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10.

INSTRUCTIONS

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, wiil be taken up for evaluation.

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.

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 | of Answer sheet. Also put your
signatures in the space identified.

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. 1t 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.
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’.

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.

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

Candidate should not write anything anywhere except on answer sheet or
sheets for rough work.

After the test is over, you MUST hand over the Test Booklet and answer
sheet (OMR) to the invigilator.

Use of calculator is not permitted.

I have verified all the informatior

RollNo.....oooceieiiiccnn, fifled in by the candidate.

Sianatu-e of the Invig’
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HIT [PART A

e demsi § sl geag 87
Which of the following numbers is the largest?

23! o 32 34 4P 4P

2

1. 2% 2. 3% 3. 4% 4. 4

7 4 77 ABCDEFGH #7 sv #iwa @ a7 &1 9 A, C 90T F & B o7 dawa &
The cube ABCDEFGH in the figure has each edge equal to a. The area of the triangle
with vertices at A, Cand F is

V3 L, B 3. B 42342
2 N

3w = UGCCSIR aéamwaﬁﬁmﬁmwiaﬁwmﬁ arfe U e | arer-amer 78 o7
ke
What is the number of distinct arrangements of the letters of the word UGCCSIR so that

U and I cannot come together?

. 2520 2. 720 3. 1520 4. 1800

7 & A gacad aaEnsl #1 aEer 21 ?/ﬁmﬁaﬁzﬁmwwwmm
¢4

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



ard &/ Let
A_1‘3+2‘3+3'3+---+100‘3 B_1”+3”+5”+---+99” C_2'3+413+6'3+---+100”
100 ' 50 ' 50
e & & @7 wE 87
Which of the following is true?
1. B<C<A 2. A<B<C 3 B<A<C 4, C<A<B

XY o7 & Rerg S govEat & B @ oF gy &7 S g Ayl 4 8/ a8 x—3 B g & 7
Y3 H 6 SHSA T GAFT U AIEY &) 9OF o » FRWe & ¢

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) 3.54) 4. (4,5)

6 # 7 arw @ & P07 | . T v agSeP F6 GPR T e 8 [ 6 @l @ K v 8
e BT SuaNl b o &1 AR P YA a) sreT o & foras) w8

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

If Frer s @ i g 9at @7 e x F df loga x BT 17 77 87
If the sum of the next two terms of the series below is x, what is the value of logax ?

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

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

4,
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10.

11.

R

sEf—ef @iy 30° e s 10 B @ U ¥ G BT VF T G 8 UF B o v T
Ve Wl gawd B g 81 Mk F G g 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

TIRE 78 81 srmpav wad 7icT &) way a%. &7 I &) IfTE # awrE a9t g &
FEEG] &7 vy qrg &1 at ey & & gar g 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 1s 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

3rrv 100 fafeorar 100 Bae 4100 g2 vwed! & ot 7 Rfceral @ 7 g8t @ 9wed ¥ o w79
i rd
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 e /minutes 2. 100 fA7e /minutes
3. 49/100 &< /minutes 4. 7 A9e /minutes

$/75 POKM2-4AH—2



12. P R frger Aeae ool 87 °
What does this diagram demonstrate?-

e
// . oo

/l

. 1) -
1. 1+2+3+-..+n=”(’;+)
9 12+22+32+___+n2=n~(n+1)-h(2n+l)
6

31434420t ==1)=n’
2-n(n+1)(2n+1)
3

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

13. m#:%@ﬂ#hfmﬁf@‘ﬂﬁé‘/W#%Nqasmma‘mﬁmwmﬁwa?
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. -1 4. N2

14. 4 75 3 515 ®9 ul ¥ 52 T Re P Y3 vF TR P wgq 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. ey oot  sh-ar x—a @ e gar 87

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

1. y=x*—x+1 2. y=xt-2x+2-
3. y=x"-10x+25 4. y=x>-Tx+12



16.

17.

18.

A B

7f¥ AB, CD & warv & aor AO, 20D & war7 & o Baiwr OAB #7 &F%a 3@ OCD &
gawer o s 1 397 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 f5ar & v 3rfged #evig @ U@ oI 9% U RN @RI W O ROTr T B WEVie &
Rrew o7 R T Hic) @) @ Alw B Fivhg Sard o 45° wrar 81 @ @ GAE B -

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 1s

1. V2R 2. 3R 3. V4R 4. \J5R

97 ¥ &9 v 98 Ma € N vawarT g me yad &1 8 Tl 77 3o 7O % g8 N @
gof g e T X qw & WET X 8

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. a7 24] 30] 33] 39] 51] oo 7 Il W aa 87

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

1. 57 _ 2. 69 3. 54 4. 81



20.

8

Ve e 4 A G Jd ardt & B w7 B 9 warav & 7 a1 T el & gdad! ar
vaml # gl fgel wt e g2 Yar i ot &1 sw geR g 2 T T damd &
e &

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

YI°T /PART B

7 & e f, R 3l TR swerits @) wft xR # forg Ray 77 & 5 f "(x) >0
1. Rue f(x)=0ar die—dia g 507 &/

f(x)=0 a7 spires ger oft & 7/ f (0)= 0k £1(0)=0 &

f(x) =01 2 e go7 7 & ae £(0)=0 ik £'(0)>0 &
f(x):OWaﬁs‘wsaaﬁa‘mf(o)=03#?f'(0)<0 &

Rl B N

Let f be a twice differentiable function on R . Given that f "(x) >0 forali xR,
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) = () has no positive solution if f(O) =0and f’(O) >0.

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

Wi @ [a,b] w f WW‘WWWW?WWxE[a,b]E%%Q
'K w7 B o P P={a=ag,<a,<--<a,=b} # fr U(fP)a
L(f.P)zwer [ & P ¥ wnde, wadt 73 e oy a2 a

- L Pk (b-a)<U (1. P).
U(f.P)-L(f.P)<K(b-a).
U(f.P)~L(/.P)<K|P|, 77 |P| = s=rer(a, =a,) e a7 o7 2

U(SP)-L(f.P)<K|P|(5-a).

AN -



\H

o

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

all xe[a,b]. Fora'partition P={a=ao <a <-+<a, =b},1et U(f,P)and L(f,P)denote '
the upper and lower Riemann sums of f with respect to P . Then '

1.
2.
3

4,

lL(f. P s K (b-a)<[U(S.P)

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

U(f. P)—L(f, P) < K"P" , where "P" = ggnzﬁ(am —a,.)is the norm of the partition.
U(f PY-L(f.P)<K|P|(b-a).

13. 77 5 R W f 0% Uolae JErGH arafde Wi o &)

1.

2.

3.
4.

lim f (x) &% f&g a o7 siReT vwar &1
Uf?a<b,ﬁ?};121f(x)$x1;lgl_f(x) |

f v smRag wer 21
&7 g(x)=e '™ va gRag werd &1

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

—

PN

lim f (x) exists at each point a.

: <l
If a <b,then }Lrgf(x)_gtr’l_f(x).
f is an unbounded function.
The function g(x)=¢e ' is a bounded function.

24, 77 5 R w (R acR? k) f v arafm—ar v 8w f(rx)=r"f(x) @71 @
et ot r>0 v7 xc B @ fory wear 2)

ol e

i v >0 3 v [xf=y|=p & s f(x)=f ()& A (x) =Pl &

7 =]l =1 & s f(x)=7 () & f(x) = |2l &

ot [ =y[=1 & 77 f(x)=f(y)# 7 R ot e c @ e £(x) = cllx|" &
ot x| =] & R f(x)=s ()& @ f & vo s GoT g AET |

§175 POKI12-4AH—3



24,

25.

25.

26.

26.

27.

10

Let f be a real-valued function on /&’ satisfying (for a fixed @ €R) f(rx)=r"f (x)for any
r>0 and xR

1. If £(x)=f(y)whenever |x| ={y]|= B fora £ >0,then f(x)= Bl -

2. If f(x) = f(y) whenever "x" = "y" =1, then f{x) = |jx||".

3. If f{x)= f(y)whenever [*|=[l¥| =1.then f{x) = cllx|[*, for some constant c.
4. If f(x)= f(y)whenever ||x|| = || y" , then f must be a constant function. '

a7 areafas w7 Bt 7 @ @) (0,1) W% & Blv—ar veearTo: §ad 87

1 sin x
=—, 2. =
1. f(x) . 7(x) .
1 cos X
. = —, 4. -
3. f(x) sin— ) 4. f(x) .
Which of the following real-valued functions on (0,1) is uniformly continuous?
1 sin x
1. =—. 2. =—.
f(x)=- Flx)==
.1 cos x
. =smn-. 4. = .
3. f(x)=sin . f(x) -

a5 X ve gt wafe 8 v Ac X % weg iy & foredt aw § @9 & A1 fage &
A B Tl AT fger @ g @

1. 2. 2. 2 & e, g7 i |
3. wvrfia: el 4, 3P |

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 A is

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

7 F on vE gweE gie & vd M, (R) @ nxn aallE arge! @1 et @ [Rffe s

&1 ot Ac M (R) wafsa a1 fwweafia & a T M, (R)—> M, (R) v& e wuravr &
i T(A)=0a T & onfy 2



27.

