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Answer ALL questions. 

PART A — (10 × 2 = 20 marks) 

1. When do you say that two compound propositions are equivalent? 

2. Define Tautology with an example. 

3. Does there exists a simple graph with the degree sequence { }2,3,3,3,3 ? 

4. State the Pigeonhole principle. 

5. Define strongly connected graph. 

6. Define complete graph. 

7. Prove if a has inverse b  and b  has inverse c , then ca = . 

8. Prove that identity element is unique in a group. 

9. Define lattice homomorphism. 

10. When is a lattice said to be a Boolean algebra? 

PART B — (5 × 16 = 80 marks) 

11. (a) (i) When do we say a formula is tautology or contradiction? Without 
constructing truth table, verify whether ( ) ( )QPQPQ ∧∨∧∨  
is a contradiction or tautology. Justify your answer. (6) 

   (ii) Prove that 2  is irrational by giving a proof by contradiction. (10) 

Or 
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 (b) (i) Let m  and n  be integers. Prove that 22 mn =  if and only if nm =  or 
nm −= . 

   (ii) Write down the negation of each of the following statements : 

    (1) For all integers n , if n  is not divisible by 2, then n  is odd 

    (2) If nmk ,,  are any integers, where ( )mk −  and ( )nm −  are 

odd, then ( )nk −  is even. 

    (3) For all real numbers x , if 73 <−x , then 104 <<− x . 

    (4) If x  is real number where 162 >x , then 4−<x  or 4>x . 

12. (a) (i) Use mathematical induction to show that 

1222222 13210 −=+++++ +nn , for all non-negative integers n .(8)   

   (ii) State the Inclusion and Exclusion principle. Hence, using the 
principle, find how many faculty members can speak either French 
or Russian, if 200 faculty members can speak French and 50 can 
speak Russian, while only 20 can speak both French and Russian. 
    (8) 

Or 

 (b) (i) Solve the recurrence relation, ( ) ( ) ( )121 −+−= nnSnS  with 

( ) 30 =S , ( ) 11 =S  by finding its generating function.  

   (ii) Prove by mathematical induction that for every positive integer n , 

3 divides nn −3 . 

13. (a) (i) Draw the complete graph 5K  with vertices EDCBA ,,,, . Draw all 

complete subgroup of 5K  with 4 vertices. 

   (ii) If ( )*,1S  and ( ),2S  are two semigroups such that 21: SSf →  is an 

onto homomorphism and a relation R  is defined on S , Such that 
( ) ( )bfafaRb =⇔  for any 1, Sba ∈  then R  is a congruence relation. 

Or 

 (b) (i) Define :  

    (1) Adjacency matrix and 

    (2) Incidence matrix of a group with examples. 

   (ii) Prove that any undirected graph has an even number of vertices of 
odd degree. 
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14. (a) (i) Prove that the group homomorphism preserves the identity 
element. 

   (ii) Let f  be a group homomorphism from a group ( )*,G  into a group 
( )Δ,H  then prove that ( )fker  is a subgroup. Check whether ( )fker  
is a normal subgroup of ( )*,G . Justify your answer. (8) 

Or 

 (b) (i) State and prove Lagrange’s theorem.  

   (ii) Show that the union of two subgroups of a group G  is subgroup of 
G  if and only if one is contained in other. 

15. (a) (i) Let ( )≤,L  be a lattice. For any Lba ∈, , 
bbaababa =∨⇔=∧⇔≤ .  

   (ii) Draw the lattice of (S, gcd, lcm) where xxS :{=  is a divisor of 210}. 

Or 

 (b) (i) Show that ( )≤,N  is a partially ordered set where N  is set of all 
positive integers and ≤  is defined by nm ≤  iff  mn −  is a  
non-negative integer.  

   (ii) Prove that ( )∨∧,,L  is not a complemented lattice (under division 
relation) where { }12,6,4,3,2,1=L  and also draw the Hasse 
diagram. 

