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Q. P. Code: 11740 

 

External (Scheme A)                               (3 Hours)             Total Marks: 100 

Internal (Scheme B)                                (2 Hours)                                                Total Marks:  40 

N.B.:Scheme A students should attempt any five questions. 

        Scheme B students should attempt any three questions. 

        Write the scheme under which you are appearing, on the top of the answer book. 

Q.1. a) Prove that the set of all real numbers is uncountable. 10 

      b) Let f : X→ Y . Prove that f is bijective  iff  f(X\ A) = Y \ f(A) for A⊏ X. 10 

Q.2 a) Define subspace topology. If ℬ is a basis for the topology of X then prove that 

the collection BY ={B∩ 𝑌/ B𝜖ℬ} is a basis for the subspace topology on Y . 

10 

       b) Let X be a topological space and A ⊂_ X. Prove that the following statements 

are equivalent:  

(i) A is open (ii) A =𝐴∘. 10 

Q.3 a) Define a connected topological space. Let X be a topological space and A be a 

subset of X. Show that if A is connected then its closure A is also connected. 

10 

 b) Define a path connected topological space. Prove or disprove: Every connected 

space is path connected. Justify your answer. 

10 

Q.4. a) Define connected topological space. Prove that the cartesian product of  two 

connected spaces is connected. 

10 

 b) Give an example of a continuous bijection from one topological space to the 

other, which is not a homeomorphism. 

10 

Q.5 a) Show that a limit point compact metric space is sequentially compact. 10 

 b) Prove that the continuous image of a compact metric space is compact. 10 

Q.6 a) Define a dense set. Let X be a topological space with countable basis. Show that: 

(i) Every open covering of X has a countable subcollection covering X. 

(ii) There exists a countable subset of X that is dense in X. 

 

10 

 b) Show that every open subset of ℝ is the union of disjoint sequence of open 

intervals. 

10 

Q.7 a) Define a quotient map. Prove that if p : X → Y is a continuous, surjective and 

open map then it is a quotient map. 

10 

 b) Prove that every compact subset of a Hausdroff  space is closed. 10 

Q.8. a) State and prove path lifting lemma 10 

 b) Let f and g be two paths in a topological space with same initial point and same 

end point. Define the path homotopy relation ~𝑝 and show that it is an 

equivalence relation. 

10 

 

------------------------------ 
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 Q.P. Code :10066 

 

1   

 

[Time: 2 Hours] [ Marks:60] 

Please check whether you have got the right question paper. 

N.B: 1. All questions carry equal marks 

2. There is internal choice in each question 
 

Q.1 a. 

 

b. 

TraĐe the trajeĐtory iŶ the ŵeaŶiŶgs of the ǁord ͚DeǀelopŵeŶt͛ oǀer tiŵe. 
Or 

CritiĐally aŶalyze ŵoderŶizatioŶ theory as elaďorate ďy W.W. Rostoǁ iŶ ͞The Stages of eĐoŶoŵiĐ groǁth͟. 

15 

Q.2 a. 

 

b. 

Critically analyze the dependency theory and elaborate on the work of any one of the theorist. 

Or 

DisĐuss Aŵartya SeŶ͛s Capaďility aŶd Rights ďased approaĐh to DeǀelopŵeŶt. 

15 

Q.3 a. 

 

b. 

Critically elaborate on the shifts in the meaning of Gender and Development. 

Or 

Critically analyze the Structure Adjustment and Liberalization Programme in India. 

15 

Q.4  Write short notes on any TWO of the following 

a) Development and Social Justice 

b) Mixed Economy Model 

c) Development as Discourse-Escobar 

d) Manuel Castells & Globalization 

15 

 

[वेळ :दोन तास] [ गुण : ६०] 

सूचना : १. प्रश्नास दिलȯला पर्ाार् विचारात घȯऊन चारही प्रश्न सोडिा. २. सिा प्रश्नाांना समान गुण आहȯत. 
 

प्र.१  अ. 
 
 

ब. 

