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MATHEMATICAL SCIENCES
PAPER-I (PART-B) 

41. Let {xn} be a sequence of non-zero real numbers.  Then 
  
 1. If xn  a, then a = sup xn. 

 2. If 1n

n

x

x
 < 1 n , then xn  0. 

 3. If xn < n n , then {xn}diverges. 
 4. If n xn n, then {xn} diverges. 

42. Let {xn} and {yn} be two sequences of real numbers such that xn yn  xn+2,  
 n = 1,  2, 3,L
 1. {yn}is an bounded sequence. 
 2. {xn} is an increasing sequence. 
 3. {xn} and {yn} converge together. 
 4. {yn} is an increasing sequence. 

43. Let f:[0, 1]  (0, ) be a continuous function.  Suppose f(0) = 1 and f(1)   = 7. Then 
 1. f is uniformly continuous and is not onto. 
 2. f is increasing and f([0, 1]) = [1, 7]. 
 3. f is not uniformly continuous. 
 4. f is not bounded. 

44. Let f: [a, b]  [c, d] be a monotone and bijective function.  then 

 1. f is continuous, but f–1 need not be. 
 2. f and f–1 are both continuous. 
 3. If b – a > d – c, then f is a decreasing function. 
 4. f is not uniformly continuous.  

45. Let
1

n
n

x be a series of real numbers.  Which of the following is true? 

 1. If 
1

nx is divergent, then {xn} does not converge to 0. 

 2. If 
1

nx is convergent, then 
1

nx is absolutely convergent. 

 3. If 
1

nx is convergent, then 2 0nx , as n . 

 4. If xn  0, then 
1

nx  is convergent. 
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2. If 
nx

 < 1 n , then xn  00. 

3. If xn < n nnnnnnnn , ttttttttthhhhhhhheeeeeeennnnnnnn {{{{{{{{{xnn}}}}}}}}}}dddddddiiiiveeeerrrrrrrrgggggggggeeeeeeesssssss. 
4. If n xxxxxxxxn n, thhhhhhheeeeeeeennnn {{{{{{{{{xxxxxxxxnnnnnnnn}}}}}}}} dddddddddiiiiiiiivvvvvveeeeeeeeeerrrrrrrrrgggggggggggesssss... 

Let {xn}}}}}}}} aaannnnnnnnnddddddd {{{{{{{{yyyyyyyyynnnnn}}}}}}}} bbbbbbbeeeeeeeeee tttttttttwwwwooooo    sssssssseeeeeeeqqqqqqqquuuuuuuuueeeeeeennnnnnnnnccccccces offfff realllll nuuummmmmmmmbbbbbbbbeeeeeeerrrrsss sssssssuuuuuuuucchhhhhhhhh tttttttthhhhhhhhaaaaaaaaattttttttt xnnnnnn yn  xxxxxxxxn+nn 2,  
n = 1,,,,,,  222222222, 3,,,,,,,,LLLLLLL
1. {yyyyynnnnnnnnn}}}}}}}}}iiiiiiiiissssssss aaaaaaannnnnnnn bbbbbbbooouuuuuuuuuunnnnnnnnded sequence. 
2. {{{{{{{{xxxxxxxxxxxnnnnnn}}}}}}}}} iiiiis aaaaaaaaannnn  iiiiiiiincreasing sequence. 
33333333. {{{{{{{{{{xxxxxxxxxxnnnnnnnnn}}}}}}}} aaaaaaaannnnddddddddd {ynnnnnn}}}}}}} cccccccooooonnnnnnvvveeeeeeeerrrrrggggggggeeeeeeee ttttttooooggggggggether. 
4444444.....  {{{{{{{{yyyyyyyyyn}}}}}}}} iiiissssssss annnnnnnn iiiiiiinnnnnnccccccccrrrrreasingg  sssssssseeeeequuuueeeennnnnccccccce. 

LLLLLLLetttttttt    fffffffff:::::[[[[[[00000000, 1111111111]  (0,,,, ) be a continuoooous fuuuuuuunnnnnnnnnccccctttttttiiion..    SSSSSSSSuppppppppooooooooose f(0) = 1 andddddddd      ffffffff(((((((1)))))))))        ====== 7. TTTTTThhhhhhhe
1. fff iiisssssss    unnnnnnnifoooorrrrrrrmly continuous aaaand is not onnttttoo. 
22.. ffffffff  isssss innnnccrreaaaaasing and f([0, 1])))) = [1, 7]. 
3.   fffff  issss noooooooott unnnnnnnniformly continuoooous. 
4. ffffffff issssssss nooooooottttt boooooooouunded. 

LLLLLLLLLLLeetttttttt  ffffff::::: [[[[[[[[[[aaaaaaaa, bbbbbbbb]]  [[[cccccccc,,,,,,,  ddd]]]]]]] bbbbbbbbbe a mooooonnnnnnnnoootttttttoooooooonnnneeeeeeee and bijeccccccccctiiiiivvveeeeeeee funnnnnnnncccccccctttttttiiiiiioooooooonnnnnnnn.  tttttthhhhhhhhheeen 

111111. fffffffffffff    iiiiiiiiiiiiis ccccccccoooooonnnnnnnntinuous, bbbbbbbbbbbbbuttttttt ffffffff–1––11fffff  nneeeeeeeeeeeedddddddd nnnnnnnnnnnoooot be.  
22222222.....     fffffff aaaaaaaaaaaaaaannnnnnnnnnnd fffffffff–1111–1–11ff  aaaaaaare bboooootttttttttthhhhhhhhhhh ccccccccoonnttiiinnnuoouusssss. 
3. IIIIIIIffffffffff bbbbbbbb ––––– a >>>>>>>>   dddddddd –– cccccccccc, ttttttthhhhhhheen f is a deccrrrrrrreeeeeeeaaaaaaaaasssssssiiiiinnnnnnggggggg function. 
4. ffff iiiiiiiisssssssss nnnnnnnnnoooooooootttttttt   uuuuuuuniiiiiiiiffffffffffooooooorrrrrrmmmmmmmmly ccccccccooooonnnttttttttttttttttttiiiiiiiiiiiiinnnnnnnnnnnnuuuuuuuuoooooooooooouuuuuuuuuss...   

Let
1

n
n

xx bbbbbbbeeeeeeee   aaaaa sssssssseeeeeeeriiiiiieeeeeeeessssssss of reeeeaaaaaaallllll  nnnuuuuuuummmmmmmmbbbbbbbbbbbbeeeeeeeerrs.  Which ooooooooffffff  ttttttthhhhhhheeeeee fffffffoooooooolllllllllllllllowinnnnnnnnngggggggg     iiiiiiiiiissssssss  ttttttttrrrrrrrrueeeee??????? 

1. If 
1

nx is ddiiivvvveeeeeeerrrrrrrrgggggggeeennnnnnnntttttt, ttttttttthhhhhheenn {{{xn}}}}}}} dddddddoooooesss not coooooonnnnnnnvvvvvvvveeeeeeeerrrgggggggeeeeeeee ttttttttoooo 0. 
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46. Let f: ¡ ¡ be differentiable with 0 < f (x) < 1 for all x.  Then 
 1. f is increasing and f is bounded. 
 2. f is increasing and f is Riemann integrable on ¡ . 
 3. f is increasing and f is uniformly continuous. 
 4. f is of bounded variation. 

47. Let fn:[0,1] ¡ be a sequence of differentiable functions.  Assume that (fn) 
 converges uniformly on [0, 1] to a function f.  Then  

 1. f is differentiable and Riemann integrable on [0, 1]. 
 2. f is uniformly continuous and Riemann integrable on [0, 1]. 
 3. f is continuous, f need not be differentiable on (0, 1) and need not be  
  Riemann integrable on [0, 1]. 
 4. f need not be uniformly continuous on [0, 1]. 

48. Let, if possible, 
2 2

2 2( , ) (0,0)

sin( )
lim

x y

x y

x y
 , 

2 2

2 2( , ) (0,0)
lim

x y

x y

x y
.  Then 

 1.  exists but  does not.  
 2.  does not exists but  exists. 
 3. ,  do not exist. 
 4. Both ,  exist. 

49. Let :f ¡ ¡  be  a non-negative Lebesgue integrable function.  Then 

 1. f is finite almost everywhere. 
 2. f is a continuous function. 
 3. f has at most countably many discontinuities. 
 4. f 2 is Lebesgue integrable. 

50. Let S = {(x, y) 2¡ : xy = 1 }.  then 
 1. S is not connected but compact. 
 2. S is neither connected nor compact. 
 3. S is bounded but not connected. 
 4. S is unbounded but connected. 

51. Consider the linear space  

 X = C[0, 1] with the norm sup ( ) :0 1f f t t .   

 Let F = 
1

: ( ) 0
2

f X f and G =
1

: ( ) 0
2

g X g .  

 Then 
 1. F is not closed and G is open. 
 2. F is closed but G is not open. 
 3. F is not closed and G is not open. 
 4. F is closed and G is open.  
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converges uniformly on [0, 1] to a function f.  Then  

1. f is differeennnnnnnnntttttttttiiiiiabbbbbbbllllllleeeeeee aaaaanddddd RRiieemmmmmmmmaaaaaaaannnnnnnnnn innnnnnntttttttteggggggrabbbbblllllllle oooooooonnnnnnn   [[[[[[[[0000000, 11111111]]]]]]]]. 
2. f is unnnnnnnniiiiiifffffffooorrrrrrrmmmmmmmmmllllllllyyyyyy cooooooonnnnnnnnnnttttttttttttttttiiiiiiiiiiiiiinnnnnnnnnnnnnnnuuuuuuuuuoooooooouuuuuuuus aaaaaaaaannnnnnnndd RRRRRRiiiiiiiieeeeeeeeemmmmmmmmmaaaaaaannnnnnnnnnnnn iiiiiiiinnnnnnnnnnnnttttttttteeeeeeeggggggggggrrrrrrrraaabbbbbblllllllleeeeeeee oooooooonnnnnn [[[[[[00000, 1]. 
3. f iiisssssssss ccccooooooooonnnnnnntinnnnnnuuuuuuouuuuuuuusssssssssssssss,,,,,, ffffffff   nnnnnnnneeeeeeeeeeeeeeeeeddddddddd nnnnnnnott bbbbbbbe ddddiiffffffffffereennnnnttttttttiiiiiiiaaaaaaaaaabbbbbbbbbllllllllleeeeeee oooooooonnnn  (((((((((0000000000,,,,,,, 111111) aaaaaaannnnnnnnndddddddd nnnnnnnneeed not be  
 RRRRRRRRRiiiiiiiieeeeeemaaaaaaaannnnnnnnnnnnnnnnnn iiiiinnnnnnnnnttttttttteggggggggggrrabbbbblllllleeeeeeeee ooooooooonnnnnn [[[[[[[000000,,,, 11111]]]]]. 
4. ffffff nnnneeeeeeeeeeeeeeeeeddddddddd  nnnnnnnnnnnooooooooottttttttt bbbbbbbbbeeeeeeee uuuuuuuunniiiiiiifffffffooooooormly continuous on [0000000, 111111111]]]]]].. 

8. LLLLLLLLeeeeeeet, iiiiiiffffffff  ppppppppppppooooooooossssssssssssssiiiibbbbbbbbbllleeeeeeee, 
2 2

2 2( , )(( )(( , )(( (0,(0(0(0,(0,((0,,0)0)0)0)00))

sin( )2 2

lim
y,,,,,,,

y

xxxxxxxx y
 , 

2 22222 2

2 22222( , ) (00(0,(0(0,(0,(0,0)0))00)0)
lim
y,,

x yyyyyyyy

xxxxxxxx yyyyyyy
.......    TTTTTTTTTThhhhhhhhheeeeeennnnnnnn 

1.  eeexxxxxxxisttttttsssssssss bbbbbuuuuuuuutttttt  doeess nnnnnnnoooooot..   
2222.....   ddddddddoeeeeeeees nnnnnnnot exists but  eeeeeeeeeeeexistttssssssss. 
33333333. ,  doooo  nnot exist. 
4444444444.....     BBBBBBBBotttttttttthh ,  exist. 

999. LLLLLLLeeeeeeeetttttttt :fffffff ¡¡¡¡¡¡ ¡  be  a non-negatiiive Leebbbbbbbbeeeeeeesgue  iintegrable ffffffuuuuuuuunnnnnnnnctiooooooon.  Thhhhhhheeeeennnnn 

11111111.  ffffffff is ffffiiiiiiinnnnnnnniteeeeeee aalmost everrrrrrrryyyyyyyywwwwwwwheeerrrrrrrre. 
222222222222... fffffff iiiiiiiis a cooooooooonnnnnnnnntinnnnnnnnuuuuuuuooooooouuuuuusss  ffffffffuuuuuuuunnnnncttttttiiiiiiiiooonnnnnnn. 
33333333...  ffffffff hhhhhhhaaaaaaaas at mostttttttt ccccccccooooouuuuunnnnnntttttttabbbbbbbbllyyyy mmany disconnttttttiinuities..  
444444. ffffff 22222222 iiiiisssssss LLLLLebesguuuuuueeeeeee iiinnnnnnnnttttttttteeeeeeeegggggggggrrrrrraaaaaaabbbbbbbblllllllleeeeeee. 

