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                                                    UNIT I LOGIC AND PROOFS 

                                                                          PART-A 

1. What are the contra positive, the converse, and the inverse of the conditional statement," If  

      you work hard then you will be rewarded."    

2. Find the truth table for the statement P→Q.  

3. Define Tautology with an example.  

4. Define a rule of Universal specification.  

5. Using truth table, show that the propositions p  (pq) is a tautology.  

6. Write the negation of the statement ( x) (y) p(x,y).  

7. Show that the propositions pq and  p  q are logically equivalent.  

8. Give an indirect proof of the theorem  If 3n+2 is odd, then n is odd.  

9. Define universal and existential quantifiers.  

10. Does P→(P⇒Q) form a tautology.  

11. Explain the two types of quantifiers through example.  

12. Without using truth table show that P→(Q→P)   P→(P→Q).  

13. Show that (P→(Q→R)) → ((P→Q)→(P→R)) is a tautology.    

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

15. Prove that P, P→Q, Q→R⇒R.  

16. Construct the truth table for  (P  Q) (   P      Q).  

17. Define functionally complete set of connectives and give an example.  

18. Symbolize the statement, ' Given any positive integer ,there is a greater positive integer'. 

19. Rewrite the following using quantifiers.' Some men are genius'.  

20. Symbolize the expression 'All the world loves a lover'.  

21. What is duality law of logical expression? Give the dual of (P   F)  (Q  T).  

22. Express the statement, ' Some people who trust others are rewarded ' in symbolic form.  

23. How many rows are needed for the truth table of the formula (p    q)  ((  r  s)  t). 

24. Show that ( ) ( ) ( )p r q r and p q r      are logically equivalent. 

25. Find a counter example, if possible, to these universally quantified  

26. Is ( ( ))p q p q q   a tautology.  
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27. Let E = 1,0,1,2 denote the universe of discourse. If  p(x ,y):  x + y=1,find the truth value of    

        ( )( ) ( , ).x y p x y   

28. Give the truth value of .T T F   

29. Write the symbolic representation of „if it rains today, then I buy an umbrella‟.  

30. Construth the truth table for the compound proposition ( ) ( ).p q p q     

31. Give p = 2,3,4,5,6 , state the truth vale of the statement ( )( 3 10)x p x       

32. Express A B   in terms of the connectives , .  

33. Give the contra positive statement of the statement “If there is rain , then  I  buy an umbrella”. 

34. What are the contra positive the converse, and the inverse of the conditionl statement.”If you work hard     

       then you be rewarded”.  

35. Define proposition.  

36. Give the symbolic form of “some men are giant”  

37. Find the truth value of         if the universe of discourse consists of all real numbers.Also write   

     The negation of the given statement.  

38. If the universe of discourse consists of all real numbers then translate the following formula into a   

      Logical statement  

39. Construct the truth table for the following P^ (P^Q).  

40. Let Q(x,y,z)denote the statement  x + y = z defined on the universe of discourse Z, the set of all    

     integers. What are the truth values of the propositions Q(1,1,1) and Q(1,1,2).  

41.If the universe of discourse consists of all real numbers and if  p(x) and q(x) are given by  

                            then determine the truth value of                        

42. Write the contra positive of the implication. IF it is „Sunday then it is holiday‟  

43.Construct the truth table for        

                                                                  PART-B 

1. Prove that √  is irrational by giving a proof by contradiction.  

2. Show that ( P→R) (Q↔P) = (P Q R)  (P    Q R)  (P     Q   R) ( P   Q   R)
 

         ( P  Q v R).   

3. Prove that ( x) (p(x) v q(x))  (  x)p(x)  ( x) q(x).                                                                                 

4. Show that the hypothesis," It is not sunny this afternoon and it is colder than yesterday", "we will go  

    swimming only if it is sunny ","If we do not go swimming. then we will take a canoe trip" and "If we  

     take a canoe trip, then we will be home by sunset" lead to the conclusion "we will be home by  

      sunset".           

5. Find the principal disjunctive normal form of the statement, (q  (p r))   ((p r)  q).   

6. Determine the validity of the following argument:  If 7 is less than 4, then 7 is not a   

     prime number, 7 is not less than 4 , therefore  7 is a prime  number.                       
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3 7. Verify the validity of the following argument .Every living thing is a plant or an animal. John‟s gold  

        fish is alive and it is not a plant .All animal have hearts, Therefore John‟s gold fish has a  

        heart.  

8. Using indirect method of proof, derive ps from the premises p(qr) ,qp, sr and p.    

9.  Show that the statement every positive integer is the sum of the squares of three integers is false. 

10.   Without using the truth table prove that ( P   Q)  (P  (P  ))   P  Q.  

11. Show that the conclusion  xP(x) →  Q(x) follows from the premises  

       x(P(x)  Q(x)) → y(R(y)→S(y)) and   ( y(R(y)  S(y))    

12. Prove the following equivalences by proving the equivalences of the dual  

         ((  P  Q)      P   Q))  (P Q)   P.  

13.  Without using truth table find the PCNF and PDNF of P→ (Q   P)      ( P→ ( Q    R)).  

14.  Show that (P→Q)  (R→S), (Q →M)  (S→N),    (M   N) and (P→R) ⇒   P.    

15.  Verify that validating of the following inference. If one person is more successful than another, then  

        he has worked harder to deserve success. Ram has not worked harder than siva.Therefore; Ram is  

        not more successful than siva.  