विकास सांकल्पनȯच्र्ा अर्ाांचा इततहास स्पष्ट करा. 
ककां िा 

डब्लु, डब्लु रोष्टोच्र्ा आर्र्ाक विकासाच्र्ा टप्र्ाचा ससद्ाांत आधुतनकरणाचा ससद्ाांत म्हणनू दटकात्मक विश्लȯषण 
करा.  

१५  

प्र.२  अ. 
 
 

ब. 

अिलांबित्िाच्र्ा ससद्ाांताचȯ कोणत्र्ाही एका ससद्ाांतकाराचȯ कार्ा लक्षात घȯऊन दटकात्मक विश्लȯषण करा. 
ककां िा 

अमत्र्ा सȯन र्ाांच्र्ा क्षमता आणण विकासाचा अर्धकार आधाररत दृष्टीकोनाची चचाा करा. 

१५  

प्र.३  अ. 
 
 

ब. 

सलांगभाि आणण विकास र्ाांच्र्ा अर्ाात होणाऱ्र्ा ििलाचȯ र्चककत्सक विश्लȯषण करा- 
ककां िा 

भारतातील रचनात्मक समार्ोजन आणण उिारीकरण कार्ाक्रमाचȯ र्चककत्सक विश्लȯषण करा.  

१५  

प्र.४   खालीलपȰकी कोणत्र्ाही िोनािर र्ोडक्र्ात दटप सलहा.  

अ. विकास आणण सामाजजक न्र्ार्  

ि. सांसमश्र अर्ा व्र्िस्र्ा प्रारूप  

क. विकास एक चचााविश्ि इस्कोिर  

ड. मँन्र्अुल कॅसȯल आणण जागततकीकरण  

१५  

--------------------------- 

C2DF5C445B501E99B517E9C32BFA2180
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Q. P. Code: 11749 

External (Revised)    (3 Hours)     [Total marks: 80] 

Instructions: 

1) Attempt any two questions from each section. 
2) All questions carry equal marks. 
3) Answer to Section I and section II should be written in the same answer book. 

SECTION-I  ( Attempt any two questions) 

Q.1(A) 

 

 

     (B) 

Determine whether the relation R on a set A is reflexive, transitive, symmetric or 

antisymmetric. 

A= set of all positive integers aRb iff  |a - b| ≤  2. 

 i) Explain the meaning of Partition of a set and Congruent Modulo M Relation,         

with examples. 

ii) Determine whether each of the following is a tautology: 

a) (¬P ޔ ¬Q ) →  (P  → Q) 

b) (P →  Q)  ޔ (P ޔ ¬Q) 

 (8) 

 

 

 

(6) 

 

(6) 

 

Q.2(A) 

 

 

      (B) 

  

i) Prove that R not countable.  

ii) Explain the meaning of injective function, composition of functions. Also 

prove that the inverse of one-to-one and onto function is one-to-one and onto.  

Let X= {1, 2, 3, 4, 5, 6}, Y={1, 2, 3, 4, 5} and function f is defined by  

f(1) = f(4) = f(6)=3; f(2) =5 and f(3) = f (5) = 4.Find 

a) f ([1,2]) [2,6] ޔ); f ([1,2]) ޔ f([2,6]). 

b) f([1,2,3] [4,5] ޕ); f([1,2,3]) ޕf ([4,5]). 

(8) 

(6) 

 

 

(6) 

Q.3(A) 

 

 

 

 

      (B) 

i) Show by mathematical induction that for all n≥ ͳ, ͳ + ʹ + ͵ + ⋯ . . +𝑛 = 𝑛ሺ𝑛 + ͳሻʹ  

ii) Explain partially ordered set with example. Let R be a set of real numbers and 

a relation ≤ defined on R, then prove that (R, ≤) is a partially ordered set. 

By using Zorn’s lemma prove that every vector space has a basis. 

  

(8) 

 

(6̴) 

 

(6) 

Q.4( A)       

 

         

        

i)Let A= {a1, a2 ,a3, ……, an} be a finite set with n elements, n≥ ʹ. Prove that there 

are 
𝑛!2  even permutation and 

𝑛!2  odd permutation. 

ii) Find inverse of each of the following- 

(8) 

 

 

(6) 

Turn Over 
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        (B) 

a) 
1 2 3 4

3 1 4 2
P

 
  
 

 

b) A= (3 2) (1  4)  

c) H= (1 2 3) (4 1 2 ) (3 4) 

List all permutations in S4, each factored into disjoint cycles. Factor following 

permutation M, as a product of disjoint cycles. 