0. LLLLLLLLettttttttt SSSSSS ========      {{{{{{{{{((((((((xxxxxxx,,,, y)))))))) 222222222¡¡¡¡¡ : xxyyyyyyy   =======    11111111    }}}}}}}}...  tttttttttttttthhhhhhhheeeeeeeeeeeeeeeeennnnnnnnnn 
1. SSSSSSSSS iiiiiiiiissssssss nnnnnnnnnoooooooot coooooooonnnnnnnnnnnnneeeeeccccccccteeeeeeeedddddddd bbbbbbbbbuuuuuuuuuuuuttttt  cccccccoooooooooooooooommmmmmmmmmmmmmmmmmppppppppppppaaaaaaaaaacccccccttttttttttt.... 
2. SSSSSSSS iiiiiiisssssss nnnnnnnneeeeeeeeiiiiiiiiitttttttthhhhhhhhhher coooooonnnnnnnnnnnnnnnneeeeccccccctttttteeeeeeeeddddd nor compact. 
3. SSSSSSS   iiiiiiisssssssss bbbbbbbooooooooooouuuuuuunnnnnnnnded but nottttttt cccccccoooooooonnnnnnnnnnnecttttteddddd. 
4. S iiiiissssss uuuuuuunnnnnnnbbbbbbbboounded but ccccccccooooooooonnnnnnnnnnnnected. 

1. Consider the linear ssssssssppppppppaaaaaaaaacceeee  

X = C[0, 1] with the norm ( ) 000 1fffff ( )( 00000suuuuuppppppp ((((((( ))))))((((( :00000 .   
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52. Let V be the vector space of all n x n real matrices, A = [aij] such that aij = -aji for 
 all i, j. Then the dimension of V is: 
  

 1. 
2

2

n n
. 

 2. 
2

2

n n
. 

 3. 2n n . 
 4. n. 

53. Let n=mk where m and k are integers > 2.  Let A = [aij] be a matrix given by aij=1 
 if for some r = 0, 1,…, m-1, rk <  i,  j < (r+1)k and aij= 0, otherwise.  Then the 
 null  space of A has dimension : 

 1. m(k – 1). 
 2. mk – 1. 
 3. k(m – 1). 
 4. zero. 

54. The set of all solutions to the system of equations : 

 (1 – i) x1 – ix2 = 0 
 2x1 + (1 – i)x2 = 0 
  
 is given by: 

 1. (x1, x2) = (0, 0). 
 2. (x1, x2) = (1, 1). 

 3. (x1, x2) = 
5 5

1,cos sin
4 4

c i  where c is any complex number. 

 4. (x1, x2) = 
3 3

cos , sin
4 4

c i  where c is any complex number. 

55. Let A be an m x n matrix where m < n.  Consider the system of linear equations 
  A x = b where b is an n x 1 column vector and b  0.  Which of the following is 
 always true? 

 1. The system of equations has no solution. 
 2. The system of equations has a solution if and only if it has infinitely many  
  solutions. 
 3. The system of equations has a unique solution. 
 4. The system of equations has at least one solution. 
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 3. n n . 
 4. n. 

53. Let n=mkkkkkkkk wwwwwwwwhhhhhhheeeeere mmmmmmmmmm    aaaaaannnnnnnnnddddddddd kkkkkkkkkk aaaaaaaaarrrrrrrreeeeeeee innnnnnnnnntttttttteeeeeeeeeeegggggeeeeerrrrrrrrsssssssss >>>>>>>> 2222222222.   LLLLLLLLLLeeeeeeeeeeetttttttt AAAAAAAAAA ========== [aij]]]]]]]] bbbbbbbbeee aaaaaaaa  matrix given by 
 if for sssssssssoooommmmmmmme rrrrrr  =========  0000, 11111111111,……, mmmmmmm---1111, rrrrrrrkkkkkk <<<<<  iiii,  jjjjjjj <<<<<<<< (((((((rrr++++1)))))))))kkkkkkkkk  aaaaaaaaannnnnnnnddddddddd aaaaaaaaijijjijijijij= 0000000,, ooooooottttttttthhhhherwise.  The
 nulllllllllll  sssssssppppppppacccccceeeeeeeeee  ooooooooffff AAAAAAAAAA hhhhhhhhhhassssss ddddddddiiiiiiimmmmmmmmeeeeeeeeennnnnnnnsssiiiiiiion : 

 1111. mmmmmmmmm(((((((((((kkkkkk –––––– 1111111)))))))). 
 222222222. mmmmmmmmmmkkkkkkkkk ––––– 111111. 
 3. kkkkkkkk(((((((mmmmmmmm – 1111111))))))))). 
 444444444........  zzzzeeeeeeerooooooo.. 

544444444.   TTTTTTTThhhhhhheeeeee ssssssssseeeeettttttt oooooooffffffff allllllllllllll solutions to theeee systeemmmmmmmmmmm of eqqqqquuuuuuuaaaaaaationnnnnnnnssssssss : 

 (((((((((((((11111111  ––– i))))) x111111  –– iiiiiixxxx2 = 0 
 2222222xxxxxxxx1 ++++ ((1 –––– i)xxxxxxxx2 = 0 
   
 iiiiiiissssss  gggggggggivvvvvvveeeennnnnnnn byyyyyyyy:::::: 

 11111111.. (((((xxxxxxxx1, x2) = ((((((((000000000000000,,,,,,, 00000)))))))))). 
 22222222..   ((((((((xxxxxxxxx111,,,,,,,  x2) = (11111111,,,,,,,, 11111)))))))).....  

 33333333.. (((((((x1, xxxxxxxxx2))))))) ======= ccccccc
5555 555555

1
55 55

ssssiiiiiiinnnnnnnnnn11,ccoos1 sssiiii
5

1
5 5

i
44444444 444444444

1,ccoos sin
4444444444 444444444

1,ccoos  wwhherree cc iiiss aaaaaaaaannnnnnnnnnyyyyyyyy cccccoooooooooommpppppppppplllllllleeeeeeeexxxxxxxxxx nnnnnnnnummmmmmmmmbbbbbbbbbbbbeer. 

 4. (((xxxxxxx11111111,,,, x2222222)))))))))   = c
3 333 3

ssincccccccooooooooosss ,,,,,, i
3

cc
3 3

i
44444444 444

cooosss , ssin
44444 4444

,coooooosss ,,,  whhheeeeeeeerrrrrrreeeeeee cccccccc iiiiiiissssssss aaaaaaany cooooooooommmmmmmmmmppppppppppplllllllleeeeeeeeex nnnnnnnuuuuuummmmmmmmmber. 

55. Let A be an mmmmmmm xxxxxx nnnnnnnnn mmmmmmmatrixxxxxx wwwwwwwwwwwwwwwwwwwhhhhhhhhheeeeeeeerrrrrrrreeeeeeee     mmmmmmm   <<<<<<<<< nnnnnnnnn.......      CCCCCCCCCCoooooooonnnnnnnnnsssssssiiiiiiiiiddddddder tttttthhhhhhhheeeeeee sssssssyyyyyyysssssssttttem of linear equatio
  A x = b where bbbb iiiiiiiisssssss aaaaaaaannnnn nnnnnn xxxxxxxxxx 11111111 ccccccoooolummnn vvvveeeeeeccccccccctttttttooooooorrrrrrrr aaaaaaandddddddd bbbbbbbb  0.  Which of the followi
 always true? 

 CENTRE FOR MATHEMATICS & STATISTICS TRIVANDRUM 
 Phone: 8113887329, 9496817167  Email: cmscsirnet@gmail.com, www.cmsnetiss.com

6



56. Let T be a normal operator on a complex inner product space. Then T is self- 
 adjoint if and only if : 

 1. All eigenvalues of T are distinct. 
 2. All eigenvalues of T are real. 
 3. T has repeated eigenvalues. 
 4. T has at least one real eigenvalue. 

57. A 2 x 2 real matrix A is diagonalizable if and only if : 

 1. (trA)2 < 4 Det A. 
 2. (tr A)2 > 4 Det A. 
 3. (tr A)2 = 4 Det A. 
 4. Tr A = Det A. 

58. Let A be a 3 x 3 complex matrix such that A3 = I (= the 3 x 3 identity matrix).  
 Then : 

 1. A is diagnonalizable. 
 2. A is not diagonalizable. 
 3. The minimal polynomial of A has a repeated root. 
 4. All eigenvalues of A are real. 

59. Let V be the real vector space of real polynomials of degree < 3 and let T : V 
 V be the linear transformation defined by P(t) a Q(t) where Q(t) = P(at + b).  
 Then  the matrix of T with respect to the basis 1, t, t2 of V is: 

 1. 

2

2

0 2

0 0

b b b

a ab

a

. 

 2. 

2

2

0 2

0 0

a a a

b ab

b

. 

 3. 

2

2

0

0

b b b

a a

b a

. 

 4. 

2

2

0

0

a a a

b b

a b

. 
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7. A 2 x 2 real matrix A is diagonaalliizzabblee if and only if : 

1. (trA)2 < 44444444 DDDDDDDDDDeeeeeeetttttttt AAAAAAAA. 
2. (tr AAAAA))))))))22222 >>>>>>> 444444444 Deeeeeeeeetttttt AAAAAAAAA... 
3. (((((((tttttttttrrrrrrrrr AAAAAAAA))))))))22222222 =     44444444444 Deeeeeeeeeetttttttt AAAAAAAAAAA......   
4. TTTTTTTTTrrrrrr AAAAA   =========    DDDDDDDDeeeeeeeeetttttttt AAAAAAAA. 

8. LLLLLLeeeeeeet AAAAAAAA bbbbbbbbbbeeeeeeee  aaaaaaa  333333333 xxxxxx    33333333 ccccccccccoooomplex matrix such that A3 = I (= ttttttttthhhhhhhhheeeeeee 333 xxxxxxxxx 333333333 iiiiiiiidddddddddeeeeentttttttttiiiiiiityyyyyyyy    matrix)
TTTTTTThhhhhhhhhen :::::: 

1. AAAAAAAAAAAAAA  iiissssssss diaaaaaaaaggggggggnnnoooooooonnnnnnnnaalllllliiizaabbbbbbbblllllllleeeee. 
2. AAAAAAAA iiiiiiiis nnnnnnnnot ddddddddiagonalizabbbbbbbblllllleeeee.  
333333333... TTTTTTTThhhhhhheeee  miinnnnnnnimal polynommmmiiiiiiiiiiaaaaal of AAAAAAAA   hhhhhhhhaaaaaass a rrrrreeppppppppeatttttttteeeeeeeedd root. 
4444444..... AAAAAAAAlllll eigggggggenvalues of A areeee real. 

999. LLLLLLLLLLLLLLeeeeeeeeeeeeettttttttt VVVVVV  bbbbbbbee tttttthhhhhhhhhhhhee rrrrrrrreal vector space oof real polynnnooomials offffff dddddddddddeeeeeeeeggggreeeeeeeee  < 3 aannnndddddddd lleeeeeeeeeettttttt TTTTTTTTTT : VVVVVV 
V bbbbbbbbe thhhhhhhhhe lllllllliiiiiiineaaaaaaaaar transformationnnn defiiinnnnnnnnnedddddddd by PPPPPP((((((((t) a Q(t) wwwwwwwwwheeerrrrrre Q((((((((((((ttttt)))  =    PPPPPPPPPPPPPPPPP((((((((((((((((aaaaaaaatttt ++++++ bbbbb)
TTTTTTTTThhhhhhhheeeeeeennnnnnn  ttttttthhhhhe mmmmmmmatrrrrrrrriix of T with reeeeeeeesssssssspppppectttttttt to thhhhhheeeeeeee baaaassssssssiiiiiiisss 1, t, t2 of VVVVV is::::::: 

1. 

2bbbbbbbbb b bbbbbbbb

0000000 b2

bbb b b

00000000 a ab200000000 b2
2220 000000 00000000 aaaaaaaa22222220 00 aaaaaaa

. 

2. 

222222aaaaaaaaa aaaaaaa aaaaaaa

0000000 bbbbbbb bbbb2

aaaaaaa aaaaaa aaaaaaa

0000000 bbb ab22222222000000 bb2
200 0000000 b000000 0 b200 0000000000 b

. 

3. 

