(1)
Use induction to prove or disprove the following identity:
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Prove by induction on n, starting with n=1.
Base case: show 1(1!) = (1+1)!-1.
1 = 1. OK.

Inductive hypothesis: assume 
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Prove that 
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((k+1)!-1) + (k+1)(k+1)! by inductive hypothesis.
(k+1)! + (k+1)!(k+1)-1

(k+1)!(k+2)-1. OK.
(2)
Explain what is wrong with the following proof by induction.
“Show: for all natural numbers x, if x ≥ 1, then x2 + x is odd.

Assume the definition: “y is odd” ( “there exists an integer z such that y = 2z + 1.”
Prove by induction on x, starting with x = 1.

Base case: Show: 1 is odd.

1 = 2 · 0 + 1, so 1 is odd, by definition.

Inductive hypothesis: Assume k2 + k is odd. (That is, for some n, k2 + k = 2n + 1.)
Show: (k+1)2 + (k+1) is odd.

(k+1)2 + (k+1) = (k2 + 2k + 1) + (k + 1)

= (k2 + k) + (2k + 2)

= (k2 + k) + 2(k + 1)

By the inductive hypothesis, (k2 + k) = 2n + 1, for some integer n. Therefore:

(k + 1)2 + (k + 1) = (2n + 1) + 2(k + 1)

= 2(n + k + 1) + 1

Therefore, (k+1)2 + (k+1) is odd, by definition.”
For this proof, the inductive hypothesis is correct. The only problem is, the base case proves that 1 is odd, not that the function is odd where 1 is the input. In fact, where x = 1, x2 + x is even.

(3)
Packets of ramen at the Sam’s Club are sold in sets of three for “Top Ramen” brand, and sets of four for “Myojo” brand. Use induction to prove that it is possible to buy any number of ramen packets greater than 11.
Notation: let t = the number of Top Ramen sets bought, and let m = the number of Myojo sets bought. Then the total number of packets bought n = 3t + 4m.

Base Case: this problem has more than one condition that cannot be proved by induction, so the base case must cover all these conditions.

First condition: n = 12. This can be done with t = 4 and m = 0.

Second condition: n = 13. This can be done with t = 3 and m = 1.

Third condition: n = 14. This can be done with t = 2 and m = 2.

Inductive Hypothesis: For all n > 11, s(n) = “n packets can be bought.” Assuming that s(k) is true, prove that s(k+3) is true.
( t and m | k = 3t + 4m
( k + 3 = 3(t + 1) + 4m

To any given combination of t and m called k, we can add another t and increase k by 3. Since we made the base case cover the conditions where n mod 3 = 0, n mod 3 = 1, and n mod 3 = 2, this covers all possible cases of n.
(4)
The Fibonacci sequence is one that appears often in nature, such as in the scales of a pinecone or the spiral of a conch shell. It is defined as follows for any non-negative integer n:

	Fib(n) = {
	0, if n = 0

	
	1, if n = 1

	
	Fib(n-1) + Fib(n-2), if n > 1


Use induction to prove or disprove that 
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 whenever n > 0.
Prove by induction on n, starting with n=1.
Base case: when n = 1, show Fib(2 * 1 – 1) = Fib(2 * 1)
Fib(1) = Fib(2)

1 = 1, by definition of Fib(). OK.

Inductive hypothesis: assume for an arbitrary integer n = k > 0, 
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Show that 
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= Fib(2k+2).
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= Fib(2k) + Fib(2(k+1) -1)

= Fib(2k) + Fib(2k+1)
= Fib(2k+2) by definition of Fib(). OK.
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