IMS

(INSTITUTE OF MATHEMATICAL SCIENCES)

28753

Sr.No.
E SUBJECT CODE BOOKLET CODE
2012 (II)
MATHEMATICAL SCIENCES A
TEST BOOKLET
Time : 3:00 Hours Maximum Marks: 200
INSTRUCTIONS

1.  You have opted for English as medium of Question Paper. This Test Booklet
contains one hundred and twenty (20 Part'A’+40 Part ‘B’ +60 Part ‘C’) Multiple
Choice Questions (MCQs). You are required to answer a maximum of 15, 25 and 20
questions from part ‘A’ ‘B’ and ‘C’ respectively. If more than required number of
questions are answered, only first 15, 25 and 20 questions in Parts ‘A’ ‘B’ and ‘C’
respectively, will be taken up for evaluation.

2.  Answer sheet has been provided separately. Before you start filling up your
particulars, please ensure that the booklet contains requisite number of pages and that
these are not torn or mutilated. If it is so, you may request the Invigilator to change
the booklet. Likewise, check the answer sheet also. Sheets for rough work have been
appended to the test booklet.

3.  Write your Roll No., Name, your address and Serial Number of this Test Booklet on
the Answer sheet in the space provided on the side 1 of Answer sheet. Also put your
signatures in the space identified.

4.  You must darken the appropriate circles with a pencil related to Roll Number,
Subject Code, Booklet Code and Centre Code on the OMR answer sheet. It is
the sole responsibility of the candidate to_meticulously follow the instructions
given on the Answer Sheet, failing which, the computer shall not be able to
decipher the correct details which may ultimately result in loss, including
rejection of the OMR answer sheet.

S. Each question in Part ‘A’ carries 2 marks, Part ‘B’ 3 marks and Part ‘C’ 4.75 marks
respectively. There will be negative marking @ 0.5marks in Part ‘A’ and @ '0.75 in
Part ‘B’ for each wrong answer and no negative marking for Part ‘C’.

6. Below each question in Part ‘A’ and ‘B’, four alternatives or responses are given.
Only one of these alternatives is the “correct” option to the question. You have to
find, for each question, the correct or the best answer. In Part *C’ each question may
have ‘ONE’ or ‘MORE?’ correct options. Credit in a question shall be given only on
identification of ‘ALL’ the correct options in Part ‘C’. No credit shall be allowed in
a question if any incorrect option is marked as correct answer.

7. Candidates found copying or resorting to any unfair means are liable to be
disqualified from this and future examinations.

8. Candidate should not write anything anywhere except on answer sheet or

sheets for rough work.
9.  After the test is over, you MUST hand over the Test Booklet and answer

sheet (OMR) to the invigilator.
10. Use of calculator is not permitted.

I have verified all the informatior
filled in by the candidate.

Signatu-e of the Invig®
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HIT /PART A

=1 gt # st geaq 8?7
Which of the following numbers is the largest?

23 0¥ 32" 34 g2 4P

2

1, 2% 2. 3% 3. 4% 4. 47

for ¥ &1 ABCDEFGH a7 &% @i a @ w7 81 Y A, C qur F @ e a7 swer &
The cube ABCDEFGH in the figure has each edge equal to a. The area of the triangle
with vertices at A, C and F is

1. ‘Ea2 ' 2. gaz 3. 3d° 4.23 a*

g9 s UGCCSIR a%amv)as‘@:ffawm?aﬁmzm? aife U aor | grer—warer 781 o
Kiczeld

What is the number of distinct arrangements of the letters of the word UGCCSIR so that
U and I cannot come together?

1. 2520 2. 720 3. 1520 4. 1800

7 & G AT TETsl BT e 21 ?/ﬁa@mﬁa%aﬁa%mwwwwww
27

Suppose the sum of the seven positive numbers is 21. What is the minium possible value
of the average of the sqaures of these numbers?

1. 63 2. 21 3. 9 4. 7
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a7 f& / Let
A*IB+2B+3U+M+IOOB B_1'3+3”+5”+~-+99” C,_2]3+413+6’3+~--+100'§
B 100 ’ 50 ’ 50
fa=r & & a7 wa 87
Which of the following is true?
1. B<C<A 2. A<B<C 3. BKA<C 4. C<A<B

XY go7 & Rog 5 saigat @ Awn @ v gad @7 d= FA ageie ¥ 1 98 x—o% @) gar & @i
y—3T H 6 SPHSTT T GIFHT U AR €| GHF R B [RDB B -

A circle of radius 5 units in the XY plane has its centre in the first quadrant, touches the
x-axis and has a chord of length 6 units on the y-axis. The coordinates of its centre are

1. (4,6) 2. (3,5) 3. (5,4) 4. (4,5)

6 # 7= ar @ ¢ F | . T v AqEEerH §E GPR TN Gl 8 [ &% 2T B fore v 8
e 7 JUANT 5 Wi &) A% B AaH §R% HIeT orT 8, forad) e 8

A wire of length 6m is used to make a tetrahedron of each edge 1m, using only one
strand of wire for each edge. The minimum number of times the wire has to be cut is

1. 2 2. 3 3.1 4. 0

gfy A= ama @ oFTe @ gal a7 arTea x & al logyx @ AT 4 €7
If the sum of the next two terms of the series below is x, what is the value of logox ?

2,-4,8,-16,32,-64,128,.........

1. 128 2. 10 3. 256 4. 8

4,



AH

10.

11.

N

IMS

(INSTITUTE OF MATHEMATICAL SCIENCES)

NV
\4

sef—ef iy 30° @er FarE 10 2. @ U ¥ 9T BT VF T G 8] U B <Y @l T
V% el gam B gar 81 M @ Hear 9 F @

A conical vessel with semi-vertical angle 30° and height 10.5 cm has a thin lid. A sphere
kept inside it touches the lid. The radius of the sphere in cm is

1. 35 2.5 . 365 4. 7

3R, JBaY T Yel i AF & fod vE dw 8 e Imaaw aur dieer grems 81 s
IATIRF TE &1 sFav Gad 7T ) WIW R’ .7 g &) INTAF F a=rE TF 9 7
Tl BT ST arg &) & e ¥ 9 qar wg@ 87

Amar, Akbar and Anthony are three friends, one of whom is a doctor, another is an
engineer and the third is a professor. Amar is not an engineer. Akbar is the shortest. The
tallest person is a doctor. The engineer’s height is the geometric mean of the heights of
the other two. Then which of the following is true?

Amar is a doctor and he is the tallest
Akbar is a professor and he is the tallest
Anthony is an engineer and he is shortest
Anthony is a doctor and he is the tallest

3R 100 fafeerar 100 e 4 100 g8 gwed! & @ 7 Rfcoral &1 7 @t &) qded # a1 &g
&m?
If 100 cats catch 100 mice in 100 minutes, then how long will it take for 7 cats to catch 7

mice?

1. 100/ 7 fAe /minutes 2. 100 fa9e /minutes
3. 49/100 A< /minutes 4. 7 A9 /minutes

S/75 POKI12—4AH—2
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12. = R faer A s 87
What does this diagram demonstrate?-

J/
r/ :
/

/e YY)

£
_/4
n-(n+1)
2 .
n-(n+1)-(2n+1)
6

1. 1+243+---+n=

2. 1242243+ 4n’ =

3. 1+3+---+(2n+=_1)‘='n2
‘ 2-n(n+1)(2n+1)
3

4. 22+ & +--+(2n) =

13. W%WW#NWWE%W?/W%N@mm?/wﬁaﬂqwaﬂﬁwzﬂ
Suppose there are socks of N different colors in a box. If you take out one sock at a
time, what is the maximum number of socks that you have to take out before a
matching pair is found? Assume that N is an even number.

1. N 2. N+1 3. N1 4. NI2

14. 4 35 @ 57 F9 ¥ ¥ 7S T e P YA TF TR P w9 BhN7

At what time after 4 O’ clock, the hour and the minute hands will lie opposite to each
other? '

1. 4-50"-31" 2. 4-52'-51" 3. 4-53'-23" 4, 4-54"-33"
15. A gl § iF—ar x—3F & e gar 87

Which of the following curves just touches the x axis? -

1. y=x*—x+1 2. y=x>-2x+2-
3. y=x-10x+25 4.y=x*-Tx+12
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ar2 AB, CD @ w&rav & aor AO, 20D & waT & af A&7 OAB 7 873%a Fair OCD: &
gzwe | fFas A1 g7 87

If AB is paralled to CD and AO=20D, then the area of triangle OAB is bigger than the
area of triangle OCD by a factor of

1. 2 2. 3 3. 4 4. 8

R A% & v& sEfged 98V @ TP ST Y VP HERIR @R AT UY [ROT T §1 FEVE %
Rrav g% R v Hidt @@= & Ale B HI0T HATE B 45° U 81 T @ FAE € -

A semi-circular arch of radius R has a vertical pole put on the ground together with one
of its legs. An ant on the top of the arch finds the angular height of the tip of the pole to
be 45°. The height of the pole is

1. V2R 2. 3R 3. J4R 4. \J5R

g 1 &9 & g2 M & N vowdr vl N g9rd &/ Bi T 7 §o g &A% &9 e &
BT T eFmer T X I TET X @

Suppose we make N identical smaller spheres from a big sphere. The total surface area
of the smaller spheres is X times the total surface area of the big sphere, where X is

1. JN 2. 1 3. N 4. N’

19. s 241 30] 33] 39] 517 oo @ sl e aar 87

What is the next number in the sequence 24, 30, 33, 39, 51,------ ?

1. 57 . 2. 69 3. 54 4. 81
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V@ wHETel H A Y@ W wrdt & S @ 7 B o warav & 7 @I 7wt &) gdadf ax
e 8

Four lines are drawn on a plane with no two parallel and no three concurrent. Lines are
drawn joining the points of intersection of the previous four lines. The number of new
lines obtained this way is

1.3 2.5 3. 12 4. 2

21.

21.

22,

HI'T /PART B

7 & BT f, RWE’?WW?/W*ﬁxéREﬁ‘l%vl%WrW?/%f"(x)>O
1. Ry f(x)=0a do—dw o 507 &/

f(x)=0a1 oo &7 ot & 7 f(0)= 03 £(0)=0 &

[ (x) =021 3¥ g zer 7 & e £(0)=0 aie £7(0)>0 &
f(x):OW&?s‘EIWWH?f?mf(o)=03ﬁvf’(0)<0 &/

Sl N

Let 1 be a twice differentiable function on R . Given that f ”(x) >0 forall xeR,
1. f (x) =0 has exactly two solutions on &

2. f(x) = 0 has a positive solution if f(O) =0and f'(O) =0.

3. f(x) = (0 has no positive solution if f(O) =0and f’(O) >0.

4 f(x) = () has no positive solution if f(O) =(Qand f’(O) <0.

a5 [a,b] w f 7 Haa: sEeeHd ardfas a1 e & aify wft xelab]d foy
f'(x)\<K 1 7 B v fwom P={a=a,<a,<-<a,=b} & R U(fP)7
L(f.P)zwer f & P wne, sudt o7 faeg w7 o &/ ar

- L. P) sk (p-a)<|u (£, P).

U(f.P)-L(f.P)<K(b-a).

U(f.P)-L(f.P)<K|P|, el |P| = szt (a,, — a,) R a7 e @)
U(f.P)-L(f.P)<K|P|(b-a). |

A wop -
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22. Let f be a continuously differentiable real-valued function on [a, b] such that | f '(x)l <K for

all xe[a,b].Fora'partition P={a=a0 <@g <---<a, =b},let U(f,P)and L(f,P)denote :
the upper and lower Riemann sums of f with respect to P . Then

woN e

&

lL(f.P)|<s K (b-a)<[U(f.P)
U(f.P)-L(f.P)<K(b-a).
U(f.P)-L(f,P)<K|P|, where |P|= max(a,

osram i1 T a,.) is the norm of the partition.
U(f.P)-L(7.P)<K|P|(b-a).