    
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3

5 1 2 2 1 9 1 1 4 3 7 1 0 1 3 8 6
M

 
  
 

  

 

 

 

 

 

(6) 

 

SECTION-II  ( Attempt any two questions) 

Q.5(A) 

                    

      (B)   

i)  Give mathematical definition of probability .State its limitations. 

ii) A, B, C forms partition of Ω, find smallest field containing A, B, C. 

(i) A class C of subsets of Ω, such that either A or ̅ܣ  are finite. Is C a sigma field? 

(ii){An} is a sequence of events  ܣ𝑛 = ܣ}  𝑛 = ͳ,͵,ͷ ܤ… 𝑛 = ʹ,Ͷ,͸ … . 
Find Limit superior and limit inferior. Show that lim An does not exist. 

(iii) In a random arrangement of alphabets in word CHILDREN, find probability 

that i) All vowels are together.  ii) No two vowels are together. 

(4) 

(4) 

(4) 

 

(4) 

 

 

(4) 

Q.6(A) 

 

      

     

 
 
     (B) 

i) Define following  

a) Conditional probability of an event A given B.  

b) Pair wise Independence  

c) Mutual independence (for three events)  

ii) State and prove monotone and subtractive property of probability. 

i) In a population 55% are males and45% are females. If 4% of males and 1% of 

females are colour blind, find the probability that a randomly selected person is 

colour blind. 

 

ii) Find constant K ,if following id density function. 

f(x) = kx(1-x)          0 < x < 1  .Hence P(-1,0.9]. 

Turn Over 

(5) 

 

 

 

(7) 

 

(4) 

 

 

(4) 
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Q.7(A) 

 

      

 
      (B) 

i) Explain the concept of a discrete and continuous random variable (r.v ) and give 

one example of each . 

ii) Define a distribution function (d.f) of a continuous r.v and state and prove its 

any two properties. 

i)  X has Binomial with (n = 8, p=0.4). Find mean and variance if X. 

ii) The joint p.d.f of  X,Y is f(x,y) = 2    for 0  < x < y <1  ; find conditional p.d.f of 

X given Y. 

(4) 

 

(6) 

 

(5) 

(5) 

Q.8(A) 

 

      (B) 

i)  For X, Y independent r.v.s , show that E[XY] = E[X]E[Y]. 

ii) For any r.v.s X,Y show that E2 [XY] ≤ E[X 2]E[Y2]. 
i) Examine whether the Strong law of large numbers holds for sequence of   

independent r.v.s { Xk }  . 

                  Xk=

















k

k

probwith

probwithk

1
1

2

1

0

       

ii) A r.v X has mean 40 and variance is 12 find bound on P[X< 32] + P[X>48]. 

iii) Let {Xi} be a sequence of independent r.v.s with mean 0 and variance 0.25. If Sn 

denotes sum of such n r.vs. Find P[S100 > 5] .Given P[Z< 1] =0.8413 where Z 

has N(0,1). 

(3) 

(5) 

(4) 

 

 

 

 

 

(4) 

 

(4) 

 

---------------------------- 
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Q. P. Code: 11726 

External (Revised)    (3 Hours)     [Total marks: 80] 

Instructions: 

1) Attempt any two questions from each section. 

2) All questions carry equal marks. 

3) Answer to Section I and section II should be written in the same answer book. 