22b bbbbbbbbb bbbbbbbb

0

b b b

0a a 0
20 b 20 b a

. 
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60. The minimal polynomial of the 3  3 real matrix 

0 0

0 0

0 0

a

a

b

 is: 

 1. (X – a) (X – b). 
 2. (X – a)2 (X – b). 
 3. (X – a)2 (X – b)2.
 4. (X – a) (X – b)2. 

61. The characteristic polynomial of the 3  3 real matrix A =  

0 0

1 0

0 1

c

b

a

 is: 

 1. X3 + aX2 + bX + c. 
 2. (X–a) (X–b) (X – c). 
 3. (X–1) (X–abc)2. 
 4. (X–1)2 (X–abc). 

62. Let e1, e2, e3 denote the standard basis of 3¡ .  Then ae1 + be2 + ce3,  e2, e3 is an 
 orthonormal basis of  3¡  if and only if 

 1. a 0,  a2 + b2 + c2 = 1. 
 2. 1,a  b = c = 0. 
 3. a = b = c = 1. 
 4. a = b = c. 

63. Let E = {z  £  : ez = i}.  Then E is : 

 1. a singleton. 
 2. E is a set of 4 elements. 
 3. E is an infinite set. 
 4. E is an infinite group under addition. 

64. Suppose {an} is a sequence of complex numbers such that 
0

na diverges.  Then 

 the radius of convergence R of the power series 
0

( 1)
2

nn
n

n

a
z  satisfies : 

 1. R = 3. 
 2. R < 2. 
 3. R > 2. 
 4. R = . 

Model 2009 -  8

. The characterisssssttttttiiiiiicccccc pppppppoooooooolllllllynoommmmmmmmmmmmiiiiiaaaaaaaaaaaaaaalllllll ooooooooof ttttttthhhhhhhhhheeeeeee 3333333   333333333 rreeeeeeeeeaaaaaaalllllllll mmmmmmmmmaaaaaaaattrix AAAAAAAAA ==  

0 0 c

1 0 b1 0 b1 0 b

0 100000000 11111 a000000000 1 a

 is: 

1. XXXXXXXXX33333 + aaaaaaaaXXXXXXXXX222222222 ++++++++++  bbbbbbbbbXXXXXXXX ++++++++ ccccccc. 
2. (((((((XXXXXXX–––––––aaaaaaaa)))))))) (((((((((XXXXXXXXXXXXX–bbbbbbbb)))))))) (((((((((XXXXXXXXXX – c). 
3. ((((((XXXXXXXXXXX–––––11111111)))))))))) ((XXXXXXX–aaaaaaaabbbbbbbbbbc)2. 
4444444. (((((((((((((XXXXXXXXXX––––––1))))))))2222 (((((((((XXXXXXXX–abc). 

. LLLLLLLLettttttttt     eeeeeeee111111,,,,,,  eeeeeeee222,, eeeeeee3 dddddddeeeeeeeeenooooooootttttttte the ssttaannnnnnnddaaaaarrrrd bbbbbbbasssssssiiiiiiiis ooooooooofff 3¡ .   TTTTTThhhhhhhheenn ae1 ++++++++ bbbbbbbbe2 +++++++ ceeee33333,,,,,,,,    eeeeeeee22, eeeeeeee3 is a
orrrrrttttttttthhhhhhhhoooooooonnnnnnnnnnorrrrrrrrrmmmmmmmmmal bbbbbbbbasssssssiiiiis of  3¡  if annnnnnnnddddddddddddddd  onlyyyyyyyy   iiiiiiiiiffffffff 

1111111. aa  000,,  aaaaaaa2 + b2 + c2 = 1. 
22222222......  11,  b = c = 0. 
33333. aaaaaa  = bbbbbbbb = ccccc = 1. 
4444444... a = bbbbbbb  = cccccccc. 

. LLLLLLeeeeeeeeeeeetttttttt EEEEEEEEEEEEE = {{{{{{{{zzzzzzzz  £  ::::::: eeeezzzzzzzz ======== iiiii}}}..  TTTTTTTTheeeeeennnnnn EEEEEEEE is : 

11111........  aaaaaaaaaaaaaaaa  siiiiiiiinnnnnnnnnngggggllllllleton. 
22222222. EEEEEEEEEEEE iiiissss aaaaaa ssssseeeeeeeetttttttt   offffff 444444444 eeeeeeelllllllleeeeeeemmmmmmmeeennttttss. 
3. EEEEEEEE iiiiiiisssssss aaaaaaaaan iiiiiiiinnnnnnnnnfffffffffiiiiiiiinnnnnnnniite seeeeeeettttttttttttt.. 
4. EEEEEEEE iiiiiiiisssssssss aaaaaaaannnnnnnnn     iiiiiinnnfffiiiiiiinnnnnnnnniiiiiiitttttteeeee ggggggggrrroooooooouuuuuuuuppppppp uuuuuuuuuuuuunnnnnnnddddddddddddddddddeeeeeeeeeeeeerrrrrrrrrr  aaaaaaaaaddddddddddddddddddddiiiiiiiiiittiiiiiiiiiiiiiiioooooooooonnnnnnnnnnnnnnnnn..  

. Suppose {{aaaaaaaaannnnnnnn}}}}}}}} iiiiiiissssssss a sequence oooooooofff  complex nummmmbbbbbbbbbeeeeeeeerrrrrrrrrrrsssssssss such thhaattttt  
0

naaaaaaaa ddiiverges.  The

the radius of convergennnnncccccccceeeeeeee RRRRRRRR ooooffffffff ttttthhhhhhheeeee pppppoowwwweeeeeerrrrrrr ssssssseeeeeeeerrrrrrrriiiieeesss   
0

( 1)
2

nnnnnnnn
n

n

a
 satisfies : 
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65. Let f, g be two entire functions. Suppose 2 2( ) ( ) 1f z g z , then 

 1. f(z)f ' (z) + g(z)g' (z) = 0.  
 2. f and g must be constant. 
 3. f and g are both bounded functions. 
 4. f and g have no zeros on the unit circle. 

66. The integral  
2

2 ( )z

sin z

z
 where the curve is taken anti-clockwise, equals : 

 1. -2 i. 
 2. 2 i. 
 3. 0. 
 3. 4 i. 

67. Suppose {zn} is a sequence  of complex numbers and 
0

nz  converges.  

  Let f : £  £  be an entire function with f(zn) = n, n = 0, 1, 2, …  Then  

 1. f  0. 
 2. f is unbounded. 
 3. no such function exists. 
 4. f has no zeros. 

68. Let f(z) = cos z and g(z) = cos z2, for z £ .  Then 

 1. f and g are both bounded on £ . 
 2. f is bounded, but g is not bounded on £ . 
 3. g is bounded, but f is not bounded on £ . 
 4. f and g are both bounded on the x-axis. 

69. Let f be an analytic function and let  2

0

( ) ( 2) n
n

n

f z a z  be its Taylor series in 

 some disc. Then 

 1. f(n)(0) = (2n)!an

 2. f(n)(2) = n!an

 3. f(2n)(2) = (2n)!an

 4. f(2n)(2) = n!an

Model 2009 -  9

 The integral  
2

2 ( )))))))z

 whereee tttttthhhhhheee ccccuuuuurrrvvvvveeeee is taken anti-clockwise, equals : 

1. -2 ii....... 
2. 222222 iiiiiii....... 
3. 00000000. 
3. 4 iiiiiiii. 

 SSSSSSSuuuuuuuuppppppppppppppppppoooooooooooooossssssssseeeeeeeee  {z{z{z{z{z{z{z{znnnnnnnn} } } } } } } isisisisisisiii  a s eqeqeqeqeqeqeqe ueueueuueueueuennnce e  o o o o o  of f f f f f f f cocccccccooooooompmpmpmpmpmpmpm lex numbererrrrrrrrrrs s and d d d d 
00

nnnnnnnz   cooooooonnnnnnnnvvvvvveeeeeeeeerrrrrrrggggggggeeeeeeeeessssssss.  

 Leeeeeeettttttt    ffffffff  ::: £££££££  ££££££££  bbbbbbbbee an entire ffffffffuuuuuuuunnnnnnnnnnnnnccccctionnnnnnnn wwwwwwwwwiiittttttthhhhhh  ffff(zzzzzzzzznn))))))) = nnnnnn, n = 00000000,,,,,,,   1111, 2,  …………………  TTTTTTTThhhhhhhheeeeeenn  

11.......    ffffff  0000000. 
2222.. f iiiiiis uuuuunnbooooounded. 
3333333. nnnoooo suuuuuuuuchhh function exists. 
4.......  f hhhhhhhhasssssss no zzzzeros. 

 LLLeeeeeeeeettttttt ffffffffff((((((((((zzzzzzzzz) ====== ccccccccos zzzzzzz aaaaaaaandddddddd ggggggg(z) = ccccccooooooos zzzzz2222,,  ffffffor z ££ .   TTTTTTTTThhennnnnn 

1111111.. fffffffffffff annnnnnnnddddddd ggggggg are botttttttthhhhhhhhhhhhh bbbbbbooundddeedddddddd ooooooonnnnnnnnnnn   £ . 
22222222. ffffffffffffffff iiiiiiissssssss bbbbbbbbooooooooouuuuuuuunnnnnnnndedd,,,,,  bbbbbbbbbbbuuuuuuuutttttttttttt ggggggg iss nnnoott bbbbbboooooouuuuuuuuunnnnnnnnnnnddddddddeeeeeeeeeddddddddddd oooonnn ££ . 
333. gggggggg   iiiiiiiiissssssss bouuuuuuuunnnnndddddddeeeeedddddddddd,, bbbbbbbuut f is nnoot bouuuunnnnnnnnddddddddddddddeeeeeeddddddd oon ££ . 
4. fffffffff aaaaaaannnnnnnnnddddddddd gggggggggg areeeeeeee bbbbbbbboooooooottttttth bbbboooooooouunnnnnnnnnndddddddddddeeeeeeedddddddddddd  ooooooooonnnn  ttttttttttttthhhhhheeeeeeeeeeee xxx------aaaaaxxxxxxxxxxxxxxiiiiiiiiiiiiiiisssssssssssssss...   

 Let f be aaaaaaaannnnnnn aaaaaaaaannnnnnnaallllllytic function anddddddd llllllleeeeetttttt  2

00000000

2) n
n

nnnnnnn

((nffffffff ((((( ))))))( (((  bbbbbbbbbeeeeeeee iiiiiiiittttssssssssss TTTTTTaaylor series i

some disc. Then 

1. f(n)ff (0) = (2n)!an
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70. The signature of the permutation 

1 2 3

1 2 1

n

n n n

L
 is 

 1. 21
n

. 

 2. 1
n

. 

 3. 
1

1
n

. 

 4. 
1

1
n

. 

71. Let  be a permutation written as a product of disjoint cycles, k of which are 
 cycles of odd size and m of which are cycles of even size, where 4  k  6 and  
 6  m  8.  It is also known that  is an odd permutation.  Then which one of the 
 following is true? 

 1. k = 4 and m = 6. 
 2. m = 7. 
 3. k = 6. 
 4. m = 8. 

72. Let p, q be two distinct prime numbers.  then pq – 1 + qp – 1 is congruent to 

 1. 1 mod pq. 
 2. 2 mod pq. 
 3. p–1 mod pq. 
 4. q–1 mod pq. 

73. What is the total number of groups (upto isomorphism) of order 8? 
  
 1. only one. 
 2. 3. 
 3. 5. 
 4. 6. 

74. Which ones of the following three statements are correct? 

 (A) Every group of order 15 is cyclic. 
 (B) Every group of order 21 is cyclic. 
 (C) Every group of order 35 is cyclic. 

 1. (A) and (C). 
 2. (B) and (C). 
 3. (A) and (B). 
 4. (B) only. 
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2. 
n

. 

3. 
1n
.. 

4. 
111111n
. 

71. LLetttttttt  be   aaaaaaaa pppppppeeeeeeeeerrrrrrrrrrmmmuuuuuuutttttttttaaaaaaaattttiiiiiiiioooooooooonnnnnn written as a product of disjjjjjjooooooooiiiiiiinnntttttt cyccccccccllllllllleeeeeeeeesssss,,,,,     kkkkkkkk offffffff wwwwwwwwhhhhhhich are 
ccccccccyyyyyyycccccccclllllllles ooooooooofffffffff  oooooooooddddddddddddddddddd ssiiiiiizzzzzzzeeeeeee  aaaaaaaaand m of which are cycles of even size, wwwwwwwwwhhhhhhhhhheeeeeeereeeeeeee 444444444   kkkkkkkkkk  6666666  aaaaaaannnnnnnnd  
66666  mmmmmmm   88888888888.  IIIIIIIItttttttt iiiiiiisssss also known that  is an odd permutation.  TTThhhhhhhhheeeeeennnnnnnnn  wwwwwwwwwhhhhhhhhhhiiiiiiiicccccccchhhhhhhhh oneeeeeee    oooooooofffff the 
ffffffffollllllllllllooooooooooooowwwwwwwwwiiiiiiiiinnnnnnnnnnnnngggggg iiiiiiiis tttttttttrrrue? 