23. 9 5 RO f v valae BN darafde 91 B 8/ ar

1.
2.

liinf(x) & /g a T Jfaw vl 81
ﬂf?a<b,a?}ﬂf(x)$};lgl_f(x) g1

3. f v uRaEw werd &

4.

g g(x)=e '™ vw gRag wea &1

23. Let £ be a monotone nondecreasing real-valued function on & . Then

1.

2.

3.
4.

lim f (x) exists at each point a.

. <n
If a<b,then }Lrﬁf(x)_}g&f(x).
f is an unbounded function.
The function g(x)=e/* is a bounded function.

4. TR w(Rex acR# ) v awafie—am o &t f(rx)=rf(x) @1 @
et ff r>0 77 xR 3 farg wvar &1

ol .

it vw >0 @ e x| =[y]= 8 & o f(x)=f(y) 2 A f(x)=Bl 2

it [ =yl =1 & s f(x)=f(y)2 @ f(x) = IxIf &

W“ﬁ“x"z“y“:l 2 af?f(x)=f(y)3‘ﬂ)/%‘\479#37?l?c # oy f(x) = cllx|* &
Gr*ﬁ“x||=“y“ g Wﬁf(x)=f(y)3‘a7f3ﬁ§’$3ﬁ?ms‘f737ﬂﬂ?§’ !

SI75 POK/I12-4AH—3



24.

25.

25.

26.

26.

27.
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Let f be a real-valued function on & satisfying (for a fixed @ €R) f (rx)=r®f(x)for any
r>0 and xe F’.

1. If f(x) = f(y) whenever "x" = "y” = ffora f#>0,then f(x) = ﬁ”x"a .

2. If f(x) = f(y) whenever "x” = "y" =1,then f(x) = |Ix|I*.

3. If f(x) = f(y) whenever ||x|| = "y” =1, then f(x) = c|}x||*, for some constant c.
4. If f (x) =f ( y) whenever ||x" = || y" , then f must be a constant function. A

T areafd® w17 worr 4 & @ (0,1) &% & dlv—ar vewHraa: wad 87

1. f(x)=%. 2. f(x)=Si2x.
3. f(x):sin%. 4. f(x):cojx.

Which of the following real-valued functions on (0,1) is uniformly continuous?

L f(x)%. 2 f(x)=2%
3 f(x)=sin%. 4. f(x)=°°j".

a4 5 X v g% WAk 8 v AC X VF wag vy & forwdt a9 @ 39 & FrT 45U &

ar A o 819 areft AT fvgalt @) wer @
1. 2. 2. 2 ¥ 3fg®w, g7 HiRa |
3. T T 4. 3TOEHRT |

Let X be a metric space and 4 ¢ X be a connected set with at least two distinct points.
Then the number of distinct points in 4 is

1. 2. - 2. more than 2, but finite.
3. countably infinite. 4. uncountable.

7 & n & gand gonie & vd M, (R) &t nxn arafes srgel @1 wEfe i [ svar

&1 ot A M, (R) & a1 fRwreafia 8 afk T: M, (R)—> M, (R) & WRae summwor &
@i T(A)=0a T# ofy & :
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n(n+1) n(n-1) ’
. —, 2. —_—. 3. n. 4. 0.
2 2
Let n be a positive integer and let M, (R) denote the space of all #x n real matrices. If

T:M,(R)-> M, (R) is a linear transformation such that T(A)=0whenever dc M, (R) is
symmetric or skew-symmetric, then the rank of T is

n(n+l) , Ay P
- o .o

73 7 S: R—R v T: B >R 3 s wuravr & @iy ToS R @7 geaws gl &) o

1. SoT R a7 aeawes gl &1 2. 8°T va#! & yoeg wamiae! 78/
3. 8T wariadt & qeeg vba! 78 4. 8T T wart & 7 ar vda

Let S: R —R and T- B -/ be linear transformations such that 7S is the identity map of &.
Then

1. ST isthe identity map of & 2. S°T is one-one, but not onto.

3. S°T is onto, but not one-one. 4. S°T is neither one-one nor onto.

1 sr@gar @1 &7 F3=Z/3Z w* 717 & V v dF-1ada afes ware &1 V & f=1 va—fadg

1. 13, 2. 26. 3. 9. 4. 15.

Let ¥ be a 3-dimensional vector space over the field #;=Z/3Z of 3 elements. The number of

distinct 1-dimensional subspaces of V is

1. 13. 2. 26. 3.9 4. 15.

7 & V' vE siav qur wafe & i Waw qgual ¢ g & p: [0, 1]-R (spifg V A
p(x)=ax+b, a, b € RP w7 % aguatp & ) for7a wrer afav o7 &, p,qeV B fov

1
(p.g) = Ip(x)q(x)dx W gRmifa & | V @71 9% g9 difed 3R 8 -

1 {1, x}. 2. {1,x3}. 3L @x-1V3) 4 {Lx-4).
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30. Let ¥ be the inner product space consisting of linear polynomials, p: [0, 1]—=R (e, V

consists of polynomials p of the form p(x) =ax+b, a, b € R), with the inner product

defined by
1
(p.g) = jp(x)q(x)dx for p.geV.
0
An orthonormal basis of V' is
1. {1,x}. 2. {1 %3}, 3 {Lee-0V3) 4 {Lx-3
31. 7 f(x) 4x4 ITTE
0 0 01
1 000
A= .
0100
0 010

FT foqs 9gus &/ ar 4x4 sTgE f(A) @ o 8 -

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

31. Letf(x) be the minimal polynomial of the 4 x 4 matrix

o o - O
o = O O
- o O O
oS © o

Then the rank of the 4x 4 matrix f(4) 1s

1. 0. 2. 1 3. 2 ’ 4. 4.

32. a fra b, ¢ sAeE aRalF dw & anfd b’ +c’ <a<1. 3x3 ST

1 b ¢
A=|b a O|wvfa@r |
c 0 1

4A
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2. A & gt SfEvE grHE TrIdd 3iE &

3. A &7 UF gIHH U9 U FUIHE 3facrevies g aad &/
4, A P Ifrerrons saraldE aftgs G g aad &

Let a, b, ¢ be positive real numbers such that b* +¢* <a <1. Consider the 3 x 3 matrix

R
It
o O
o u o
- 0O

All the eigenvalues of 4 are negative real numbers.
All the eigenvalues of A are positive real numbers.

A can have a positive as well as a negative eigenvalue.
Eigenvalues of 4 can be non-real complex numbers.

YN

f(2)=¢, g(z)=¢" @ afefia vt f,g: C— C w faar) a1 &
S={zeC:arxlﬁf5$ze[—7r,7r]} ar

1. f v% Gamies) w7 dvcifie Herd &/ 2. Cwgve 9Rag Bord &/
3. S 9% fuReg &/ 4. Suvg gReg B/

Consider the functions f,g : C — C defined by f(z)=¢, g(z)= ¢ Let

S={zeC: Reze[—ﬂ,zt]}. Then

1. f is an onto entire function. 2. gisabounded function on C.

3. f is bounded on §. 4. gisbounded onS.
q R fD—>D f(0)=0 @ wrr v geees word & ol D gefl e areet
{zeC: |z|<1} g1 ar

1L |7(0)=1. 2. |f(3) <%
cHRVACY ELS | a. |r(0)<4.

S/75 POK/12-4AH—4
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Let f: D — D be a holomorphic function with f (0) =0, where D is the open unit disc
{zeC: |g< 1} . Then

Lorr(o)=1. 2 |f(3)<4
3. |F(@)<+ a. |f(0)<4.

e aft > 2" av Rar g% Al @ e e €
n=1
1. 0. 2. . 3. 1 4. 19 IfF v araldd & |

@«
Consider the power series Z z™ . The radius of convergence of this series 1s

n=|

1. 0. 2. . 3. L 4. areal number greater than 1.

265 @faat & 7z ¥ 200 @ 77 gwe & 110 @) 7 va 55 # frF g/ IR 60 @l
) 7T SRk TrEET e vw & 30 @) g e g RF g9 v@ 10 Hr o o gge & ar
RI% 1T 9 A 9T 96 Bve are afdad) @ wEr aar 87

1. 10. 2. 20. 3. 30. 4. 40.

In a group of 265 persons, 200 like singing, 110 like dancing and 55 like painting. If 60 persons
like both singing and dancing, 30 like both singing and painting and 10 like all three activities,
then the number of persons who like only dancing and painting is

1. 10. 2. 20. 3. 30. 4. 40.

78 P 3ifdw 7y 3w & -

1. 07. 2. 17. 3. 37. 4. 47.

The last two digits of 7' are
1. 07. 2. 17, 3. 37 4. 47.

frer % @ @R ¥ e
x’ -312312x+123123
F|x] o srergavoia 87
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1. &z F,, &7 smaal & @y 2. &7 F,, &7 s@gal & ||
3. &3 F,,, dve sm@aa & ar| 4. gRey wemsi @1 89 Q |

In which of the following fields, the polynomial
x’~312312x+123123
is irreducible in F [x] ?

1. the field F, with 3 elements. 2. the field F, with 7 elements.
3. the field F,, with 13 elements. 4. the field Q of rational numbers.

T o v aftny s & a0 =1 Wo=l & R gEm s 87 Q w2 v oo
oL vw 87 Q(Y2,0) &) @) L @ wwiar K o wew & wwr QCKGL 2/

1. 2. 2. 3. 3. 4 4. 5.

Let @ be a complex number such that ®>=1 and @ =1. Suppose L is the field Q(i/-Z—,a)) v

gene;ated by 3/—2- and @ over the field Q of rational numbers. Then the number of subfields K
of Lsuchthat QCK CL is

1. 2 2. 3. 3. 4. 4. 5.

AR R >R £(0,+-,0)=0 @ @y ve Wy gy &1 ar wg=

{f(xpxz,"-,x,,) : fo Sl} 9P FIT & -

1. #I¥ac R a0 7 v [-aq a]. 2. [0, 1].
3. @Fac R a202 Y0, al. 4 @a b R 0<a<b @ 9 [a, b).

Let f: R" — R be a linear map with f(O,---,O):O. Then the set

{f(x,,xz,---,xn) : isz < 1} equals
=
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1. [-a, a] for some a € K a=0. 2. [0, 1].
3. [0, a] for some a € R a>0. 4. [a, b] forsomea, b € R 0<a<b.

W:Yf%yl(x)cfzfyz(x)aiamwﬁmvr%:y+l7$aaﬁ wer 3,(0)=0,y,(0) =1 9~F%
gfoser &1 ar

1. y,ay, @4 gfrefaa 7& &/ 2. y,dy, x=17 5 gla=Bfed &t/

3. y,ay, x=e W% gfr@fRd g/ 4. yay, x=1u glamfd &/

d .
Let y, (x) and y, (x)be the solutions of the differential equation 71%: y +17 with initial

conditions y,(0)=0, y, (0)=1.Then

1. y and y, will never intersect. 2. y andy, will intersect at x=17.

3. y,andy, will intersect at x=e. 4. y and y, will intersect at x=1.