28.

28.

29.

29.

30.

1

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 4 M, () is
symmetric or skew-symmetric, then the rank of T'is

n(n+1). ) n(n—l). 3
2 2 :

g 5 S R v T- B R 7 s wammor & iy To5 I a7 aoas g3l &1 ar

1. 87 R &1 acgwes ol 2/ 2. ST vaa} & gog wamiud 78|
3. 8T wariedt & vy vod) 7d) 4. 8T 7 a wurend & 7 at vde

Let S: # —R& and T ' be linear transformations such that 7+S is the identity map of ',
Then

1. S¢T is the identity map of & 2. 8T is one-one, but not onto.

3. ST is onto, but not one-one. 4. 5-T is neither one-one nor onio.

7 srqgal a7 &7 F3=Z/3Z 7% 7 f& V 1& g afes gafe &1 V & 81 R
Tuwafeal #t wer 8 :

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

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

distinct 1-dimensional subspaces of ¥ is

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

T+ &V uF siav o wefic & of e sguek ¢ Fw & p: [0, 1] R (spdfg v A
p(x)=ax+b, a, b € RP wv ¥ sguaip & ) fy35 wrer ayav 7o &, p.qeV . fov

1
(p.q) = _[p(x)q(x)dx W gl & | V &7 Vo g oifee SR g
2

1. {1, x}. 2. {1x3}. o{Lee-V3) 4 {Lx-4).



30.

31.

31

32.

12

Let ¥ be the inner product space consisting of linear polynomials, p: {0, 11-R (e, V

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

(p.g) = lLv(:nc).:,v(x)abc for p.geV.

An orthonormal basis of ¥ is
1. {1, x}. 2. {13}, 3. {l,@x-143}). 4 {Lx-3}.

75 15 f(x) 4x 4 HGE

oo - O
o - o o
L o B oo P e
o o o

&7 afeus agye 21 ar 4x 4 S=E f(A) P AT 2

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

Let f (x) be the minimal polynomial of the 4 x 4 matrix

o o - O
o - O O
- O O
o o o -~

Then the rank of the 4x 4 matrix f(4) is
) 2 1L 3. 2. 4. 4.

7 ¥ a, b, ¢ sE afiE e & afp b+’ <a<1. 3Ix3 T

1 b ¢
A=|b a 0| fAar |
e 0 1

4A
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A 7 T IFTenE FoerE qredldE db §

A F ol AferonE saraE arEIaE T 8

A BT UF G 79 U FOTHS AfWerroned g wad 8/
A & afroroiE JareadT v G 8 9ad B

el e

32. Leta, b, c be positive real numbers such that b* + ¢ < @ < 1. Consider the 3x 3 matrix

=

I
Lo T R
(=T < E =
_-— 0 &

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

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

Ll alis M

33. f(2)=¢, g(2)=¢" @ oftwfid weral f,g: C-»C w fur) a1 f&
S={zefC:aWﬁﬁ7$ze[—?r,n]} ar

1. fqawmafqﬁwa‘ﬁa‘?ﬁ?ﬁ&?w?‘/ 2. Cuvg & yRag waT &/
3. § 9 fgRez &/ 4. Suvg yReg 2

33. Consider the functions f,g : C— C defined by f{z)=¢’, g(z)=¢". Let

S:{zeC.'Reze[—fr,zr]}. Then

1. f is an onto entire function. 2. gis a bounded function on C.
3. f isbounded on §. 4. gisbounded on S.

34, I f:D—>D f(0)=0 @ wer v @arfye wor & wel D gel A qreer
{zeC: |z|<l} gy ar

L |7(0)=1. 2. |F@E) =+
3. |r@3) st | a. |f(0)<4.

AH

SI75 POK/12-4AH—4



34,

35.

35.

36.

36.

37.

37.

38.

14

Let 20 — P be a holomorphic function with f (0) =0, where £ is the open unit disc
{z eC |z| < 1} . Then

L |f{o)=1. 2. ()=
3. |FE) <L a. |r(o)<3.

arr A > 2" o et g Aol 2 s e 2 -

n=l

1. 0. 2. 0. 3. 1. 4. 1 @ 9B vo Fraias sie |

o
Consider the power senesz z™ . The radius of convergence of this series 1s

n=l1

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

265 @tk @ 7F 4 200 # T ee & 110 @ e 19 55 # R g 37 60 afear
Ft 7 silv T ey ywe & 30 @ @ wAr g A g o9 10 ! i g gag & ar
Rrg T 3 FF T 99T Fv dre afeadl @ wear aur 87

. 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 3 sy e s & -

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

The last two digits of 7** are
1. 07. 2. 1. 3. 37 4. 47.

A= & & plva &4 § 597
x*-312312x+123123
F|x] w srorgeeha 82,



38.

39.

39.

40.

40,

15

1. &3 F,, o7 sgdl @ ar i 2. g7 F, . & s@gal & wwe s
3. g3 F,,, ave m@ual & o) 4. gRay g w1 87 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 vE G wer E o o=l o=l &) s et 387 Q w2 W@
% o L vw 87 Q(32,0) &1 9 L @ wwl K # v & ow QCKCL 2

| 2. 3. 3. 4 4. 5.

Let @ be a complex number such that @®>=1 and @ =1. Suppose L is the field Q(iﬁ,a}) ,

gene;atcd by {/—2- and @ over the field Q of rational numbers. Then the number of subfields X
of Lsuchthat QCKCL is

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

AR >R f(0,-,0)=0 @ @Ry v W g & @ v

{f(x..xz,---,x,,) : fo 51} FHF WA & -

1. #fac R a0 & 0 [-a a] 2. [0,1)
3. #ifac R a=0 3 oy [0, a. 4, #Ea b € B 0<a<b # fov [a, b}.

Let f: R" — R be a linear map with f(0,---,0)=0. Then the set

{f(x,,xz,---,x,,) : isz Sl} equals
=l



41.

41.

42,

42,

16

1. [-a, a] for some a € & a=0. 2. [0, 1].
3. [0, a] for some a € & a>0. 4. [a, b] forsomea, b € R 0<a<b.

7 B 3, (x) 0 3y (x) o erhmer 2y 4178 7w & wet 3,(0)=0.02(0) =1 7o
gfger &1 ab
\. yady, @ sfeRa 78 &1 2. y,dy, x=17 v gfa=faa &l
3. yay, x=e T wfeBfd & 4. y dy, x=lgv gla=fea e/

: : ) . _dy e
Let (x) and y, (x) be the solutions of the differential equation Ex*z y+17 with initial

conditions ¥, (0) =0, y, (0) =1.Then

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

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

o)

FT TAETT aYar & wel A UF 2x2 v aigE & frad) ghfcdr aral® § vl ape
A=07 arRfrs A> 03 wamrT avd & ar a4 y,(0) 73, (1)

1. TPl g/ t @ Weld 81 2. TPl FHHA, t P B B
3. t & elcrmT %ord &/ 4. t @ R BT B
Let y(r):(y'(t }satisfy
¥, (t)
dy
2 = Ay-
I y;t >0

o)

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

4
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43.

43.

44.

45.

17

det 4> 0. Then ¥, (¢)and y,(r) bothare

1. monotonically decreasing functions of . 2. monotonically increasing functions of 7.
3. oscillating functions of ¢ . 4. constant functions of £.
SfE radHe THROT
u  u _
_ Yar ¥ P
78T HAITART B
1. g aur agef agufar 41 2.y o R agetel 41
3. 2y gur g agutal 41 4, we ooy gog ageter 41
The partial differential equation
u  u
Y= +X == 0
ox oy
is hyperbolic in
1. the second and fourth quadrants. 2. the first and second quadrants.
3. the second and third quadrants. 4. the first and third quadrants.

waﬁﬁ'#a%ﬁﬁq??ﬁqusinzeaﬂgaaéﬁngmmm?:

) 1 .
1. r’sin26. 2. rsin28. 3. —1-51n29. 4. —sin26.
. y r

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

~ §in24 on the boundary is

1. r'sin28. 2. rsin2é. 3. lsi1129. 4, —~1-2—sin26.
r r

e &1 e

x+y+z=1

2x+3y—-2z=3
x+2y—-kz=4

& ke R @ i wor ¥ 8 k @ §W q09 W B

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

SI75 POKM2-4AH—5



43.

46.

46.

47.
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The system of equations
x+y+z=1
2x+3y—-z=35
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.
o &

1 u?,

J(u)= I[ui +4—2] xdx

; x
oer u(x) [0,1] @ aRwIffT v 797 e & of u(0)=0 7 w(1)=1 &7 warrm dear &1 47 &
& Bi7—ar we T J @ Ferediga w87 '
1 uf(x)=x". 2. u(x)z—l—-xz.

V2

3. u(x)==%x2. 4. u(x):zxz.
Let

t uz
J(u)= J{uﬁ +4—2] xdx
o 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)=—\/%x2.
3. u(x)=%x1. 4, u(x)=—‘1Ix2.

wary BeEr amwe whwe ¢(x)= A [ev'g()dr B fr va age g aT s o S
0
2o A Wﬁc’*&f@?ﬁfé\

1. A=

2
e-1 a



47.