————————— 
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PART-A (10×2=20 Marks)

1. Show that {¬,∧} is a functionally complete set of connectives.

2. Write the negation of the statement ∀(x2 > x) ∧ ∃x(x2 = 4).

3. Using the principle of mathematical induction, show that 1 + 3 + 5 + . . . + (2n − 1) = n2,
∀ n ≥ 1.

4. In how many ways a foot ball team of eleven players can be chosen out of 17 players, when

(i) five particular players are to be always included.

(ii) two particular players are to be always exclued.

5. Obtain the adjacency matrix of the complement of the graph K1,4.

6. Check whether the complete bipartite graph K3,3 is Hamiltonian or Eulerian.

7. In a group (G, ∗), show that (a ∗ b)−1 = b−1 ∗ a−1, ∀ a, b ∈ G.

8. Show that if every element of group is self-inverse then it must be abelian.

9. Show that in a partially ordered set (A,≤), if greatest lower bound of a subset S ⊆ A exists,
then it must be unique.

10. In a lattice (L,≤), show that a ≤ b, if and only if a ∗ b = a.

PART-B (5×16=80 Marks)

11. (a) (i) Use the indirect method to show that

R→ ¬Q, R ∪ S, S → ¬Q, P → Q =⇒ ¬P

(8)

(ii) Show that the premises ”A student in the class has not read the book” and ”Every
one in this class passed the semester exam” imply the conclusion ”Some one who
passed the semester exam ”has not read the book”. (8)
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(OR)

(b) (i) Using indirect method, prove the following statements.

(A) If n is an integer and 3n + 2 is odd, then n is odd. (4

(B) If n = ab, where a and b are positive integers, then a ≤
√
n or b ≤

√
n. (4

(ii) Construct an argument to show that the following premises to show that the fol-
lowing premises imply the conclusion ”It rained”. ”If it does not rain or if there is
no traffic dislocation, then the soports day will be held and the cultural programme
will go on”; ”If the sports day is held, the trophy will be awarded” and ”The trophy
was not awarded”. (8)

12. (a) (i) Solve the recurrence relation an = 2(an−1 − an−2), where n ≥ 2 and a0 = 1,
a1 = 2. (10)

(ii) Prove that every positive integer n ≥ 2 is either a prime or it is a product of
primes. (6)

(OR)

(b) (i) Determine the number of positive integers n, 1 ≤ n ≤ 2000 that are not divisible
by 2, 3, or 5 but are divisible by 7. (10)

(ii) An odd positive integer n such that m denotes 2n − 1. (6)

13. (a) (i) State the necessary condition for two graphs to be isomorphic. Show that the
following two graphs are isomorphic. (10)

(ii) State and prove Hand-Shake lemma for graphs. (6)

(OR)

(b) (i) When do we say a graph is self-complementary. If a graph G is self-complementary
then prove that |V (G)| ≡ 0 1 (mod4) (6)

(ii ) Let G be a graph with S(G) ≥ |V (G)|
2

and |V (G)| ≥ 3. Then prove that G is

Hamiltonian. (6)

14. (a) (i) IF (G, ∗) is a finite group, then prove that order of any subgroup divides the order
of the group. (10)
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(ii) Prove that group homomorphism preserves identity and inverse. (6)

(OR)

(b) (i) Obtain the composition table of (S3,♦) and show that (S3,♦) is a group/ Check
whether (S3,♦) is abelian. Justify your answer. (10) (8)

(ii) Show that in a cycle group every subgroup is a normal subgroup. (6)

15. (a) (i) Lat (A,R) be a partially ordered set. Then show that A,R−1) is also partially set,
where R−1 is defined as R1− = {(a, b) ∈ A× A/(b, a) ∈ R}. (6)

(ii) Show that in a lattice ”isotone property” and ”distributive inequalities” are true. (10)

(OR)

(b) (i) Show that in a distributive lattice cancellation law is true. Hence, show that in a
distributive lattice if compliment of an element exists then it must be unique. (6)

(ii) Show that the complemented and distributive lattice, the following are true.

a ≤ b⇔ a ∗ b′ = 0⇔ a′ ⊕ b = 1⇔ b′ ≤ a′

(10)

∗ ∗ ∗ ∗ ∗ ∗ ∗
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