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2. OMR answer sheet has been provided separately. Before you start filling up your

3. Write your Roll No., Name and Serial Number of this Test Booklet on the OMR Answer

4. You must darken the appropriate circles with a black ball pen related to Roll

5. Each question in Part ‘A’ carries 2 marks, Part ‘B’ 3 marks and Part ‘C’ 4.75 marks

6. Below each question in Part ‘A’ and ‘B’, four alternatives or responses are given. Only one

7. (Candidates found copying or resorting to any unfair means are liable to be disqualified
8. Candidate should not write anything anywhere except on OMR answer sheet or sheets for

9. Use of calculator is not permitted.
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2019 (I)
MATHEMATICAL
SCIENCES
TEST BOOKLET

2 3:00 Hours . Maximum Marks: 200

INSTRUCTIONS

1. 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.

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
of the same code. Likewise, check the OMR answer sheet also. Sheets for rough work
have been appended to the test booklet,

sheet in the space prowded Also put your signatures in the space earmarked.

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 OMR Answer Sheet, failing which, the computer shall not be able to decipher

the correct details which may ultiriaatelx result in loss, including rejection of the OMR
answer sheet.

respectively. There will be negative marking @ 0.5 marks in Part “A” and @ 0.75 marks in
Part ‘B’ for each wrong answer and no negative marking for Part ‘C’.

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 op[mns in Part ‘C’,

from this and future examinations,

rough work.

¥

10. After the test is over, at the perforation point, tear the OMR answer sheet, hand over

the original OMR answer sheet to the invigilator and retain the carbonless copy for

* your record.
11. Candidates who sit for the entire duration of the exam will only be permitted to carry their
Test booklet.
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1.

WIT/PART- A

I | (99 T%5) & 3w w0 el e ¥
weft gt w7 yus W ot & $w 2019 3%
fored 7=d &) v 7 e g &9
1. 609 2. 610
3. 709 4. 710

The number of digits you have to type to
write all the page numbers of a book starting
from 1 (first page) is 2019. What is the
number of pages in that book?

1. 609 2. 610

3. 709 4. 710

e P #t : % & i qrsww @ 91,
86, 81, 79 T4T 92 3% WH FU IF @
UTSIEAT § ATEiE &7 seg 85 3 @

TSR § 39 e o e
1. 83 2. 85
3. 8l ' 4,88

A student received the following marks in
the five of the six courses: 91, 86, 81, 79 and
92. Average of his marks in six subjects is
85. How many marks did he receive in the

sixth subject? _
1. 83 2. 85
3. 8l 4, 88

frar A’ T Fr ag qeT =g § Rs. 5w
# o = I Bwr gew W 5% W7
Fefter e gax e B 7 &t f g
Hqfed q#0 F Rs.15 9 92 341 uF I Awy
HET F 15% FHraw fem afs A aar B 941
Ft FfterT # wwr afer felt 8 9t @y

wfea geg 7T 82 -
I, 10 2. 20
3. 225 4, 30

Salesperson ‘A’ sells an object at a price Rs.
5 less than the marked price, receiving a
commission of 5% on the selling price. The
same object is sold by person ‘B’ at a price

4-A-H

Rs.I5 less than the marked price, receiving a
commission of 15% on the selling price. If
both A and B receive the same amount in
commission, then what is the marked price of

the object?

1. 10 2. 20

3. 225 4. 30

TF T r i 9fy F6e ft 2 & o g

a1g-uT UF e g 0 F 74 i R afen
g dFT R d sfmm st 2 (R<n)
ot aar RET o Rar & f e www
FrtmE e RS Fzamo s
|19 -t 21 7 ey s awade

aTz 3 fie R '

- R H
+
Ml =

A ball rotates at a rate » rotations per second
and simultaneously revolves around a
stationary point O at a rate R revolutions per
second (R < r). The rotation and revolution
are in the same sense. A certain point on the
ball is in the line of the centre of the ball and

* point O at a certain time. This configuration

repeats after a time

1
. o— 2.
L
a : I 4
= R v '

| ==
+ |
R

g €t 21 wdrarst A a9 B # e 30
47 70 # & siwh g o &1 after Sefiof o
F oo e Ao s 40 % B F
TATH 40 % F Ty | Rt s, 7 5, %
s g

et | A B

g |2 28

S5 10 29

8a 16 27

Sy | 05 29
it farardt Fae e 2
. 58 358258,
3. 58 4. 5,



5.