 16. Prove that the premises a→(b→c) , d→(b     c) and (a  d) are inconsistent.  

 17. Obtain the principal disjunctive normal form and principal conjunctive form of the statement 

          p (  p →(q   ( q→r))).   

18. Establish this logical equivalences, Where A is a proposition not involving any quantifiers. Show that    

                 .xp x A x p x A and xp x A x p x A          

19. Show that ( ) ( )xp x xQ x   and ( ( ) ( ))x p x Q X   are not logically equivalent  

20. Use quantifiers and predicates to express the fact that lim ( )
x a

f x


 does not exist.  

21. Show that ( ) ( )xp x xQ x   is equivalent to ( ( ) ( )).x y p x Q y    

22. Prove that ( ( ) ( ) ( ).p q q r p r      

23. State and explain the proof methods.  

24. Show that ( ) ( ) ( ) ( )( ( ) ( )).x p x xQ x x p x Q x      

25. Prove that the premises , , ,P Q Q R R S S R     and P S  are inconsistent.                                       

26. Show that  R S  can be derived from the premises  ( ),P Q S R P    and Q. ()  

27. Show that ( ( ) ( )) ( ) ( )x p x q x xp x xq x    . Using the indirect method 

28. Write the symbolic from and negate the following statements: 

       (i) everyone who is healthy can do all kinds of work.  

       (ii) Some people are not admired by everyone. 

       (iii) Everyone should his neighbors, or his neighbors will not help him.  

       (iv) Everyone agrees with someone and someone agrees with every one 

29. Without cons trusting the truth tables, obtain the principle disjunctive normal from of 

      ( ) ( )P R Q P   . 
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30. Show that „ 2    is irrational‟  

31. Obtain the principal conjunctive normal form and principal disjunctive normal form of       

      (7 ) ( )P R Q P     By using equivalences.  

32. Use rules of inferences to obtain the conclusion of the following arguments: 

       “Babu is a student in this class, knows how to write programmes in JAVA”. “Everyone who knows     

         To write programmes in JAVA can get a high –paying job”. Therefore, “someone in this class can        

        Get a high –paying job”  

33. Show that p  (p r) and (p  q) or (p r) are logically equivalent  

34. Show that (7 P^ (7 Q^R)) v (Q^R) v (P^R)   R, without using truth table  

35. Show that R^ (P v Q) is a valid conclusion from the premises P V Q, Q  R, P M,  M  

36. Obtain the PDNF and PCNF of (P^Q) V ( P^R)  

37. Show that the following two statements are logically equivalent:”It is not true that all comedians are     

           funny” and “There are some comedians whom are not funny”.  

38. Prove that the conditional statement [           ]        is a tautology using logical   

           equivalences.  

39. Use rules of inference to prove that the premises”A student in this class has not read the book” and   

      “Everyone in this class passed the first exam” imply the conclusion “Someone who passed the 

         first exam has not read the book”. 

40. In an island there are two kind of inhabitants Knights (who always tell the truth) and their opposities,  

       Knaves (who always lie). Let A and B be any two people from that island. A  says “B is a knight” and B   

       says “the two of us are opposite types”. Define exhaustive proof strategy and use it to find the nature of  

       A and B.  

41. Show that using rule C.P,                 . 

42. Find the PCNF of              Also find its PDNF, without using truth table.  

43. Obtain the principal conjective normal form of the formula                     

44. Using indirect method. Show that                               

45. Prove that      (         )                          .  

46. Find the principle disjunctive normal form (PDNF) of (P^Q) V (7P^R) V (QVR) without truth table  

     also Find its principle conjunctive normal form.  

47. Show that if x and y are integers and both x y and x+y are even, then both x and y are even. 

48. Show that (PVQ) ^ 7 (7P^ (7Q ^ 7R)) V (7P^7Q) V (7P^7R) is a tautology without using truth table.   

                                                        UNIT II COMBINATORICS 

                                                                       PART-A 

 

1. In how many ways can all the letters in MATHEMATICAL be arranged.  

2. Twelve students want to place order of different ice-creams in a ice –cream par lour, which has six type  

    of ice- creams Find the number of orders that the twelve students can place.  

3. State Pigeonhole principle.  

4. Solve ak = 3ak-1 , for k ≥ 1,with a0= 2. 
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5 5.  Find the number of non-negative integer solutions of the equation x1+x2+x3 = 11.  

6. Find the recurrence relation for the Fibonaccai sequence.  

7.  Write the generating function for the sequence 1,a,a
2
,a

3
,a

4
,….  

8.  Use mathematical induction to show that n  2 
n-1

.  

9. How many students must be in a class to guarantee that atleast two students receive the same score on  

      the final exam if the exam is graded on a scale from 0 to100 points?  

10.  What is the solution of the recurrence relation                     

11. What is the product rule in principles of counting?  

12. Find the recurrence relation for the sequence {5
0
,5

1
,5

2
,….}  

13. If seven colours are used to paint 50 bicycles, then show that at least 8 bicycles will be the same  

      colour.  