7 y(t)=[y' (’)J,

Y2 (t)
dy _

L =Ay;t>0
a7

o)

FT AT T & wEl A UF 2x2 % e & forgd glfear qeafis & vd ol g
A=07 gRPE A >0 3 warrT aed & ar @ y, (1) 7y, (1)

1. voplew BTG, t & Bold &/ 2. Pl A, t B BAT B/
3. t P AEHA BorT & 4. | B IR BT
Let y(t)=(yl (t ]satisfy
»(t)
dy
o~ Ay
. y;t>0

o

where 4 isa 2x 2 constant matrix with real entries satisfying trace 4 =0 and

4
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det A>0. Then y, (t) and y, (t) both are
1. monotonically decreasing functions of £ . 2. monotonically increasing functions of £ .
3. oscillating functions of £ . 4. constant functions of £.
i siadmel HIRIT

ou  Ou _

. yg-z” >

g&T JAfrRae® 8/
1. g gor agef agufar 41 2. we oot g agetr 71
3. g qur gog agufa 41 4. yerq oo g agutar 71
The partial differential equation

o'u  du

Y= +tX—= 0

Ox Oy
is hyperbolic in
1. the second and fourth quadrants. 2. the first and second quadrants.

4. the first and third quadrants.

amﬁ@'#ﬁﬁawmquinzeaﬁwéﬁngqﬁwmm?:

) 1 .
1. r’sin20. 2. rsin26. 3. lsm249. 4. —sin26.
‘ r r

A bounded harmonic function in the unit disc centered at origin and taking the value

" sin26 on the boundary is

} 1 .
1. r*sin26. 2. rsin26. 3. lsm26’. 4. —sin20.
r r

e &1 [AEg

x+y+z=1

2x+3y-z=5

x+2y—-kz=4
o5 ke R @ o e ¥ g6, k @ 39 o9 ¥ B

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

SI75 POK/I12-4AH—5
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The system of equations

x+y+z=1
2x+3y—z=5
x+2y—kz=4

where k€ R, has an infinite number of solutions for

1. k=0. 2. k=1. 3. k=2 4. k=3.
7
1 2
J(u)= Il:uf +4u_2} xdx ,
o x
o8l u(x) [0,1] 9% gRwIRa v 7gor BT & o u(0)=0 7 w(1)=1 &7 FHRTT FHear &/ =7 4
& Bl werd J @ gaHigd #var 87 ‘
1. u(x)=x2. 2. u(x):~1——x2.
2
1, oL o2
3. =—x". 4, ==x%.
u(x) 2x u(x) 4x
Let

1 uZ
J(u)= J{uf +4—2} xdx
J x

where u(x) is a smooth function defined on [0,1] satisfying #(0)=0 and #(1)=1. Which of the
functions minimizes J ?

1. u(x)=x*. 2. u(x)=—\/1=2-—x2.
3. u(x)=%x2. 4, u(x)=—‘1{x2.

1

Wamzﬁ@mwwwvﬁaﬂvrﬂx):/lje*%(t)dt P I ve aigee 8 @7 Siféca @t gkr
& o7 A a7 qew BT & -

A= 2 A=
e—1 '
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For the homogeneous Fredholm integral equation ¢(x) =4 Iex”(é (t)dt , a non-trivial solution

exists, when A has the value

1 1 2
e +1 ’ e+l ) e’ -1

A= 2 A=
e—1

n NG WHS § §9 V% Y d BT waaqd Pdl I A G E

1. 3n-6. 2. 3n-5. 3. 3n-2. 4. 3n,

The total number of vibrational degrees of freedom of a molecule containing » collinear atoms is

1. 3n-6. 2. 3n-5. ; 3. 3n-2. 4. 3n.

: . . o Xt X
7 F X, X,, - @aq & veeaEd: gicq agfew e d g T =—1—— 1 2

n
1. Ta—1 @7 i ge7 w@agd s vw a1 x> 8l
2. L2l o iy ge7 g 2 0 o7 w2 B W
Jn
3. n(T, -1) @ dmid se7 @ we v a1y 8l
4. n(T,-1) @7 emig de7 gamrs & arg 0 77 Jew 2 @ )
X2 gt X2
Let X,,X,, -~ be i.i.d. standard normal random variables and let 7, =—-—————"—_ Then
n

1. The limiting distribution of T,— 1 is %° with 1 degree of freedom.

2. The limiting distribution of L1 is normal with mean 0 and variance 2.

Jn

3. The limiting distribution of v/n2(T, —1) is x> with 1 degree of freedom.

4. The limiting distribution of Jn (T,. - l) is normal with mean 0 and variance 2.
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A 5 { p,,n 2 0} siwt @1 7@ g & aife &l n=0 a‘f?/(fp,,>0,ip,,=1 v

n=0
inpn <o &/ Rufy ware {0,1,2,-} T v ADIT GG T frar foraaT wavl Fiaar

argE &

(po P P
1 0 O
o 1 O

0 0 1

ar a8 geger

1. Srrgeeoig 78 &1 2. TG vq &l 8
3. TgEYNg ¥ GGG &1 4. sTgERINg v ATHB-gINIgd €

Let {p,,n >0} be a sequence of numbers, such that for all n>0, p,>0,> p,=land

n=0

0

3" np, <. Consider a Markov chain on the state space {0,1,2,--+} with transition
n=0 .

probability matrix
by P D
1 0 O
0 1 0
0 0 1
Then

1. the chainis @_t nrreducible. 2. the chain is irreducible and transient.

3. the chain is irreducible and null recurrent. 4. the chain is irreducible and positive recurrent.

i B X, X, X, X, @) v deq agfer i & o 4ed 1 1@ -1, & @ 9

IR Vs $W@ﬁ§/ﬁ?E(X,+X2+X3+X4)4 T & -
1. 4. 2. 76. ’ - 3. 16. 4. 12.

"

4
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Suppose X, X,,X,,X, are i.i.d. random variables taking values 1 and -1 with probability
each. Then E (X, + X, + X, +X4)4equals

1. 4. 2. 76. 3. 16. 4. 12.

X
A faF (X]) BT FA 927 (0,2, ) & T Z,,, Fawaoha & | 7 B X3=-2X; &/

T =1 § 9 fbger fAfay gameg g7 87

X, -2X X -X,-X
1 1 2 2 1 2 3
X,-2X,) Sl 24X +24X,
3 X, +4X, 4 X, +X,+4X,
S {2X, +2X, ' X +X, )

X
Suppose that (X‘) has Normal (4,,,%,,,) distribution, where X,,,is nonsingular. Let

2
X3=-2X,. Then which of the following has a singular normal distribution?

(X, -2X X, —-X,-X
1 1 2 2 1 2 3
X, -2k ol 2x +2x,
3 X, +X, A X, +X,+ X,
T 2X, +2X, ' ' X +X, )

'wag‘aaﬁf%m AT I OF TERI O P Vb FEAY g7 @ UG e ared A9 Fe B
arer T o &1 a5 X, X, Ao @ n A & A X vast =50 (x, -%) m
THAT A T THAT FAOT & Tl @SB F AT Sqp [ F 7 T 87

1 -
1. zx’. 2. Zyx?. 3. ﬂ'[-—inz-—sz:|. 4. ﬂ[xz—sz].
n n

The radius of a circle is measured with an error of measurement which is normally distributed
with mean 0 and variance 6°. Let X ,--+,X, be n measurements on the radius. Let ¥ and

st =-L (x,. —f)z be the sample mean and sample variance respectively. Which of the

n-1

following represents an unbiased estimate of the area of the circle?

S/75 POKI12-4AH—6
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1. zx2. 2. Zyx2. 3. ﬂ[leiz—sz]. 4. ﬂ[fz—sz].
n n

54. @ ¥ @fg A v7 @ B Hy: p=2 77 Hy: p>2 @ wderor &g @59 15 09 20 amm &
aefeE T4 N(W,00), 6°>0 @ g &/ ) s & 9T FHA-ary ¢q Agu-Aree Ree
g & 37 g9l & G 0 X, =%, =1.8, s, =5, =5 | T G (-9 P TGN FXd & T
p-Tl pa Tpp BT FYF Fed &/ a 7 7 F ;7 wE @7

L. ps>pg-
2. pa=ps-

3. p.<pp.
4. paT pp @ T &7 T s B o G% [P 8

54. Suppose person A and person B draw random samples of sizes 15 and 20 respectively from
N(,6%), >0 for testing H,: p=2 against H;: p>2. In both the cases, the observed sample means
and sample standard deviations are same with values X, =x, =1.8, s, =5, =s. Both of them
use the usual t-test & state the p-values p, and pg respectively. Then which of the following is

correct?
Pa> Dp-
Dy =Dy

Py <Dy
Relation between p, and pg depends on the value of s.

PR DD~

55. g3 wlafdarY vq < aregicis aw X; @ X, @ V% G9R §EgY A9 H X, @1 quie 8 -
P(Y =1X,, X, +1)
P(Y=1)X,, X,)

- P(Y =1]X,, X, +1) |
o8 P(r=1x.x,) |

P(Y=1X, X, +1) P(r=0/x,X,)
P(Y=0/X,X,+1) P(Y=1X,X,)

P(Y=1|Xx,X,+1) P(Y=0|X,X,)
4. log x
P(r=01X,X,+1) P(r=1x,x,)
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55. In logistic regression model involving a binary response ¥ and two explanatory variables X; and
X;, the coefficient of Xj is

P(Y=1X, X, +1)
P(Y=1]X,X,)

log{P(Y=1|X,,X2 +1)}‘

P(Y=1X.X,)

P(Y=1|X, X, +1) P(r=01x,X,)
P(Y=0/X,X,+1) P(Y=1X,X%,)’

P(Y=1X,X,+1) P(Y=0|X,X,)
g X .
P(Y=01X,X,+1) P(Y=1X,X,).

56. & 37T gETT WG & U9 ARG 2 @ IXEraIP g7 & dl ] 3T B Ub GHGY FUIA B [Awerar

fr
1. asmv &/ 2. vplere U9 YR Hord 8/
3. q@?te(fa‘mﬁaam?‘/ 4. vpfee Bord T8 &/

56. The failure rate of a parallel system of two components, where the component lifetimes are
independent and have the exponential distribution with mean 2, is

1. aconstant. - 2. amonotone and bounded function.
3. a monotone and unbounded function. 4. anon-monotone function.
57. F A

Y, =6,+26,-20, +¢

v, =6,+36,-6,+¢,

y,=6,+6,+¢,,

T y; JEL O; 9ra U9 &, i=1,2,3 @ [0 AR g T 3% R 3 SrEera AIgled w
& ar fam 7 | Far wat 87

1. 2y,—y,— ¥, 01—40; &7 3T 3t &1

2. 2y,~y,~y,, 61—40; 37 S5 W@ T B 21
3. y,-3y,, of 61— 4 6; #7 soTT W¥F 7T HHA 8/
4. y —4y,, 0,—4 6 7 T 1HA £
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Consider the linear model
y,=6+26,-20,+¢
y,=6,+36,-6,+¢,
y,=6,+0,+¢&;,

where y; are observations, ; are parameters and & are uncorrelated random variables
with mean zero and constant variance for i=1, 2, 3. Then which of the following is true?

2y, -y, -y, is an unbiased estimator of 6,— 4 6.
2y, ~y, -, is the BLUE of 6,4 5.

¥, —3y, is the BLUE of 6, 4 6.

y, —4y, is an unbiased estimator of 6;—4 6s.

ol O

6 srar 1, 2,...6 7 4 @ {1,2,2}, {2,3,3}, {3.4,4} U7 (5,6,6} ¥ v& sif¥weqT WX AR
A & & @ wet 87

SRYBSTAT ST UF W SUEIN [ASHAIY 3w &

IFEEgaT SNads vq Wl SUER [QNHary srEeg #1
IRBegT iR vF T ITER [A9FAIY AFHeHT T8 8
SRFeGTT a9 @H QYT [A9HaIY sderdtg T8 &1

bl

Consider the following design with 6 treatments 1, 2,...,6 and 4 blocks as follows: {1,2,2},
{2,3,3}, {3,4,4} and {5,6,6}. Which of the following is true?