48.

48.

49,

49,
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1
For the homogeneous Fredholm integral equation ¢(x)= 4 Ie’”gﬁ (¢)dr , 2 non-trivial solution
: ; .
exists, when 2 has the value

T —— 2 A= 3. A=—1. 4 A=
e—1 e’ +1 e+1 el -1

n TG GHGSl @ 1 U Y & PG @raqd pHed B T G&aE -

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

I. 3n-6. 2. 3n-5. . 3 3n-2. 4. 3n.

. . X+t X
77 F X, X, @d3 o yeerre gt gefee v dvg [ =—1———* §

n
1. T,— 1 o1 Hwiq ge7 w@razg oife & a1 x° &1
2. Tz/ilwvﬁm'?raéqmwé a0 o7 T 2@ A
n
3. n(T,~1) @1 dmig de7 wnaqy 3 o a1y 21
4. n(T,-1) &1 i e gamm & %7 0 77 Few 2 3 A
Xi4ot X2
Let X,,X,, -+ be ii.d. standard normal random variables and let 7, =~*————2"—_ Then
n

1. The limiting distribution of T, — 1 is x* with 1 degree of freedom.

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

I

3. The limiting distribution of Jn (1’; —1) is x* with 1 degree of freedom.

4. The limiting distribution of v/ (7, —1) is normal with mean 0 and variance 2.



50.

50.

51.

20

a4 @ { p,,n >0} 3Ft o7 v ag@T & anfe et n20 $fc’¢l§fpn>0,ipn=l vq

r=0

inpn <o §f Rl m&'{o,l,z,---} % vF WFIT e gR A st wwa e

amE 2
rpo P P co)
1 0 0
0 1 O
0o 0 1
G
ar 78 Y@l
1. gy 78l 81 2. BT v a8/

3. SOgERY ¥ qY-gga &1 4. SoTgFvlg T9 eTE—qRigd 81

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

n=0

Z np, <, Consider a Markov chain on the state spacc {0,1,2,--} with transition

n=0

probability matrix
(Po A ]
1 0 0
0 1 O
0 0 1
Then

1. the chain is not irreducible. 2. the chain is irreducible and transient.

3. the chain is irreducible and null recurrent.

4. the chain is irreducible and positive recurrent.

w B X, X, X, X, @t veea: g agfes w8 & o 39 1 vd -1, & 77 B

T e @ we et @@ E(X,+ X+ X+ X,) e g d
1. 4, 2. 76. ' - 3. 16. 4. 12.

"

4
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51.

52.

52.

53.

53.
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Suppose X, X,,X,, X, are i.id. random variables taking values 1 and -1 with probability
each. Then E(X, +X, + X, +X4)4 equals

1. 4. 2. 76. 3. 16 4. 12,
i X, . . i
e & ¥ BT T TT (fy,E00) & TET Z,, Gowaofia & | 517 & X3=-2Xp &)
2
ar A= & 8 fower B s §c7 87
. X, -2X, | ) (X, -X,-X,)
X,-2X, | 2xv2x, )
5 X, +X, ) g N (X,+X2+X3\_
\.’ZXI+2)£'3 L X, + X, J

X,
Suppose that (X[) has Normal (4,,,,Z,,,) distribution, where I, ,is nonsingular. Let

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

1 (Xl-ZXzJ 9 (Xl_Xz_Xs\
| X, —2X, L 2X,+2X, |
; (X, +X, . (X, + X, +X,
L 2X, +2X, ' U ox+x, )

‘Wajaaﬁf%m A G UT GET O B V% WO §e @ GrdT v qiell w9 g P
wmer ey A &1 A 5 X, X, B dnam & a5 X wd st =L T(x %) wwr
TEAT A O A T &) Tl & A9E F FAPT b [ F & 77 87

1. 7x?. 2. Zyx?, 3. n{'l—le.z—sz] 4. z[fzwsz].
n n

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

5 =-L (x,. —55)2 be the sample mean and sample variance respectively. Which of the

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

8175 POKM2-4AH—6
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1

L zx°. 2. Zyx?, 3. x[—zxf—sz] 4. n[fz—-sz].
n n

54. a4 & @fa A v7 @fRg B H,: =2 9@ Hp: p>2 @ wieor 8g ower 15 vd 20 a9 &
FgRes T N(w,o%), 0°>0 @ g7d &/ o sl & 9fg Fgar-any ¢ Ta-ae AuaT
T 8 5T g B A X, =X, =18, 5, =5, =5 | G G -9 P GO BT & 0T

P-To4f pa Tpp BT FIT Fed B/ o F7 F ° 397 W@ 87

1. p.>pg.
2. p,=ps.

3. Py<Dy-
4. paT pp @ T BT Fay s & o qv [ 8

54. Suppose person A and person B draw random samples of sizes 15 and 20 respectively from
N(11,6%), 6°>0 for testing H,: u=2 against H;: p>2. In beth the cases, the observed sample means
and sample standard deviations are same with values x, =X, =1.8, s =5, =5. Both of them
use the usual t-test & state the p-values p, and pg respectively. Then which of the following is

correct?
Pa> Dy
Py =Pgp-

Pa <Pg-
Relation between p, and py depends on the value of s.

el

S5. g ulafdarY 09§t agremicid B¢ Xy @ Xp @ U WHR ST [5d 5 X, & e §

P(Y =1|X,,X, +1)
P(Y=1|x,X,)

10g{P(Y=1|XI,X2+1)}_

P(Y=1X,X,)

P(Y=1|X,,X2+1)xp(y-.:om,xz)
P(Y=01X,X,+1) P(Y=1X,X%,)

P(r=1X,X,+1) P(r=0/X,X,)
g x
P(r=01x,x,+1) P(r=1x,X,)
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535. In logistic regression model involving 2 binary response ¥ and two explanatory variables X; and

56.

56.

57.

X;, the coefficient of X; is

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

2 1op) P =X X, +1)
-k P(r=1x,x,) |

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

i b P(Y=1|X,,X2+1)XP(Y=0|X,,X2)
|Pr=0x.x,+1) P(r=1x4,%,)

Wq 3 YA WA £ V9 AT 2 & qWERS] 969 & a & 47 1 vF waw gonedt @) f3%erar
i

1. amv 8y 2. voplex 9 g9 BT 8/
3. VPR U7 JuRag B 81 4. vHIT Bord 7g &

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.

War e

¥, =6 +26,-26, +¢

¥, =6+36,-6, +¢,

¥, =60,+0,+¢g,,

oTETy; el O, g ¥4 g, i=1, 2,3 @ fOv Amy g g 3} GWRVT @ SVBYAET Jgleed oY
&) ar 1 & & 7y W@ 87

29, =¥y — ¥y, 01— 4 05 BT FATT bt 21
29, ~ ¥~ ¥y, 61— 4 05 7 g5 WP AT HT &
¥, —3y,, of 6— 4 6; o7 swaH Wae T et 81
Y, —4y,, B1—4 0 &7 s v 8

bl o



57.

58.

58.

59.
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Consider the linear model
vy, =0 +26,-20, +¢
v,=6+36,-6,+¢,

¥, =0,+6,+£,,

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 1s true?

1. 2y,—y,—y, is an unbiased estimator of &;— 4 6.
2. 2y,—~y,—y, isthe BLUE of 6,— 4 6s.

3. y,—3y, isthe BLUE of 6~ 4 6.

4. y —4y, is an unbiased estimator of & —4 8.

6 guar 1, 2,...6 7 4 @s {122}, {2,3,3}, {3,4,4} 17 {5,6,6} F 7@ sfiweTa T (AR |
=1 & § 7 wer 87

JRBTT ofAE F W SUEN [NEare srweriid B

HFYBegT TGS U @ SUER YA o 81
SIRFEGTT i UF T JUEAR [9FaIY sIEerHT e 8/
SFFEAT T UF W 9TarR [vwary swertg 78 81

el

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 1s 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 trcatment contrasts are estimable.

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

Lol i

50 garEal {1,2,...,50} @ vF @ 5 RaR w3 A @ 50w g {1}, {12}, {1.2,3},
(1,2,3,4), ..., {1,2.3,...,50} 39 9@R gehga By av &) 57 & v@ 791 @ IgfoE 7YY
o7 fegy wrar &1 99 5 srE i g9 77 7 A ouierd & goet memar m @ ol e A |
3y1Fe 7T Wal 27

1. amffrT g &7 3T 25 8 2. T T @7 3T 25.5 €1

50 50
3. )m=1. 4. Y& =25.

i=l =l

A}
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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}, {1,2,34}, ..., {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 S0
30 Y& =1 4. > m =25
i=|

i=l

60. vw Faxw F T T A P VF @il giEa & skt & v oWl waw ¥ TRl v gad @ral afdbar
fora® MY A, & & st &1 v 7 TIRGY o7 TET YW@a & Far § 9ageT 3 e @ied @ W g

# gif@ar &
A A
1. LI 2. 4 i 3. ﬂ. 4. 2,
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. B : 2 B 3. A 4. iy
A+A, A +A, A, ‘ A
917 /PART C

[ row k-1 J

61. & & {f,), [0,) ¥ R wa areaE—arT ol o1 @ wd@d 81wl xe[0,0) @
) forg o 1 f,(x) > f(x) v7f wwmEAda &1 ar

1. u]ﬁ(x) dx—)?f(x) dx as n—wo,

i 1
2. 7R [0,0) W v@wHEE f,—> [ & @ jj:,(x)dx%jf(x)dx.
3. 7R [0,0) w y@wEEa £, f & a?r]ﬁ(x) dx—;]'f(x)dx.