14. Solve the recurrence relation y(k) – 8y(k-1) +16 y(k-2) = 0 for k ≥2,wherey(2) = 16 and y(3) = 80. 

15. Find the recurrence relation satisfying the equation yn = A (3)
n
 + B(-4) 

n
.  

16. How many positive integers not exceeding 100 that is divisible by 5?  

17. Find the number of distinguishable permutations of the letters in SCIENCE?   

18. Write an explicit formula for an if an = 3 an-1 and a1 = 2.  

19. How many different bit strings are there of length seven?  

20. Find the number of arrangements of the letters in MAPPANASSRR. Also find how many of these  

       arrangements have no adjacent A‟s?  

21. What is the number of all the six letters in the word PEPPER?  

22. Use mathematical induction to show that 1+2+3+……….+n =  n(n+1)/2     

23. How many permutations of  , , , , , ,a b c d e f g  and with a?  

24.In how many ways can a  2xn rectangular board be tiled using 1x2 and 2x2 pieces?  

25. State the principle of strong induction  

26. Wat is well ordering principle  

27. State the pigeon hole principle 28. How many permutations are there in the word M I S S I S S I P P I? 

29. How May different word are there in the word ENGINEERING?  

30. How many different word are there in the word MATHEMATICS?  

31. Find the minimum numbers of students need to guarantee that five of them belong to the same subject, if    

          there are five different major subjects?  

32. How many permutations are there in the word “MALAYALAM”?  

33. Find the recurrence relation for the sequence S (n) = a
n 

:  n ≥ 1,  

34. How many cards must be selected from a standard deck of 52cards (4 different suits of equal size) to   

      guarantee that at least three cards of the same suit are choosen?  

35. Write the particular solution of the recurrence relation                  .  

36. How many positive integers n can be formed using the digits 3,4,5,6,6,7 if n has to exceed 50,00,000? 

37. How many permutations can be made out of letter or word “COMPUTER”?  

38. How many solutions does the equation, x1+x2+x3 = 11 have, where x1, x2, x3 are non-negative integers?  

39. Pove that if n and k are positive integers with n =2k, then n! /2
k
 is an integer.  
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40. Solve an- 5an-1 + 6an-2 = 0.  

41. Show that in any group of 8 people at least two have birthdays which falls on same day of the week in    

      Any given year. 
 

                                                                          PART-B    
1. Using generating function, solve the recurrence relation                  where n ≥ 2,   

                  

2. Let m any odd positive integer. Then prove that there exists a positive integer n such that m divides    

            

3. Determine the number of positive integers n, 1≤ n ≤ 2000 that are not divisible by 2, 3 or 5 but are  

    divisible by 7.  

4. State the strong induction (the second principle of mathematical induction).Prove that a positive  

     integer greater than 1 is either a prime number or it can be written as product of prime  

     numbers.   

5. What is the maximum number of students required in a discrete mathematics class to be sure that  

    at least six will receive the same grade if there are five possible grades A, B, C, D and F?  

6.  Prove by the principle of mathematical induction, for n a positive integer,  

                     
            

 
     

7.  Find the number of distinct permutations that can be formed from all the letters of each word  

     (1) RADAR   (2) UNUSUAL.  

8.Solve the recurrence relation ,S(n) = S(n-1) +2S(n-2) , with S(0) = 3 ,S(1) = 1 ,by finding its generating  

    function.   

9.  Use the method of generating function to solve the recurrence relation                
   n ≥ 2  

       Given that a0 = 2 and a1 = 8 

10. State and prove Generalized Pigeon Hole principle.   

11. How many positive integers n can be formed using the digits 3,4,4,5,5,6,7 if n has to exceed   

      50, 00,000?     

12. Suppose that in a basket of 100 apples there are 20 that have warms in then and 15 that have business,  

     only those apples with neither warms not business can be sold if there are 10 bruises apples that have  

     wars in them, how  many of 100 apples can be sold?  

13.  Find the coefficient if x
5
 y

8
 in (x + y)

 13
  

14. There are 2500 students in a college, of these 1700 have taken a course in C, 1000 have taken a course  

      Pascal   and 550 have taken a course in Networking. Further 750 have taken courses in both C and  

      Pascal, 400 have taken courses in both C and Networking, and 275 have taken courses in both             

      Pascal and Networking. If 200 of these students have taken courses in C, Pascal and Networking.  

          (1) How many of these 2500 students have taken a course in any of these three courses C,pascal and    

             Networking? 

         (2)  How many of these 2500 students have not taken a course in any of these three courses C, pascal  

           and Networking?   
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7 15. Use the method of generating function to solve the recurrence relation  
13 1; 1n na a n     

            given that 0 1.a  (April/ May2015)  

16. Find the number of integers between 1 and 250 both inclusive that are not divisisible by of the integers  

        2, 3, 5 and 7.  

17. Prove that the number of subsets of set having n elements is 2n .  

18. Find the number of positive integers  1000 and not divisible by any of 3, 5, 7 and 22.                                   

19. Solve the recurrence relation 1 2 33 3n n n na a a a      given that 0 1 25, 9, 15.a a a         

20. Using induction principle, prove that 
3 2n n  is divisible by 3.  

21. Prove that in a group of six people, at least three must be mutual friends or at least three must be  

      Mutual strangers  

22. Use the method of generating function; solve the recurrence relation 1 23 0; 2n n ns s s n      given  

      0 13 2s ands    

23. Find the solution to the recurrence relation 
1 2 3,6 11 6n n n na a a a     with the initial conditions  

     0 1 22, 5, 15a a a    

24. Use the principle of inclusion –exclusion to derive a formula for ( )n  when the prime factorization of  

       n is 1 2 .