The design is orthogonal and all treatment contrasts are estimable.

The design is non-orthogonal and all treatment contrasts are estimable.
The design is orthogonal and not all treatment contrasts are estimable.

The design is non-orthogonal and not all treatment contrasts are estimable.

W~

50 @ {1,2,...,50} @ va wake w RER v@ @ & 50 w7 {1}, {12}, {1,2,3},
(12,34}, ..., {1,2,3,...,50} 59 ¥R §efiga v 7v & 574 © & 757 @1 Ighod w0
w27 far T &1 9 1 S | g 0 T ¥ 9uRed & g9 mRmar m; & Al e A |
ey 7T G 87

1. 3Ry T @7 3T 25 8 2. 3T F97 T T 25.5 €1

3. >om=1. 4. in,:zs.

i= ) i=1

Af
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59. Consider a population of 50 units {1,2,...,50} and suppose that 50 possible samples are
listed as : {1}, {1,2}, {1,2,3}, {1,2,3,4}, ..., {1,2,3,...,50}. One of these samples is
chosen at rapdom. Let 7; be the probability that unit i is in the selected sample. Then
which of the following is necessarily true?

1. The expected sample size is 25. . 2. The expected sample size is 25.5.

50 50
3. Y om=1. 4. Y m =25
i=1

i=l

60. ve HarR ¥ T AN P VP Gl 9T | AR E vF 9 Farw § TIRAT U e @ral aihal,
Roraat A Ay 2 & et &) v 7 TIRGY &7 JTAT WA 8/ HAR H HIFYH 3T qTel AlIT P T EH
@ gifewar &

4 ) 2. 4 ) 3. ﬂ. 4. iz-.
A+ A, A+ A, | A, A,

60. Men arrive in a queue according to a Poisson process with rate A, and women arrive in the same
queue according to another Poisson process with rate A,. The arrivals of men and women are
independent. The probability that the first arrival in the queue is a man is

1. M . 2. L 3. A 4. ﬁ.
A +A, A+ A, 2, B A,
47T /PART C

(et )

61. a7 & {f,}, [0,00) T RaMT W araidm—arT werdl BT Y HFEA &1 Wi xe[0,0) &
e w17 1 f,(x) > f(x) 79 f Fera g1 ar

1. c]'j;(x) dx——)oj‘f(x) dx as n—o.
2. 2R [0,00) w vwEEE £, f & @ [£,(x) dx> [f(x) dx.
3. aR [0,0) w vewEEa: f,—>f 8, a?ii‘fn(x)dx—;]-f(x)dx.

£~ f(x)| dx = 0,@ [0, 1] e vaeara: f,—> f &1

-
0

S/75 POKI124AH—7
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Let {f,} be a seqhence of continuous real-valued functions defined on [0,00).Suppose

f,(x) > fx)forallx e [0,00) and thatf is integrable. Then

1. a].f"(x) dx—)u]‘f(x) dx as n—>.

" 2. if f—>/ uniformly on [0,0), then [f,(x) dx—> [f(x) dx.

3. if fn—)f uniformly on [0,00), then o]f,,(x) d.x—)a]f(x) dx.

1
4. if jf,,(x)—f(x)[dx—)o, then f, — f uniformly on [0, 1].
o B X vp g @iRefe @A & W@ fX>Rvw v &1 f @ e vy
G={(xf@):xe X} XxR & e ¥ & Phi-¥ sraera a8 &7 |

G ve wga wg=d i 8 o e ol f wWad €l
afe f waa & ar G wgd &/

gz f gaad & ar G §ege &/

afr f ve gReg wad werd 8 af G gHsd &/

halb ol S

Let X be a compact topological space and let f:X —» R be a function. The graph of f is the
set G = {(x f (x)): xeX } c X x R. Which of the following are necessarily true?

1. Gis aclosed set if and only if f is continuous.

2. If f is continuous, then G is closed.

3. If f is continuous, then G is connected.

4. 'If f is a bounded continuous function, then G is compact.

a4 Ff.R—>R v sgwa BT &1 at e werl F § - sraegea el 87

I aB @ xR @ R f(x)<r<l & @ far ee-d-7 @ g A &1
2. ot f @7 ve o faw R & ot wh @ xe R B RS (x)<r <12

3. e f &1 v Sy fad R 8 areft xe R® forg f'(x)2r>-1 8/

4. g xeR3 v f'(x)sr<l & o f &1 v sy faa g 81

Suppose f:R — R is a differentiable function. Then which of the following statements are
necessarily true? '
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1. If f'(x) <r <1 forall xe R, then f has at least one fixed point.
2. If f has a unique fixed point, then f(x)sr<lforall xe K.

3. If fhasa ;nique fixed point, then f'(x) >r>-1forall xe R.
4. Iff'(x) <r <] forall xe R, then f has a unique fixed point.

Ay glee) § @ gar—aar gaa avd & & we f[01] >R e gRaE [T &1 87

1. [0,1] 7 f v& V@ Hord &1 2. [0,1]wf¢wwﬁavﬁwﬁ.’emg’/
3. & xe(0,1) wf @7 7@ P £l 4. sawrer(0,1) ¥ f #1 v URIF HAPAA &

Which of the conditions below imply that a function f0,11> R is necessarily of bounded
variation? '

1. f is a monotone function on [0, 1]. :
2. f isa continuous and monotone function on [0, 1].

3. f has a derivative at each x e(O,l) .
4., fhasa bounded derivative on the interval (0, 1).

3 2
7 & xeR% f?ﬂ{f(x):sinx—x+% v g(x)=cosx—1+£27 & = el AW
P74 o 27 ' '

1. wftx>0 @ faw f(x)20 &/ 2. [0,0) ¥ g v FfarT o &
3. [0,) 0¥ g VP BT Boid & 4. [0,0) 9% f ye BrEATT Bod &
3 2

Let f(x)=sinx—x+% and g(x)=cosx—-1+£2‘— for x € R. Which of the following

statements are correct?

1. f(x)ZO for all x> 0. 2. gisan increasing function on [0,00).
3. gis a decreasing function on [0,00). 4. f is a decreasing function on [0,00).

oTgT A={(x,y)elR2:%<x2+y2 <1} vq E={(x,y)eﬁ?2:(x—2)2+(y—2)2 <%}? e

5 frAUE > R’ sramerdg &1 7 & Df % f &7 srgaerst &1 e # & B
STaeIdd: HEl &7



66.

67.

67.

68.

IMS

(INSTITUTE OF MATHEMATICAL SCIENCES)

28

az el (x,y)e AVE @ faw (Df )(x,y)=0 & ar f s &/

7 @t (x,y)ed @ e (Df)(x,y)=0 & @ AR f 37 &/

ar @it (x,y)eE @ frv (Df)(x,y)=0 & @ E wf s 2/

afz wff (x,y)e AVE @ faw (Df)(x,y)=0 & @ g7 (x,3,).(x, ) e R* @ forw, wnft
(x,y)ed & f(xy)=(x.¥) @& (x,y)eE @ fw f(xy)=(x.») &

> L

1
Let f:AUE-—>R® be differentiable, where 4= {(x,y) e R’ :E <x*+y’< l} and

E= {(x,y) e R? :(x -2)2 +(y - 2)2 <%} . Let Df be the derivative of the function f. Which
of the following are necessarily correct?

1. If (Df)(x,y) =0 for all (x,y) € AU E, then f is constant.

2. If (Df)(x,y) =0 for all (x,y) € A, then f is constant on 4.

3. If(Df)(x,y)=0 for all (x,y)€ E, then f is constant on E.

4. 1 (Df)(x,y)=0 forall (x,y)€ AU E, then, for some (x,,,).(x, ) € R?,
F(xy)=(xy,) forall (x,y)e 4 and f(x,y)=(x,y) forall (x,y)eE.

7 f5 L:R" - R w7 L(x)=(x,y),2 & () R" w &If aiae qoriwe & v@ R" Wy
v fAga wfeer 81 9 L # smwerad st DL ® Afde av| 71 7§ & sl siaeqea: qgl 87
1. ¥ffu,ve R" @ f&r DL(u)=DL(v) &/ 2. DL(0,0,---,0)=L &/

3. wih xeR" @ fre DL(x)=|x|" 2/ 4. DL(L1---1)=0 2/

Let L:R" — R be the function L(x)=(x,y), where (--) is some inner product on R"
and y is a fixed vector in K" . Further denote by DL, the derivative of L. Which of the
following are necessarily correct?

1. DL(u)=DL(v) forall u, ve R". 2. DL(0,0,---,0)=L.

3. DL(x)=|x| forall xe R". 4. DL(L1:1)=0.

T 5 [ [n,2x) > R® waf(t)=(cost, sint) &/ e & @ BT siravred: wEt &7
. t,e[n2x] &7 s 2 ﬁ‘T/%f'(to)=~l—(f(27r)—f(7z)) &l

T

2. ¢ @ 1, € [n,27] 7 e T & A £(1,) :%( f(27)-f()) &

4/
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3. tye[x2x)ar afam & afe || f(2x)-F(m) <=l f'(t,)ll &

4. wft re[m2x] @ forg f'(t)=(-sinz,cosr) 2/

68. Let f :[71',27[]—)R2be the function f (t)=(cost, Sint). ¢ Which of the following are

69.

69.

70.

necessarily correct?

1. There exists £, € [7[, 27[] such that f’(to) = %(f(27r)——f(ﬂ))

2. There does not exist any f, € [,27] such that f”(z,) = —l—(f(27z')—f(7r))
7
3. There exists 7, € [7,27 | such that || f(27)- f(m) <71l £ (1)1l

4. f'(t)=(-sint,cost) forall ¢ € [7r,27r] )

ar fr X =[-L1x[-11], 4={(x.y)e X:¥*+y* =1}, B={(xy)e X:|x|+|y]=1},
C={(x,y)eX:xy=O} (I&"D:{(x,y)eX:xziy} g ar

1. A-B & dga &) 2. B C& agq &/
3. C D@ agadi 4, D, AP dgad &/

Let X =[-L1]x[-11], 4={(x.y)e X:x’+3* =1}, B={(x,y) e X:|x|+|y|=1},
Cz{(x,y)eX:xy=0} and D={(x,y)eX:x=iy}. Then

1. 4 is homeomorphic to B. 2. B is homeomorphic to C.
3. Cis homeomorphic to D. 4. D is homeomorphic to 4.

FFF n 23 @ gule & v7 R o% Rud v& aRY 4 & wy, ug, ..., Un 1 YHEMIT: AT
37 &1 3EY [ 1o=0 T tpey=u; TRART TR & @ i=12,-.n &0 v, =u +u,

v w,=u, +u, &

1. aR n=2010, @ v,,v,,--,v, THumd &av &/
2. AR n=2011, @ v,v,, v, THET & &/
3. 7 n=2010, @ w,w,, -, w, VFEQT &@aF &/
4. g n=2011, @ w,w,,---,w, VHHRT: w@aF &/

S/75 POK/I12-4AH—8
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70. Let n be an integer, n > 3, and let uy, #2, ..., Un be n linearly independent elements ina

71.

71.

72.

vector space over K. Set up =0 and up+1 = 1. Define v, =u, +u,,, and w, =u,_, +u, for
i=12,---,n. Then

1. v,v,, -V, are linearly independent, if n = 2010.
2. vV, Y, are linearly independent, if n = 2011.
3. W, W,, -, w, are linearly independent, if n = 2010.
4

W, W,, -+, W, are linearly independent, if n =2011.