4. 7R [|f,0)—f(x)| de — 0.7 [0, 1] w° vomwrar f,—f 2/

AH

SI75 POKM2-4AH—7
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62.

62.

63.

63.
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Let {f;} be a sequence of continuous real-valued functions defined on [O,w).Suppose

f.(x) = f(x)forallxe [O,c:o) and that /* is integrable. Then

1. G]'f”(x) dx—)q]f(x) dx as n—wo.

- 2. if £ — f uniformly on [0,00), then ]Ifn(x) dx— If(x)dx.

3. iff"—>f uniformly on [0,00), then a]‘fn(x) dx-—)]‘f(x)dx.

4 if jﬂ(x)—f(x)ldx—)O, then f,—> f uniformly on [0, 1].
W%Xwgw?ammﬁﬁm?v#fﬁ»ﬂwméffw%@ﬂ%ﬂw
G={(xfO)):xeX}c ¥xR & F= # 8 - aaerea @ & '

G v wga wgeay o4 & ol P o, [ Had @)
o f waa & ar G #gd 21

oz f wag & ot G w95 2/

a7 f oo uReg wod wor & df G gesd &

o

Let X be a compact topological space and 6t f:X —» R be a function. The graph of f is the
set G= {(x f@))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.

7 & [ R — R v smaadd Berd &1 ar frer gt ¥ @ Bl-w saem il 87

I aR o xeR @ B f(x)<r<1 & @ fa oa-d-ow o fuT g &1
2. aRf T AR Fag Ag & ar el # xeR P s (x)sr<1g
3. aR f o7 v iy Fd g & ar it xe R 3 o f/(x)2r>-1 &
4. g @R xeRB v f/(x)sr<l & @ f &7 v@ AR fam g 21

Suppose [:R — R is a differentiable function. Then which of the following statements are
necessarily true? '



64.

64.

63.

65.

66.

27

1. If f’(x) <r <1 forall xe R, then f has at least one fixed point.
If { has a unique fixed point, then f(x)sr<lforall xe R.

If f hasa 1?1nique fixed point, then f '(x) >r>-1forall xe .
If f'(x) <r <1 forall xe R, then f has a unique fixed point.

Eal I

By giel 7 @ Fur—qur gaq avd & & w7 f[01] >R argvaa; RaE ey 7 87

1. [0,1] [ v& vl woid 21 2. [O,I]vaa':‘#ﬁ?f(’?fvaffi’vam?/
3. ﬁxe(o,l)wfaﬂwawa‘f 4. swr(0, 1) & f @1 v GRaE BT £

Which of the conditions below imply that a function £:[0,]]> R is necessanly of bounded
variation? ' '

. f is a monotone function on [0, 11.
£ is a continuous and monotone function on [0 1].

1

2.

3. f has a derivative at each X €(0.1).

4. f hasabounded derivative on the interval (0, 1).

at fF xeR® Rvf(x)=sinx- x+§ vd g(x)=cosx— 1+? & e A § oA
Pir—-w adl §7

1. wf x>0 3w f(x)20 &/ 2. [0.0) ¥ g v@ FfarT T o
3. [0,0) W g @ AT T € 4. [0,0) T f v AT BT i
3. 2

Let f(x)=sinx—x+-J;—’ and g(x)=cosx-—1+£2—|— for xeR. Which of the following

statements are correct?

f(x)=0 forallx>0. 2. gisan increasing function on [0.).
3. gis adecreasing function on [0,0). 4. f isa decreasing function on [0,00).

wEr A:{(x,y)eﬂz:%<x2+y2 <l} v E={(x,y)eﬂ’2:(x—2)2+(y—2)2 <-;—}E-* il

B frAUE —»> R* smweria &) 7 & Df e [ @7 w2 e 4 4w
A e &7
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67.

67.

68.
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7z ot (x,y)e AVE @ e (Df )(x,y)=0 & @ f apr 2

o wilt (x,y)e A4 @ o (Df)(x,y)=0 & W ARS =R &1

gk wft (x,y)e E @ forg (Df )(x,¥)=0 & T E wf smav &/

afe wift (x,y)e AVE @ forg (Df)(x,y)=0 2 @ 9 (x,,3,).{x. 0 ) e R* @ forw wft
(x.y)e 4 2 RE f(x.y)=(x.0,) W& (x.y)eE Ffw f(xy)=(x.») &

A woN e

1
Let f:AVE—>R* be differentiable, where 4= {(x,y) e R’ :5< ¥’ +yt < 1} and

E= {(x,y) e R? :(x --2)2 +(y - 2)2 <%} Let Df be the derivative of the function £ Which

of the following are necessarily correct?

1. ¥{Df}(x,y)=0 forall (x,y)e AUE, then f is constant.

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

3. I (Df)(x.y)=0 forall (x,y) € E, then f isconstanton E.

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

74 5 LR - R w7 L(x)={(x,y},2 @& () R" w &i§ siae [oea 8 w7 R" Wy

vF g ke &1 sk L @ smeaw @t DL 8@ Afde ) Am § @ #l9 siqegea: @8l 87

1. @ u, ve R" & for DL(u)=DL(v) &/ 2. DL(0,0,---,0)=L &/

3. wh xeR" # R DL(x)=|x 2/ 4. DL(L1---1)=0 &/

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 &”. 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(11---,1)=0.

T f |7 27> R? wam f(t)=(cost, sint) &/ Fer & & w7 v w@l 87
L. 1, e[r27) 77 aferer & @ fr(:o)::;( FQrx)-f(x)) &1

2. v B 1, €[, 2] 7 iferT T & f'(t0)=-:;( 7(2n)- 1 (7)) &1

4)
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3. tye[n2x) e afaa & @ | £(27)- (R <a £ (5)N 81

4, wff 1e[m2x] # g f'(r)=(-sins,cosr) 2/

68. Let f:[7,27]>R’be the function f(r)=(cost, sint). ¢ Which of the following arc
necessarily correct?

1. There exists #; € [7;,27!] such that f’(IO) = -:?(f(Zx)-—f{n')).

2. ‘There does not exist any f, €[#,27] such that f*(z,)= —l—(f(2zr)—f(fr))
4
3. There exists £, € {7,277 |such that || f(27)- f(7)I Sz (| £ (8)1I.

4. f'(t) =(-sin¢, cost) forall f e [J’I, 27:] i

69. a7 & X=[-L1]x[-11], A={{x.y)e X:x’+y* =1}, B={(x.y)e X:|x|+|y|=1}.
C:{(x,y)eX:xy=0} W’D={(x,y)eX:x=iy} g1 ar

1. A~B & aga 8/ 2. B C#wga &/
3. C D@ agaéi 4 D, A # g &/

69. Let X:[—l,l]x[—l,l], A={(x,y)eX: 2+ =l}, Bz{(x,y)eX: !x1+|y|=1},
C:{(x,y)eX:xy=0} and D={(x,y)eX:x=:ty}. Then

1. A4 is homeomorphic to B. 2. B is homeomorphic to C.
3. Cis homeomorphic to D. 4. D is homeomorphic to 4.

0. TR n 230 g & T R o R v& GRY T & wy, Uy, ..., Un 1 VHEMIG: E@aA
5777 &1 B & up=0 T tpey=u; RO & F W i=12,.n &R v,=u+u,,

T w o=y +u i a

I n=2010, @ v,v,,-,v, VHERRL @aF &1
e n=2011, @ v,v,,-,v, VHHOT @aF &/
a2 n=2010, @ w,w,,--,w, TFERRT: @A &/
e n=2011, @ w,w,, -, w, TSR @aT &/

el

S/75 POK/I12-4AH—8
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70. Let n be an integer, n 2 3, and let u), #2, .., Un be n linearly independent elements in a

71.

71.

72.

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

L wv,v,,--,V, are linearly independent, if n = 2010.
2. Y, VLV, are linearly independent, if n = 2011.
3. w, W, w, arc linearly independent, if n = 2010
4

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

g Ved W Rw dfg-fdg afy e &1 ad e T V>V @ In W W
T GV & RS dfye qguq 39 FER RY T E -

ﬁ(x)=x3+x2+x+l (’?ffz(x)=x4—x2—2.
T B T VaW—VOW e 3ys wuraved & w wit (v, w)e VoW & v
T (v, w) = (1), To(w)) ® RwmRa &/ 7 ff (x), T @1 afers 9gus &1 af

1. g fx)=T. 2. w@ f{x)=5.
3. yar (D=1 4. Far(D) =0.