1 2 .............a a am

mn p p p  

25. Use generating function to solve the recurrence relation  ( 1) 2 ( ) 4ns n S n    with S (0) =1, 0.n                     

26. using mathematical induction show that
1

0

3 1
3

2

nn
r

r






 .  

27. There are six men and five women in a room. Find the number of ways four persons can be drawn   

      From the room if (1) They can be male or female,  

                                  (2) Two must be and two women, 

                                  (3) They must all are of the same sex.  

28. Find the number of integers between 1 and 50 0both inclusive that are not divisisible by of the integers  

      2, 3, 5 and 7 

29. Using generating function, solve the recurrence relation                  where n ≥ 2, with   

   initial conditions               

30. Prove that    √   +   √         √            using principle of mathematical induction              

31. Solve G (k) – 7G (k-1) +10G (k-2) =8k +6, for k    

32. How many bits of string of length 10 contain 

         (1) Exactly four 1‟s 

         (2) At most four 1‟s 

         (3) At least four 1‟s 

         (4) An equal number of 0„s and 1„s    

33.A valid code word is an n-digit decimal number containing even number of 0‟s. If    denotes the number   

     of valid code words of length n then find an explicit formula for    using generating functions.              

34. If    denote harmonic numbers, then prove that       
 

 
 using mathematical induction. 
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35. A total 1232 students have taken a course in Spanish,879 have taken a course in French and 114 have  

      taken a course in Russian. Further, 103 have taken courses in both Spanish and French, 23 have taken  

      courses in both Spanish and Russian and 14 have taken courses in both French and Russian. If 2092  

      students have taken at least one of Spanish, French and Russian, how many students have taken a course  

      in all three languages?  

36. Find the number of integers between 1 to 100 that are not divisisible by of the  integers  2, 3, 5 and 7    

37. How many permutations can be made out of the letters of the word „Basic‟? How many of these  

      (1) Begin with B?  

      (2) End with    C?   

      (3)  Band C occupy the end places?  

38. using mathematical induction, prove that every integer       is either a prime number or product of  

      Prime numbers.  

39. using generating function, solve the recurrence relation an+2 –  2an+1 +an=2
n
 ,      where      ,         

      a0=2 and a1=1.  

                                                                UNIT III GRAPHS 

                                                                          PART-A 

1. Obtain the adjacency matrix of the graph given below. 

                                                                                                                           

  

 

  

 

 

2. Give an example of a non Eulerian graph which is Hamiltonian.  

3. Define a regular graph. Can a complete graph be a regular graph?  

4. State the handshaking theorem. 

5. Define isomorphism of two graphs.  

6. Give an example of an Euler graph.  

7. When is a simple graph G bipartite? Give an example.  

8. Define complete graph and give an example.  

9. Define adjacency matrices with an example.  

10. What is the maximum number of edges possible in a planar graph with 8 vertices?  

11. Define Pseudo graph.  

12. Draw a complete bipartite graph of K2,3  and K3,3.  

13.  Define strongly connected graph.  

14. State the necessary and sufficient conditions for the existence of an Eulerian path in a connected  

      graph.  

15. How many edges are there in a graph with 10 vertices each of degree 5? 

16. Define a strongly connected graph.  

17. Define Hamilton path.  
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9 18. The number of odd degree vertices is always even.  

19. Define pendentant vertex in a graph.  

20. State whether the following graphs are isomorphic or not.  

                  

    

    

 

 

21. What do you strongly connected component of a telephone call graph represent?  

22. Give an example of a graph which is Eulerian but not Hamiltonian.  

23. Define a connected graph and a disconnected graph with examples.  

24. Define a complete graph  

25. Draw the complete graph 5K .  

26. Let G be a graph with ten vnuces. If four vertices has degree four and six vertices has degree five, then 

and the number of edges of G.  

27. Draw the graph with the following adjacency matrix[
   
   
   

]  

28. Give an example of self complementary graph.  

29. Can you draw a graph of 5 vertices with degree sequence 1,2,3,4,5?  

30. If G is a simple graph with δ (G) ≥ 
      

 
  then show that G is connected.  

31. Define incidence matrix of a simple graph.  

32. An undirected graph g has 16 edges and all the vertices are of degree 2. Find the number of vertices?     

                                                                           PART-B  

1. Prove that if G is a simple graph with at least three vertices and δ(G) ≥ 
      

 
then G is Hamiltonian. 

2. Let G be a simple undirected graph with adjacency matrix A with respect to the ordering v1, v2,v3,…vn.  

    Prove that the number of different walks of length r from vi to vj equals the (i, j) the entry of A
r
 ,where  

     r is a positive integer.    

3. Check whether the graph given below is Hamiltonian or Eulerian or 2-colorable.Justify your answer. 

 

 

 

 

 

 

 

4. Show that the complete graph with n vertices Kn has a Hamiltonian circuit whenever n ≥ 3. Obtain all  

    the three edge disjoint Hamilton cycles in K7.  