There are two examinations, A and B in a 7.
subject which are evaluated out of 30 and 70

marks, respectively. In order to pass the

course the student has to get at least 40 % in

total and at least 40 % in B. The following 7‘
are the marks of the students S, to S,.

Students | A | B
Sy 12 28
Sz 10 29 8.
S3 16 27
S4 05 29

The only student/s to have passed is/are
]. 51,53 2. 51, 52! 54
3. 51,5 4. 85

3 A #41 # EF F uw & g F w6 100
4T 200 T & UF WG & W U= A 5w
vt argfas e ot 81 Fer 27 & éf

F wudta afvral F 2 # st g
|, . AT UF ST HTET, WTHE A=,
aqr fE=o ot g
2. T sprem, e ST W e
a4 =T Ioni Fir
3. P mrem, svae quT " S
4, et ey ot wras T oy s
Two forest patches have, respectively, 100 8.

and 200 teak trees of the same age. In a given

season, all trecs shed some of their leaves at

random. The daily total collections of the leaf

litter from the two patches are expected to

have '

I. nearly equal means, standard
deviations and coefficients of variation

2, different means, nearly equal standard
deviations and coefficients of variation

3. different means, nearly equal standard
deviations and different coefficients of
variation

4. different means, and standard devia-
tions but nearly equal coefficients of
variation

&
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e & Fiv-aft e srarsT 32
L 183 2. 121
3. 157 4. 10201

Which one of the following numbers is a
prime number?
l. 183
3. 157

2. 121
4, 10201

T (ST ) e, AT o W
AZrer ¥ wf frer g zafar &

B0
75

70

65

Lowest
price

Opening  Closing  Highest
dateprice dateprice  price
] April B May [ June

TH F LG FI9 q9q70

I sferraw e 491 75 & afiw 7 gan
2. afFaw ud gFaw 971 § waifes
HAL A F AR | AT

S HE H G 9T A AL B AT
&1 F et & frs & gattes wf Ry
4, AR WEa g 70 wd 80 F A H ¥

Ll

The graph depicts the petrol prices (in Rs.
per litre) for the months April, May and June.

80

75F £
70 -
65 - = a
Opening  Closing  Highest  Lowest
dateprice dateprice  price price

] April gl May [ June



10.

Pick the INCORRECT statement,

I. 'The highest price never crossed 75

2. The largest difference between the

highest and lowest price was for the

month of June

Month of June showed the largest

decrease of price between the opening

date and closing date price

4. All depicted prices lie between 70 and
80

g # AT ArAt =g v agear §1 Tty
et A, B @9t C & Refy v =7 et
B T3 e v e

A: F¥ qEr

B: aﬁwq;gm

C: v sEr

af2 A, chﬁﬁw@ =47 gar
RIEika

LO%]

1. & ST ETRe

2. ST R

3. & ST EIiRY

4. aﬁaﬂtaﬁgz%%ﬁ?ﬁﬁvaﬁw
e

A traveller to the town reaches a crossroad.
Upon asking residents A, B and C for
directions to a certain destination, he gets the
following responses

A: turnleft

B: do not turn left

C: go straight

If only one among A, B and C is truthful, the
traveller

should go left

should go straight

should go right

will not be able to decide between
.going left or right

BN =

e & & Fr-ar frr fBar #rre & 99 30
a1 famr fee & St T 9 99 g aw
qHar 87
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10.

Do

Figure A Figure B
1. = A afE Ra B adt
2. B afe fr A v
3. FAI AT A T9TB
4, FBFAdTaRTR-

Which of the following figures can be'drawn
without lifting thercn from the paper or
retracing?

K&

Figure A Figure B

figure A but not figure B
figure B but not figure A
both figures A and B

neither figure A nor figure B

hha!\J:—-

ABCD U &197 2 & AD #THsafaz 0 21

TEsi AB 74T CD 9% F94r: P aar Q fig zw

mﬁ%ﬁmpﬁ-wwm:ioc

A P B
0
D Q c
| A ABCD % &raer a1 Bragr oPQ ¥
S T ST BRI
. 4 2.6
3. 8 _ 4, 16
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12.

