
Overview: Proof techniques 
Direct proof 

You go in logical steps from the assumption to the conclusion. 
Counter-examples 

To disprove a “for all” statement, you provide a single instance for  

which the property is not true. 
Proof by contradiction 

You assume that the negation is true, and come to a contradiction. 
Contrapositive proof 

Instead of p->q, you prove (not q)->(not p) 
Biconditional proof 

To prove a p<->q statement, you need to prove p->q AND q->p 
 

TODAY: Proof by induction 
Book: Chapter 1, section 1.6 
 



Q: Can you calculate the sum 1+2+3+….+(n-1)+n 
(with n a natural number)? 
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Mathematical induction  
proof technique for statements of the form  •

Two steps: 

Base case: proof of P(N)  1.

(the statement holds for the first number, the first domino falls) 

2. Induction step: proof of (for all n>N) (P(n)->P(n+1)) 

(If the n-th domino falls, so does the (n+1)-th) 
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Proof by induction

Base ease PC is true 4 1 3 3 is divisiblehyt
Induction step P x 0 PAH V X E IN
PIX 4 1 is divisible by 3 induction

hypothesis

PCH 4
1
I is divisible by 3

4
1
1 4.4 1 3.4 4 I

3k assumption
3 h't k multiple of 3

4 4 3M G 309 G

8n 2 N : 4n ¡ 1 is divisible by 3



A country has two types of coins: 3 cent and 7 cent. Prove that you can 

make all sums of money starting from 12 cent (up to 1 cent accuracy) 

from these coins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 if we have 2 3

412 3 3 2 3 23
13 3 3 781 3 3

atleast we can

tbh z7 d so Ic up
Sir a 373 3 330 2.7 8 3 2 if

we have 2 7
16 3
17 7 7 3 atleast we can

18 6.3 80 I c up
Gia 4.3 72 3 we always havei 2 7 or 2 3

negation max
1 7 Max 1 3
Cannot add up
to 12 or more



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Proof by induction

Base case PC12 holds
12 3 3 3 3

gnduction step Pla Plate

1 q has

Iff
or 2 coins of 3 atleast

r u s r a s is impossible as 92,1

2 if r is true then we can replace 2 7 by 5 3
3 if s is true then

we can replace 2 3 by f

in both cases we can make qtl



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

negation
Fx Ky x's y

this statement is false so we prove the
negation
how to start

try x 1 Then 122 2 Ts doesnot work
X 2 o 23 a 32 s doesnot work
x 3 2 32 33133 435 34 53 35

this might work

so we try to prove tyEN y33
we already know PC 3 l ok for y 1

234 32 ok for y 2

33 33 on for y 3

we use induction for y 3

8x 2 N; 9y 2 N : xy < yx



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Base case y 3 33 I 33 is true

Induction step Ply o Plym ty 33
Ply y 39 induction hypothesis

Ply ti 113 38 1

LHS RHS

strategy we go from LHS to Rits using the
induction hypothesis

ya y 3g 3g I

f 34 By 3g 1 induction hypothesis
E 39 t y

3
By I I since y 73 y 2 3g

I 39 39 By I Cinduction hyp
f 30 39 t y ly 34 1 ES y 3g31

yCy 3 3139 39 3
since y 73

3 39

E 39
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End of chapter 1:  
Logic and proofs. 

We already completed 1/3 of the 
course. 
Tomorrow: set theory 

 

 

 

 

 

 

 