T Ved W R® dfa—fdg ey waeai &1 a3 & T V>V @ In W W
e HTNT & P AfTT 9§UT 39 JBR [T TV & -

fi =2+ +x+1 7@ fo)=x-x"-2.
T B T: VoW—VeW ve s sy & ot wit (v, wye VOW & fory
T (v, w) = (Ti(v), To(w)) @ R &1 a1 fsf (x), T @7 aifeqs agwe 8/ at

1. g f(x)="17. 2. @i f(x)=5.
3. ygar (I)=1. 4. gar(1)=0.

Let ¥ and W be finite-dimensional vector spaces over K and let 7i: V' — V and To: W —> Whbe-
linear transformations whose minimal polynomials are given by

fi)=x" +x*+x+1 and fo(x) =x'-x-2.

Let T: V& W-—>V@W be the linear transformation defined by
T (v, w) = (Ty(v), o(w)) for (v,w)e VoWw

and let f (x) be the minimal polynomial of 7. Then

1. deg f(x)=7 . 2. deg f(x)=5.
3. nullity (7) = 1. 4. nullity (T)=0.

77 5 abc,de R & a7 & T:R> - R® v% s Wy &

e s r{(f] e ] e

a9 % S:C > C wia gfF ¢ of wft x,ye R# fav
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S(x+iy)=(ax+by)+i(cx+dy) & aRmfia g/

S T C -3 & aefq wh 7,2, € C 3 Bw S(z+2,)=5(z)+8(z,) @ &
aeC 3k zeC @ fw S(az)=aS(z) &/

gRb=-cvaid=a& a8 C-aF
BaF ab=—-cvad=ada &S, C -3z 2/
a2 vq daer af, T aoms wurawe & af @ S, C -3Ra% &/

Let a,b,c,d € R andlet T:R 2 _y R? be the linear transformation defined by

() (e

Let S:C — C be the corresponding map defined by

S(x+iy)=(ax+by)+i(cx+dy) for x,ye R.

Then

2.
3.
4.

S'is always C -linear, thatis S(z +zz)=S(zl)+S(zz)for all z,,z, e C and

§f(az)=aS(z) forallaeC and zeC.

Sis C -linearif b=-candd = a.

Sis C -linear onlyif b=-candd=a.

Sis C -linear if and only if 7 is the identity transformation.

¥ 5 A= (a;) TF n x n s g & vd A 3 wgeh aRad @ A’ & Affe frr o &1
By ey & | B—¥ avaed: 8 87

Sl e

A e 2, ot R (A'A) 2 0, g A'A T SN T 8

afy g (A°A) = 0 & at A eyl 2/
afz| s (A"A) | <n’, at g@ i,j P Rg lag| <1#/

afz sRa (A"A) =0 & @ A T I &1

Let A= (a;) be an n x n complex matrix and let 4" denote the conjugate transpose of 4. Which of
the following statements are necessarily true?

Calbadi o

If A is invertible, then tr(4 ) # 0, i.c., the trace of 4 is nonzero.
If tr(4"4) # 0, then 4 is invertible.

If | tr(4"4) | < n’, then || < 1 for some i, j.

If tr(4"A) = 0, then 4 is the zero matrix.
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a5 on v ged qiE & @V, R W vF (n + 1) - AT wlew wAre g Ak
(€1,€5,r80) V @TSEIR & 73 T: V —> V 0@ 3 SUrav & W 1,2,..., 1 P for

T(e,-) =€ +1 3777 T(CnH) =0

T GHTIT HVaT 8/

1. T &7 g gHav &/ 2. Ta&wfd nél .
3. T#r garl 8/ 4. T"=ToTo---oT (n grn) ¥ FfA7 &/

Let n be a positive integer and ¥ be an (n + 1) - dimensional vector space over R. If
{e,,,,....e,, } is a basis of ¥ and T: ¥ — V is the linear transformation satisfying

T(e)=e+ fori=1,2,...,nand T (en+1) =0.

Then
1. trace of T is nonzero. 2. rankof T isn.
3. nullityof T'is 1. 4. T"=ToTo---oT (ntimes) is the zero map.

9 5 A vd B n x n aiE a1egE & aifs AB=BA =0 77 A+B gy &1 A= 4 9
PIT- g5 T &7

1. wify (4) =i (B) &/ 2. Iy (A)+ Iy (B)=n &/
3. gt (A)+ gz (B)=n &/ 4, A-B Zopaiid 2/

Let 4 and B be n x n real matrices such that 4B = B4 = 0 and A+B is invertible. Which of the
following are always true?

1. rank (4) = rank (B). 2. rank (4) + rank (B)= n.

3. nullity (4) + nullity (B)=n. 4. A-Bis invertible. ‘
74 fF n, 22@W§WMH(R),n'xn aredfdE el @GR wAfe 1 ffde s

g 7% &5 BeM,(R) v o sige & vd B, B & uRad @1 AffT @ &)

W,={B'AB : e M,(R)} & Rar| A= & & ol7-¥ sraeaaa: &a &

1. W,, M,(R) # suwfe & va 41 W,< oy (B) &

2. W,, M,(R) # suaafe & v far W, = arfd (B) ¥ (B') 8/
3. W;=M,(R).

4. W, , M,(R) #! v suware =& &/

4AH



\H

IMS

(INSTITUTE OF MATHEMATICAL SCIENCES)

33

76. Let n be an integer > 2 and let M, (R) denote the vector space of # x n real matrices.

77.

77.

78.

Let Be M, (R)be an orthogonal matrix and let B denote the transpose of B. Consider
W, = {B’AB :AeM, (R)} . Which of the following are necessarily true?

W, is a subspace of M, (R) and dim W, <rank (B).

W, is a subspace of M, (R) and dim W, = rank (B) rank (B').
W,=M,(R).

W, is not a subspace of M, (R).

b A e

G 5 A v 5 x5, R gfkear & wrey &1 fAva—a#fia sregg & vd B U GO 5 X 5 3TYE
i

gl & fradt (i, j)* areft ghfe 1<i<j<5 $2%727@WW( J?‘/lelO&ﬂaggW
J

WW@?W#@WW?:C=(§ A;BJ/m

1. gRfs C=1a1-18 | 2. GIRUE C=08 /
3. CHIPFOE | 4. CHFIRES5E |

Let A be a 5 x 5 skew-symmetric matrix with entries in R and B be the 5 x 5 symmetric

ZJ for 1<i<j<5. Consider the
J

matrix whose (i, /)" entry is the binomial coefficient (

10 x 10 matrix, given in block form by

A A+B
C= .
0 B
Then
1. detC=1or-1. 2. detC=0.
3. trace of Cis 0. 4. traceof Cis 5.
X
A 5 A % 3 x 3 WA argE & it [x,y,1)4| y |=xy-1 8 /7 & 4 P gD
1

sifyameIfrE Al & W p & vd g =l (d)-p & | ar

1. p=1 2. p=2 3. g=2 4. g=1

S/75 POK/I12-4AH—9
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78. Suppose A is a 3 x 3 symmetric matrix such that

X

[x.y.1]4] y {=xy-1.
1

Let p be the number of positive eigenvalues of 4 and let ¢ = rank (4) — p. Then

1. p=1. 2. p=2. 3. g=2. 4. g=1.

[ vae /Unit - 11 ]

79. ﬁwﬁmﬁfﬁ#ﬁv—#wﬁ%ﬁﬁwm?sﬁvw neZ %f?f@z=ikuvm7?vrgz%
8T &7
1. f(z)=az"+a, 2"+ +a, TF 7 7 n2l, 9T %Y ay,a,,a, €C.
2. gBacC P oA flz)=asin2niz & |
3. gBbcC o Rfiz)=bcos2m(iz—Y) & /
4. goceCaforRflz)=e"8 |

79. Which of the following functions f are entire functions and have simple zeros at z = ik for
all keZ. |

1. f(z)=az"+a, 2"+ --+a, for some n>1 and some ay,a;,--,a,€C.
2. flz) = a sin 27i z, for some acC.
3. Az)=b cos 2x (iz — Ya), for some beC.

4. flz)= €%, for some ceC.
80. k=123 R 77 5 7, ={ke": 0<0< 27} &/ e # @ P72 arawrmer: ot & 7

1. k=1,2,3a%mi,jldz=0§/ 2. ledz=1.
277z 2ni Yz

3. L ldz=4. 4. —1— —l—dz=3.
27rihz 27rihz
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80. Lety,= {ke'w: 0<6< 27!} for k =1,2,3. Which of the following are necessarily correct?

1 (1 1 1

—— {—dz =0 for k=1,2,3. 2. — |—dz=1.
27i oz 27 .z
__.1 _l;dz :4_ 4. —1 -l—dZ :3.
27 b4 27 b4

81. /D:{ze@:|z|<1}w R [ v deifte s & it f @ aRew age C\(—o0,0]4
saffe & | ar

81.

82.

1.
3.

4.

f eI UF AR BT 8 |

D & v vE Boad g &7 afaea & i &% ze D @ R g2) . f (2) T V& T & |
D W v doRE Ge g T sk & i avaldn gz) 20 1@ &% ze D@ o g2), f
(2) &7 VF T 8 | ‘

D o% % 3IRE worT g 7 JRkac & aifd aradd g(z) <0 U9 &Y zeD® ford gz), [
@) &7 v TG & | _

Let f be an analytic function defined on D ={zeC:|z|<1} such that the range of f is

contained in the set C \ (—oo, 0] . Then

1.

f is necessarily a constant function.

2. there exists an analytic function g on £ such that g(z) is a square root of f(z) for each

zel.

there exists an analytic function g on [ such that Re g(z) > 0 and g(z) is a square root of
f(z)foreach ze D).

there exists an analytic function g on 2 such that Re g(z) <0 and g(z) is a square root of
f(z)foreach ze D).

Ragegea Q c Cwad [ f: Q> C vw e BT & | oA Fr >0 @ o’

D,

A W b=

= (zeC : [ <r} & va 7 f5 D, sv@r wavw &1 7 & ® sl sraera e 87

ak D, c f(Q) & @ gp r>13 /A D, c [(Q)8
a2 D, c f(Q) & dgo r>13 o D, = £(Q)
g’ D, c f(Q) & @ gz r>13 R D, c f(Q)
f(Q) faga &1
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Let /: Q — C be an analytic function on an open set Q < C. For r >0, let I,=

{zeC : |z| <r} and let ]I—D: be its closure. Which of the following are necessarily true?

If D, ¢ £(€), then D, c £(Q) for some r>1.
If D, ¢ £(Q), then D, = £ (<) for some 7 >1.
If D,  £(Q), then D, c f(Q) for some r>1.
() is open.

RN

T 2eC P RRze0 e f(Z)=z4— 21 AT 4 @ ahTe g wd &7
A

1. C\{0}vv fva dviffe worT &/

2. C\{0} R £ 7% sgrr aifem &

3. f v#Iw god @ aARE 3BT & UF SUeYeEd 9Y Fifaad svar 8/
4. C\{0} gv Ry &t +ff ga7 @7 A §7: v gaaT & |

Let f(z)=z +—1— for z e C with z # 0. Which of the following are always true?
z

1. f is an analytic function on C1{0}.

2. f is a conformal map on C'\{0}.

3. f maps the unit circle to a subset of the real axis.
4. The image of any circle in C {0} is again a circle.