12.

ABCD is a rectangle and O is the midpoint
of AD. P and Q are points on AB and CD,

respectively such that AP=§AB and
pQ=ZDC.

A : .8
o]
D Q Cc

The ratio of area of the rectangle ABCD to
that of the triangle OPQ is

l. 4 2.6

3. 8 4, 16

HAE AT & TT SAeAl-eAT RIS AT T g
fig A 9t gEeT & fig B W W% aftw =it
gt fradt ) e & & -9 Fa7 w61 82

1. fig A FgBadTR

2. fagB figaddwg

3. FRATIIBUEHFIETE

4. % wge fag A O A IEE AR
figB 7

Balls are being rolled out with equal initial
speeds along a frictionless, undulating
(wave-like) track in quick succession. There
is denser clustering of balls around point B

than around point A. Which of the following -

statements is true?
1. Point A is higher than B

2. Point B is higher than A

3. Points A and B are at the same  heights.

4. Balls reached point A first and then
point B 1

13. At s o AR d 2

a5° _ 45°

4-A-H

i 3 v A A g R A
e T

1.5
0 +
4 1, t
2.2
0
t t, t
3.
R t,\t:;
4,34

0T, T

13. Velocity-time curve of a body is given in the

diagram below:

The diagram showing the acceleration of this
body as a function of time is

1.3

2.3
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14.

15.

3.3l

LT t:\ti
4,21

T R

freft arere 27 =% ¥ AT T A A A 0F
AT B FH A FH AT FE0F 7Y 9L AT
ww St dear § aver g9 A wEE & S

Tt & 7tz agw Fit sEE

1. ®<Farat #1 afFan dwg den
s &

2. "L FaTEt $ afiaaw wee wer ¥
FA 8

3. W T FH UF ATE TEGT qHT
SEaTEAr A

4, FTIATTOE T F T AT

In a city, each person has at least one hair on
his/her head. At least two persons in this city
are guaranteed to have exactly the same

number of hair on their heads if the

population of the city :

1. is greater than the maximum possible
number of hair on the head.

2. s less than the maximum possible
number of hair on the head.

3. has at least one pair of identical twins.
4. 1is genetically homogeneous.

U AT T ATC AT ars it faam # =
wrar 21 FEreger 33 & v o7 are

o st 21 2t aret i aforft Fars
ALY (AT 1 2141 a1l % 2ATEl & a q
AT Tyl AT FFAT 87 ,

I. ST =78 FAE ] F 72 500

2. BT SATH G T F AR B -

3, T AT HT AT di AT F A F

TET BT

4-A-H

15.

16.

16.

4, T AT & ST @S T A€ F A |
FH GO

A metal wire is stretched along its length.
Another identical wire is heated. The
resultant length of the two wires is the same.
What can be said about the diameters of the
two wires?

1. both diameters will have reduced equally

2. both diameters will have increased equally

3. the hot wire has a larger diameter than
the stretched wire

4, the hot wire has a smdller diameter
than the stretched wire

A3 Rear o A A F Ot s aut
AT ATIHTA F AR el wF R g 98
TR FEf T feae gt 1 FAtiers Seranr g2

WP 530

JFMAMIJJ ASOND
Month of the year

af2rm a2 9T

94 a2 7%

Feae-adt TRt #
fearerdia ffoEt §

The graph below shows the monthly average
rainfall and monthly average temperature at a
certain place in India. Where is this place
most likely to be located?

J] FMAMIJJ] ASOND
Month of the year

Monthly Average

Monthly Average
Temperature (6]
Rainfall (@)

el

Monthly Average

Monthly Average
Temperature (o)
Rainfall (@)

On fhe west coast

On the east coast

In the north-eastern hills
In the Himalayan foothills

s -



17.

17.

18.