 

SECTION-I  ( Attempt any two questions) 

1. A) Solve the linear Diophantine equations 172x + 20y =1000.        [10] 

B) If ܿܽ ≡ ܾܿሺ݉݀݋ ݊ሻ then show that ܽ ≡ ܾ ሺ݉݀݋ 𝑛 𝑑  ሻ, where ݀ = gcdሺܿ, ݊ሻ.      [10] 

 

2. A) i) How many ways are there to distribute four identical balls and six distinct 

          balls into five distinct boxes?              [05] 

     ii) Find the number of distribution of indistinguishable objects into distinguishable  

           boxes provide no box is empty.           [05] 

    

B) Using combinatorial argument prove that 𝑆ሺ݊, 𝑘ሻ = ∑ ,𝑆ሺ𝑟 ܥ 𝑘 − ͳሻ.𝑟𝑛−ଵ𝑛−ଵ𝑟=଴       [10] 

 

3. A) Give any sequence of ݉݊ + ͳ distinct real numbers then prove that there exist either  

      an increasing sequence of length ݉ + ͳ or decreasing sequence of length ݊ + ͳ or  

      both.                [10] 

B)  i) Fifteen children gathered 100 nuts. Prove that some pairs of children gathered  

          the same number of nuts.            [05] 

     ii) Assume that in a group of 6 people each pair of individuals consists of two 

         friends  or two enemies. Show that there are either 3 mutual friends or 3 enemies 

         in group.               [05] 

 

4. A) Prove that ‘A connected graph G is Euler if and only if the degree of every vertex 

      is even’. 
B) i) Express 𝐸ሺܺ, ܻ, ܼሻ = ܺ ∗ ሺݕ ′ + ܼሻ′  in complete sum of product form.      [05] 

     ii) Let 𝐿 be a bounded distributive lattice, then show that complements are unique 

          if  they exist.              [05] 
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SECTION-II  ( Attempt any two questions) 

 

5. A) Prove that ‘If ∅ is a fundamental matrix for ܻ′ =  ሻܻ then the function 𝜑  isݔሺܣ

     defined by 𝜑ሺݔሻ = ∅ሺݔሻ ∫ ∅−ଵሺݐሻܾሺݐሻ݀ݐ௫௫బ ݔ ,  ∈ 𝐼, is a solution of ܻ′ = ሻܻݔሺܣ +   ሻݔሺܤ

      satisfying 𝜑ሺݔ଴ሻ = Ͳ.                           [10] 

B) Obtain approximate solution to with in 5ݐ   of the initial value problem 

        
𝑑௫𝑑௧ = ݐݔ + ,ଶݐ ሺͲሻݔ = ʹ.                                                                                          [10] 

 

6. A) If ∅ଵሺݔሻ is a solution of 𝐿ଶሺݕሻ = Ͳ  on an interval 𝐼 and ∅ଵሺݔሻ ≠ Ͳ on 𝐼 then show 

      that the other linearly  independent solution of 𝐿ଶሺݕሻ = Ͳ  is                                                                        ∅ଶሺݔሻ = ∅ଵሺݔሻ ∫ [ ଵ∅భሺ௧ሻమ ݁− ∫ 𝑎భ௧𝑑௧] ௫௫బݐ݀ .[10] 

B)Solve the following IVP. ݀ݐ݀ݔ = ݔʹ + ݕ + ሺͳሻݔ       ,ݖ = ͳ ݀ݐ݀ݕ = ݕʹ + ሺͳሻݕ          ,ݖʹ = ʹ                                                        𝑑௭𝑑௧ = ሺͳሻݖ                       ݖʹ = ͵.        [10] 

 

7. A)Show that the Legendre polynomial 𝑃𝑛ሺݔሻ of degree ݊ is given by   

               𝑃𝑛ሺݔሻ = ଵଶ𝑛𝑛!  𝑑𝑛𝑑௫𝑛 ሺݔଶ − ͳሻ𝑛.                       [10] 

B) Obtain solution in the form of power series of the following Differential equation:       𝑑మ௫𝑑௧మ − Ͷ 𝑑௫𝑑௧ + ሺͶݐଶ − ʹሻݔ = Ͳ.            [10] 

 

8. A) Solve 
𝜕௨𝜕௬ + ܿ 𝜕௨𝜕௫ = Ͳ, ݑ = ,ݔሺݑ ,ݔሺݑ ሻ withݕ Ͳሻ = ℎሺݔሻ for a given ℎ: ℝ → ℝ.       [10] 

 

B) Solve   ݑ௫. ௬ݑ = ,ݔሺݑ   ,ݑ Ͳሻ =  ଶ.           [10]ݔ

 

------------------------- 
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Q. P. Code: 11727 

External (Revised)    (3 Hours)     [Total marks: 80] 

Instructions: 

1) Attempt any two questions from each section. 