1111.....  kkkkkkkkk ======= 4444  annddddddddd m = 6. 
22222222.....  mmmmmmmm ===   7. 
333333333......   kkkkkkkk ==  6. 
444444...  mmmmmmm ======= 88. 

7222222. LLLettttt p,,,,,    qqqqqqq   be twoooooooo  distinct prime nuuuumberrrrrrrrsssssss.  tttthen pppppppq – 1 + qp – 1q  issssss connnnnggggggggruennnnnnnnttttt ttttto 

111111111. 1111    modddddddd  ppppqqqq. 
2222222222222.. 2222222 mmmmmmmmmod pppppqqqqqqqq.....   
33333333333. pppppp––––11111111  mod pq. 
4444. qqqqqq–111111111 mmmmmmmmmod pq. 

73. WWWWWWWWhhhhhhhhhaattttt iiiiiiiisssssss   tttttttthhhhhhhheeeeeeee      totttttttttaaaaaaaallll nnnnnnnnuuummbbeer oooooooooooffffffffff  gggggggggggggrrrrrrrrooooooooooouuuuuuupppppppppppppps (((((((((((((((uuuuuuuppppppppppppppptttttttttttttttoooooooo iiiiiisssssssoooooooommmmmmmooooooorrrrrrrrrrrrpppppppphhhhhhhhhhiiiiiiissssssssmm) oofffffffff oooooooorrrrrrddddddddeeeeeeeerrrr  8??????    
 
1. ooooooonnnnnnnnllllllllyyyyyyyy     oooooooonnnnnnnnnneeeeeeee.   
2. 333333. 
3. 5. 
4. 6. 

74. Which ones of the followiiiiiinnnnnnnngggggg tttttttthhhhhhhrree sttttatteemmentttttts aaaaaaarrrrrrreeeeeeee ccccccccooooorrect? 
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75. Let p be a prime number and consider the natural action of the group 2 ( )PGL ¢ on 

p¢  p¢ .  Then the index of the isotropy subgroup at (1, 1) is 

 1. p2 – 1. 
 2. p (p –1). 
 3. p – 1. 
 4. p2

. 

76. The quadratic polynomial  X2 + bX + c  is irreducible over the finite field  

5¢  if and only if 

 1. b2 – 4c = 1. 
 2. b2 – 4c = 4. 
 3. either  b2 – 4c = 2  or  b2 – 4c = 3. 
 4. either  b2 – 4c = 1  or  b2 – 4c = 4. 

77. Let K denote a proper subfield of the field  F = GF(212) a finite field with 212

 elements.  Then the number of elements of K must be equal to 

 1. 2m  where  m = 1, 2, 3, 4  or  6. 
 2. 2m  where  m = 1, 2,L , 11. 
 3. 212. 
 4. 2m  where  m  and 12 are coprime to each other. 

78. The general and singular solutions of the differential equation 
19 1

,
2 2

y x p px  where  
,

dy
p

dx
  are given by 

 1. 2cy – x2 – 9c2 = 0,  3y = 2x. 
 2. 2cy – x2 + 9c2 = 0,    y = 3x. 
 3. 2cy +x2 + 9c2 =  0,    y = 3x. 
 4. 2cy + x2 + 9c2 = 0,  3y = 4x. 

79. A homogenous linear differential equation with real constant coefficients, which 
 has  y = xe–3x cos 2x +e–3x sin 2x,  as one of its solutions, is given by: 

 1. (D2 + 6D + 13)y  =  0. 
 2. (D2 – 6D + 13)y  =  0. 
 3. (D2– 6D + 13)2y  =  0. 
 4. (D2 + 6D + 13)2y = 0. 
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 2. p (p –1). 
 3. p – 1. 
 4. p2

. 

76. The quququququququuuuadadadadadadadadrrrararrarr tic c c c c c poppopopppppppolyynonononnonononononononononomimimimimimimimimimm alallalllllll  XXXXXXX22222222 + b b b b b b b bX X XX X + + + + c c c c  i i i is s s s s s s iririiri redududududududuciciciciiciiiblblblblblblblble e e e  e e ovovoovovovovovvvo erererererererereer t t t t t t t thehhhhhh  f f f f f f fininininininininitititti e e  e e  e fiffff eld  

5¢  ififififififfff a a a a a and o o o o o o o onlnlnlnnlnlnlnln y y y y y y  ififfiffifififf 55555555

11111111. bbbbbbbbb222222222 – – – – – 4 4 4 4 4 4 4 4 4 4 4 4c c c c c c c = 11111.111  
222222222. bbbbbbbb22222222 – – – – 4 4 4 4 4 4c c c c c c =  44444.444  

 3. eieeeieiiththhhhhhherererrrr            bbbbbb2 – 4c = 2  or  b2 – 4c = 3. 
44444444444.  .  eieieieieieieiththththththeeereee   b2 – 4 4 4c c c c c = 1 1 1  or  b b b b b b2 – 4c = 4. 

777777777777777 . LeLeLeLeLeLeLeLet t t t t t t t t t K K K K K K K K ddddedddd noooooononottett  a  a a  a a a proper ssubbfbfbbbbbfieieeieieielllld o o o o o o o of tththttt e ffieleleeeeee d d d   F F F F F F F F F = = = = = G GFF(212) a a a a a a a fffifffff niteteteeteteeee f f f f f f fiei ldldldldddddd w w w w w w witititittth 222222212121121212122

eeeeeeeeleleleleleelelelel mmmemmmmmm nntnnnnnn s......  Thhhhhhhhen the number ofooffofoooffoooooo  elemmemememememmentntntntntntntnts s s s s s s s ooofooooo  K K K K K K K K K K m m must t t t t t t t be equal to o o o o o o 

1111111. 2222222m  wwwhwwww ere  m = 1, 2, 3, 4  or  6. m

22222222. 22222mm  wwwwhww ere  m = 1, 2,m L , , 11. 
3333333. 222222222221212. 
444444444. 22222222m  wwhwwwwwww ere  m  and 12 arrrre copppppppprrrrrirrrr mmmemmmmm  to eaeeeaaaaaaachccccccc  other. m

77778777877 . ThTTTTTTTTT e e e e e e e geggegegegegegeneraaaaaaaal l l annnnnnnnnd d d d d d d singular solololololloololo uuutututututu iiiionsnsnsnsnsns of the dddididdiddiffffffeerrrrrrrentititittitititiialaaa  equattttioioioooioioi n n n 
19 19 19 19 19 19 19 19 19 1 ,

2 2
yyyyyy xyy p ppp pp pp pp ppp pxxxxxxxx

2 2
1xxxxxx ppppppp  w  w w w w w eheheherrereerrereere  

,

ddddydddd
ppppppp

dx
  are giveeeeen n n n n n n n n byby 

11111111. . . 2c2c2c2c22c22c22 y y y y y y y y – x2 – 9 9 9 9ccccccccccccc22 = = = = = = = =  0 0 0 0 0 0 0 0 0 0, ,  3 3  3 3 3 3 3y    y y y = = = = = = = = = 2x2x2x2x2x2x22xxx. . . . . 
222222222.    2cccccccy y y y y y y y y – – – – – – x22  + + + + + + + + 9 9 9 9 9ccccccc222 = = = = = = = = 0 0 0 0 0 0 0 0,    y y y y = = = = = = = 3x3xx3x3x. . . 
3333. 2c22222222 y +x+x+x+x+x+++ 222222 + + + +   9c22 =    0,0,00000,00,0,0,,,      y y y y y y  y y y y = = = = = = = = = = = = 3x3x3x3xxxxxx  . . . . . 
4444444. 2c2c2c2c2c22c2c2cy y y y y y y y y y + x2 + + + +  9 9 9 9 9 ccc2 = = = = = = = = 0 0 0 0 0 0 0, , , , , , ,  3 3 3 3 3 3 3 3 3 3 3 y y y y y y y y y = = = = = = = = = = 4x4xxxx4xxxxx. . 

79. A hohohohohohohohomomomomomomomomoogegeegeeeenononononononononn uuuusuuuu  linear didididdidididiiffffffffffffffffererererererrreneneee tiittttiitittiiiiitialalallalaa  e e e e eququququataaatata ioioooooooion n n n n n n wiwiwiwwiwiwithththhththththt  r r r r r reeeal constaaaantntntntntntntnt c c c c c c c  oeooeoeoeoeoo fffffffffffffff icicicicicicicieieieieieieiei ntnts, which 
 has  y = = = = = = = xexeeexeeeexe–3x3333  cos 2x +e–3x sini  2x,  as one of its soooooolullullll tions, is gigiveeeeeen n n n n n n  bybybybybybybyby: 

 1. (D2 + 6 6 6 6 6 6 6 6 6D D D D D D D D D + + + + + + + 131313131313133)y)y)y)y))y)y)y  = =  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. . 
 2. (D2 – 6D + 131313131313333)y)y)y)y)y)y)yy  =  0 0 0 0 0 0 0 0. 
 3  (D2– 6D + 13)2y  =  0  
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80. The particular integral yp(x) of the differential equation 

2
2

2

1
, 0

1

d y dy
x x y x

dx dx x

 is given by 
  

1 2

1
( ) ( ) ( )py x x x x

x
 where 1(x) and 2(x) are given by  
  

 1. 1 2 1 22 2

1 1 1
( ) ( ) 0, ( ) ( )

1
x x x x x

x x x
. 

 2. 1 2 1 22 2

1 1 1
( ) ( ) 0, ( ) ( )

1
x x x x x

x x x
. 

 3. 1 2 1 22 2

1 1 1
( ) ( ) 0, ( ) ( )

1
x x x x x

x x x
. 

 4. 1 2 1 22 2

1 1 1
( ) ( ) 0, ( ) ( )

1
x x x x x

x x x
. 

81. The boundary value problem 
 0, (0) 0, ( ) ( ) 0,y y y y k y  is self-adjoint 

 1. only for k {0, 1}. 
 2. for all k  (- , ). 
 3. only for k  [0, 1]. 
 4. only for k (– , 1) (1, )U . 

82. The general integral of  z(xp – yq) = y2 – x2  is  

 1. z2 = x2 + y2 + f(xy). 
 2. z2 = x2 – y2 + f(xy). 
 3. z2 = –x2 – y2 + f(xy). 
 4. z2 = y2 – x2 + f(xy). 
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 is given by 
  

21111

111
( ) ( ))))))) ( )))))))))

1
py x 21111( ) () 1 211111p x1( ))( )(( )((11

 whereeereeererere 111111(x(x((x((x((x( ) )  ananannannnand d d d d d d d d d  2(x(x(xxx(x(x(x(x(xxx(x) ) ) ) ) ) ) ) ) ararararraraarare gigigigigg veveeveveven n n n n n n bybbbbybyyby  
  

 1. . . 1111111 22 22 12 1

1 1111111 111111
( ) ( ) 0, ( ) ( )22 1 1

(2xxxxxxxx (
xx x x11 2 12( ) ( ) 0 ( )xxxxxxx 11 (((( )((( ( ) 0 ( )( ) 0, (( ) 0, ( )2 12222 12

111 1
(((( )(( ( ) 0 ( )

1 1
)(( ) 0 ( )) 0, (( ) 0, ( )( ) 0 ( ) . 

22222222.    1111 22 2222222 2 1222222

1 1 1
((((( )(((( ( ) 0, ( ) ( )(((22 12222222 11111111

(((2xxxxxxx
xxxxxxx x xxxxxxxx1 2 12( )((xxxxxx 1 (( ) 2 12

1 11
((((( )(( ( ) 0 ( )

1 11
( ) 0, ( ) ( )(((2( ) 0 ( )( ) 0 ( )) 0, (( ) 0, ( )( ) 0, ( )2 122 12 . . .  

3333333. 1 22 2222222 1

1 11 11
( )))))))) ( ) 0 (( )( ))( ) ( )( )))))))(((22 1 1

x ( )( )))2x xx xx xx xxxxxx1 ( ))))) 2 1x 11 ( ))))))) 2 1

1 11
( ))))) ( ) 0 (( )( )))( ) 0

1 1
( ) 000 ((( )( )( )( )( ( )( ))))))))( )( ))))))))2( ) 000 ( )(( ))( )((( ) 0,00000 ( )(( )( )( )( )(()( )( )2 12 1 . 