UF Fd KT § om TAT 6 cm Ft & WAL

frart rrgt & | om Fr gH g H

B (om ) P gnft
1. 4 2. 432
3. .5 4. 5\2

Two parallel chords of length 8 cm and 6 cm
of a circle are separated by a distance of 1
cm. The radius of the circle (in cm) is

. 4 2. 42

3. 5 4. 5\2

ATATB %, y TaTxHFHET x, y>0 F
o e St Hrerw wife s §

A B
Y

=J

£ xy

Graphs A and B define the same ré!ation-
ship between y and x for x, y> 0. :

B
?
0 . - - 0 x /
The variable on the ordinate of graph B is
. 2 2. x*
£
x
3. ; 4. Xy

4-A-H

19. wF @faF afr F1 7 3.4587 + 0.0022

19,

- 20.

20.

T T &1 AR A ft Ramw & A% gw
T & & 7 o 7 waf = 8
qATAT 87
I. 3.4567
3. 346

2. 3457
4. 35

The value of a physical quantity is measured
to be 3.4587 + 0.0022. Which one of the
following is the appropriate representation of
the result taking the errors in account?

l. 34567 2. 3457

3. 346 4. 35

awﬁawaﬁﬁﬁsnﬁfﬁ@aq
T T AqweT T 9 I a9
T[|WA -
1. f&m o 2. FF

3. AWiaCHgHEQES 4. °59

The cross-section along two mutually
perpendicular axes of a solid object are a
circle and a square, respectively. The object is
I, atruncated cone 2. acylinder

3. arhomboid 4. acube

HTT/PART- B

Unit-1

21.

21.

e Tt & & Fi-ar s
1. '{x € R| log(x) = E @i p,q e N%ﬁ—'ﬂ{}
2. {x € R|(cos(x))™ + (sin (x))* =

1 &t ne N Ffom)
3. {x € R|x = lag(%)ﬁx‘ﬁp,q - N?ﬁﬁm,}
4, {x € R| cos(x) =§ fftp, g € N%’fﬁ'q} _

Which of the following sets is uncountable?
1. {x € R|log(x) =:—:- for somep,q € M}

2. {x € R|(cos(x))™ + (sin (x))" = :
1 for some n € N}



3 {x E_ﬁ&lx = log (-z-) forsomep,q € M}
4. {x € R| cos(x) = qg for somep, q € N}

22, UF ATHA {a,} T o= fiftm,
= (-—1)“(%— :—t-) ard %

n
b"=Zak Vn €N.

k=1
aa e # | FiA-a1 |1 30
L limg by =0
2. limsupge0 by > 1/2
3. liminf, e by, < —1/2
4. 0< liminf, o, by, <limsup,_,o, b, <1/2

22. Consider a sequence -
i
(@) @y = (-1)" (5~ 7)- Let
n
bﬂ — Z a, ¥Vn en.
k=1

Then which of the following is true?
1. limy by =0
2. limsup,e by > 1/2
3. liminf, . b, < —1/2
4. 0< liminfy,0 by <limsuppe by <1/2

23, Fwr & & F-an wew 7
LI, S aftvard i 8

2. Ty afomrd &

3. T Biver oy SRR &
4. Xm=1 E;Tn(m—:,a-:mg

23. Which of the following is true?

I E:?—;ﬂ does not converge

P
zm-l Eﬂ—
b = i W diverges

convcrges

Ln’

t— (mﬂ); converges

o

24. n € NF forg, v & & #iar ger 29
. vn+ ——Jﬁ>%_¥i‘ﬂa'rr:'1ﬁﬁ"dﬁ$n
F R a=% g

2. Vn+ —-~/r_1<-_‘}—ﬁ qHad: IRAaET n

% Ry ga% o
- 4-A-H

24,

25.

25.

26.

26.

W—W>1H‘ﬂ'ercrtﬁfﬁmﬁ'=ﬁn
F g o fog

4 \n+1-vn>2 g I amT n
¥ Framy waw fg

For n € N, which of the following is true?
Lvn+i-vn> J_l‘i for all, except
possibly finitely many n
2 Vn+i-vVn< —\:: for all, except
possibly finitely many n _
3. Vvn+1—n> 1 forall, except possibly
finitely many n o~
4. Vyn+1—vm>2 forall, except posslbly
finitely many n

f:R > R & Haq 797 UHHT ST 7T a0 Fre
# & F-97 7eg 22

l. faregres g

2. fAvar faz gram a1 e gt &
. taTxeREPmFRU f) =12

4. f aufag

Let f: R = IR be a continuous and one-one

function. Then which of the fol[owmg is

true?