2) All questions carry equal marks. 

3) Answer to Section I and section II should be written in the same answer book. 

 

SECTION-I  ( Attempt any two questions) 

Q.1] A) Let ݌ be an odd price and gcdሺ𝑎, ሻ݌ = ͳ.  Prove that “ ‘a’ is a quadratic residue of ݌  

              if and only  if  𝑎ሺ𝑝−ଵሻ ଶ⁄ ≡ ͳሺ݉݋𝑑 ݌ሻ".           [10] 

        B) Use Cardanos method to find the roots of the cubic equation ͸Ͷݔଷ − Ͷͺݔଶ + ͳʹ.       [10] 

Q.2] A) i) Determine the number of ways to put 𝑘 indistinguishable balls into ݊  

                 indistinguishable  boxes.                        [05] 

             ii) How many non-negative integer solutions are there to the equation 

ଵݔ                   + ଶݔ + ଷݔ + ସݔ + ହݔ = ͸͹?            [05] 

            B) In a survey of students it was found that 80 students knew Marathi, 60 knew 

                 English, 50 knew Hindi , 30 knew Marathi and English, 20 knew English and 

                  Hindi, 15 knew Marathi and Hindi and 10 knew all the three  languages. How 

                  many students knew a) At least one language , b) Only Marathi and c) English  

                  but not both English and Hindi.                                             [10] 

Q.3] A) Let ݉ and ݊ be relative prime positive integer then prove that the system 

ݔ               ≡ 𝑎ሺ݉݋𝑑 ݉ሻ  and ݔ ≡ ሺ݉݋𝑑 ݊ሻ has a solution.          [10] 

        B) A chess master who has 11 weeks to prepare for a tournament decides to play at 

             least one game every day but, order not to tire himself, he decides not to play more 

             than 12 games during any calendar weeks. Show that there exist a  succession of  

             consecutive days during which the master will have played exactly 21 games.      [10] 
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Q.4]  A) State and prove De-Morgans law for Boolean expressions in two variables.      [10] 

          B) Show that a simple graph G is a tree if and only if any two distinct vertices are  

               connected by a unique path.             [10] 

 

SECTION-II  ( Attempt any two questions) 

Q.5] A) Verify the conditions of the existence and uniqueness theorem to conclude that 

              the initial value problem 
𝑑௬𝑑௫ = ݕ͵ + ͳ, ሺͲሻݕ = ʹ has a solution. Find the domain  

              where the solution  exists and use Picard iteration scheme to compute the first 

              four approximations of the solution.            [10] 

          B) Prove that  “ If 𝑓: 𝐼 × 𝛺 → ℝ𝑛 has the locally Lipschitiz property then the initial value  

               problem 
𝑑௬𝑑௫ = 𝑓ሺݐ, ,ሻݔ ଴ሻݐሺݔ = :଴  has a solution 𝑋ݔ ሺݐ଴ − 𝛿, ଵݐ + 𝛿ሻ → 𝛺".        [10] 

Q.6] A) Solve the initial value problem : 

             
𝑑௫𝑑𝑡 = ݔ͵ + Ͷݔ                      ,ݕሺͳሻ = ʹ 

            
𝑑௬𝑑𝑡 = −Ͷݔ + ሺͳሻݕ                    , ݕ͵ = ͵ 

            
𝑑௭𝑑𝑡 = ݖݕ + ሺͳሻݖ                            , ͵ = Ͷ.              [10] 

         B) Show that {∅ଵ, ,ଶ∅ଵݑ ,ଷ∅ଵݑ … … . , ሻݕ𝑛∅ଵ}   is a basis for solution of 𝐿𝑛ሺݑ = Ͳ on 𝐼  

               where  ∅ଵሺݔሻ ≠ Ͳ on 𝐼  and 𝑉𝑘 =   𝑘  (k=1,2,3,……,n) are linearly independent′ݑ

               solution of ∅ଵ𝑉𝑛−ଵ + ⋯ … . . +(݊∅ଵ𝑛−ଵ + 𝑎ଵ∅ଵ𝑛−ଶ + ⋯ … . . +𝑎𝑛−ଵ∅ଵ)𝑉 = Ͳ.        [10] 