Let ¥ and W be finite-dimensional vector spaces over /£ and let 7y: V - Vand T, W— Whe
linear transformations whose minimal polynomiais are given by

fi)=F+P+x+1 and fx)=x"-x"-2,

Let T : VedW—> V@ W be the lincar transformation defined by
T (v, w) = (Ty(v), To(w)) for (v, w)e VOW

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

1. deg f(x)=7 . 2. deg f(x)=5.
3. mullity (D= 1. 4. nullity (N =0.

a3 FabedeR & @ 5 TR > R & e wurovy & @

Slew omr{(J] ey e

A S:C>C gmaRfm dat vt x,yeRo fav
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73.

73.
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S (x+iy)=(ax+by)+i{cx+dy) ¥ IRaRT &1
ar

1. S &% C-¥w & sufq oot 2,2, C @ v S{z,+2,)=5(z)+8(z,) @ &t
acC 3R zeC &/ S(az)=aS(z) 2y
2. gRb=-cw@d=ad @S C-3RF

3 @gFARb=-c@d=ad @ &S C-HazF 2/
4. 72 vd dae gk, T aceme wInT 8 @) @1 S, C -3R® 81

Let a,b,c,d € R and let T:R* —> R be the linear transformation defined by

HS) o )=

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

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

1. Sisalways C -linear, thatis S(z, +2,)=S(z)+S(2,)forall z,z, € C and

S(ez)=aS(z)forall ¢ eC and zeC.
2. Sis C -lincarifb=—candd = a.
3. Sis C -linear onlyif b=-candd=a.
4. Sis C linearif and only if T is the identity transformation.

i Fr A= (az) 0% n x n W g @ VT A @ g uRad @ A° & Affe frar amr &1
Frey ol 7§ @ FHT—w ATEPT GE

ot A ey & ar I (A A) # 0, srifg A'A F7 s gRaT 2
7 s (A"A) = 0 & at A gewohg 81

a2 | s (A°A) | <n’, ar go i, j B R layl <181

afy sgvE (4"A) =0 8 ar A g9 37E &1

Let A= {ay) be an n x n complex matrix and let 4* denote the conjugate transpose of 4. Which of
the following statements are necessarily true?

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

If | tr(A"4) | <, then |a; < 1 for some i, .

If tr(4"4) = 0, then 4 is the zero matrix.

Ll
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74.

75.

75.

76.
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a5 on e gneE g & WV, R W UF(n+ 1) - g wRw e €1 aw
len.nty ) VATSRETT TV > V v e wwr B wrl, 2., n @ o

T(e)=ei+1 3R T(en1) =0

] GHEI P 81 af

1. T &7 | grdav 8/ 2. T#wd nél .
3. T gearl 2 4. T =ToTo---oT (n a%) T WO 2

Let n be a positive integer and ¥ be an (n + 1) - dimensional vector space over K. If
{e.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.

g 5 A vd Bnx n aRaidE sigg & afs AB=BA =00 A+B geewig 81 =1 5 9
Pl gHer 97 77

1. iRy (4) = T (B) &1 2, Wi (A)+ T (B)=n &
3. gar (A)+ gar (B)=n 8t 4. A-B sgoreia 24

Let A and B be n x n real matrices such that AB = 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)= . 4. A-Bis mvertible. )
o B n, 2 0 qie & w7 M (R),nxn awlis sigg 7 akw @i 71 AR o

g/ 7% & BeM,(R) v FfdF WgE & vd B, B & uRad @ ART ovar 2l

W,={B'4B : Ac M,(R)} w Rart fir7 4 & @h7- arawgw o &7

1. W,, M,(R) # suesre & o7 fasr W, < anfd (B) &/

2. W,, M,(R) # sweafk & vd Rar W, = wnfa(B) it (B') 8/
3. Wy=M,(R).

4. W, , M,(R) # v& gyemfie 78 2/

4AH
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76. Let n be an integer > 2 and let M, (R)denote the vector space of » x n real matrices.

71.

717.

78.

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

1. W, isasubspace of M,{R) and dim W, <rank (B).

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

3. Wy=M,(R).

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

i 5 A v 5 x5, RE gfafcal & wrr &1 f9—wafia aregs & U9 B V& gUv 5 x 5 G
wHfa & foraat (i, )" et R 1<i<j<5 & o7 g qwe [;J?‘ /10 x 10 3a7gF &

WWWW#WW?:Cz(ﬁ A;B];m

1. a/fs C=1a1-18 / 2. wRTw C=0¢8 /
3. CHIPFOE / 4. CTIPISE |

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

J 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= .

Then

l. detC=1or-1. 2. detC=0.

3. trace of Cis 0. 4. traceof Cis 5.
P

e 5 A 7% 3 x 3 G arege & anf [x,y1)A| y\=xy-18 1T AT FIE
1

sfyamfe w5 wearp & vd q=wild () -p & 171

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

SI75 POKIM12-4AH—9
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78. Suppose A is a 3 x 3 symmetric matrix such that

[x.».1]4]| y |=xy-1.

1

Let p be the number of positive eigenvalues of A and iet g = rank (4) — p. Then

1. p=1L 2. p=2. 3. g=2. 4. g=1.
[WfUnit-II]
79. ﬁwga#f##ﬁ#—#wa‘a#sﬁﬁam?aﬁvw neZ @ ferdlz=ik W GERT TIF

ghl &

1. f(z)=a,z"+a, 2" +-+a @Ha‘}mnzl,w?jgao,al,---,a;e(:.

2. 7B acC @ A flzy=asinmiz & |

3. gEbcC B RRAz)=bcos2n(iz—Y) & /

4. goceC ol fl)=e"2 1

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

1.

f(z)=az" +ai,,_lz"'"1 +---+aq, for some n>1 and some g;,4q,,---.a,€C.

2. fiz)=a sin 273 z, for some acC.

3. A(z) =b cos 2x (iz — Y4), for some beCC.

4. flz) = €%, for some ceC.

80. k=1232 fd w3 f y,={ke*: 0<0< 21} 2/ Frer # 9 w7 aawawer: o & 7

1.

3.

k=1233 @ - [Ldz=02 2 ——[Mdz=1.
2rni 7z 2m'ylz

1 ¢1 1 (1

S5 1-d=4 4. — |=dz=3.

2mi oz 2mi "7
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80. Lety, = {ke‘w: 0<@< 27:} for k =1,2,3. Which of the following are necessarily correct?

1 ¢l 1 ¢l

— {—dz =0 for k=1,273. 2. — l—dz=1.
27i ) z 2mi ;2
g, . Lfass
27[;)32 27”‘?'32

81. B={ze€:|z|<1}w R [ v deaRE wa & @i f @1 yReY Ty C \(~o,0]7
afde &

81.

82.

I.
3.

4.

f FeaET: UE Ha¥ wold B |

D v vF dvifid Bod g &7 siftae & air & ze D @ R g(z) ,f(2) #T TF a4 & |
Do v dvdfld T g #7 afkre & Ty aafs g(2) 20 vd ¥ ze DD ol g2), f
(z) &7 V& Fqa 2 | '

D w v JvfE worT g #7 siftae & T avalE g(2) <0 VT EY ze D@ ek g(2), f
_(z)aﬂ(fa:'avﬁza?f ,

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

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

1.

f is necessarily a constant function.

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

zelD.

there exists an analytic finction g on D such that Re g(z) 20 and g(z) is a square root of
f(z) foreach ze B .

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).

Regama Qc CwRAIFRFf:Q->C v et waT & | AR B r >0 %

D,

ol

= (zeC: 7 <7} & v@ 7 f D gwer davw &) F & W F9—9 saeawa: € &7

D, cf(Q)2 azp r>13 R D, c f(Q)&!
a= D, f(Q) 2 agw r>13 2 D, =f(Q)
R D,c f(Q) 2 args r>13 frt D, c f(Q)
£(Q) Rz &1
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83.

83.

84.
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Let f: Q — C be an analytic function on an openset Q ¢ C. For r >0, let I,=

{zeC :jz| <r} and lét ﬁ: be its closure. Which of the followihg are necessarily true?

If D,  £(<2), then B, c £(£2) for some r>1.
If D, (), then D, = f(Q) for some r>1.
If B, ¢ £(€2), then B, = f(Q) for some r>1.
/(Q) is open.

W N~

T 2eC P RRze0% @ fZ)=2+1 21 Frer # @ o s vl &
4

1. C\{0}vv foe dvcifie worT &/

2. C\{0} [ 7% s wiafea 21

3. f vore g @ IRIRT oR B UF SuaHwy W AT avar 8
4. C\{0} gv fera fael? +f go7 & 3R g7 v g &

Let f(z)=z2 +-1— for z e C with z # (. Which of the following are always true?
z

1. f is an analytic function on C'1{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 €| {0} is again a circle.

TF THHE [OiE m & ford T & o(m) qUiel 1 9Ear &7 Ride o 2 aifd 1<k<myd
HEH T AT (k, m)y=18 1 @ 77 sy 7§ Pl siavaad: wet 87

1. & g7r7F Qe n @ g o(n), n &7 BT &7 8
2. & e qilE a 70 @ R p(a” ~1) @ n Rl wear & 4

3. il g qule a an @ R o(a" 1)@ n R v & ofy wETH TAE ST
(@, n)=1 &/
4. o e gl a an B R o(a" 1) a R wor & @i SERH A AT

(a, n)=1 &t

For a positive integer m, let ¢(m) denote the number of integers & such that 14 <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 2 and ».