44444444. 1 22 22 1

1 1 111111
(( ) ( ) 0, ( ) ((( )22 1 1

xxx (((2x x xxxxxxx1 (( ) 2 1x 1 (( )((( 2 1

1 1
((( ) ( ) 0 ( )( ) 0 ( )

1 1
( ) 0, ( ) ((( )( ) 0 ( ) (((2( ) 0 ( )( ) 0 ( )) 0, (( ) 0, ( )( ) 0, ( )2 12 1 . 

88881888881. TThTTTTTT e e e e e e e bbbobbbbb unddadaddaddad ryyyy v v  v v  v value problemmmmmmmmmm 
 0 ( ) ( ) (((( )( 0,y yyyyy y yyyyyy yyyy0, (, (, (((((0)0) 0,0,0,0,0,, ( )((( )(((((((0 (((( )((((0,,, ((((0)0)0)0)))))) 0,0000 ( ))))( )))((00 )((((((((0, ((((0)))))) 0,0000 ( ))))( )))((000  is seseseseesesseellllffl -aaaaaaadjdjdjdjdjddjdjdjoiiiinntntntntntnttt 

11111111. .  onnnnnnnonnlyll  for k {00{ , , , , 1}1}1}1}1}1}1}}. . 
22222222.   fofofofofofofooor r alaaaaaaaa l k  ( ( ( ( ( ( ( ( (- ,- ,,,,,,, ).)).)  
333. onlylyyylyyyy f f f f f f forororororororr k k k k k k k k k k  [ [0,, 1 1].].].. 
44444444. . . . . onononononononoonnlylyllyllylylyy f f f f f f orororororororor k k k k k k k k (– , , , , ,  11)11)1)1)111)1)1)1)1)1)1)1)) ( ( ( ( ( ( ( (  ( 11111,1,111 ))))))))) .  ( ( ( ( ( ( ( ( ( (11111,1,111 ))))))))))))))))))))

82. Thhhhhe e e e e e gegegeegegegegenenenenenenenenn rararararararaaal l l l l l inininininininintttettt gral of f f f f f f  z z z z z z z z(x(x(x(x(x(x(x(xp p p p p p p p – – yyqyyyqyyyqyqyyqyqyq) ) ) = yyyy2 – – – x x x x x x x x2  iiiiisi   

 1. z2222222 = = = = = = =  x x x222 +  +   + + y2 + f(xy))))))). . . . . . . . 
 2. z2 = x2222222 – – – – – –  – – y y y y y y y y22222222 + + + + + + + + f f f(x(x(x(x((( y))))))y). 
 3. z2 = –x2 – y2222222 + + + + + + + + f  f  f f f f(x(x(x(x(x(x(x(x ))y)y)y)y)y)y)y). 
 4. z2 = y2 – x2 + f(xy). 
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83. A singular solution of the partial differential equation z + xp – x2y q2 – x3pq = 0 is 

 1. 
2x

z
y

. 

 2. 
2

x
z

y
. 

 3. 
2

y
z

x
. 

 4. 
2y

z
x

. 

84. The characteristics of the partial differential equation 
2 2

14 13
2 2

36 7 0,
z z z

y y
x y y

are given by 

 1. 1 26 6

1 1
,x c x c

y y
. 

 2. 1 26 6

36 36
,x c x c

y y
. 

 3. 1 26 6

7 7
6 , 6x c x c

y y
. 

 4. 1 28 8

7 7
6 , 6x c x c

y y
. 

85. The Lagrange interpolation polynomial through (1, 10), (2, –2), (3, 8),  is 

 1. 211 45 38x x . 

 2. 211 45 36x x . 

 3. 211 45 30x x . 

 4. 211 45 44x x . 
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 2. 
2

z
y

. 

 3. 
2

y
z

xxxxx
. . 

 4. 
2yyyyy

zzzzzzz
x

. 

844444. ThTThThThThThThhe e e e e e e e e e chchchchchchchhchchararrrrraaacacacaa tetetetetetett ristics of the p p p partial differential eqee uation 
2 2222222

14
222222

363636363636366 7 00,,,,13 zzzzzzzz
y

2222222
77y 7

x yx yxx yxx yyx y

22 22222222 2
14 13zzz zz zzz zz zzz zzz14 1313y 7

2 2
y

2x yx yxx yx yx yx yx yy yy y
aaaare e  gigggggg veeeeveveeen bybbbbbb  

1111111. 26 61

1 1
xx c1yyyy y6

c x11 . . . 

22222222. 26 61

333363333 36
xxxxxxxx c21yyyy yyyyyy6

c x11 . . . 

33333333. 26 66 61

7 77777777
6 , 6

6666 1

777777
cccc1y yyy yy yy yy yy yy yyy

, 6
6666666

x, 611 . 

444444. 22222228 8111

7 77777777
6 ,6666666 6666

8 1111

7
c222111y yyyyyy

, 6
8

x,, 61111111111 . 

85. ThThThThThThThhT e e e e  e  e LaLaLaLaLaLaLaLaL grgggrggg annnnnnnngegegegegegegegg  i i  i intntntntntntttteerererererereerpopolationn p p p p p p polynyyyyy omommmmmmmiaiaiaaiaiaiaiaiaiial l l l l l tththththththrrougggh h (11((((( , , , ,  1010),)  ( ( ( ( ( ( ( (2222222,22,22  – – – – – – –2)2)2)2)2)2)2)2  ,  ((3( , 8)8)8)8)8)8)8)8)8 , , , , , ,  i i i i i s s s s s s s 

11111111. . . . 22222111111111111111 45 38383838383383883222222 45445454 . 

 2. 211111111111 4544 362 454545 . 

 3. 21111111111111111 45 302 45454545 . 

 4. 22222211 455555 444442 4544444444454544444444 . 
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86. Newton’s method for finding the positive square root of  a > 0  gives, assuming  

 x0 > 0,  x0 a , 

 1. 1 2
n

n
n

x a
x

x
. 

 2. 1

1

2n n
n

a
x x

x
. 

 3. 1

1

2
n n

n

a
x x

x
. 

 4. 1

1

2
n n

n

a
x x

x
. 

87. The extremal problem 

2 2

0

[ ( )] ( )J y x y y dx

 (0) 1 , ( ) ,y y  has 
  
 1. a unique extremal if   = 1. 
 2. infinitely many extremals if   = 1. 
 3. a unique extremal if   = –1. 
 4. infinitely many extremal if   = – 1. 

88. The functional 

1
2 2

0

1
[ ] ( ) ; (0) 1, (1)

2
xJ y e y y dx y y e

 attains 

 1. A weak, but not a strong minimum on  ex. 
 2. A strong minimum on  ex. 
 3. A weak, but not a strong maximum on  ex. 
 4. A strong maximum on  ex. 
89. A solution of the integral equation 

0

( ) sinh ,
x

x te t dt x   is 

 1. ( ) xx e . 

 2. ( ) xx e . 
 3. ( ) sinhx x . 
 4. ( )x cosh x . 
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 2. 
1

2n 1 2
x 1n 1

a
n

aa
nx

nxxxxxxxxn . 

 3. 
11111111

2
nnnn 11

2
xxx 11nnnn

aaaaaaaaaa
nnnnnn

aaaaaaaaa
xxxxxxxnnnn

aaaaaaaaaaaa
xxxxxx

nxxxxxxxxnnnnnnn . . . . 

44444444. 
1111111111

222222222
nnnnnnn 111111

2
xxxxxxxx 111111nnnnn 1

aaaaa
n

a
n

a
nxxxxxxxxn

nxn . 

87. .  . Thhhhhhhhhe e e e e e e e e e e e exexxexexexexexexxtttrtrtttt ememememememmmmalalalalalalalala  problem 

0

J yJJJ yJ yJJ yJ y ddxx[ ([ ([ ([ ([[ ([ ([ (( )])])])])]])]])

((00)000000 1 ((( )((((( ,yy yyyy((0000)0000 1 , ( )(1 ( )  has 
   

1111. a a uunnnnnnnique extremal if   = 1. 
2222. iiiniiiii finnninnnnn tely many extremmmmals if   = 1. 
3333333. a a a a a a a uniqiqiqiqiqiqiiqique extremal if   = –1.11.11.1.11  
44444444. innnnfifffffff nitetetetetteteetely many extrrrrrrrememeemememememal i i i i i i i f f f f f f f    = – 1 . 

8888888888 . ThThThThThThThhThT e fufufufufffffunnncnnnnn tionallllll 

11111111
2 2

0000000

11

2222222222
yyyy dy y y eeeeeee2J yJ yJJJ yJ yJ yJ yy2[ ][ ][ ][ ][ ][ ][ ] ( ))))) (; (0)00) 1,1,11111,,, (1(1((1(1(1(1(( )))))))( 222(((((((( 2

222
xx ((((( ))))))(( )) ; (; ((; ((; (0)00)00)0)0)0) 1,1,1111 (1(111(( )))2 222

aaaaaaaatttttttttttttttt aiaiaiaiaiaiaiaiinsnsnsnsnsnsnsns  

 1. A A A A A A A A weweweweweweweeww akakakakakaakak, but not t t t t t t a a a a a a a stststssstroooonngnnngnnggnggggggng m m m m m m mininniniinimimmimmimumumummmummmum o o o o o o o   n  e e e e e e e ex. 
 2. A A A A A A A A A A A sttstsstssss rong minimum on  exxxxxxxx. 
 3. A A A A A A A wewwwwwww akakakakakaakakak, , , , , , , but not a ststststststststttrorororororroroongngngngngnngng m m m m m m m m m maxaxxaxaaxaxaxaxaximimmimimmimimmiimmmiimumumumumumummummuu  o o o o o o o o o on n n n n n n n n  e e e e e e e e e e exxxxxxxx. . . . 
 4. A strongngngngngngngngng m  m m   m m axaxaxaxaxaxaxximiimiimimii ummm  o o o o o o o o o on n n n  n n n n n  e e  e e e e exxxxxx. 
89. A solution of the intteteteteteteegrgrgrgrggrgrg alalallalaa  e e e   eququqquququququqquatatatatatatatioioiioiioion n n n n 

x
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90. If ( )p denotes the Laplace transform of ( )x then for the integral equation of 
 convolution type 

0

( ) 1 2 cos( ) ( ) ,
x

x x t t dt

( )p is given by 

 1. 
2

2

1

( 1)

p

p
. 

 2. 
2

2

1

( 1)

p

p
. 

 3. 
2

2

1

( 1)

p

p p
. 

 4. 
2

2

1

( 1)

p

p p
.

91. The Lagrangian of a dynamical system is 2 2 2
1 2 1 1 ,L q q k q& &  then the Hamiltonian 

 is given by 

 1. 2 2 2
1 2 1H p p kq . 

 2. 2 2 2
1 2 1

1

4
H p p kq . 

 3. 2 2 2
1 2 1H p p kq . 

 4. 2 2 2
1 2 1

1

4
H p p kq . 

92. The kinetic energy T and potential energy V of a dynamical system are given 
 respectively, under usual notations, by 

2 2 21
( sin ) ( cos )

2
T A B& && &

 and V = Mgl cos .  The generalized momentum p  is 

 1. 22 cos 2p B & && . 

 2. 
2

cos
2

B
p && . 

 3. 
2

cosp B && . 

 4. cosp B && . 
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0

( )p is given by 

 1. 
22

22222

11111111

((( 1((((( ))))))))

ppppppppp

p
. 

222222222. 
22222222

222222

111111

( 1( 1( 1(( 1( 1( 1( 1)

pppppppppp

ppppppp
. 

3333. . . . 
2( 1)p ppppppppp(((((((((

. 

44444444. . . . . . . 
2

2

11111111

( 1((((((( )

pppp

ppp pppppp((((((
.

999991999 . TThThThThThThhh  e e e e e e LLLaLLLLL ggggrgggggg annnnnnnggigg an of a dynamicaaaal system is 2 2 22 2222
1 22 1 11111 ,,,,,,L q k qqqqqqq1 2 12q1 2&2 22 22 22 2q qqq qq2 22 2
1 21 2  then the HaHaHaHaHaHaHaHamiimimiiiiltltltltltltltlttltonononononononononniaiiiiiii n n n n n n 

iiiiiiis ggiggivvevv n n n  n n byb  

11111. 2 2 2
1 2 1H pH pH pH pH pH pH pH p p kq2 22
1 22pppppppp pp2 2
1 2 . 

2222222222. 2
1

1

44444444
H kkkkkkkkqq1

1

44444444
pp . 

333333. 2 2 22 22 22 22 22 22 22222
1 2 1222 12 11H pHHHHHHH kq2 2222222
1 2 1222 12 11222p ppppppp2 222
1 222222222 . . . 

44444444. . . 2
1111

1

44444444
HHHHHHHHHH kqq1111

1

4444
. . . 