  

Q.7] A) Solve ݕ ′′ − ݕݔʹ ′ + ݕ = Ͳ,   ݕሺͲሻ = Ͳ, ݕ ′ሺͲሻ = ͳ using power series.       [10] 

 

         B) Solve Bessel’s equation ݔଶݕ ′′ + ݕݔ ′ + ሺݔଶ − ݕଶሻ݌ = Ͳ,      ݌ ≥ Ͳ.                   [10] 
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3 

Q.8]  A) For the partial differential equation ݑ௬ =  ௫ଷ  find the solution satisfyingݑ

,ݔሺݑ                Ͳሻ = ଷݔʹ ଶ⁄ .                  [10] 

          B) Find the integral surface of the equation ሺʹݕݔ − ͳሻ݌ + ሺݖ − ݍଶሻݔʹ = ʹሺݔ −   , ሻݖݕ

                which passes through the line ݔ଴ሺݐሻ = ͳ , ሻݐ଴ሺݕ = Ͳ , ሻݐ଴ሺݖ =  [10]        .ݐ

****************** 
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Q. P. Code: 11747 

Scheme A(External)    (3 Hours)  Total marks: 100             

Scheme B(Internal/External)   (2 Hours)  Total marks: 40 

 

N.B: 1) Scheme A students answer any five questions. 

         2) Scheme B students answer any three questions. 

         3) All questions carry equal marks. 

         4) Write on the top of your answer book the scheme under which you are appearing. 

 

1. (a) How many two digit numbers have distinct and nonzero digits? 

(b) Determine number of 10-combinations of the multiset T = {3.a, 4.b, 5.c} 

      2.   (a) Define Dn, derangement of n objects. Use combinatorial technique to show that Dn = 

n!ቀͳ −  ଵଵ! +  ଵଶ! −  ଵଷ! +  … … … + ሺ−ͳሻ𝑛  ଵ𝑛!ቁ , n ≥1. Hence find D5. 

     (b) If S(n,k) denotes Stirling numbers of second kind then show that  

          (i) S(n,1) = 1 = S(n,n),   (ii) S(n,2) = ʹ𝑛−ଵ − ͳ,  

        (iii) S(n,n-1) = ቀ݊ʹቁ, for n ≥ 2. 

3.  (a) How many positive integers between 100 and 999 both inclusive are not divisible by 

either 3 or 4? 

     (b) Give one application of Pigeon hole principle by stating and proving strong form of 

Pigeon hole principle. 

     4.   (a) Show that ቀͲ݊ቁ + ቀ݊ʹቁ + ቀ4݊ቁ + ⋯ = ʹ𝑛−ଵ 

      (b) Compute the M̈݋bius function of partially ordered set (P(Xn),⊆) where  

             Xn = {1,2,3,……., n}. 

5.   (a) Solve the recurrence relation an = 5an-1 - 6an-2 subject to the initial condition a0= 1 and 

a1= -2; n ≥ 2. 

      (b) Prove that the family A = { A1,A2,……,An} of sets has an SDR if and only if 

marriage condition holds true. 

6.   (a) State and prove Baye’s theorem. 

      (b) Define expectation of random variable. Prove that  

            [i] E(c) = c where c is constant. 

      [ii] E(aX + b) = aE(X) + b where a ,b are constants. 

7.   (a) In a bolt factory, machines A,B,C manufactures respectively 25%, 35% and 40% of  

           the total. Of their output, 5%, 4% and 2% are defective bolts. One bolt is drawn at  

           random from the product and is found to be defective. What are the probabilities that  

           it was manufactured by machines A,B and C? 

      (b) Find the sum of all coefficients in (-3x + y - 4z)4. 

8.   (a) What is discrete random variable? Give two examples. 

      (b) Show that the family of sets A1,A2,…., An has a system of distinct representatives  

            if and only if for each k=1,2,….,n and for each choice of  i1, i2 , ….,ik  with  

           1≤ i1< i2 < ….< ik ≤ n; | Ai1 ∪ Ai2 ∪ …. ∪ Aik |  ≥  k . 
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