41
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85.

86.

86.

37

3. ndivides go(a" - 1) for all positive integers a and » such that GCD(a, #)=1.

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

n 3N T T THIY GHE
U,, @ Affad, &

Yes T QUi n2 4 U9 UF 3T Sid p <n @ ford A & U

pn?

A, @ wf p-dat gowyeaal & aftver a1 Rfde avar & sv 77 5 K

pau’

, K, @ @i &1 [ffe svar &1 a

pan

WW%W?/W}%]K

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

For a positive integer # 24 and a prime number p <n, let U, denote the union of all p-Sylow

subgroups of the alternating group A4, on n letters. Also let K o denote the subgroup of 4,
generated by U, , and let ‘K ’ ﬂ‘ denote the order of K, . Then

1K, |=12. 2. |K,,l=4. 3. 'fK2,5|:60. 4. |K,s|=30.

7 @ s glE n b ol f,(x)=x""+x" 4 x 418 T

1. & gaHE yofE n & R Q[x] 4 £, (x) ve srgevefir agus & 4
2. & sy o p @ R Q[x] ¥ f, (x) 7@ srrgevoi ague &

3. EY I 3% p V9 B g9F [id e B ford Q[x]#fpe(x)waagawvﬁaagqa’?/

4. & ey FF p VT B S i e B o Qfx] #fp(x”“)?av‘aﬁgamﬁaagw?/

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

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

2. £, (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:sitive integer .

4. f, (x‘” ! )is an irreducible polynomial in Q[x] for every prime number p and every

positive integer e.

Si75 POK/12-4AH—10
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87.

88.

88.

89.
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g7 R=Z[\/:-f3_:|={a+b\/3:a,beZ}§Ja‘R BT ST o =3+ -5 W fAaw

1. o 3prg 2/ 2. O 3TgPeT 81
3. R 0% Iy qorrEed ma 78 &) 4. R % guiery gid 7 81

Consider the ring R =Z[J:§]={a+bJ:§:a,beZ} and the element a=3+J—_5 of R.
Then }

1. o isprime. 2. o is irreducible.
3. Risnot a unique factorization domain. 4. R isnot an integral domain.

7577 f(x)=x"—x"+14x"+5x+16 W ferd) ik v srarg dE p @ ford A B, p
sag e v & 7 P wwa &) e 4 @ FhT 9 e w87

1. foVF, # gt & wr ve ague et g 990 1y 4 @ 47 7 2

2. [ F, ¥ gl & A @ Tg9G A ER, 78 I, gv 3F Rurdf qorras! &7 [o%e &/
3. f@F, ¥ qonel # 6w % qg9e A §T gwaT F, I ¢F et g [ores &
4. £ 7 v q) Rurd aguet a7 [T 81 |

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

1. Considering fas a polynomial with coefficients n IF;, it has no roots in 5.

2. Considering fas a polynomial with coefficients in i3, itis a product of two irreducible
factors of degree 2 over .

3. Considering fas 2 polynomial with coefficients in s, it has an irreducible factor of degree 3
over [F4.

4. f isaproduct of two polynomials of degree 2 over Z.

vF gAIHE Qe m & o, m#ﬁvamm(%[x]1>$ﬁwmgwma%ﬂfﬁmﬁ
" —

fafde ooy &1 ar

1. a4=2. 2. a4=3. 3. (.15=2. 4, (15=3.
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90.

90.
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Q]

For a positive integer m, let a,, denote the number of distinct prime ideals of the ring < - 1) .
x -—

Then

1. a4=2.‘ 2. 04:3. 3. a5=2. 4, 05:3.

a5 5 R uv v wiieiia & fora@ fod afwiet [ah), —0 <a <b <o, ¥ MR 90 &/ 7 &
R W o v& gikglie 8 @fdo ot 1 @

‘I at o =1,78 ar o Bk wRafie 81

> FUv € TR x> —x, o @ o waad & o o [T witufas! 21
I FUT § TR x> -x, o F 3 agaw & a o Rffwr airkeilia) &
afr uv § GARH x x|, 0 @ ol agar & ar o RfTa aiRafoF! &

bl A

Let 7 be the topology on K for which the :intervals [a,b), —0 <a <b <o, form a base. Let
& be a topology on & suchthat o 2 7. Then

either o =7 or & 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 & is the discrete topology.
if, moreover, the map x 3| x| is a homeomorphism for o, then o is the discrete topology.

bl

( @ /Unit - 11 ]

91.

91.

IqHT FHBCT

. ‘i.y 24145
—=60 ;x>0
00T X

»0)=0

1. 7 ve gy & &4 2. @ gt & &
3. @7 i g7 T &) 4. @ arTq @@ &t £

The differential equation

%=600;2)”5; x>0
wW0)y=0
has



92.

92.

93.

1. aunique solution.
3. no solution.

d*y

HTHE FHIT —a

fear oar & wEr

x(&£-1); x<&

E(x=1); x>¢&°
x(fz—l); x<E
g”(x2 —1); x>E

1. G(x,é’):{

3. G(x,§)={

The solution of the differential equation

LY f(); xe(0)

y(O)‘-'y(l)_=0

is given by

y{x)=[G(x.£)f (§)de
where '
x(£-1); x4
E(x-1); x>&
x(«;,"'2 ml); x<&
f(f —l); x>E

L. G(x,f):{
3. G(x,§)={

ou

2. two solutions.
4. infinite number of solutions.

F(3); %e(01) W0) = y(1) = 0 77 57 y(x)= [G(x.E)f (£)dE ¥

x*(&£-1); xs¢
E(x-1);x>¢

sinx(&-1); x<¢&

2. G(x,§)={

4 G(x’f)z{sinf(x—l); x>&

x*(E-1); x8¢
fz(x—l);x>¢".

sinx(£-1); x<&

2. G(x,.{,"):{

4. G(x,§)={

2
SHWGIWWW—=6—I:+3"WWWFFI?\:
X

o @

1. u(xr)=—e".

3. ulxt)=e*+e”.

2. u(x,t)=e"e".
4. u(xt)=x—e",

siné(x-1); x>&

4/
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93.

94,

94.

95.

95.
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A bounded solution to the partial differential equation

8u’=£'3_2£+e_,

ot ox’
15
1. u(xt)=—e™. 2. u(xt)=e"e".
3. u(xt)=e"+e. 4 u(xt)=x-e".

2 2

712 u(x,t)smmmw%=4%wwm?a) u(x,1) @47 @ Wy 7 g
1. -u(x,t)zf(e"z‘)+g(x+2:‘). 2 u(x,r)=f(x2—4t2)+g(x2+4t2).
3. u(xt)=f(2x-4t)+g(x+21). 4 u(x,t)=f(2x—1)+g(2x+1).

TET [ 7T g g AT Bl 8/
If u(x,1) satisfy the partial differential equation
o*u 1 'u

T
then u(x,¢) can be of the form

L u(x,t):f(ex'z‘)+g(x+2t). 2. u(x,t):f(xz—4r2)+g(x2+4t2).

3. u(xt)=f(2x—-4)+g(x+21). 4 u(xt)=7(2x-1)+g(2x+1).

Where f and g are non-trivial smooth functions.

m#‘z%faa‘am[o,i]#aﬁwwmﬁmﬁaﬁwwﬁxm=f(mwﬁaﬁ;ﬁw##
BT gl @ o o aa fag mega &¥07?

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] mto itself and consider the iteration
Xpr1 = F(xa).

‘Which of the following maps will yield a fixed point for /7

S/75 POK/12-4AH—11
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1L f(x)=x*/4. 2. f(x)=x*/8.
3. f(x)=x*/16. 4. f(x)=x*/32.

W&:ammﬂwgzﬁy; 1>0, y(0)=1v7 vy 3y b & drgew s o€ Rar

———K"'h-x' =AY ; n21

¥, =1
Y, @t Y(h) =" &) Rediga ovar & & R A7 & @ wi7—v smewes agt & 7

1. Y v& 3gudty af~raciaver &) 2. Y\ t& gRRT Bed wf~adiaer &
3. Y v& Bovfady wev afsasdiev 2 4. Y, 3/ sft @1 fosravr &)

P

Consider the ordinary differential equation

dy .,
i =Ay; t>0
y(0)=1,

and the Euler scheme with step size 4

Y

n+l

-

=AY ; nzl

¥,=1

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

Y| 1s a polynomial approximation.

Y1 is a rational function approximation.

Y, is a trigonometric function approximation.
Y| is a truncation of infinite series.

BN

b .
Soie J= fF(x,y,y’)abcw frard @&t arm s y(x) @ R F(x,y,y’)=(1+y2)/y'2? /
Feaddaslva] e amre?

1. y(x) = A sin(x). 2. y(x) = A sinh(x) + B cosh(x).
3. y(x) = A sinh(4x + B). 4. y(x) = A sin(x) + B cos(x).