VF gAIHF QUIE m & ford 9 & o(m) qoriel 1 wear #1 [fde pear @ aifd 1<k<myq
HECTH AT A19d (k, my=18/ @ 77 & § & P JaedHT: §al 87

1. & 9717 Qo n @ ford o(n), n &7 RrorT #var 8 |
2. & qToTE Qe a 70 @ o p(a” ~1) @) n R v £ 1

3. & gIrHE QUi a an @ ford q;(a"—l)a;)nﬁvﬁﬁﬁm?af%%ﬁvmw

(a, n=1 &1/
4. ot T qlE a In B R p(a”-1) @ a R @var & @ify FE A Ao

(a, n)=1 &t/

For a positive integer m, let ¢(m) denote the number of integers & such that 1<k <m and
GCD(k, m)=1. Then which of the following statements are necessarily true?

1. ¢(n) divides n for every positive integer ».

2. ndivides q)(a" - 1) for all positive integers a and ».

4



AH

85.

85.

86.

86.

IMS

(INSTITUTE OF MATHEMATICAL SCIENCES)

37

3. ndivides ¢(a” —1) for all positive integers a and » such that GCD(q, n)=1.

4. adivides. ¢)(a" - 1) for all positive integers a and # such that GCD(a, n)=1.

n 3R GV & THIY THE
U,, & fAffa 4, &

VP g% QI n2 4 U9 U 39Ivd sl p <n & ford 71 & U

pn?

A, @ & p-Hel Syl @ e &1 fAfde #var & siv a5 K

pn’

, K, , @ ®ife &1 [fde avar & ar

pn

Wwﬁﬁsm?/mﬁﬁ’K

L |K,.|=12. 2. |K,|=4. 3. |K,s|=60. 4. |K|=30.

For a positive integer # > 4 and a prime number p <n, let U . denote the union of all p-Sylow

subgroups of the alternating group A, on n letters. Also let K o, denote the subgroup of 4,
generated by U, , and let ‘K pﬂ‘ denote the order of K, . Then

L|K|=12. 2. |Kl=4. 3. K| =60. 4. |Kys=30.

7 o e quie n @ fora, f, (x)=x""+x" 4+ x+18 1 @

1. & gTrE qofe n @ ford Q[x] ¥ f,(x) 7o sogavofiy g9z & |
2. BV 3T 3 p Er)‘ﬁrd@[x]#fp(x)wwngﬁwag’q??/

3. §Y SPITY 3% p T EY EHAE QU e a%z%iz?Q[x]#fpe(x)w»‘siangﬁuagW?/

4. & I 3 p VT &Y FITE qUIF e @ ol Q[x] #fp(x”e_‘)vaa‘alagwﬁwagw?/

For a positive integer , let f, (x)=x""+x"?+---+x+1. Then
4

1. f, (x) is an irreducible polynomial in Q[x] for every positive integer #.

2. f » (x) is an irreducible polynomial in Q[x] for every prime number p.

3. f, (x) is an irreducible polynomial in Q[x] for every prime number p and every
p(fsitive integer e.

4. f » (x" . )is an irreducible polynomial in Q[x] for every prime number p and every

positive integer e.

S/75 POK/12-4AH—10
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gorg R=Z[\/-_5_:]={a+b\/3:a,beZ}W'R &7 3GIT o =3 +~/—5 T fAER | ar

1. o 3mrg 2l 2. O HTgHT Bl
3. R vw sz qurrEeT id € &l 4. R v quferg gid 78 &1

Consider the ring R :Z[\/—_g] ={a+bx/:§:a,beZ} and the element o =3++/-5 of R.
Then :

1. aisprime. 2. a is irreducible.
3. R isnot a unique factorization domain. 4. R isnot an integral domain.

e f(x)=x4—x3+l4x2+5x+16wﬁ?7ﬁ/ s ve aparog SF p @ fod qH B F, , p
s a1 v &5 @ Fffe awar &) e 4 @ 7T 9 ghe el &7

1. FoF, # quint & w. e ague i g 56 Fy 4 @ 47 7 21

2. f@rF, 4 ol & @ vF 9gue A §, 78 W, o% 3 Ramh qorrEs) &1 J%e &1
3. f@F, ¥ quis’ & 6rr v 9gue AAd §T gwaT F, I8 U ETd segaviiia qurdEs 8l
4. f 7 w3 fgurd aguet 1 JUAHd £

Consider the polynomial f (x) = x*~x*+14x> +5x+16. Also for a prime number p, let I,
denote the field with p elements. Which of the following are always true?

1. Considering fas a polynomial with coefficients in I3, it has no roots in Fs.

2. Considering fas a polynomial with coefficients in I3, it is a product of two irreducible
factors of degree 2 over IF.

3. Considering fas 2 polynomial with coefficients in F5, it has an irreducible factor of degree 3
over [Fy.

4. f is a product of two polynomials of degree 2 over Z.

V& gIAd QUlle m & ford, m#z%amm<9n[x]1>$@wmgwwmﬁﬁaﬁmaﬂ
X" —

fAfde evar &/ ar

1. a4 =2. 2. a4 =3. 3. as=2. 4, as=3.
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o x
89. For a positive integer m, let a,, denote the number of distinct prime ideals of the ring Q[ ] .
("-1)
Then
1. a4=2: 2. a,=3. 3. as=2. 4. as=3.

90. 7 5 R r @i & frad ford sfaviet [a,b), —0 <a <b < oo, ¥F SR §7d &1 A1 &
R & o % wikgfdal & aifdo ot |

‘g7 @t o =7 ,78 a o BT TP 8/

IR Buv & TRRE x> —x, o @ fod wad & a o RfdFT wikefae 21
I Hye © 9RRE x> —x, o @ o) agan & o o AT wikefd?! 81
I Sy & gRRE x| x|,0 @ fd agar & a o Rl GiRalie) &

bl o

90. Let 7 be the topology on R for which the intervals [a,h), —0 <a< b <o, form a base. Let
o be a topology on R such that 0 2 7. Then

either o =7 or o is the discrete topology.

if, moreover, the map x > —x is continuous for o, then o is the discrete topology.

if, moreover, the map x > —x is a homeomorphism for o, then o is the discrete topology.
if, moreover, the map x | x| is a homeomorphism for o, then o is the discrete topology.

f v#% /Unit - IIIJ

91. 3/gHeT GHIGYT

P

H _6002)"; x>0

dx

»0)=0

1. @7 v Jfgda &7 8/ 2. @ grEa#l

3. @7 P 8T TE &/ 4. @ aFia wear ¥ & B

91. The differential equation

7 P PIPNT

Y _60 © x>0
z )7 x

n0)=0

has
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1. a unique solution. 2. two solutions.
3. no solution. 4, infinite number of solutions.
d’ !
Hgmel THIHY dx);=f(x); xe(0,1) W0) = y(1) = 0 &7 a1 y(x)= J'G(x,g)f(f)df i
0

fegr Girar & wisT

fx(£-1) %<8 P (E-1)s xS
REER R [sinx(£-1); x<£
’ G(x,g)_{f(xz—l);nf' * G(x,f)—{sm‘f(x‘l)?x>§'

The solution of the differential equation

LY f () xe(o)

n0)=y(1)=0
is given by

(%)= [G(x.£)f (¢)de
where 0

[x(&-1); x<£ X (E-1)5xs8
1 G(x’f)_{f(x—l);x>§' 2. G(x’g)_{fz(x—l);x>§'.
x(fz—l);xsg” sinx(&-1); x<&

G(x,¢)= . . G(x,E)=1 . .
3 G(x8) {cj(xz—l);)»f 4 G(xe) {sm§(x—1);x>§
wﬁwmwﬁm%:%+a‘wwmm?:
L ou(x,t)=—e". 2 u(x,r)=e"e”.
3. u(xt)=e*+e™. 4. u(xt)=x-e".

4/
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A bounded solution to the partial differential equation

6u'=§j£+e~,
ot ox’
is
1 u(xt)=—e". 2. u(xt)=e"e”.
3. u(xt)=e"+e. 4. u(xt)=x-e".
2 2
arz u(x,t)sﬁﬁrasmwwﬁww%=4a—%wwmmg‘a) u(x,t) @7 @ w9 4 g
29
1. ru(x,t)zf(e"z')+g(x+2t). o2 u(x,t)=f(x2—4t2)+g(x2+4t2).
3.0 u(nt)=f(2x-4t)+g(x+2). 4 u(xi)=f(2x-1)+g(2x+1).

el f T g I TGO Ber & |

If u ("x, 1) satisfy the partial differential equation

orr  ox’
then u(x,t) can be of the form

L u(x,t)zf(e"z')+g(x+2t). 2. u(x,t)zf(x2—4t2)+g(x2+4t2).

3. u(x,t):f(2x—4t)+g(x+2t). 4. u(xt)=f(2x-r)+g(2x+1).
Where f and g are non-trivial smooth functions.

Hﬁf%fBiﬁWﬁ'[O,l]#WWWWW?\WWan=f(x,)WW/ﬁW##
Frr-wi7 GfFRE @ R v A 35 geqa 307

1. f(x)=x/4. _ 2. f(x)=x"/8.
3. f(x)=x*/16. 4. f(x)=x*/32.

Let fbe a continuous map from the interval [0,1] into itself and consider the iteration
Xns1 = f(xn).

Which of the following maps will yield a fixed point for / ?

SI75 POK/12-4AH—11
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1. f(x)=x*/4. 2. f(x)=x/8.
3. f(x)=x*/16. 4. f(x)=x*/32.

Wmaawxﬁmj—y:iy; >0, y(0)=1%7 awer 3y h & e ST o AR
t

Y, at Y(h)=e" @ Radipa svar & @ o 7 & @ sl7—v srevgea: et & ?

1. Y\ v% 9893t af~iadianor 2 2. Y, U gRAY BerT wi~iadiaer &/
3. Y| % GHIAT Be af~igciavor &/ 4. Y, 3q 9t @7 fo=idver 8

4

Consider the ordinary differential equation

dy

——=Ay; 0
7 y, >
y(0)=1,

and the Euler scheme with step size 4

Y. .-Y

n+l nzl‘Yn; nZl
h

Y,=1

Which of the following are necessarily true for ¥; which approximates ¥ (k) =e* ?

Y1 1s a polynomial approximation.

Y; is a rational function approximation.

Y, is a trigonometric function approximation.
Y} 1s a truncation of infinite series.

b s

b .
BATD J=IF(x,y,y’)de faard @&t arEr B y(x) @ ford F(x,y,y’)=(1+y2)/y’2£? /
Faddama) @ e amg?

1. y(x) = A4 sin(x). 2. y(x) = A sinh(x) + B cosh(x).
3. y(x) = 4 sinh(4x + B). 4. y(x) = A4 sin(x) + B cos(x).
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Consider the functional
b
J= fF(ic,y,y')dx
where  F(x, y,y’)=(1+y2)/y'2

for admissible functions y(x). Which of the following are extremals for J ?

1. y(x) =4 sin(x). 2. y(x) = A4 sinh(x) + B cosh(x).
3. y(x) = A sinh(4x + B). 4. y(x)=A sin(x) + B cos(x).
OrRfA%® a7 Ta5eT
d’y
dx2
¥(0)=1,
y’(0)=0,
§9 TIGTNT T THIBYT & G & -

+y=0; x>0;

L 3(x)=1+ f(e-x)p(e)ar. 2 y(x)=l+ [(t+x)y(0)d .

3. y(x)=1+ [ay(e)ar. 4 y(x)=1+ [(x-1)p(r)dr.

The initial value problem

2
ix—f+y=0; x>0
»(0)=1,
y'(0)=0,

is equivalent to the Volterra integral equation

L y(x)=1+ [(t=x)p(r)e. 2 y(x)=1+ [(t+x)y(e)dr.