5. Prove that an in directed graph has an even number of vertices of odd degree. 
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 6. Prove that a connected graph G is Eulerian if and only if all the vertices are of even degree.   

      Prove that a given connected graph G is an Euler graph if and only if all the vertex of  G  are of  

      even degree                 

7.  Show that graph G is disconnected if and only if its vertex set V can be partitioned into two  

      nonempty subsets   V1 and V2 such that there exists no edge is G whose one end vertex is in V1 and  

      the other in V2  

 8. Determine whether the following pairs of graphs are isomorphic.  

   

 

 

 

  

9. Describe a graph model that represents marriages between people. Does this graph have any special  

      properties?  

 10. Let G be a connected planar simple graph with e edges and v vertices, if r be the number of regions in  

      G ,then   show that r= e-v+2.   

11.  Let G be a simple indirected graph with n vertices.Let u and v be two non adjacent vertices in G   

       such that  deg(u) + deg(v) ≥ n in G .Show that G is Hamiltonian if and only if G + uv is  

       Hamiltonian.  

12.  Draw the graph with 5 vertices A,B,C,D and E such that the deg(A) = 3,B is an odd vertex , 

       deg(C) = 2 and D  and E are adjacent.  

13.  Find the all the connected sub graph obtained from the graph given in the following figure, by  

       deleting each   vertex. List out the simple paths from A to in each sub graph.  

 

   

 

14. Prove that the maximum number of edges in a simple disconnected graph G with n vertices and k  

      Components is   
            

 
.     

15. Describe a discrete structure based on a graph that can be used to model airline routes and their flight  

      Times.  

16. Show that a simple graph G with n vertices is connected if it has more than (n-1) (n-2)/2  

      Edges  

17. Show that isomorphism of simple graphs is an equivalence relation.  

18. Derive an algorithm for constructing Euler path in directed graphs.  
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11 19. Prove that the number of vertices of odd degree in any graph is even.  

20. Prove that any undirected graph has an even number of vertices of odd degree.  

21. Define;  

      (i) Adjacency matrix and 

     (ii) Incidence matrix of a graph with examples.  

22. Prove that number of vertices of odd degree in a graph is always even.  

23. Prove that a connected graph G is Euler graph if and only if every vertex of G is of even degree.                   

24. Prove that the number of odd degree vertices in any graph is even.  

25. If Gis self complementary graph, then prove that G has 0n   (or) 1(mod 4) vertices.  

26. If G is a connected simple graph with n vertices with 3n   , such that the degree of every vertex in G       

      is at 
2

n
, then prove that G has Hamilton cycle.  

27. Prove that the complement of a disconnected graph is connected.  

28. Let G be a graph with exactly two vertices has odd degree. Then prove that there is a path between                

     Those two vertices  

29. State and prove hand shaking theorem. Also prove that maximum number of edges in a connected       

      Graph with n vertices is n(n-1) / 2  

30. Which of the following simple graphs have a Hamilton circuit or, if not, a Hamilton path?  

                                                                                                                                    

             a                          b                                                                                         b                      g 

                                                                       a                               b      a                   

                                                       

 

                                                                                                                           

          e                                 c                           d                           c               d             c                 e             f      

 

 

                        d 

31. Define Isomorphism. Establish an isomorphism for the following graphs  

                                                                           

                                                                                U2                             u3 

 V4 

                                                                                                  

 

 V1  V3                       u1                                            u2 

32. Give an example of a graph which is  

      (1) Eulerian but not Hamiltonian 

      (2) Hamiltonian but not Eulerian 

      (3) Hamiltonian and Eulerian 

      (4) Neither Hamiltonian nor Eulerian                       
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12 
33. Discuss the various graph invariants preserved by isomorphic graphs.  

34. Prove that a simple graph is bipartite if and only if it is possible to assign one of two different colors to       

       each vertex of the graph so that no two adjacent vertices are assigned the same order.  

35. Establish the isomorphism of the following pairs of graphs.  

36. Show that the complete bipartite graph K m, n , with m, n ≥ 2 is Hamiltonian if and only if m = n.       

      also show that the complete graph K n is Hamiltonian for all n ≥ 3.  

37. Define Incidence matrix of a graph. Using the Incidence matrix of a graph G, show that the sum of the   

      degrees of vertices of a graph G is equal to twice the number of edges of G.  

38. Prove that a connected graph has an Euler path if and only if and only if it has exactly two vertices of  

      Odd degree.  

39. Prove that for a bipartite graph with n vertices has maximum of n2 /4 edges 

                                                    UNIT IV ALGEBRAIC STRUCTURES 

                                                                        PART – A 

1. Prove that if G is Abelian group, then for all a, b   G (a * b) 
2
 =a

2
*b

2
.  

2. Show that every cyclic group is abelian.  

3. Prove that the identity of a subgroup is the same as that of the group.  

4. State Lagrange‟s theorem in δ group theory.  

5. Define a semigroup.   

6.  If a is a generator of a cyclic group G , then show that a
-1

 is also a generator of G.  