92. ThThThThThThThThe e e e e e e e e kikikikikkikkik neneneneneneneneetit c enenenenenenenennnerererererererrgygyggygyggyg  T a a a a a a a andndndndndndndnnndddnnnnnn  p p p p p p p p p p p p p p p p p pototototototototoootttotenenenenenennnnenentitttititttitititttittt alalalalalalllallalalalllalal e e e e e e e e enenenenenenennneeeeeeeergrgrgrgrgrgrgrgrrrrrgy y y y y y y y y y V V V V V V V V V V V ofofofoffofofoofofoffofffoff a a a a  a a a a d d d d d d d d d d d d d d d dynyyyynyyyyyyyyyyy amiccccccalalalalalalala  s s s s s s syyyssyyyy teteeeeeem m m m m m m m mm m arararararrarara e e e e e e e e e e gigigigigigigivevvevevveveven n n n n n n n n 
rrrrrresesesesesesessspepepepepeepectctctctctctctctivivivivivivivvi eleleleleleelelle yy,y,yy,y,yyy  undndndndndndndnddererree  u u u u u u u u usuuuuuss alalalalalaallal n n n n n n notototototototottoootoo atatattaatatatata ioiiooioioioioooioioiooooioonsnsnsnsnsnsnsnsssnsnsn , , bbbbyyyyyybbyybbybyy 

1111111

2
T

11 222222(AAAA((((((((( ) ( )( s ) () ( cos 222)(AAAAAAA((A((((((( sin ) ( cosin ) ( coss( in )inAAAAAAA((((((((( ( coscoss( in )inin )2 2 2222)))))))))))))))))222))))))))s )s )s ))))))cossss( ccsin )sin2 22 2 ) (2 2 )2 22 ()2 22 ( ccsin )sin2 2222

 and V = Mgl cos .  T T T T T T T T Thehhehhhehhe g g g g g g g gennenenenenenenennerereerererererrala izeddd momo entutututtuuum m m m m m m m ppppppppp   i i i i i i is s s s s s 
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93. Consider repeated tosses of a coin with probability p for head in any toss.  Let 
 NB(k,p) be the random variable denoting the number of tails before the kth head.  

 Then  P(NB(10,p) = j 3rd head occurred in 15th  toss) is equal to 

 1. P(NB (7, p) = j – 15), for j = 15, 16, L
 2. P(NB (7, p) = j – 12), for j = 12, 13, L
 3. P(NB (10, p) = j – 15), for j = 15, 16, L
 4. P(NB (10, p) = j – 12), for j = 12, 13, L   

94. Suppose X and Y are standard normal random variables.  Then which of the 
 following statements is correct? 

 1. (X, Y) has a bivariate normal distribution. 
 2. Cov (X, Y) = 0. 
 3. The given information does not determine the joint distribution of X and  
  Y. 
 4. X + Y is normal. 

95. Let F be the distribution function of a strictly positive random variable with finite 
 expectation .  Define 

 G(x) = 
0

1
(1 ( )) , if 0

0, otherwise

x

F y dy x

 Which of the following statements is correct? 

 1. G is a decreasing function. 
 2. G is a probability density function. 
 3. G (x) +  as x + . 
 4. G is a distribution function. 

96. Let X1, X2L  be an irreducible Markov chain on the state space {1, 2, L  }.  Then 
 P(Xn = 5 for infinitely many n) can equal 

 1. Only 0 or 1. 
 2. Only 0. 
 3. Any number in [0, 1]. 
 4. Only 1. 
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 2. P(NB (7, p) = j – 12),),),),,),)), f f f f f f f forororrororrooroo  j j j j j j = = 1 1 1 12222, 1 1 1 1 13,33,33,3,3,,  L
 3. P(NB (10, p)p)p)p)p)p)p)p  = = = = = = = = j j j j j j j j j – 1 1 1 1  15))55)5)5)5)5))5), , fofofofofofo   r r j j j j j j = 1511515515, 1661116661666, LLLLLL
 4. P(NB ( ( ( ( ( ( ( (1010010101011011 , , , , , , , , p)p)p)p)p)p)p)p  = j j – 1 1 1 1 1 1 1 12)2)2)2)2)2)2)2))), ffofofofofoofofor r r r r r r r j j j  j  j j  = = = = = =  121212121212212, , , , , , , , 1333333,     LLLLLLLL   

94. Supppppososossososossso e X X X X X X X X X annnnd d d d d d d d d d Y arararararrrarararrraararr  e e e e e e e stststststststststanananananannannndadadadadaddada ddrdr  normamammal l l rar ndommm v v v v v v v v vararrrarararriaiaiaiaiaiaaablbbblblblb eseseseseseseeseee . . . . .  T T T T T T T Thehhh n whwhwhwhwhwhwhwhicicicicicicici h of the 
 folllolololololooll wiwiwiwiwiwiwwiwing s s s s s s s statatatatatatatat tetettetetetettememmemememememem ntntntnttntntttnts s isssssss c c c c c c c cooooororrooo rereeeeectctctctctctct? ? ? ? ? 

1111111. (X(X(X(X(X(XX(XX, , , ,  , , , Y)Y)Y)YY)YY)Y) h h h h h h h h hassasasasasss a a a a bivariate normal distribution. 
2. CoCoCoCCoCoCCCCCCov v v v v v  (X(X(X(X(X(XXX, Y) = 0. 
333333.  . ThThhThThThThThhe e e e e e e ggigggg ven information does not determine the joint disisisisissssstrtrttrtttt ibibibibiibibibibbututututttuututioioioioiooiioioi n n n n n n n ooofofoofoo  X X X X X X X a a a nnndndnnnn   

  Y.YY.Y.YY.YY  
4444444. . X X X X X X X X + + + Y Y Y Y Y Y Y Y isisisisisisisis normal.l. 

999959999 . LeLeLeLLLLL t t t t t t t t F F F F F bebebebebeeee  theeeeeeee distribution functitiiitttion of f f f f f f f a a a a a a a a a sttttttstrrir ctlylyyyy p p p p p p p positttttttttiviviviviviviivve random variabbblbbbbb e e e e e e e e wiwiwiwiwiwiwiiththththhththththt  f f f f f f f finititttitttte e 
eeeeeeexppppppppeccececcccctaaaaaattttitttt onnnnnnn      .  Define 

GGGG((((xx(( ) ) ) ) ) = 
000000

1
(1 ( )) , if 0

0,0,0,0,0,0,0, otherwwwwwwwwwwiiisisisiii e

x

y y( )) , if( ))( )) if( )) if( )) , if( )) , if( )) , if( )) , if

WWWWWWWWWWhhhihhhh chchchchchchchc  of ththththththtthe fofoffoffofofof llowing statatatatatatatttemmmmmmmennnnnntttstttt  is corrrrrreceeeeee tttt?? 

111111. G G G GG G is a decrererreeeeererereeeasasasaasinnnniiinin  g g g g g g fffffffunctititiitition. 
2222222222. G G G G G G G G G is a probabaaaaaaabiib liiityytytytytytytytyty d d d denennnnennnensissiisssssitytytyytytyytyy f f f f f f f f f f f funuuuuuuuuu cttioiooiooooooionnnnnnn.n  
33333333. . . . . G G G G G G G G G (x(x(x(x(x(x(x(xx) ) ) ) ) ) + + + + + + + + + + +  a a as s s s  s s x x x + + + . 
44444444. G isisisisisisisis a a a  a d d d d d d disisisississsstrttrtrtrtrtrtrttriibibibibibibutu ion fufuncn tionn. 

96. LeLeLeLeeLLeLeLet t t t t t t t XXX1111111, , , , , , , , XXXXXXXXX22222222LLLLLLLLL  be anananananananan i i i i i i i irrrrrrrrrrrrrreddedededdeducibibbbbbibbi lellll  M M M M M M M M M M M M Mararkkkkkokkkkov v chhhchhh iiiiaiiiain n ono  t t thehehehehehehehhe s s s s statataaaaaateteteteteee s spapaaaaaaacecececececececcc  { { { { { { { {1,1,1,1,1,1,1,11, 2,  ,  ,  LLLLLLLL  } } }.  Then 
 P(X(X(X(X(X(X(X(Xn = = = = = = = 5 5 5 5 5 5 5 f f f f f f forooooo  i i i i i  innnnfnnnn initellly y y y  mamammmmmmmanynynynynyynyy n n n n n n n n n n n n n) ) ) ) ) ) ) ) ) ) cacacaaccc n eqqqqquaaal l l l l l 

 1. OnOnOnOnOnOnOnOnlylylylylylyly 0 0 0 0 0 0 0 or 1. 
 2. Only 0 0 0 0 0 0 0 0 0. . . . .   
 3. Any numbmbbbbbbbeeerererererer i i i i i in n n n n n   [0[0[0[0[0[0[0, 1]1]1]1]11]11]1 . . . . . 
 4. Only 1. 
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97. X1, X2,L ,Xn is a random sample from a normal population with mean zero and 

 variance 2.   Let 
1

1 n

i

X X
n

.  Then the distribution of 
1

1

( )
n

i

T X X is  

 1. tn – 1

 2. N(0, (n – 1) 2 ) 

 3. 21
(0, )

n
N

n

 4. 21
(0, )

n
N

n

98. Let X1, X2, L ,Xn be independent exponential random variables with parameters 

1, , nL  respectively.  Let Y = min (X1, ,L Xn).  Then Y has an exponential 

 distribution with parameter  

 1. 
1

n

i
i

 2. 
1

n

i
i

 3. min{ 1, , nK } 

 4. max{ 1, , nK } 

99. Suppose x1, x2L ,xn are n observations on a variable X.  Then the value of A 

 which minimizes 2

1
( )

n

i
i

x A is 

 1. median  of x1, x2L ,xn

 2. mode of x1, x2L ,xn  
 3. mean of x1, x2L ,xn

 4. 1 1min( , , ) max ( , , )

2
n nx x x xL L

100. Suppose X1, X2, ,L Xn are i.i.d. with density function  f(x) = 
2

, , 0.x
x

  

 Then 

 1. 
2

1

1n

iX
is sufficient for 

 2. 
1
min i

i n
X  is sufficient for . 

 3. 
2=1

1n

X
 is sufficient for 

 4. 
11

max , mini ii ni n
X X  is not sufficient for . 
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 1. tn – 1

 2. N(0, (n – 1) 2 ) ) ) ) ) ) ) ) 

 3. 2111111111
(0, )), ), ),, ))22222211n

N
nnnnnn

 4. 222222222221
((0(0, ), ), ), ), ), ), ))), 222222222221nnnn

NNNNNNNN
nnnn

98. LeLeLeLeLeLeLeLet XXXXXXX111, , XXXXXXXXX22222222, , , , , , , LLLLLL ,XXX,X,X,X,X,X,Xnnnnnnnn b b b b b b b be independent exponential randomm v v v v v v vararaaraaraarar aiaiaiiaiaiaiaablbbbbbb eseseesesese  w w w w w w w w wititititititititth h h h h h h h pappppppp rarararararararaamemememememem ters 

111,,,, n11,,,,,,,, reeeeeeespspspspspssppeeececceee tively.  Let Y = min (X,,,,, n,,,,,,,, 1, ,L Xn).  Then Y h h h h h h h hasaaaaa  a a a a a a a a an exexexexexexexexexexpopopopopoopopopoponenenenenenenenennenttttttiaiaiaiaiaiaiiai l l l l l l l 

ddddddddisisiisisissiistrtrtrtrtrtrtrtrribibibibibibibibibuututuuutioioioioioioion  n n n n n n with p p arameter  

11111111. 
1

n

i
ii

ii

22222222. 
11

n

iiiiii
ii

iiiiii

3333333. mmimimmmmm n{n{n{{n{n{n{n{ 1, n11,K } , n,

444. mmmammmm x{{{{{{{{{ 1, n11,K } , n,

99999999999 . SSSuSuSSSSS ppppppppppppooooosooo e x111, , , , , , , x22LLLLLLLL ,xn are n o o o o o o obsbsbssssbsseeeervavaavavavavv tions on a a a a a v v v v vaaraarararaa iabblblblblblblbble e e e e e e X.  ThThThThThThhThennnnnn t t t t t t t the valallllllallueeeeeeee o   f f f f f f f f f f A A A A A A A A A 

wwwwwwwwhihhhhhhhh chchchhchhchhh m m m m m m minimizessssssss 2222222

111111
)))))( )

nnnnnnn

i
iiiii

((((( issss 

111111111. .   .    memememememeeeediddidididididianaaaaa   oofffofoffoffofof x x x 111111, , , , , xxxxxxxx2222LLLLLLLL xx,xnn

22. mommmmmmmm dededededededede o o o o o o o of f f f f f f f xx1, xx2LLLLL ,x,x,xx,x,xxx,x,x,xxnnnnnnnnnn    
3333333.   memememememememeeanaaaaaa  o o o o o of f f f f f f f f f xxxx1, xxx2LLLLLLL ,x,x,x,x,x,x,x, nnnnnnn

 4. 111mimimimimiimimim n(n(n(n(n(n(nn(n(n , , ))))) ( , , )1111111

2
n n1, ,1 ,, ,1)))) m) ax () mmmmmax ( ,ax 1,1

100. Suppose X X X X X X X X1111111, , XXXXXXXXX22222222, ,L Xn areeeeeeee i i i i i i i i i.iii.iiii.d.d.d.d.d.d.dd. . . . . wiiwiwwiwiwwiwiththhthtthhthh d d d d d dennnnnnnnsisississisisisitytytytytytytyyyty f f f f f f f funununununununununctctctctcttctctctctctctctctioi n  f(x)  ) ) ) ) ) = = = = = 
22222

, , 0.
xxx

,,,   

 Then 

 1  
1n

is sufficient for 
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101. Suppose X is a random variable with density function f(x).   
 To test H0 : f(x) = 1, 0 < x < 1, vs  H1: f (x) = 2x, 0 < x < 1, the UMP test  
 at level 0.05
  
 1. Does not exist 
 2. Rejects H0 if X > 0.95 
 3. Rejects H0 if X > 0.05 
 4. Rejects H0 for X < C1 or X > C2 where C1, C2 have to be determined. 

