MAS383 Foundations in Mathematics
Lesson 23: Induction Practice Problems

Prove the following statements by induction.
1. Fasy

T
(a) For all n € N, Z 9f = ot 1,

=0
n-—1

(h) Z(Qz +1) = n* for all n € N.
=0

(First, be sure you understand why this is the same as proving that the sum of the first n

odd positive integers is n”.)
2. Medium

(a) 3" < n! for all integers n > 7.

o3t —1)
(h) Z 3.5 = S0 1) 1 ) for all n € N.

i=0

(¢) For all integers n > 1, 3|(2°" — 1).

741
(d) E §20 = 2" 2 for all integers n > 0.
i=1
3. Difficult
(a) 2" > n? whenever n is an integer greater than 4. (Hint: We proved an exercise using induction
in class that you can/should use within your proof)

(b) n! < n” for all integers n > 2.
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2 3a
Prove: 2" > 02 VYne Zn > 5
Base Case: Let n = 5, then:
2° =32 and 5% = 25
Since 32 > 25, then the base case is true. /
Inductive Hypothesis: Suppose 28 > k2. where k e Lk > 5. 1f t]
then the & + 1 case must also be true. Hence the objective is
ShA4-1 . 2
2K > (e 4 1)
Using the Inductive Hypothesis yields:
2k > (k)?
Using a previously established inequality:

k2 > 2k 4 1, thus
A I |
2842k S k2 ok 41
228y > (k +1)?
254 (1)

Thus, the Theorem is true by induction.,,

s i true,
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