7. Define homomorphism and isomorphism between two algebraic systems.  

8.  When is group (G,*) called abelian?  

9. Show that the set of all elements a of a group (G,*) such that a*x = x*a for every x  G is a subgroup  

    of G.    

10. Obtain all the distinct left-cosets of {[0], [3]} in the group (Z6, +6) and find their union.  

11. Determine whether the set  

                

  

    

 

       

 

      With the binary operation form a group.   

12. Define the homomorphism of two groups 

13. If a and b are any two elements of a group < G,* >, show that G is an abelian group if and only if  

        ( a * b) 
2
 = a

2
*b

2
.  

14. Let < M,*,eM > be a monoid and a   M .If a is invertible ,then show that its inverse is unique.   

15. State any two properties of a group.  

16. Define a commutative ring.  

* -1 1 

-1 1 -1 

1 -1 1 
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13 17. When an element in a ring is said to be zero divisors? Give an example of a ring without zero 

    Divisors?    

18.  Show that if every element in a group is its own inverse. Then the group must be abelian. 

19. If S denotes the set of positive integers ≤ 100, for x, y  S, define x* y = min{x, y}. Verify whether  

     (S,*) is a monoid assuming that * is associative.  

20. Give an example of semi-group but not a monoid.  

21. Give an example for homomorphism.  

22. Define semigriups and monodies.  

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

24. Define a Ring.  

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

26. State Lagrange‟s theorem  

27. Defined the left costs of     0 , 3 in the group 6 6( , )Z  .  

28. Define a Field in an algebraic system.  

29. Let Z be the group of integers with the binary operation    defined by 2a b a b     for all ,a b z .   

      Find the identity element of the group ,z  .  

30. Find the idempotent elements of {1,-1,i,-i}under the binary operation multiplication.  

31. Define „kernel of homomorphism‟in a group.  

32. Prove that in a group idempotent law is true only for identity element 

33. If          is a ring then prove that a.0=0,     and 0 is the identity element in R under addition. 

34. Let f: {G,*}  {G,} be  a group homomorphism . The prove that then for any a  G,                                

     F (a
-1

) = [f (a)]
-1

,           

35. Prove that group homomorphism preserves identity.  

36.  Is it true that (Z5, +5) a cyclic group? Justify your answer.  

                                                         PART – B  

1. Prove that in a finite group, order of any subgroup divides the order of the group. 

2. Prove that intersection of two normal subgroups of a group (G,*) is a normal subgroup of a group  

    (G,*).    

3. Prove that every finite group of order n is isomorphic to a permutation group of degree n. 

4. If * is the operation defined on S= QxQ,the set of ordered pairs of rational numbers and given by  

    (a,b) *(x,y) = (ax,ay+b) ,show that (S,*) is  a semigroup.Is it commutative? Also find the identity  

     element of S.  

5. Prove that the necessary and sufficient condition for a non-empty subset H of a group {G,*} to be a  

    subgroup is a,b  H  a*b
-1

 H 

6. Prove that the set Z4 = {[0},[1],[2],[3]} is a commutative ring with respect to the binary operation    

    addition modulo and multiplication modulo +4 ,  x4.   
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14 
7. If f: G G is a group homomorphism from {G,*} to {G,} then prove that for any a  G, 

      F (a
-1

) = [f (a)]
-1 

8.  State and prove Lagrange‟s theorem. Hence show that if G is a finite group of order   

        n, then a
n
 = e For any a  G.                                                                                                                                          

9. Obtain all the elements of the permutation group (S3,    and construct its composition table .Check  

      whether (S3,  ) is an Abelian group or not.Justify your answer.  

10. Let (G,*) be a group and a G.Let f: G→G be given by f(x) = a*x*a
-1

, for every x  G. Prove that f is  

      an isomorphism of G onto G.  

11.  Show that every finite semi group has an idempotent element.  

12. If any group (G,*), show that (a*b)
-1

 = b
-1

 *a
-1

.  

13. If G is a finite group and a  G then prove that O (a)/O (G).  

14. State and proof the fundamental theorem of homomorphism.  

15. If * is a binary operation on the set R of real numbers defined by a*b = a+b+ 2ab,  

       (1) Find < R,* > is a semigroup  

       (2) Find the identity element if it exists  

       (3) Which elements has inverse and what are they?   

16. Define the Dihedral group < D4,* > and give its composition table. Hence find the identity element  

       and inverse   of each element.  

17.  Show that the Kernal of a homomorphism of a group < G,* > into an another group < H,  > is a  

       subgroup of G.  

18. Show that the intersection of any two congruence relations on a set is also a congruence relation.                     

19. Show that a semi group with more than one idempotent cannot be a group. Give an example of a semi  

      group which is not group.  

20. Discuss Ring and Fields with suitable examples.  

21. Find all the subgroups of  9 9,z   

22. Find the left cossets of the subgroup     0 , 3H   of the group 
6, 6z    

23. Prove that G=
1 0 1 0 1 0 1 0

, , ,
0 1 0 1 0 1 0 1

         
        

         
forms an abelian group under matrix  

      Multiplication       

24. Prove that the group homomorphism preserves the identity element.  

25. Prove that the intersection of two subgroups of group G is again a subgroup of G.  

26. Prove that the set  4 0,1,2,3z   is a commutative ring with respect to the binary operation   

       +4 and 4   

27. Show that 2M ,the set of all 2x2 non-singular matrices over R is a group under usual matrix   

      multiplication.  
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15 28. Show that the union of two subgroups of a group G is a subgroup of G if and only if one is contained  

      in the other.  

