Solution Set of Induction

2. For every integer n € N, it follows that

12422432442 4.4 py? = n(n+1)2n+1)

6
Proof. Suppose S(n) : 12 +224+32 442 ... 4 n? = %(znm,forn >1. We
need to show that Vn > 1,5(n) is true.

Basic step: when n = 1, then 12 = w =

Inductive step: Suppose that when S(k) : 12422 +32 442 ... + k% =
is true.

We want to prove that S(k-+1) : 12422432442 .. k2 + (k+1)? w
is true.

Lhs=12422432 4424 4 K24 (k+1)2 = HEDOED 4 g4 q)2
(k+1) (k( 2k+l)+6(k+1))
(k+1)(2k2+2+6k+6)
(k+1)(k+2 (2k43)

1. Therefore, S(1) is true.

k(k+1)(2k+1)
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= rh.s
(1)
Thus, S(k+1): 12422432442 4o 4 &2 4 (k+1)2 = EEDEDEES) 50 4.
Thus by the principle of mathematical induction Vr > 1,5(n) is true. O

4. IfneN, then 1%24+2+3+3%4+4%5+- - fn(n 1) = 22
Proof. Suppose S(n) : 1%24+2+3+3%4+4%5+---+n(n+1)= w,
for n > 1. We need to show that Vn > 1,S(n) is true.
Basic step: whenn =1, then 1 x2 =2 = w = 2. Therefore, S(1) is
true.
Inductive step: suppose that when S(k) : 1%2+2%3+3%4+4x5+---+k(k+
1)= w is true. Thus, we want to prove that when S(k+ 1) : [ x2+2x

3434445+ +k(k+ 1)+ (k+1)(k+2) = w is true.

Lhs.=1%242+3+43%4+4%54+--+k(k+1)+(k+1)(k+2)
= M) 4 (k1) (k+2)
_ (k1) (k(k+2)+3(k+2))
(k+1) (k2 +23k+3k+6) (2)
(

_ (k+1) k+2)(k+3)
- 3

=rh.s

Thus by the principle of mathematical induction Vr > 1,5(n) is true. O



16.

30.

For every natural number #, it follows that 2" +1 < 3™,

Proof. Suppose S(n) : 2" +1 < 3", for n > 1. We need to show that Vn > 1,5(n)
is true. Basic step: when n = 1, then 2! +1 = 3 < 3!. Therefore, S(1) is true.
Inductive step: suppose that when S(k) : 2k + 1 < 3k is true. Thus, we want to
prove that S(k+ 1) : 251 1 < 351 is true. Lh.s. =281 41 =252k 41 =
kb 1428 <3k 428 < 3K 42530 = 3K = s,

Thus, S(k+1) : 241 4 1 < 381 s true.

Thus by the principle of mathematical induction Vn > 1,S(n) is true. 0

Here F,, is the nth Fibonacci number. Prove that
(H8) - (5B)
V5

Proof. We know that Fibonacci number is calculated by the following equation:

F, =

Fn:Fn71+Fn72an23

with Fi =1, F = 1.

(L@)n_(ﬂ) .
Suppose F,, = 7 for n > 1. We need to show that Vn > 1,F, is
true.
. (M)l (1 \/§>1
Basic step: F; = T =1,whenn=1.
(M)2,(177\5)2
P = % =1, when n = 2. Therefore, F},F, are true.
; i i
Inductive step: Suppose that F;, = % holds for any m , where
(7\/§)k+l_<i)k+l
1 <m <k, and we want to prove that F | = 7 Z holds.
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Thus, Fj ] = ~—2 7 holds.
. (M)n,(l;ﬁ)n
Thus by the principle of mathematical induction Vn > 1, F, = ~—2 75 2 is
true. O