102. Suppose the distribution of X is known to be one of the following: 

2 / 2
1

1
( ) , ;

2
xf x e x

2

1
( ) , ;

2
xf x e x

3

1
( ) , 2 2.

4
f x x

  If X = 0 is observed, then the maximum  likelihood estimate of the 
 distribution of X is 

 1. f1(x) 
 2. f2(x) 
 3. f3(x) 
 4. Does not exist. 

103. Suppose Xi, i = 1, 2, L , n,  are independently and identically distributed random 
 variables with common distribution function F( ).  Suppose F( ) is absolutely 
 continuous and the hypothesis to be tested is pth (0 < p < ½) quantile is 0 .  An 

 appropriate test is  

 1. Sign Test 
 2. Mann-Whitney Wilcoxon rank sum test 
 3. Wilcoxon Signed rank test 
 4. Kolmogorov Smirnov test 
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 1. Does not exist 
 2. Rejects H0 if f f f X X X X X X X X > > > > > > > > 0.00.0.00..95595959595595959   
 3. Rejecttts s s s s s s HHHHHHHHH000000 i i i i  i  if f f f f f   X X X X X X X X > 0.000..05505050505005005  
 4. Reeeeeeejejejejejejejejj ctctctttttts s s s s s s s HHHHHHH0 f f f f f f forooo  X X X X X X X X X X < < < < < < < < < < < < C C C C C C C C C C1 o o o o o o or X X X X X X X X X X > > > > > > > CCCCC22222222 w w w w w w w w whehehehehheheererrererrrrr  C C C C C C C C111111, , , CCCCCCCC2222222 h h h h h h h h havaaaaaa e totottototototot  b b b b b b be e e e e e dedddd termined. 

102. Supupppppppopopopopoopopoosesesesessss  theheeeeeeee d d d d d d d d d disisisisisisisiiistrtrtrrrtrrtrribibiiibiibututuutuutututuution n n n n n  ofofofofofofofofo  X X X X X X X X X X i i i i i i s s s s s s s knknknknknknknknowoowowowwown n n n n n n n totottotootooo b  b b b b b be e e e e e e ononnnne e e e e e e e ofofofooofofof t thheheheheheheheh  f f f f f f f f f oololololololooo looooooowiwiwiwiwiwiwiwiw ngggg: 

2 / 222222
1

111111111
;

2222
xxfffff xffff1

/ 222222211
( ))))))))) ,,/ 2222222111

2222
xx ,,,/ 22222

222

1111111
;;;

22222222
xf xfff xf xf xfff xff xf xffff222222

111111
( )(( )( )( )( )( )( ))))))) ,

111111

2
x ,

33333

111
2.

4444444
f xf xf xf xfffff x333333333 ( )( )( )( )( )))))) , 2, 2, 2, 22, 2, 2,

1

4
, 2, 2, 2, 2, 22, 2

  IfIIII  X X X X X X X X = 0 0 0 0 0 0 0 0 0 0 0 i is ooooboo served, then the m m m maximum  likeeeellihoododododododdod estimmatatatatatatte e e  e e e e of the 
ddddddisssstriiibii uttttttttioon of X is 

1111111111. fffffff1111111ff (x) 
22222222. f2ff (x(x(x(x(x(x(xx) 
3333333333. . . f3ff (x) ) ) ) ) ) ) 
444444444. .  .  DoDDDDD es nototototototott e e e e e e e e xiiiiiii tttst. 

103333.33.3.3  S S S S S S S S Supupupupupupupuppppopopopopopoppop sesssss  X X X X X X X X Xiiii, iiiiiiii = 1 1 1 1 1 1 1, , , 2,2,2,2,2,2,, LLLLLLLL , nn,  arare e  e e e ininiininninnnnndedeedddeddeddedepepeppepepp ndnddddddeneneneneneneentltltltltltltltly y y anand d d d d ididididdididdideneneneneneneenennntittitttitit cacaacac lllllllllllllllly y y y y y y y y dddiddddd ststststststststribuuuuuubuuuteteteteteteteteted d d d d d d d d d rarrrrrar ndndndndndndndnn oomomooo  
vvvvvvvarararararrrrriaiaiaiaiaiaiaiai blblblblblblblblb esesesesesesesess witititititittth h h h h h h h cococococcococommonnnnnnn d d d d d d d  d d disisisssiissiissisistrtrtrtrtrtrtrtrttrtrtribibibibiibibbiibibibbbbutuuuuttuuuttttutututioooooooiooooon n n n n n n n n n n n n n n fuffffufufuffufufuuuuuuncncncncncncncncnnncnn tititititititionononononononon F F F F(((((((((((((((( )..)))))....))   SuSuSSSSSS ppossse e e e e e e e F(F(F(F(F(F(F( ) ) ississsssii  a a a a a a a a absbsbsbsbsbsbsbsololololololololo uttuttuttttelelelelelellely y y y y y y y y y y 
ccccccconononooononononntitititiiiiinununununununununuouoouououououuo s  s s s s s s s anaaana d d d d d d d d ththththtthththhe    hyhyhyhyhyhyhyhypopopopopopopopoththththththththesesesesesssesesssesssisiiisiisiisisisii  t t t t t t t t t t t t t to o o o o o o o o o o o o o o o o o o bebebebebebebbbebebe t t t t  t  teseseseeseseesesseee tetetttttetteeteeeeed d d d d d d d d d d d d isisisisisisisisisisisisisiisisss  p p p p p p p p p pthtththhh ( ( ( ( ( ( ( (0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 < < < < < < < < < < <  < p p p p p p p p < < < < < < < < < ½)½)½½)½)½)½)½)) q quaaaaaaaaaaanttntntntntntntn ililililililillillle e e e e e e e isisisisisisisisis 0 . .  A An 

 appppppppppppprooooooooprprprprpppp iaiaiaiaiaiaiaaiatetetetetetetet  t      tesesesesesesesst     is  

 1. SiSiSiSiSiSiSiSiSigngngngngngngng  T T T T T T Test 
 2. Mannnnnnnnnnnnnnn-WW-W-W-W-W-W-Whihihihihhhihihitnttttt ey Wilililililililcococococococoocoococoococooooxoxoxoxoxoxoxoxox n n n n  n n n rararararararraranknknknknkknkkkkkkknkk s sumumumumummumummmm t t t t t t tesesesesesseseseest t t t t t t t t 
 3. Wilcoxonnnnnn S S S S S S S Sigiggigigigiggnenneneneneened d d d d d d rararrrrraranknkk test 
 4. Kolmogorov Smimiiiiiiirnrnrnrnrnrnrnovovovovoovovov t  teseeeest t 
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104. Suppose Y ~ N ( 2, ) and suppose the prior distribution on  is  2( , ).N  The 

 posterior  distribution of   is also 
22 2 2

2 2 2 2 2 2
,N y   

 The Bayes’ estimator of  under squared error loss is given by 

 1. 
2

2 2
y

 2. 
2

2 2

y

 3. 
2 2

2 2 2 2
y

 4. y. 
  
105. Consider the  model 
 yij =  + (i-1) +  (2–j) + ij,   i = 1,  2; j = 1, 2, 
  
 where yij is the observation under ith treatment and jth block,  is the general 
 effect,  and  are treatment and block parameters respectively and ij are random 
 errors with mean 0 and common variance 2.  Then 

 1. ,  and  are all estimable 
 2.  and  are estimable,  is not estimable 
 3.  and  are estimable,  is not estimable 
 4.  and  are estimable,  is not estimable 
  
106. Consider a multiple linear regression model y X

 where y is a n  1 vector of response variables,  X is a n  p regression matrix,  

 is  a p  1 vector of unknown parameters and  is a n  1 vector of 

 uncorrelated  random variables with mean 0 and common variance 2.  Let ŷ be 

 the vector of  least squares fitted values of  y and 1( )T
ne e eL be the vector of 

 residuals.  Then 

 1. 
1

0
n

i
i

e always 

 2. 
1

0
n

i
i

e if one column of X is (1,L ,1)T

 3. 
1

0
n

i
i

e  only if one column of X is (1L ,1)T

 4. nothing can be said about 
1

n

i
i

e
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 1. 
2

2 2
y

2

 2. 
2222

2 22222

yyyyyy
2222

33333333. 
2 222 22 22 22 22 22 2

2 2 22 2 22 22 22 22 22 22 2 2 2
y

2 2 22222 22222 2222

44444444. y.y.y.y.y.y.y.yy  
  
1000000005.5.5..5. C C C C C C C C C C C C C   C Conoonononononononnsiisisisisisisissssss dededeeeeeer r ththththththttt e  m m modododododododo elelleeeele  

yyyyyyyyijijijjijijij = = = = = = = =  + + + + + + (iii-1-1-1-1-1-1-1-1- ) ) ) + + + + + + + +  (2–j)) + + + + + + + + + ij,   i = = = = = = = 1,  2;2;;;2; j j = = = 1, , 2,,2,,2,,2, 
  

wwwwwwwwheheheheeeheereeeeeeee y y y y y y y yi  i  ij ij i  i  i  i  is the observation  u u u under iiiiiiiithththththththth t t t t t treatmemmmmeeeeeeent a a  a a a a a andnnnnn  jth block,  i i i i i i is      ththththttt e e  e gegegegegegegeg nnennnnn raraaaaaaal 
eeeeeeeeffffffffeecececeececttt,ttttt   anddddddd  are treatment annnnd blockkkkkkkk parammmmmettttteerereeree s respspspspspspspeceeeeee tively and ijijijijijijj a a a a  a a areeeeeee r r r r r r r rananananananananandddodddd m m m m m m m 
eeeeeeeerrrrrrrrorororrorororors wwiwwwwwww tht  m m mean 0 and commoooon variance 2. .   Then n n n n n n 

1111. ,   a  a a a and  are all estimmmmable 
2222222.  anddddddd  are estimableeeeeeee, ,  is nnnonononnnn t essssstitittittttt maablbbbblblblblblblble e e e e 
333333333.  a a a a a  a andnnnnnnn   are estimablelelelelelelelel , , , , , ,  is s s s s s s not estiiiiiiimmaammmmm blbbbbllllllle e e 
4444444444.  anddddddddd  a    a   arerererererere e e e e e e e eststimimimmmmmimimimimimmmababababababableeeeeeee,  i i i i i i is not estimamamamaamamammamamamabbbbblbbb e e e  e e e 