29. If S = N x N, the set of ordered pairs of positive integers with the operation    defined by     

      ( , ) ( , ) ( , )a b c d ad bc bd      And if  : ( , ) ( , )f s Q      is defined by ( , ) af a b
b

 , show that f   is a  

      Semi group homomorphism. 

30. In any group ,G  , show that
11 1( )a b b a
    , for all ,a b G  

31. Prove that every subgroup of a cyclic group is cyclic. 

32. Let :f G H  be a homomorphism from the group ,G   to the group ,H   . Prove that the         

         Kernel of   f is normal subgroup of G 

33. Prove that intersection of two normal subgroups of a group G is again a normal subgroup of G  

34.Show that       is an abelian group, where   is defined by     
  

 
        . 

35.If Gis a group of order n and H is a sub-group of G of order m, then prove the following results: 

     (i) Any two left cosets of H in G is either equal or disjoint     (ii) The index of H in G is an integer. 

36. Examine whether   {(
  
  

)       } is a commutative group under matrix multiplication, where    

          R is the set of all real numbers.  

37. Prove that G={               } is an abelian group under multiplication modulo 5.  

38. Find all the non-trivial subgroups of (Z12, +12).  

39. Let        be a semi group such that for       S, x * x = y, where S={   }. Then prove that   

        (1)   X * y = y * x     (2) y * y = y.  

40. Define moniod.Give an example of a semi group that is not a monoid. Further prove that for any  

      Commutative monoid (M,*), the set of idempotent elements of M from a submonoid.  

41. Let (G,*) be a group and let Hbe a normal subgroup of G. If G / H be the set {      } then show that          

     (
 

 
  ) is a group, where  aH           ,for all aH,  b H    G/H.further,show that there exists a   

      natural homomorphism f:G  
 

 
     

42. State and Prove the necessary and sufficient condition for a subgroup.  

                                              UNIT V LATTICES AND BOOLEAN ALGEBRA 

                                                                         PART – A 

1. Show that latest upper bound of a subset B in a poset (A, ≤) is unique if it exists.  

2. Given an example of a distributive lattice but not complemented.  

3. When is a lattice said to be bounded?   

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

5. In a lattice (L,) prove that a (a b) = a, for all a, b  L.  

6. Define a Boolean algebra.  

7. Let A= {a,b,c} and p(A) be its power set. Draw a Hasse diagram of <p (A) , ⊆ >.  

8 .When is a lattice called complete?  

9. Show that in a lattice if a≤ b≤ c, then a   b = b*c and (a*b)  (b*c) = (a  b)*(a  c) = b. 
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16 
10. Show that in a distributive lattice, if complement of an element exists then it must be unique.  

11. Find the truth table for x  y.  

12. Check whether the posets {(1,3,6,9) , D } and {(1,15,25,125 ) ,D} are lattices or not. Justify your  

     claim. 

13. Does the following lattice a complemented lattice?  

          

 

 

 

 

 

 

14. Show that in a Boolean algebra ab‟ +a'b = 0 if and only if a= b.   

15.  Define sub-lattice.  

16. Give an example of a lattice which is a modular but not a distributive. 

17. Define a distributive lattice and prove that every chain is a distributive lattice. 

18. Give an example of two-element Boolean algebra.  

19.  State any properties of Lattices.  

20. Draw the Hassel diagram of < X, ≤ >, where X = {2, 4, 5, 10, 12, 20, 25} and the relation ≤ be such that 

x≤ y if x divides y.  

21. What values of the Boolean variables x and y satisfy x, y= x+y?  

22. Define a lattice. Give suitable example.  

23. Define a Lattice  

24. Give an example of a lattice that is not complemented.  

25. Define lattice  

26. Is a Boolean algebra contains six elements? Justify you answer.  

27. Define lattice homomorphism.  

28. Prove the Boolean identity :
' .a b a b a     

29. Let X =  1,2,3,4,5,6   and R be a relation defined as ,x y  R   if and only x-y is divisible by 3. 

Find the elements of the relation R.  

30. Show that the absorption laws are valid in a Boolean algebra.  

31. State the De Morgan‟s laws in a Boolean algebra.  

32. State modular integrality of lattices.  

33. Let A={        } with the relation divides. Draw the Hasse diagram.  

34. Prove that a lattice with five elements is not a Boolean algebra.  

35. Write the only Boolean algebra whose Hasse diagram chain. 

36. Show that in a lattice if a b and c d then a *c < b*d.  

37. Define partial ordered set.  

38. Determine whether D8 is a Boolean algebra?  
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17 39. Is it true that every chain with at least three elements is always a complemented lattice? Justify your   

     Answer  

                                                                      PART – B  

1. Let L be lattice, where a*b= glb(a,b) and              for all a,b  L.Then both binary operations     

   *and  defined as in L satisfies commutative law, associative law , absorption law and idempotent law. 

