
COT 3100 Recitation #7: Exam #2 Review - Induction Solutions 

10/17-10/21/2016 

 

1) Use induction on n to prove that 42n – 15n – 1 is divisible by 225 for all non-negative integers 

n. 

 

Solution 

Base case: n=0. The expression evaluates to 42(0) – 15(0) – 1 = 0, which is divisible by 225.  

 

Inductive hypothesis: Assume for an arbitrary integer n=k that 42k – 15k – 1 is divisible by 225. 

Namely, assume that 42k – 15k – 1 = 225a for some integer a.  

 

Inductive step: Prove for n=k+1 that 42(k+1) – 15(k+1) – 1 is divisible by 225. Namely, show that 

42(k+1) – 15(k+1) – 1 = 225b, for some integer b.  

 

42(k+1) – 15(k+1) – 1 = 42k+2 – 15k – 15 – 1  

                                 = 4242k – 15k – 16  

                                 = 16(42k) – 15k – 16  

                                 = 16(42k) – (16)15k – 16 + 15(15k), add/subtracting 15(15k) 

                                 = 16(42k – 15k – 1) + 225, factoring out 16 from the first 3 terms 

                                 = 16(225a) + 225, using the inductive hypothesis  

                                 = 225(16a+1),  

 

Since a is an integer, let b = 16a + 1, and we are done. Thus, for all non negative integers n, 42n – 

15n – 1 is divisible by 225. 

 

 

2) Using induction on n, prove that the following formula is true for all positive integers n. 
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Solution 

Base case: n = 1 LHS = 1
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Inductive hypothesis: Assume for an arbitrary integer n=k that  
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Inductive step: Prove for n=k+1 that 
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3) Use induction to show that 
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Solution 

Base case: n=1 LHS = 
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Inductive hypothesis: Assume for an arbitrary integer n=k that 
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Inductive step: Prove for n=k+1 that  
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Thus, it follows that the assertion is true for all positive integers n. 

  



4) The nth Harmonic number, denoted Hn is defined as follows: 
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Prove that the following equation is true for all positive integers n, using induction on n: 
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Solution 

Base case: n=1 LHS = 
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    Thus, the equation holds for n=1. 

 

Inductive hypothesis: Assume for an arbitrary n=k, that  

 







k

i

kHk
i

i

1

1)1(
1

 

 

Inductive step: Prove for n=k+1 that 

 

2

1

1

1)1( )2()1)1((
1







 


 k

k

i

k HkHk
i

i
 

 

 


  









1

1 1 2

1
)

1
(

1

k

i

k

i k

k

i

i

i

i
 

     
2

1
)1( 1




 

k

k
Hk k  

     
2

12
)1( 1




 

k

k
Hk k  

     
2

1

2

2
)1( 1







 

kk

k
Hk k  

     
2

1
1)1( 1


 

k
Hk k  

     )
2

1
()2( 1


 

k
Hk k  

     2)2(  kHk , proving the formula true for all positive integers n.



5) Use induction on n to prove the following inequality for all positive integers n: 
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Solution 

Base case: n=1 LHS = 4333 10
1
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    So, LHS < RHS and the base case holds for n=1. 

 

Inductive hypothesis: Assume for an arbitrary integer n=k that 
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Inductive Step: Prove for n=k+1 that 
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6) The Fibonacci numbers are defined as follows: F0 = 0, F1 = 1, Fn = Fn-1 + Fn-2 , for all integers n 

> 1. Prove the following formula for all positive integers n: 
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Solution 

Base case: n=1 LHS = 0
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Inductive Hypothesis: Assume for an arbitrary integer n=k that 
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Inductive Step: Prove for n=k+1 that 
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