  
1010101011001 66.666666  C C C C C C C C C C C C C Cononononononnonoononoononoo sissidedededededededer r r r r r a multipleeeeeeee lini eaaar r r r rereeegrgrggggg essssisisisisissisisiiononoooooooo  modododddodododoodd lleellelelele  y Xyy Xy XXyyy XXXX

wwwwwwwwwhehhehehehehehheeeererrerererrerere y isisisisisisisisis a a a a a a a a  n  1 1 1 1 1 1 1 1 v v vececececececcecectotototototototor r r r r r r r offofof r r r reseesesesesesespopopopoppopooooonsnssnnnse e e e e vava iiiririiababbababababablelelelleelelesssss,  X X X X X X isisisisisisisiss a a a a a a a a a a a n n n n   p p p p p p p p r r  eegegeeegee rererererereeressioioooiooiooion n n n n n n n mmamamamamammmmatrtrrrixixixixixixixix, , , , , ,  

 i i i i i i i i is s s s s s s s  a a a a a a a p p p p p p p p p  p  1 1 1 1 1 1 1 v v v v v v v v v vecececececececctotttt r offffffff u u u u u u u u u u u u u u u unknknknkkknknknkkknknknkkknkknonnonononoonononnnoooownwnwnwnwnwnwwwnwnnnnnnnnn p p p p p p  p p p p p p p  p pararararararararaaaaara amamamamamamamammmmmmmmmmeteteteteteteeeettterererererererre s s  s s s s s ananananannananananannannannd d d d d d d d  i i i i i i i is s a n  1 1 1 1 1 1  v v v v v v vecectotooototototootor r r r r r r r r ofofofofofofofofof     

uuuuuuuuncncccnccccoroo rererererererer lalalalalallalatetetetetetteeteed d d d d d d  rannndodododododododom m m m m m m m vavvvvvvvariiiiii bbbabbbbblllellll s wiwiiiiiii hthhhttthththth m meean n 0 0 0 0 0 0 0 0 0 0 anand d d d d d d d d d d d commmmmmmmmmmmmmmmononononononono  v varariaiaiaaaaaaaiancncncncncncnce e e e e e e 2222222.  L L L L L L L Letetetetetetete  ŷ be 

 the v v v v v v v vececceccece tototototototott r r ofofofofofofofofoo   lllellll ast squareeeeeees s s s s s s s fifififfifififittttttttttttt ddeddededdddded v v v v valalallallueueeueues  s s s s ofofoffoffffof  yyyyyyyy ananananannanand d d d d d d 1( )))))))1
TTTTTT

ne ( 1 bbbbbbbbbe e e e e e ththththththhtht e e e e vvvvevevv ctc or of ))))))))TTTTTTTT

 residualslslslslsllslss. . . . . . .  T T T T T T T Thehhhhhhh n 

 1. 
1

0
n

i
i

e alwaaysysysyysysysyss 
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107. Suppose 1 ~ (0, )p pX N
% %

where 

  

22

1 1/ 2 0 0

1/ 2 1 0 0

0 0

0 0

L

L

M M

 and 22  is positive definite.  Then 

 P (X1 –X2 < 0, X1 + X2 0 XP >0) is equal to 
  
 1. 1/8 
 2. 1/4 
 3. 1/2 
 4. 1 
108.  Suppose the variance-covariance matrix of a random vector (3 1)X  is      

  

4 0 0

0 8 2

0 2 8

.  

 The percentage of variation explained by the first  principal component is 

 1. 50 
 2. 45 
 3. 60 
 4. 40 

109. A population consists of 10 students.  The marks obtained by one student is 10 
 less than the average of the marks obtained by the remaining 9 students.  Then 
 the variance of  the population of marks ( 2 ) will always satisfy 

 1. 2 10

 2. 2 10

 3. 2 10

 4. 2  9 
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  0 00 00 0

22222222222222

0 00 00 00 00 000 000 0000 0000

 and 222222222222  isisisissss p p p p p p positiitiititittive dededededededddddddddd fifififififiififininininininininnitettetetetettetete.  T T T T T T T Then 

PPPPPPPP ( ( ( ( ( ( ( (XXXXXXXXX1 –XXXXXXXXX2222222 < < < < < < < < < 0 0 0 0 0 0 0 0 0, , , , , XXXXXXXXXXXX1 + + + + + + + + X X X X X X X X2222222 000000000 XP >0) is equal to 
  

1. 1/1/1/1/1/1/1/1//1//8 8 8 8 8 8 
22222    . . . 1/1/1/////4 4 4 4 4 4 4 4 4 
3333333333333333. . . 11/11/11/11 2 2 2 2 2 2 2 2 2 
44444444.   . . 1 1 1 1 1 1 1 

1000000008.  SuSuSuSuSuSuSuSuuupppppppppppossssssss  e thththththhththe vvvvavvv riance-covariaiaiaiaiaiaiiaaaaancnnncnnnnnnnnnn e mmmmamammmattrttttrttrt ixxixxxxixx o o  o o o o o of a a raaaaaaar ndoooomooo  vector (3 1)XXXXXXXX  i i i is        

  

4 0 0

0 8 20 8 20 8 2

0 2 80 2 80 2 8

.  

TTTTTTTTThhehehehehehehe p p p p p p p percccceccc ntaaaagaaaaa e of variation expxpxppplainededededededdee  b b b b b b b by y y y y y y y the e  fiffififififfirsrrrrr t  principallll commmponennnntnnnnnnn   i i s 

111111111   .  . 50 
222222222. . 45 
333333. 660666666  
444444444. 404040404004040404  

109. A A A A A A A A A A p p p popoopopoopopopoppulululululululuulatatatatataatatioiiiiiiii n cococcococococoonsnsnsnsnnsnssisiiiiii ts o o o o o o o o  f f 101101000100010100101011000 s s s s s s stututuuuuuuuuuuudedddddedddd ntttttntntntntnttntts.s.s.sssss   ThThThThhThhTTTTThTThe e e e mamamammmamamaamamamammamamaamamam rkkkrkkrkkrkr s s s s s s s obobobobobobobobobobobbobobobobbbttat innnedededededededed b b b b b b b by y y y y y y y one e e e e e e stsstststssss udududududududududeeeenenenee t t t t t t t issssssss  1 0 
lllllllleseeeeeeee s s s s s s s s thththhhhhhanananananananan t t t t t t t thehehehehehehehehehe a a a a a a a a avev raaaaaaagegegegegeggegege o o o o o o o of f f f f f f f hhththhthe ma krkkkkks  obbbbbtat iiiini dddded b b b b b by y thhhht e rerererererereremamamamamamamamaininininininini iiiing g 9 9 9 9 9 9 9 9 9 9 ststststststststududududdududdudeeeeeneee tstsstststsstss.  T T T T T T T Then 

 the v v v v v varrrrrrrriaiaiaiaiaiiii ncncncncncncnce e e e e e e e ofofofofofofofof  the popupupuuuuuulalallalalaaaatitiititiit onnnnnnnnn o o o o o o o o o o o o of f f f f f f mamamaamm rkrkkrkkrks s s s ((((( 22222 ) ) ) ) ) ) wiwiwiwiwiwiwiww llllllllllll  a a a allllllwl ays saaaaaaatitititititititisfsfsfsfsfsffsffy y y y y y y y y y 

 1. 2222222 000101010010

 2. 2 10

 3. 2 10
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110. For what value of  , the following will be the incidence matrix of a BIBD? 

   N = 

1 1 0

1 0

0 1 1

 1. = 0 
 2.  = 1 
 3.  = 4 
 4.  = 3 

111. With reference to a 22 – factorial experiment, consider the factorial effects A, B 
 and AB.  Then the estimates of  

 1. Only A and B are orthogonal 
 2. Only A and C are orthogonal 
 3. Only B and C are  orthogonal 
 4. A, B and C are orthogonal 

  
112. Let X be a r.v. denoting failure time of a component.  Failure rate of the 
 component is constant if and only if p.d.f. of X is 

 1. exponential 
 2. negative binomial 
 3. weibull 
 4. normal 

113. Consider the problem 

 max 6 x1 – 2x2

 subject to x1 – x2  1 
   3x1 – x2  6 
   x1, x2  0 
 This problem has  
  
 1. unbounded solution space but unique optimal solution with finite optimum 
  objective value 
 2. unbounded solution space as well as unbounded objective value 
 3. no feasible solution 
 4. unbounded solution space but infinite optimal solutions with finite   
  optimum objective value 
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   N = 

1 1 0

11111 011 01 01 01 001 00001111 0

0 1 11110 1111111110 100 10 1 1111110 1111111111 1111111

 1. = = = = = = 0 0 0 0 
 2.  = = = = = = = = 1 1 1 1 1 1 1 

33333333.  = = = = = =  = 4 4 4 4 4 4 4 4 4 
4444444  .   = = = = = = = = 3 3 3 3 3 3 3 

111111.111  W W W W WW Witiitittiittitittth h h h h h h h h h rerererererererererefefefeeeeerrrrerrrr ncncnncnncnncn e to a 22 – factorial experiment, consider the factctctctctttttorororororrorororiaiaiaiaiaiaiaial l l l l l efefefefefefefeefffefefefeffefefefectctctctctctctcts A,A,A,A,A,A,A,A, B B B B B B B B 
aaaaaaaaaaaaandndndndndndndndn  A A A A A A A A A A A A A A AB.B.B.B.B.B.B   TTTTThTTTT en t t t t t t t thehehehehehehe e ttstiiimatatataatttateseseseseseeses o o o o of f f f f f f f         

11111111. Onnnnnnnnlllllyll  A A A A A A A A A and B are ortrtrtrtrtrtrtrthohohohohhhhhogonanananannannal l l 
22222222. . . OOnOnOnOOOOO lyyyyyyyy A and C are ortttthohhhohohohohhhhhhogonal l l l l l l l 
33333333. OOnOOOOOO lyyyyyyy B and C are  orthoooogonal 
44444444. AAA,AAAAAAA,AA  B B B B B B B and C are orthogoooonal 

 
111111 2.2.22.22.2.2. L L L L L L L L L Letetetettetet X X X X X X X X be e e e e e e a r.v.vvvvvvv  denoting failururururururururure e e e e    timememeemeeeee of a a a a a a a a compmmmpmpppppppoooonoooo ent.  Failurr  e e  e ratttettttt  of thhhthththththththe e e e e e e 

ccccccccommmmmmmpppoppoppop nenntntntnnntn  is coccc nstant if annnnnd d d d d d d d  onoooonoo lyyyyyyyy  i i i i f p.d.f.ffff.f.ff. of f f X X X X X X X X X isisisssisss  

111111. . . . . . . exee ponentntntntntntntntiaiaiaiaiiaiaiaaaal l l l l l 
222222222  . . . . . . nennenenenenegative bininininininnnnnnnooomooomomomomommmiaiaaiiiaiaiaial l l l l l l 
33333333. . wewewewewewwewew ibiiiiibibull 
444444444. noooooooormrmrmrmrmrmrmrmalaaaaaaa  

113. C C C C C C C C  oonoonoooo sisisisissisisidededededededededer r r r r r r thtthththtthththhe e e e e prrrrrobobobooobobobblelelelellelem m m m m mm m 

 maxxxxx 6 6 6 6 6 6 6 6 x x x x x x11111111 – – – –  2 2 2 2x2

 subjecttttt t t t t t t t t t to o o o o o o x1 – x2  1 
  3333333xxxxxxxx1 – x2  6 6 6 6 6 6 6 6 6 
  xxxxxx1111111, , , , xxxxxx2  0 0 0 0 0 0 0 
 This problem has  
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114. Consider an M/M/1/K queuing system in which at most K customers are allowed 
 in  the system with parameters  and , respectively ( / ).  The expected 
 steady state number of customers in the queueing system is K/2 for 

 1. 1
 2. 1
 3. 1
 4. any

115. Consider the system of equations 
 P1x1 + P2x2 + P3x3 + P4x4 = b,  where 

 P1 = 

1

2

3

,   P2 = 

0

2

1

,   P3= 

1

4

2

,   P4= 

2

0

0

,  b =

3

4

2

. 

 The following vector combination does not form a basis: 

 1. (P1, P2, P3) 
 2. (P1, P2, P4) 
 3. (P2, P3, P4) 
 4. (P1, P3, P4). 
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 1. 1
 2. 1
 3. 1111111
 4. ananananananana yyyyyyy

115. C C C C  C C Conononononnnnsiisisiisisis deeeeer r r r r r r r ththththththhtht e e e e e e e sysysyysyysysysysyystststststststsstemmmmmmmm o o o o o of f f f f eqeqeqeqeqeqeqequuuuuuau tions 
PPPP11111111xx1 + + + + + + + + P P P P P P P P2222222xxxxxxx2222222 + + + + + + + + + + P P P P P333333xxxxxx33333333 + + + + + + + +  P P P4x4 = b,  where 

PPPPPPPPPPPPPP111111 = = = = = = = = = = 

11111111

22222222222222222222

33333333333333

, , , , ,   P222 = = = = = = = = 

0

222222222222

111

, , ,   P3= 

1

4444444444

222222

, ,   P4= 

2

000

00000

, , , , , , , ,  b =

3

4444444444444444444444

22222222222222222222

. . . 

TTTTTTTTThehhhehehehhhehe f   f  oooloooooo loooooooowinnnngnnn  vector combininninnninataaatatataaaaation dodododododododoes n n n n n ot f f f f foorrrrrrrm a a  a   a babbb sis: 

1111. ((P((((P( 1, P2, P3) 
2222222. ((P(P(( 1, P2, P4) 
33333333. (((P((((( 2, PPPPPPPP3, P4) 
4444444444. (P(P(P(P(P(P(P(P1, PPPPPPPPP3, P4). 
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