2. Show that in a distributive and complemented lattice satisfied DeMorgan‟s laws. 

3. Show that every chain is a lattice. Show that every chain is a distributive lattice.  

4. Show that in a distributive and completed lattice a ≤ b  a*b' = 0         = 1 b'≤a'. 

5. Draw the Hassae diagram representating the partial ordering {(A, B): A⊆ B} on the power set P(S)  

    where  S=  {a,b,c}.Find the maximal, minimal,greatest and least elements of the poset. 

6. In a Boolean algebra, prove that a. (a+b) = a, for all a, b  B.  

7. Simplify the Boolean expression a.b .c + a,b .c + a .b .c  using Boolean algebra identities.  

 8.  Show that the direct product of any two distributive lattices is a distributive lattice.                                                 

9.  Let B be a finite Boolean algebra and let A be the set of all atoms of B. Then prove that the Boolean B  

     is isomorphic to the Boolean algebra P (A), where P (A) is the power set of A.   

10. Show that in lattice both isotone property and distributive inequalities are true. Also show that in a  

     distributive lattice cancellation law is true.  

11. Show that in a complemented and distributive lattice. a≤ b  a*b'= 0 a' b = 1   b' ≤ a' .   

12. If (L,≤) be a lattice for any a,b L ,a ≤ b if a  b = a and a  b = b.  

13. Show that in a complemented distributive lattice, a≤ b  a   ̅ = 0 ,  ̅        ̅   ̅. 

14. In any Boolean algebra show that a.  ̅  +b.  ̅  = (a+b) ( ̅ +  ̅ )  

15. If (L,      is a complemented distributive lattice ,then prove the Demorgan‟s laws.  

16. Draw the Hasse diagram for (1) P1 = {2,3,6,12,24}   (2) P2 = {1,2,3,4,6,12}  and ≤ is a relation such  

     that x ≤ y if   and only if x│y.  

17. Prove that D110, the set of all positive divisors of a positive integer 110, is a Boolean algebra and  

      find all its sub algebras.  

18. Show that a complemented, distributive lattice is a Boolean algebra. 

19. Show that the every non – empty subset of a lattice has a least upper bound and a greatest lower bound.  

20. Show that every totally ordered set is a lattice.  

21. Show that the De Morgan‟s laws hold in a Boolean algebra. That is show that for all x and 

y, ( )x y x y    and ( , )x y x y  .  

22. Establish de Morgan‟s laws in a complemented, distributive lattice.  

23. In any Boolean algebra, show that 
' ' ' ' ' '( )( )( ) ( )( )( ).a b b c c a a b b c c a         

24. In a distributive lattice prove that a b a c    and a b a c    imply b=c. 

25. Show that in a lattice if a b and c d then a b b d   and a c b d    
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26. Prove that in a Boolean algebra 

' ' '( )a b a b    

27.  If P(S) is the power set of a non-empty S, prove that  ( ), , , /, ,P S S  is a Boolean algebra.                            

28. Let  30 1,2,3,5,6,10,15,30D  and let the relation R be divisor on 30D   

   Find (i) all the lower bounds 10 and 15  

(ii) The glb of 10 and 15 

(iii) All upper bound of 10 and 15 

(iv) The lub of 10 and 15  

(v) Draw the Hasse diagram                              

29. Show that every chain is a distributive lattice  

30. If  , 1,2,3,6a b s   and a+b = LCM (a, b), ( , )a b GCD a b  and  
' 6 ,a

a
   show that   ', ,., ,1,6S   is 

a Boolean algebra.  

 31. If nS   is the set of all divisors of the positive integer n and D is the relation of „division‟, prove that 

 30 ,S D is lattices. Find also all the sub lattices of    30 ,S D that contains 6 or more elements 32. Show 

that every chain is modular.  

33. in a distributive complemented lattice. Show that the following are equivalent. (i)  a b  (ii) 0a b    

(iii) 1a b   (iv) b a           

34. Show that every ordered lattice (L,      satisfies the following properties of the algebraic lattice 

     (i) Idempotent 

    (ii) Commutative 

    (iii) Associative  

    (iv) Absorption.                                                                                                    

35. In a complemented and distributive lattice, prove that complement of each element is unique. 

36. Consider the Lattice D105 with the partial ordered relation divides, 

       Then (i) draw the Hasse diagram of D105. 

                (ii) Find the complement of each elements of D105 
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19                 (iii) Find the set of atoms of D105 

                (iv) Find the number of sub algebras of D105.  

37. Let                    be any two lattices with the partial orderings        resoectively.  

         If g is a lattice homomorphism, then g preserves the partial ordering.  

38. Let         be a lattice in which * and   denote the operations of meet and join respectively. 

       For any                           .  

39 Show that (      is a partially ordered set, where N is the set of all positive integers and   is a relation   

       defined by     if and only if n-m is a non- negative integer. 

40. State and prove distributive inequalities in lattices.  

41. Prove that in every lattice distributive inequalities are true.  

42. Define modular lattice. Prove that a lattice L is modular if and only if           (         )  

                       .  

43.If (A,R) is a partially ordered set than show that the set (A ,R
-1

) is also a partially ordered set, where 

      R
-1 

 = {              }  .  

44. Let (L ,* ,    and          be two lattices. Then prove that            is a lattice, where        

                                                                                

45. Prove that every distributive lattice is modular. Is the converse true? Justify your claim. 

 