‘43
97. Considebr the functional
J= J-F(ic,y;}")dx
where F(Jc,).a,y’]=(l+y2)/y'2
for admissible functions y(x). Which of the following are extremals for J ? |
1. 3{x) =4 sin(x). 2. y(x) = A sinh(x) + B cosh(x).

3. y(x) = A sinh(4x + B). 4. y(x) = A sin(x) + B cos(x).

98. oRIE 7T 9T

2

d’y

T +y=0;x>0;

¥(0)=1

¥'(0)=0,
3V TITNT THHA THIBYT & Gogaia & -
L 5(x)=1+ [(r-x)p(e)at. 2. y(x)=1+ [(t+x)y(0)a.
3. y(x)=1+ [sn(e)ar. 4 y(x)=t+ [(x—1) p(o)at.

98. The initial value problem )

2
d—‘}]—+y=0;x>0

de
¥(0)=1,
y'(0)=0,

is equivalent to the Volterra integral equation
1. y(x)=1+j.(t—x)y(t)dt. 2. y(x)=1+j(t+x)y(t)dt.
0 0

3. y(x):1+xxty(t)dt. 4. y(x)=1+].(x—t)y(t)dt.
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1
99, HIFHT FHET go(x)—/ljcos[ﬂ(x—t)]tp(t)dtzf(x)
7 o@ f(x)=x8 A;tula%fé‘»??????msﬁ?/
w7 f(x)=18 A#12 R &I 5o 78T g
we f(x)=x& A=1 Fp oI g 71 &hr/
o f(x)=18 A=1% o o o # &7 &/

2w o=

99. The integral equation

p(x)-2 Icos[:r(x~t)]¢(t)dt= f{x)
has
a unique solution for. 1#1 when f(x)=x.

no solution for 1#1 when f{x)=1.

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

b=

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

100. 79 @& f(u)=u’—u—-12/
1. g agmr u =159 sy av@ whaww u=g(u) @ g R gge aed @
| wel g(u)=u’ -1 sfwRa &t &1
2. iy s ') =1.5 @ arewr wed wliEwr u=g (u) @ AET g gIvEe o @
wo g(u) =1+’ shERa T 2
3. afr u' whexT f(u)=0 @1 39 8 7 o' >1, @@ u FhevT u=g(u) @7 vngd Faa

fag 21
4 fu)=0 argelaN 23772/

100. Let f(x)=u’-u-1.

1. Starting with the initial guess u =15, 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 é(u)=\/;:u_3 converge.

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

101, 3ovrer [0,1] F &' @ 517 @) 9Rwer av @ oy 4,=0,1,=0.5 e t; =1 @7 797 &1 77
ffre p v furd ague & W ¢ @1 sradvT wewr & sl p(1) =€, i=1,23. a9

. wguep, ¥® g7 g7 Rurd agww L, L, L, @ g, L(t)+e'’Ly(¢)+ el (r) wa 7 forar
T W 8

2. af ggwe p, L(t)+e 2Ly (¢)+ely(t) # w9 % forar wmar & wrer Ly, Ly, 9N L, ague &
aa L, Ly, 3 L, ffre oy & M £/
3. aR agaep, L(t)+e'’L, (¢)+eLy(t), # w9 # forar wrr & @9 L, L,, T Ly # 9 vo

vy & w8
4, 5T p ARre w7 & AuiRa &)

101. To compute the value of € in the interval [0,1], pick £ =0,¢,=0.5 and £, =1. Letp be
the qpadratic polynomial that interpolates &', that is, p(r,)=¢", i =1, 2,3. Then

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

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

3. ifp is written in the form L, (t)+e'/2L, (¢)+eL;(t), then one of I,,L,, or L, must
be linear.

4, the polynomial p is uniquely determined.

102. @il FAdfene soreht & B Qa7 &vd 52 TF oiad @ vl A= 3 ¥ e sguia 4 8 -

1. smam &t 7 2. rgfay &1 3

3. o9 RFAET | : 4. FEE, FGIRT U9 HGH P UGS FT GabT |
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/M12-4AH—12
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[ e [Unit - IVJ

103.

103.

104,

104.

105.

o 5 {X,:n 20} 07 X wrry mAwar wke d uRafi aighes av & | IF i A R X,

o) sErTaE & g wei 0<p <12 X, 0 7 1 %7 97 wae: ylGard pyd | —p & W ot B/
o syl § & pi-d FEvged: w8 e

IR p=02 X, 7c7 4 X w IVGRa gy & ar X, wiwar # X v GPNIRT 8T 81
IR p=18 v X,, 957 7 X W JFERd g 8 ar X, misar & X v sifafa gir &1
AO<p<1 VG, o7 ¥ X ® JFaRa gar 8 a X, mwar 4 X o¢ IfaRd gl £
afz X, mlRwar & X o JfgRa elar & ar X, wra: RfaT w7 & X g% SFNRT §lar 8/

oo

Let {X": n > 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.

If0 < 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.

Ealb s

Wﬁxm[ll,é]a%www@wmw?/ k 3 &/ oa,/99 W
P(X =k) semahiga gk 87

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 &£ is

P(X =k) maximized?

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

e 5 X Y, 2, NQ,1) (7% T9H) @ " & @ad qgieE K E T B 1R RaR
x208 @ f(x)=19 o7 aRx<08 @ f(x)=-1¢ afwfq &/ a5 & U, v, W,
U=|X|- £(¥), V=[Y|- £ (X), W=|Z|- f(X) & Refir &1 @t

1. Ud VNO ) Fevz araas & / 2. Uwg W N(0,1) §c7 & ser waa &/
3. Ved W N(0,1) 9e71 % & wa & | 4. U Ves Wwaad agies ax & |
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X Y, Z are independent random variables with N(0,1) (standard normal) distribution. Let
f:R — R be defined byf(x)=1, if x=0 and f(x)=-1, if x<0. Let U, ¥, W be defined

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

U and ¥ 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, ¥ and W are independent random variables.

w7 {a, b, ¢, d} ¥ R gfownyT wizg wdadd 39 g 30 i & avorn ¥ §e amR @)
3G # T3, o (n+ 1)* F 0 guer smv st Y § © wE mRwar 1/3 & wrr glRata ar
arr 81 5 & X, T n F 997 (33 78 smw #) [Rfd svar &1 wels ggar X, & o
7 & Bl-@ mawgea: a8 & 7

1. P{X,=d], 1/3 g7 sifoafRa skr &1

2. P[X,=b], /4 gv sfomRa siar 21

3. ¢ a#a’e?w#awmwazgma%wwﬁmﬁﬁaﬁr?i

4. 77 g@er gy 38 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 X7

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

1.

2.
: . . . 1
3. The average proportion of times ¢ is observed converges to rk
4.

The chain is not irreducible.

WW{O,I}memPﬁwéwmm{XH:n >0} w
far =1 o § 9 si7-¢ siaeged: gt & 7

1. o9 =((1) ?Ja‘.wo,mm im P, [ X, =i] sifraRa ghar & avg @t ariie de7 v

2. W?P=[O (IJE? @R[Xﬁl]waﬁaﬁ'?wwmmv F 7q7 & ford
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1/2 _
3. GWP=[ 0 1’;2)3 lim P, [ X, =0] o g7 v @ fobeft o 797 & [

ey et X
i/2 1/2 . . . .
4, WP:[ . 0 J? lim P, [ X, =0] &7 &#em aiffred vear &. Wg ARfE deT v @

B0 T @ o g 8 wedl 2

107. Consider a Markov chain {X, :7n > 0} on the state space {0, 1} with transition probability
matrix 2. Which of the following statements are necessarily true?

n—wx

1 0
1. When P=[0 IJ' limPv[Xn =i] converges for i =0, 1, but the limits depend on the

initial distribufion v.

; :
01 .
2. When P= ) OJ' limP, [X ,=1] exists and is positive for all choices of the initial
\ n—ru
distribution v.
1/2 1/2) .. , . L
3. When P= 0 nt Im P, [X " zO] does not exist for any choice of the initial
\ -y
distribution v.
(172 1/2Y .. .
4., When P= 1 o ) hmP, [X " =0] always exists, but may be 0 for some
\ H—»G0

choice of the initial distribution v.
108. o /5 X, oo X, @ vaow aigfes w & wel X~ BuT (m3) 7 X~ Bve (nf), m=n# |
P dgsl deamas &7

1. 2X)+3X; ~ £97 (2m+3n,1).
2. XXy +m~ £ (m+ni).

3. X+ X,) Frer 819 3 geang X, o7 glata 9o s &
4 L—szmoﬁﬁﬁmﬁﬁa%

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.1).
X, — X, + m ~binomial (m+n,1).

Conditional distribution of X given (X;+ X3) is hypergeometric.
Distribution of X — X; is symmetric about 0.

bl

T & X1, Xy, X, (1 2 3) T THF 37 (-5, - 3) & Foren v& arglos ufaqef &/ 4
%{%%X(n,mmﬁwﬁwwmm?%m?/mﬁw qd A BT

1. (X(l),X{n)),9$mW‘Wfﬁgl 2. X1 +tAXx-2X; UF WEIT Hleva B
3. X(,,)+3,9$f?v‘f!?3ﬁﬁﬂfr?\f 4, X(1)+5,l93‘:‘1?ﬂ?31ﬁ??9ﬁ?!