3. y(x)=1+ [y(r)r 4 y()=1+ [(x-1) ().

0
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1
99, BT FHIFHRT (o(x)—ﬂ,Jcos[ﬂ(x——t)](p(t)dtzf(x)
7T, o7 f(x)=x8 A;e&a#z%x#wmaa@
w1 o f(x)=18 A=1@ R ¥ el 7el &nr)
wg f(x)=x& A=1 ford @I &1 7T &herr
wg f(x)=18 A=1% for} arq & 7 &1 &)

N

99. The integral equation

p(x)- l_l_!‘cos[rr(x —t)]¢(t)dt= f(x)

has

1. aunique solution for. A#1 when f(x)=x.
2. no solution for A#1 when f(x)=1.

3. no solution for 2=1 when f(x)=x.
4

. infinite number of solutions for 1=1 when f(x)=1.

100. 77 & f(u)=u’-u—-1 2
1. g s u® =1.59 ey ava whEer u=g(u) @ A9 Rg gTEE ad @
 wr g(u) =4’ —1 sRa g 21
2. grfye g o0 =1.5 @ areer wvd wERT u =g (u) @ AET R g @ @
e g(u)=V1+u® e g )
3. g u" whewr f(u)=0 77 57 & 7 u' >1, a9 u’ FHe u=g(u) @1 g [aa

a5 2l
4. f(u)=0 argal ek 2 g 7 &

100. Let f(u)=v’-u-1.

1. Starting with the initial guess u® =1.5, the fixed point iterates of the equation
u=g(u), where g(u)=u"-1 converge.

2. Starting with the initial guess u® =1.5, the fixed point iterates of the equation
u=g (u), where g(u)= N converge.

4;
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3. If «” is a root of the equation f(u)=0 and u*>1, then u" is a stable fixed point
of the equationu = g(u).
4. f(u)=0 hasaroot between ! and 2.

101. sivrer [0,1] # € @ #17 @) GRwerT Bed @ fory 4 =0,1,=0.5 3 t; =1 7 797 %/ A7
ffre p va ferdt ague 8w ¢ @1 sraderT aear & spifa p(1)=ef, i=1,23. a@

1. aguep, 7B g7 g§Y ! ague L, Ly, Ly B e, L(t)+e'°Ly(t) +eLy(r) & 7 forar
ST WdT 8/

2. 7R ggve p, L(t)+e"*L,(t)+eLy(t) # wy  forar wrer & wer L, L,, 3% L, 957 &
aq L,L,, 3k L, faffre w7 & fRuiRa &1

3. a aguap, Li(t)+e'"’Ly(t)+ely(t), # w7 4 forar wirar & @9 L, L,, ar L, ¥ 9 7@
vy & s €
4. 3gvT p Rfre wy | fiRa &)

" 101. To compute the value of €' in the interval [0,1], pick 7, =0,#, =0.5 and #; =1. Let p be
the quadratic polynomial that interpolates €', that is, p(f;)=¢", i=1,2,3. Then

1. the polynomial p can be written in the form L, (t)+e'/2L, (t)+eL,(t) for some
choice of quadratic polynomials L;,L,,L,. '

2. if the polynomial p is written in the form L, (t)+e'/?L, (¢)+eL,(t), where L;,L, and
Ly are polynomials, then I, L,, and L; are uniquely determined.

3. if p is written in the form L (¢)+e'/*L,(t)+eL;(¢), then one of L, L,, or L; must
be linear.

4. the polynomial p is uniquely determined.

102. areffa Adane qonef! 4 B2 3o #vd 5§24 U oicid @) &oil [ 7 & fdad sgura 4 8 -

1. smaE &1 a7 | 2. gfar &1 3 |
3. 99el gFHT | 4. 7, IGIRT V9 AT & JT6A BT Ybd |

102. The energy of a pendulum executing small oscillations in a Cartesian coordinate system is

proportional to
1. square of the amplitude. 2. square of the frequency .
3. its mass. 4. inverse of the product of mass, frequency and amplitude.

S/75 POK/12-4AH—12
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Eiﬁﬁ/Unit - IVJ

103.

103.

104.

104.

105.

W%{Xn:nZO}WXWmmm#uﬁmﬁaa@%avﬁ/a@'*ﬁm#f%X,,
T spRvTeaE & vd el 0<p <18 X, 0 a1 1 &7 qog Haer: WAwar) pvd | —p & @ oar 81
g aer & & diI—8 saege: wel & ?

IR p=08 79 X,, 7 # X uv sfaRd gl & ar X, mifyrear & X v afraRa ghar 8/
IR p=12vaX,, 9c7 4 X W faRa glar & at X, aifear 4 X o FRaRa 8T 21
g 0<p<1897X,, dc7 7 X gv JfraRa 8T &, ar X, gifr@ar § X o7 ifvaRa giar 81
afz X, giddar & X g JfaRa glar & ar X, wra: fAlad g & X ov SN gl &/

el S

Let {X I 1 I 0} and X be random variables defined on a common probability space. Further

assume that X,’s are nonnegative and X takes values 0 and 1 with probability p and 1 — p
respectively, where 0 <p < 1. Which of the following statements are necessarily true?

If p = 0 and X, converges to X in distribution, then X, converges to X in probability.

If p = 1 and X, converges to X in distribution, then X, converges to X in probability.

If 0 < p < 1 and X, converges to X in distribution, then X, converges to X in probability.
If X, converges to X in probability, then X, converges to X almost surely.

Rl

W#%Xm(ll,%)a%mwwﬁwa@%av?/ k @ e, BT g, T T
P(X =k) s=aahiga g &7

1. k=2 2. k=3. 3. k=4. 4. k=5.

Let X be a binomial random variable with parameters (1 L, %) . At which value(s) of k is
P(X =k) maximized?
1. k=2. 2. k=3. 3. k=4 4. k=5.

ad X Y, Z,NO,1) (AF% q9m) & G & @ay agfes av 1 94 & R > Rafe
x208 @ f(x)=19 & Rx<08 @ f(x)=—1d sRwflq & & f& U, v, W,
U=|x| 7(Y), V=[] 7(X), W=|Z|- f(X) @ ufaRa &) a

1. Uvd ¥V N(0,1) §e7 & 9y &7 & | 2. Uvd W N(0,1) §c7 & &rey vaas & |
3. Vvd W N(0,1) ge7 & &y wad & | 4. U, Vvd Ww@aq a5les av 8 |
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X, Y, Z are independent random variables with N(0,1) (standard normal) distribution. Let
f:R — R be defined by f(x)=1, if x>0 and f(x)=-1, if x<0. Let U, ¥, W be defined

by U=|X|- £(¥), V=[] f(X), W=|Z|- f(X). Then

U and V are independent each having a N(0,1) distribution.
U and W are independent each having N(0,1) distribution.
¥ and W are independent each having N(0,1) distribution.
U, ¥V and W are independent random variables.

wgeqd {a, b, ¢, d} § &% glovenyT afeq gfaafia 59 g&r 39 o & e n § v v ot
3G & §Iq ™ (n+ 1)" ¥ v g amw st i) & 99T giRear 1/3 @ ey giyafa far
oI &1 A1 [ Xy, a0 n F 797 53 12 3w wF (e @var & wreld swer X, @ ford e
7@ B aegEa: gar & ?

1. P[X,=a],1/3 5 afiRa ghar &1
2. P[X,=b], 1/4 gv sifaaRa glar &/

1
3. ¢ $é?ﬁw7#$rmwazgwazwsn%wﬁa€?m?/
4. I& gger Jegaeig 78 8/
One chooses letters with replacement from the set {a, b, ¢, d} as follows:

After one letter is observed at step #, in (n + 1)” step another letter will be chosen from the other
three with equal probability 1/3. Let Xn denote the letter chosen at the nth step. Which of the
following are necessarily true for the Markov chain X,?

P [X, = a] converges to 1/3.
P [X, = b] converges to 1/4.

The average proportion of times c is observed converges to rk

The chain is not irreducible.

mm{o,l}wwmmpa}méwmﬁam{&:n20} L

fa=aré| =1 @er § § s+ saeged: g8t & ?

1. aap=((1) (1)]?,1'=0,1a%fa# lim P, [ X, =i] s g)r & wvq ¥y grefae 97 v
ov ffe &)

2. WP=((1) (1)]? },LIEPV[Xn=1]33T3IﬁF/W?WW’-ﬁWW?WV P a7 P ford

TS &/
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3. GWP=(132 1/12]?‘, limP,[ X, =0] s g7 v B fareft ot 7aT B ford)

FfRaeq el ]
/2 1/2 , . . .
4. w9 P= . 0 J?‘ llmR[ano]aﬂmaﬁﬁ??gar?f oG gRfE deT v @

0 799 » for} g &\l &

107. Consider a Markov chain {X, :n 2 0} on the state space {0, 1} with transition probability
matrix P. Which of the following statements are necessarily true?

1 0
1. When P=[0 1], lim P, [X ., =i] converges for i = 0, 1, but the limits depend on the
initial distribution v. A
01 )
2. When P= ) Oj‘ lim P, [X , =1] exists and is positive for all choices of the initial

distribution v.
172 1/2) .. . : i
3. When P= 0 at limP, [X n =O] does not exist for any choice of the initial
distribution v.
1/2 1/2J
1

choice of the initial distribution v.

4, When P=

, limP, [X R =0] always exists, but may be 0 for some

n—»o

108. a7 & X, Tor XZE?WWW?GI??AG~@W(m,%)W&~@W(n,%),m;tnff/
= %@ 7 &g wel & 7

1. 22X, +3X, ~ Bz (2m+3n,3).
2. Xo-Xi+m~RBug (m+n3).

X+ X,) 57T 817 @ ey X, @7 9ieiT ge7 eRmwoRAhaE &)
4. M—&WWO$WWW?I

108. Let X; and X; be two independent random variables with X}~ binomial (m%) and X; ~ binomial

(n, %), m#n . Which of the following are always true?

4AF
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1. 2X; +3X, ~ binomial (2m+3n,}).
X, — X, + m ~ binomial (m+n,%).

Conditional distribution of X, given (X;+ X;) is hypergeometric.
Distribution of X| — X; is symmetric about 0.

LSO

qq fF X, Xy X (n23) U GH 927 (-5, 60— 3) © [e76em v& gigles glige &/ a7
/;;;’\;(,)QE;X(,,) FHE: Gliee & AT For HEwH AT & [T #va & al A F ° Bl W
wer 8 7

1. (X(l),X(n)),0$mgW'WfW?/ 2. X1+X2—2X3Q$Wﬂf?lﬂ?fﬁf§’/
3. X(n)+3,9$f3l€?317ﬁ?ﬂﬁ§/ 4, X(1)+5,¢9$7%R?377‘3¢ﬁ?/

Let X), X,...,X,, (n > 3) be a random sample from uniform (6- 5, 8- 3). Let
Xy and X (,) denote the smallest and largest of the sample values. Then which of the following
are always true? :

1. (X X () is complete sufficient for 6. 2. X,+X,~2X;is an ancillary statistic.
3. Xt 3 is unbiased for 6. 4. Xt 5 is consistent for 6.

7 & X ~ @ral (0),0 &7 qd dc 7fgaT log2 & W wREdId &, Waﬁmgﬁwaﬁg‘/
A & @ BT raeadd: Hel 87

1. Sew 927 a7 &1 2. ¢ va agH gl 8

(x+1)log,2 s X+1

3. TV Iy 4. @ @1 I HBAF — B/
1+log,2 2

Let X ~ Poisson (), the prior distribution of 8 be exponential with median log.2 and the

"loss function be squared error. Then which of the following are necessarily true?

