Mathematical Induction 2

Prove by Mathematical induction,

P(n):% < % where n eN.
PO = G
For P(1), LHS=——=><-=RHS, . P(1)istrue.
Assume P(Kk) is true for some ke N, that is, ﬁ < % ......... (D)
ForP(e+ D), 50 = 5 X e = 2o X e Y

_ 135..2k=1) [(2k+1) ] [135 (2k— 1) (2k+1) 2k

T 24.6..(2k) 2(k+1) (2k+1) 2.4.6..(2k) 2(k+1) 2k+1)

_ 135.Qk-D@k+1) 2k _ 13.5.Qk-1)(2k+1) _ 135..2k=DQk+1)
T 24.6..2002K+D] T 2k+1 T 2.4.6..2K)[2(k+1)] T 24.6..20[2(k+1)]

P(k + 1) is true.
By the Principle of Mathematical Induction, P(n) is true Vv n e N.

Prove by mathematical induction:

12422432+ -+ (2n)? = w for the first 2n positive integers.

Let P(n):1% + 22 + 3% 4 - + (2n)? = 220D
12M+1¢Em+1)
- .

For P(1):1> +2?2=5= ~ P(1) istrue.

Assume P (k) istrue for some k € N, thatis

kQk+1)(4k+1)

12422432+ 4 (2k)% = - (D)
For P(k + 1):
124224324+ + (22 + Rk + D% + 2k + 1))2

_ kQk+1)(4k+1)

XD 1 2k + 1% + (20 + 1), by (D).

=2 [k (4k + 1) + 32k + D] + 4(k + 1)?

2k+1
el

4k? + 7k + 3] + 4(k + 1)? = —(2k + 1)(k + 1)(4k + 3) + 4(k + 1)

= g(k + D2k + 1) (4k + 3) + 12(k + 1)] = 7 (k + 1)[8k? + 22k + 15]



_1 _ (k+D[2Kk+1)+1][4(k+1)+1]
== (k+ 1)(2k + 3)(4k +5) = .

.~ P(k+ 1) istrue.
By the Principle of mathematical induction, P(n) istrue forall n € N.

Prove by mathematical induction: ~ 6|(n® —n) for all natural values of n.

Let P(n): (1) n®+n=2a,
(2) n® —n=6b, where a,,b, €Z.
For P(1): (1) 12+1=2=2x%x1,a,=1
(2) 3-1=0=6x0, b; = 0.
~ P(1) istrue.
Assume P(k) istrue for some k € N, thatis
k2 +k = 2ay ... (i)
k3 —k = 6by, ...(ii) where a, b, € Z.
For P(k + 1):
D k+D2+k+1D)=(k*+2k+D)+k+1)=*k>+k)+2(k+1)
=2a, +2(k+1) ,by (i)
=2(a, +k+1) =2a;44
2 k+1D)3—(k+1)=(k3+3k>+3k+1)—(k+1)
= (k3 —k)+3(k*+k)
= 6b, + 3(2a;) = 6(b, + a;) = 6by41
&~ P(k+ 1) istrue.
By the Principle of mathematical induction, P(n) istrue forall n € N.
Therefore ~ 6|(n® —n) for all natural values of n.

Prove that (9" — 8n — 1) is divisible by 8 for all non-negative integers, n .

Let P(n):9" —8n — 1 = 8a,, where a, € Z,n € NU {0}.
For P(0):9° —8(0) —1=—-8=18ay, ay = —1
Assume P(k) istrue for some k € N
We have 9% — 8k — 1 = 8a, ... (1)
For P(k + 1),
9k+1 —8k+1)—1
=9(9% — 8k — 1) + 64k
= 9(8ay) + 8(8k) by (1)
= 8(9qy + 8k) ,
= 8ay.41
& P(k+ 1) istrue.
By the Principle of mathematical induction, P(n) is true forall n € NU {0}.
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