Let X}, X5,...,.X s (7 2 3) be a random sample from uniform (#- 5, 8- 3). Let
X1y 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 & 2. X, +AX,-2X;isan ancillary statistic.
3. X(@»* 3 is unbiased for £ 4. Xt 5 is consistent for &

ard 1 X ~ aral (8),0 @7 yd gc7 g log2 & G avEidd] B, Waﬁwgﬁwaﬁ?‘/
ot A/ & | Bi—9 amgvgea 98 87

1. gaw ge7 7mr 8 2. ud & "y @@ B
log 2
3. wg&—s’/ 4, Bafraiwanmﬂéf
1+log,2 2

Let X ~ Poisson (), the prior distribution of @ 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 is Gamma. 2. The prior is a conjugate prior.

+1}og 2 :
—(x ) L. ) 4. The Bayes estimator of & is X+1.
I+log,2

3. The posterior mean is

I B Xy, X, Xo, Xi~N(1, 1), X~ M1, 1) 97 Xa ~ (O, 1) @ Wy w@ad &1 31 1&

X12+X22+2X32+2X!X2
q,= 5

2
qz_x +X-2XX, o

a‘?ﬁwa@###&:")?#aﬁwwﬁé“?

" §I75 POKM2-4AH—13
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1. q) &7 7% 77 PI3—a7 9c7 &/ 2. g BT TF TEF HI-T g7 &)
3. g+ qy 3T §F TF FIg-7 dc7 B 4. q, TUTqp WA ES

Let X3, X5 and X3 be independent with X; ~ M(1, 1), X ~ M1, 1) and X3 ~N(O, 1). Let

X2+ X242X742X,X,
LI]. = 2 ]

)(12+A’22 -2XX,
q4,= 5 .

Then which of the following statements are always true?

g1 has a central chi-square distribution.

4> has a central chi-square distribution.

g1 + g has a central chi-square distribution.
¢ and ¢; are independent.

Ll

Ry 3eRal @ v gel @ Sgerel (M ECl S AT wrr B ) Wad £ @ 120,A>0% fod f
() = Fte *gea & oy wdurem g 8/ 3 g © U@ dcdl @t 9T 3 W 8 U9 98 Xl
T & fF gz T U2 @1e v B & wele v gudt 3t 7 uet o T I8 RwaT & W
& wrdft &1 e pyr A & T STaEd: G981 87

1. 38 safica we—au7 ey 1l a7 2/ 2. A @ gmfdar 2(1+32)e7* #t s H 81
3. A @ g Gaifaar aree 2 2 4, %WWWWZ 21

The lifetimes (measured in hours) of a batch of lithium batteries are independent and
identically distributed with density f(f) = A*te™¥, £ = 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 statemenis are necessarily correct?

The censoring involved here is of type IL
The likelihood for A is proportional to A*(1+34)e™"
The maximum likelihood estimate of 4152 .

el o

The maximum likehihood estimate of i—is 2.

v sgHar T (Y) 07 U a0 o (X) B 9 @ e, W) V90 ©F W WO Wy ¥ aicq £,
?Wmmwmmﬁwaﬁﬂﬁ%%wﬁ#@ﬁﬂ-ﬁwm
> | ,
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Y& X W wamger & s@hnet & genr wa gid g

2. Y@ X 0T X 9V G o avd el Jg-gewa i R, Y@ dI9d X W .
WYV I TT FIE ATy qou W FH 5 TE G/

3. Y& X U X OV G AT BXE IAdlend waford R, Yot d3cd X W @AY
SIS FF Bl T & B 5 T8 aPar)

4, Y @ X 0 X W GHHUT TP JFlokd WAEHTT YF F FRV Yah Pad X W

FEIER 3T HYP HHlonT Jod | AT &1

—y

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 Y on X alone.

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

Wy wfred E(Y)=X[ R far, el ¥ n oyl &1 @lke & vd B n gl o1 v 6k g
afypterT e X @ (i,7)af omag gw &0 4 @ 0 144+ )%, 1<i, j<n @ B ford
aforT &5 G&aT B -

1. n=20. 2. n=3. 3. n=10. 4. n=350.

Consider a linear modet E(Y)=X f where Y is the vector of nobservations and B is the

vector of n parameters. The (z’, j)m element of the design matrix X is of the form:

1+i+i%j% 1<i, j<n.Then B is estimable for

1. n=20. 2. n=3, 3. n=10. 4. n=350.

v i g @e Afmerr frwd oA v, b, 1,k A & A= # @ 7 3o vyl & 6
Ff siRaca el gra?

1. v=11,b=22,1=6,k=3,A=1. 2. v=21.b=4,r=4,k=21,A=4
3. v=7,b=7,1=4,k=4,A=2. 4, v=7b=71r=3,k=3A=1.
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For which of the following set of values will a Balanced Incomplete Block design with
parameters v, b, r, k, A not exist?

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

agF S AT T 4 swE WAk fed T &1 o fer A @ g g w87

1. &7 guT A GFRaT &1 2. 7@y B argeRa 21
3. srarafFard et AB, BC, AC sbaRaT 8/ 4, grafFar ABC gaRa 81

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.

A By N(p,Z) 7ra 6T 07 aReT e 2 # W @ U@ Jgav W §27 @) R
Pvar & | A A 4 i i wE 8 7

L N(5) 07 N, %,) o a7 35 affivs, v agehl g1 afiavia wRe 3 e
BT P GorT F GHIT Feal & |

2. wwreat N(p,2)vd N(w, L)@ o @ du aflevs 3 oo @ afe, s
N(2p4,25) w7 N(244,,23) @ areer & 3w afties & i 21

3. O vd p, T E N(g,,l)va‘N(gz,l)a%m?ﬂeﬁavwﬁnﬁﬁrma?aﬂf
wARear & FRERfT sitmst T SR & Bae W g wer @ g siteel w e 8

4. N(1,0) v3 N(10,4) 2 amw a7 3 afevs, siwe Ag @ @t yom & & g9 &4
&Y § Ffiga T |

4,
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117. Let N (g, E)denote the multivariate normal distribution with mean vector uand

118.

118.

dispersion matrix . Which of the following are correct?

1.

The Bayes classifier between N (g,,ZI) and N (gz,Ez)consists of comparing a

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

N (EI,Z) and N (gZ,Z)is more than that of the Bayes classifier between the
populations (244, 2) and N(24,23).

When 4 and M, are unknown, the maximum likelihood classifier between
N (;_JII) and N ({12,1), based on sampled data from the two populations,

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

belonging to the first population.

TTHEI § 50 39V WA AReF WY ¥ darg 897 07 BeE-dwT & 9 & w6 @ anga
87 g um 81 37 50 @lmal @ Rrr wE (i) “@wr e e dd 9y & 7 (il) “Fr amg
BHST-PEY T 877 B I A7 2 x 2 ol @ ok & i &

Lung Cancer
E Yes No
2
%‘) Yes 15 5
g
= No 10 20
[74]

o P ot F @ ) 5% el @ e v G &7

(wma*:aws‘—ﬁa?va*%ar“wamlsmﬁwwmﬁwf%l3‘)

1.

PHS-PVR (9 GOE—0TT Grefe vy o gana &

2. PHE-PR U7 GaIp—da aaeT &

3.

4.

ANE—HTT Fvt ae [T T BN TS e §F ey @ 0T afaw @
I rEE ®Y # e &
W—W#ﬁ@aqdvﬁ@ﬁmﬁmafﬁwmmmﬁaﬁ
HIT TRlE Y W A 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.

S75 POK/12—4AH—14



Lung Cancer
ﬁ Yes No
=
k= Yes 15 5
-4
E No 10 20
w

- 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.

119.W%XW%WWW§WWWWp(x)§Wﬁ
xe{-10123}8/ v T @ RF e & Hy:p(x)=p,(x) 777
H, : p(x)=p (x) e p,(x)v7 p,(x)FAemgar £
X -1 |0 1 2 3
Po(x) 0.01 [ 0.020.05(0.32]0.60
pl(x) 0.04 | 0.080.25(0.03 ] 0.60

ar

l. &% a =0.05 57 Faq g 7 wifde a7 (1) 2/

2. wv a =0.03 w wavay yiew &) #ae &7 {(-1,0) &/
3. @% a =0.06 9v FrFaow goer @7 FiE &7 {1, 1) 2/
4, v o =0.08 Tv I gerer FT Fiaw &7 (1,0, 1} &/

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

H, .'p(x)=p0 (x) versus H, .'p(x)=p,(x),

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

x | 110 1] 2]23
o (x) [ 001]0.0270.05] 0321060

P;(x) 0.04 | 0.08 | 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.

UF WF wipaT GET Sk

g c'x, Ax <b, x2 0 @ F0aET
X

ﬁ%mmwwﬁmaﬁmméfﬁqﬁﬁwr/w—mwﬁm
7 :

Wi GEIT §l JIEeRT 8 EF Aed
TR & JTIReE GETT 9 &1

(i)aﬁmf%:fi # T

oW

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 st be true?

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

4. Rank of (ZJ - Rank of A.
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