1. The posterior distribution 1s Gamma. 2. The prior is a conjugate prior.

1)1 . X
__—.(x+ ) OB . 4. The Bayes estimator of @ is + .
1+log,2

3. The posterior mean is

T 1 X, Xo, Xs, Xy ~N(1, 1), Xo ~ N(=1, 1) 07 X; ~ N(0, 1) @ @27 waad &/ 7 &

X+ X2+2X; 42X X,
q,=
2
X+ X,-2X X,
9= 2 &l

ar e eyl § § BT | gaer 9@l & 7

' SI75 POKI12-4AH—13
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1. g &7 V% T&J HE—F7 dc7 &/ 2. gy @7 VF FeT HIF—q7 dc7 8/
3. q)+qy T UF TF BIE—T §e7 &/ 4. qy T q, WA €l

Let X;, X> and X3 be independent with X; ~ N(1, 1), X5 ~ N(-1, 1) and X3 ~ N(0, 1). Let

X+ XI42X] 42X X,

! 2

b

X} +X;-2X,X,
q,= 2 .

Then which of the following statements are always true?

¢1 has a central chi-square distribution.

¢> has a central chi-square distribution.

q1 + ¢ has a central chi-square distribution.
¢ and ¢, are independent.

halbadi S A e

frfer deRRar @ v g1 @ g@rer (o gl H A wrar 8 ) \@aF §vq120,A>0% ol f
() = Fte ™ gaca @ g wdyra s &1 39 g © v dcd B 9T @ wrdl @ U9 98 <l
orar & 5 98 T ge a7 A% & & wald ve qud) de¥! g gel aw I #IF A% & W
24 ot &1 e e F 9 BiT—d JgeaEa: wel 27

1. 38 spfica ge—auT ergy Il @7 21 2. A @ gwfdar 2(1+32)e™ 3 srgara ¥ &/
3. A 7 T=aH GHIfaar siee 2 81 4, %WWWWZ g/

The lifetimes (measured in hours) of a batch of lithium batteries are independent and
identically distributed with density f () = A’te™, 1> 0, 1> 0. One battery from this batch
is put to test and is observed to fail after 3 hours, while another battery is observed for 2
hours with no failure. Which of the following statements are necessarily correct?

The censoring involved here is of type IL
The likelihood for A is proportional to A2(1+34)e™>"
The maximum likelihood estimate of A1s 2.

el

The maximum likelihood estimate of —;:is 2.

v AT a% (Y) U9 U SR 7% (X) P 9 & T, ot ¥ U9 6dT WA &Y 9 §icd &
?WWWWMW#WW#%%W##%—#W-W
> | ,
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1. Y& X o7 g9 @ afirel & gavor a9 gl &/
Y & X 99 X' g% GHHAT TG e Sifdlond dg—wewey I R, Y& dId X U
THISIIT I TP SfABlerd Gog & FH & 98] qHaAT/

3. Y& X 09X 9V GHIT 3o aved JMaterd wHford R, Yol @a9cd X Y AT
T BB ABlord qoq & &7 & & asar )

4, Y B X 09 X° UV GHHEAT FP SHloid FAEHIN YUIF H TRV, YH Pqd X W
THTSIVT TG Hd MBlorT qo o AfAH &)

In the linear regression fit involving independent and identically distributed pairs of
observations of a response variable (¥) and an explanatory variable (X), indicate which of
the following statements are necessarily correct?

1. The residuals of the regression of ¥ on X have the same variance.

2. The multiple R* computed from the regression fit of ¥ on X and X* cannot be
smaller than that computed from the regression fit of ¥ on X alone.

3. The adjusted R? computed from the regression fit of ¥ on X and X cannot be
smaller than that computed from the regression fit of ¥ on X alone.

4. The variance of the estimated regression coefficient of X computed from the
regression of Y on X and X is larger than that computed from the regression of ¥ on
X alone.

gy E(Y)=Xp & Bar, &l ¥ n ool &7 afee & v@ [ n grael o1 @ 6k &
dfplouT sege X @ (i,j)a sag g0 &7 5 & : 1+ +i°j°, 1<i, j<nar pswa foR
3lord &\ 8 -

1. n=20. 2. n=3. 3. n=10. 4. n=>50.

Consider a linear model E (): )=X f where Y is the vector of nobservations and [ is the

vector of n parameters. The (i, J )’h element of the design matrix X is of the form:

1+ij+i’j?, 1<i, j<n.Then f is estimable for

1. n=20. 2. n=3. 3. n=10. 4. n=50.

v “wgfe el @s” sfmeyl fora® grae v, b, k, A & F 7 @ 9 o0 el & A
¥ sfeacd el grar?

1. v=11,b=22,r=6,k=3,A=1 2. v=21,b=4,r=4,k=21,A=4.
3. v=7,b=7,r=4,k=4,A=2. 4. v=7,b=7,r=3,k=3,A=1.
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For which of the following set of values will a Balanced Incomplete Block design with
parameters v, b, 1, k, A not exist?

&7 v 4 3 P 3 @Sl A v 2 U IgIuRr) fded T & IR # AR o 39 JeN &

Block 1: 1 a b ¢ Block 2: ab ac bc abc

7t deey W TEh % SuAR WA e & @) e 4 ) SR e e 87

1. g&T gug A GHRa &1 2. H&g gATT B GBI €1
3. s @ AB, BC, AC s/@Rd &/ 4. FIFIT ABC #HRT &1

Consider a 2° factorial design laid out in 2 blocks, each of size 4, as follows

Block 1: 1 a b ¢ Block 2: ab ac bc abc

Here the treatment combinations are written in Yates’ notation. Then which of the

~ following are always true?

117.

1. Main effect A is confounded. 2. Main effect B is unconfounded.
3. Interactions AB, BC, AC are all unconfounded. 4. Interaction ABC is confounded.

Hﬁﬁ?,N(g,Z)WWﬁWHWWUWWE P G @ U dga% HHHY g7 @l [fde
ovar & | A7 e 7 ) Fhad @@ e ?

L N(@Z) @ N(w,%,) @ o a1 30 Flavs, vo ded g afievy aka & W
Ber @) gorT P GAIEE Heal & |

2. wareat N(w,X)v@ N(w,2)# smw 3 3 Fieve & ghfimer @ e, wfed
N(2p4,25) v N(24,,2%) # sy & 3 o @ 5w 21

3. w7 g F p, o & N(p1) 5@ N(p, 1)@ smoe a7 swe ewfaar aifiove, o @
ARl @ ARk itws! I3 SR & @ae W gfe Al B g siest W AR E |

4. N(1,0) @ N(10,4) @ amw @71 957 Ffiava, siwsr Rg 3 @ 5o Fafe & ge g4
&Y # gfigd HT |

4i
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Let N ( g,Z) denote the multivariate normal distribution with mean vector 4 and

dispersion matrix . Which of the following are correct?

1. The Bayes classifier between N (;f,,ZI) and N (gz,Ez)consists of comparing a

linear function of the classifiable vector with a threshold.
2. The misclassification probability of the Bayes classifier between the populations

N (EI,Z) and N (,sz,Z)is more than that of the Bayes classifier between the
populations N (2;},,22) and ]\/'(2,512,22).

3. When M and M, are unknown, the maximum likelihood classifier between
N (;ﬁl) and N ({‘er)’ based on sampled data from the two populations,

depends on the data only through the respective sample means.
4. The Bayes classifier between N(1,0) and N (10,4) would classify the data point 2 as

belonging to the first population.

TTHET ¥ 50 qavh FfIT ASRIT WY W d9E 9T U7 Pee-3E @ 7 7 99 B apga
eg g7 O &/ 37 50 @feal @ Rt ge (i) “@m g Re, g B & (i) “@r amg
PES-HEY ¥ ffST 877 F Iew A7 2 x 2 anfarr sk o wid &

Lung Cancer

= .

'.g Yes - No
=

%‘) Yes 15 5
3

g No 10 20
@

o e e 4 9 e 5% aefmer @ e 0y G & 7
(?27771'3":m—ﬁm$95ﬁw3.s4léwwwmlﬁ)

1. PoS-@~v 77 GaIg-—9a7 arfe g 8 wanT &/

2. PHG-HR VT GeE—0TT AT &)

3. GUE—HTT FXH el VT T Pvd qe e ¥ wee~dww W ORa afot &
3IIT Arle & # =7 8

4. opsFNN W ST v7 7 ORT afmal @ waRewt F gem-eeT vt @ @
3IIT WRiE &Y & e 8

To study the relationship between smoking and lung cancer, 50 adult individuals are
randomly selected from the population. For these 50 individuals, the responses to the
questions (i) “Do you smoke?” (ii) “Do you have lung cancer?” lead to the following
2 x 2 table.

SI75 POK/12-4AH—14
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Lung Cancer
E Yes No
E’ Yes 15 5
&
g No 10 20
22}

- Then which of the following statements are correct at 5% level of significance?

(Note: 95™ percentile of the chi-square distribution with 1 d.f. is 3.841).

1. Lung cancer and smoking habits are significantly related.
2. Lung cancer and smoking habits are independent.
3. The proportions of individuals with lung cancer are significantly different in the

smoking and non-smoking populations.
4. The proportions of smokers in the populations of individuals with or without lung

cancer are significantly different.
W%memmawm@wwmp(ﬂawﬁ
xe{—l,0,1,2,3}?/ wWeor  @mer @ fod GReerd & Ho.'p(x)=p0(x)a7ﬂ?7
H, :p(x)=p,(x) & p,(x)v@ p,(x)FA=rgar &

x -1 10 1 2 3
Po(x) 0.01 {0.020.05|0.32]0.60

Pl(x) 0.04 | 0.08 | 0.25 | 0.03 | 0.60

ar

l. wv a =0.05 v Fqaw gdlerr &7 FHifde &7 {1} 8/

2. ®Wv a =0.03 o7 yFmaq g &1 wias &7 {(-1,0) 8/
3. ®@v a =0.06 gv IFTaH gIe F FHifaw e (-1, 1) &/
4, ®¥ a =0.08 ¥ FFIaT W FT Hiaw &7 {-1,0,1) 8/

Let X be a discrete random variable with probability mass function p(x) , X€ {—1, 0,1, 2,3}.
The hypotheses to be tested are

H, : p(x)=p,(x) versus H, : p(x)=p,(x),

where p, (x) and p, (x) are as given below.

x -1 0 1 2 3
Po(x)' 0.01 [ 0.02 { 0.05 | 0.32 | 0.60

pl(x) 0.04 { 0.08 1 0.25 | 0.03 | 0.60
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Then
1. {1} is the critical region of an MP test at level & =0.05.
2. {-1, 0} is the critical region of an MP test at level & =0.03.
3. {1, 1} is the critical region of an MP test at level & = 0.06.
4. {-1,0, 1} is the critical region of an MP test at level & = 0.08.
ve T G GHRIT ST
v c'x, Ax <b, x2 0 @ glaa
ﬁWWWWWWﬁWW?/W##W/W—WWﬁW
Ifed? '
1. o787 srgemerad qod @ HI gl 8, a8t arfaa: gga T gl FT Jfdcd gl Aed |
2. W GEIT 8o ST g1 B Aled
3. gRraEer 7 3aRag G qid &/
4. [;) # i = A4 B o
A linear programming problem

max c'x, subjecttodx <b, x>0,
x

attains the optimum value at two distinct feasible solutions. Which of the following :wst be true?

1. There must be infinitely many feasible solutions where the optimal value is attained.
. All feasible solutions must be optimal solutions.
3. The dual problem has unbounded feasible region.

¢ '
4. Rank of (:J = Rank of 4.
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