induction).

Let {a,}o2 be the infinite sequence of real numbers defined by

aq = 0
Ape1 = 2n—a, it n>1

1)1
« For any positive integer n, denote by P(n) the proposition a, = n + ( )2 .
(-D'—1 |
 Note that a1 =0 =1+ SR Then P(1) is true.
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o Let k be a positive integer. Suppose P(k) is true. Then aj = k + ; .
We verify that P(k + 1) is true:
We have
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Hence P(k + 1) is true.

« By the Principle of Mathematical Induction, P(n) is true for each positive integer n.



8. Example (G).
We want to verify the statement (xx):

(x%x) Let n be an integer greater than 1. Suppose uy, us, - - - ,u, are real numbers.
Then \u1+u2+---+un| < |U1| + "UQ‘ + e+ \un\

Remark.
Refer to the handout Absolute Value and Triangle Inequality for the Reals. This state-

ment is the ‘inequality part’ in the Generalization of Triangle Inequality on the real
line.
Observation.  Note that (x%) is of the form

‘for any integer n greater than 1, P(n) is true’,

in which P(n) is the predicate with variable n that reads:

‘Suppose ui, us, - - - , U, are real numbers.
Then "U,l + Uy + - F un| < |U1| + "UQ‘ + e+ \un\’

[t makes sense to attempt to argue for (%) by mathematical induction.



Justification of (xx) (by mathematical induction).

« For any integer n greater than 1, denote by P(n) the proposition below:

‘Suppose uj, U, - - - , U, are real numbers.
Then |ug + ug + -+ 4+ wp| < |ug] + |ug| + -+ - + |uyl

 P(2) is an immediate consequence of the Triangle Inequality on the real line.

« Let K € N\{0, 1}. Suppose P(k) holds.
We verity P(k + 1):
Suppose uq, o, - -+ , Uk, Up1 are real numbers.
Define v1 = uq, v9 = us, ..., Vp—_1 = Up_1, and define v, = uy + Up,1.
By P(k) and P(2) in succession, we have

[y +us 4+ - upo Fup +up] = |vpFve e 4 vp_g + g
< v1\+|f02|+---+\vk_1\+|vk|
= u1|—|—|qu—|—~-—|—|uk_1]—|—\uk—|—uk+1\
< wg| + |ug| 4 -+ - 4 w1 | + |uk| + [wrs]

Hence P(k + 1) is true.

« By the Principle of Mathematical Induction, P(n) is true for any integer n greater
than 1.



9. Example (H).

We take for granted the validity of the statement known as Euclid’s Lemma:

Let h,k € Z, and p be a prime number. Suppose hk is divisible by p. Then at least
one of h, k is divisible by p.

We want to verify the statement (xx):

(x%) Suppose p is a prime number. Then, for any integer n greater than 1, for any integers
ai, o, -+ ,Qy, if ayas - ... - a, is divisible by p, then at least one of ay,as,--- ,a, Is
divisible by p.

Remark. We may think of the statement (x%) as a generalization of Euclid’s Lemma
to the product-of-many-integers situation.
Note that (%) is of the form
‘Suppose blah-blah-blah. Then for any integer n greater than 1, P(n) is true’,
in which P(n) is the predicate with variable n that reads:
‘for any integers ai, a9, - ,ay, if ajas - ... - a, is divisible by p, then at least one of
ai, as, - - ,an Is divisible by p’.
[t makes sense to attempt to argue for (%) by mathematical induction. However , the
process of the argument is conducted under the ‘overarching assumption’

" p is a prime number.’



Justification of (xx) (by mathematical induction).

« Let p be a prime number. For any n € N\{0,1}, denote by P(n) the following
proposition:
Let a1, a9, -+ ,a, € Z. Suppose aias - ... - a, is divisible by p. Then at least one
of ay, a9, - ,a, is divisible by p.

« P(2) is an immediate consequence of Euclid’s Lemma.

« Let £ € N\{0, 1}. Suppose P(k) is true.
We prove that P(k + 1) is true:

Let aj, a9, - ,ap, app1 € Z. Suppose ajas - ... - apar41 is divisible by p.

Note that ajag - ... - ax € Z and (ayas - ... - ap)ap1 = a0z - ... © QpGjs1.

Then by Euclid’s Lemma, at least one of ajas - ... - ag, ap4q is divisible by p.

* (Case 1). Suppose a1 is divisible by p. Then at least one of a1, as, - - - , ax, axi1,
namely a1, is divisible by p.

* (Case 2). Suppose ajas - ... - ay is divisible by p. Then, by P(k), at least one
of ai,asq, ..., a; is divisible by p. Therefore at least one of aq,as, - - , ar, apyq is

divisible by p.
Hence P(k + 1) is true.

« By the Principle of Mathematical Induction, P(n) is true for any n € N\{0, 1}.





