Mathematical Induction 1
Provethat 2 + 22 +23 + ... 42" =2n+l _ 2

Let P(n) be the proposition : 24224234420 =20*1 -2
For P(1), LHS=2=2"—2=RHS, ..P(1)is true.
Assume P(Kk) is true for some natural number k, that is,
2422423 442k =212 ... (1)
ForP(k+1), 2+224+23 + - +2F + 2K+1 = (2 + 22 4+ 23 + ... + 2F) 4 2k+1
— (2k+1 _ 2) + 2k+1’ by (1)
=2x2k1 2
— 2k+2 _ 9
P(k + 1) is true.
By the Principle of Mathematical Induction, P(n) is true for all natural numbers, n.

Prove by Mathematical Induction: Y*'i(i + 1) = W' for all integers n > 2.

Let P(n) be the proposition : i+ 1) = w, for all integers n > 2.

2x(2-1)x(1+1)

For P(2), LHS=1(1+1)=2= 2

=R.H.S., ..P(2)istrue.

Assume P(K) is true for some integerk,k > 2. thatis,Y<-li(i + 1) = w ...... (D

k(k—1)(k+1)

ForP(k+1), ¥ i+ D) =Y1tii+D+kk+1) = :

+ k(k + 1),by (1)

_k(k+1)
-3

[(k— 1) +3] =22 (k +2)

_ e+ D[k+1D)—-1][(k+1)+1]
3

P(k + 1) is true.
By the First Principle of Mathematical Induction, P(n) is true for integers n > 2.

Prove 13+33+53+-.4+ 2n+1)3 = (n+ 1)?(2n? + 4n + 1) by mathematical induction.

Let P(n):13+33+53 4+ 4+ 2n+1)3= (n+1D*@2n%+4n+1)
For P(1) ,LHS.= 13+33 =28, RHS.= (1+1)?[2(1%) +4(1)+1] =28
~ P(1) istrue.
Assume P(k) istrue for some k € N, thatis
134334534+ 4+ 2k+1)° = (k+1)?Qk*>+ 4k +1)...(0)
For P(k + 1),



13+33+53+-4+ Qk+1)3+ 2k +3)3
= (k+1)?Qk*+4k+1)+ 2k+3)3..(2) , by
Now, writing u = k + 1, then
(k +1)? =u?
2k2 +4k+1=2(u—-1D?*+4u—-1D+1=2u*-1
Rk+3¥=Ru-D+3P¥=Qu+1)3=8u+12u*+6u+1
By (2), 13+33+53+--+ (2k+1)3+ (2k +3)3
=u?Qu® -1+ @Bud+12u? +6u+1)
= Qut— u)+ Bud+12u® +6u+1)
=2ut+ 8ud+11u? + 6u+1
= (u+1)?Qu?+4u+1) (useFactor Theorem)
&~ P(k+ 1) istrue.
By the principle of mathematical induction, P(n) istrue forall n € N.

Prove 12+32+52+ .-+ (2n—1)? = %n(Zn — 1)(2n + 1)by mathematical induction.

Let P(n):12 +32+5%2 4+ (2n—1)? = %n(Zn ~D2n+1)

For P(1) ,LHS.=12 =1 ,RHS. =§ x1x1x3=1 - P(1) is true.

Assume P(k) istrue for some k € N, thatis
12432452 4 o4 2k — 1)2 = %k(Zk — 1)@k +1)..(1)

For P(k + 1),
12432 +52+ -+ 2k —1)? + 2k + 1)?

= ~k(2k = 1)(2k + 1) + (2k + D, by (1)

- %(Zk + D[k(k = 1) + 32k + 1)]

= §(2k + 1)[2k? + 5k + 3]

= §(2k +1)(k + 1)(2k + 3)

=§ (k+ D[2(k + 1) — 1][2(k + 1) + 1]

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



2
Prove 13 +23+33+ .-+ n3 = [@] by mathematical induction.

2
Let P(n):13+23+3%+..4+ n3 = [@]

For P(1) ,LHS.= 13 = 1, RHS—[lXZ] =1

~ P(1) istrue.

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

2
13425+ 33 44 k3 = [FE

For P(k + 1),
134+23+33++ K3+ (k+1)3

- ["(";”]2 + (k+13, by(D)

("“) [k2 + 4(k + 1)]

(k+1)

(k + 2)?

_ [(k+1)[(12<+1)+1]]2

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