1. fisonto

2. f is either strictly decreasing or strictly
increasing

3. there exists x € R such that f(x) =1

4, fis unbounded

AR ga(x) = e ——— ,x€[0,00) A n > o
@%mﬁwﬁﬁﬁamm%’)

I. gy = 0 Fgar st vs aurmE; 78
2. gn — 0 T 9HTAC:

3. gn(x) = x Vx€[0,0)

4, gn(x)-ﬂﬁ ~ Vx € [0,)

Let g,(x) = Hn,ﬁ , X € [0,9). Which of
the following is true as n — 0?

1. gn — 0 pointwise but not uniformly

2. gn — 0 uniformly

3. gn(x) = x Vx€[0,00)

4 g > Vxe[0,:)
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27. n % FOET AT A FA A (B F oo A 1_(3 3) 2 -(4_3)
aTeqfaT AgTAT # Afae WA P, 7 f=w 24 2 3
¥ AR TR, - P; @ THE) = 3. (3 2 4 (2 3
x 4 3 3 4
J5 f®)de + £ () & afoarfr ¢ ar snard -
(1,x,x%} T4T {Lx,x%x%} & ﬁTQ‘_T FT ;

s o 3 29, e & & Fi-a7 sregg R 9% R a8
E‘? 1
1 0 : :
0100 2 0 1
1 j [0 B _ 11
{0 = 0 XA I.lo 3 0 )
020 % - e =9 2
- 00 < 2 10 R
010 ’(030) 4 (3 %)
0100 < p & 0 03
3 1 0 2 0 4, 2
o ¥ p:2 o 2 E‘ 29. Which of the following matrices is not
2 2 0 0 3 diagonalizable over R?

27. Consider the vector space P, of real 2 0 1\ 11
polynomials in x of degree less than or equal .10 3 0 2. (1 1)
to n. Define T:P, »P; by (Tf)(x)= 0 0 2
f:f(t)dt+f'(x). Then the matrix 2 1 0 = =
representation of 7' with respect to the bases = g g g 4. (2 4.)

{1,x,x*} and {1,x,x%,x3} is

30. =9 greygg F FfE w2

010
01 0 0

TN TR * 9 2
1 2 200 2 0 1.4 151 %
0 2 0 = 5 e i 2 2902
: 00 3 % 2 3.9 3
0 1 0 1 2 3 4 4
0100 ! 1 2 3 45

1 8-2. 0 2
3'(010_1.) % 0 2 0 ..'2 2,08
2 3 OO% 3. 4 4

5 30, What is the rank of the following matrix?
28, afF Py(x) =g A 1 afdraafi &

(characteristic) FEIT BT AT Py(x) — Pg-1(x)

ey smergt § & e g smfadi g - 1;;;;
3 3 4 3 . 1 2 3 3 3
i = 5 2 (5 3) 1 23 4 4
' 123 48
5.0 2} £ (G 39
1. 2 2. 3
3, 4 L

28. Let P4(x) denote the characteristic poly-
nomial of a matrix 4. Then for which of the
following matrices, Py(x) — P4-1(x) is a
constant? :

4-A-H



31.

31.

32.

32.

2 daa [0, 1] 7 areafaes q1 qret Jeaa
AT T qfeer auiE Fr VoA
{sin(x), cos(x), tan(x)} & ar=arteq V F1
ITERTR H W AT g WA R 9T BT
gt

1.1 22
3.3 4, IFF

Let V denote the vector space of real valued
continuous functions on the closed interval
[0, 1]. Let W be the subspace of V spanned
by {sin(x), cos(x),tan(x)}. Then the
dimension of W over R is

1.1 S

3,3 ° 4. infinite

RYTV FT 9T ¢ F Afwaw 2 914t (degree)

aw AgUEl # ¥R §WfE W e
e VoIt e ogww afarfie @

1 '

r.0= [ rOa
gl f,geEV. TEAWRHF W=
span{l —t?,1+ 2} 941 V& W FT Aifas
7w W 1 asft h e wt ¥ oo, R & &
F¥7 |7 wid=y dg= grar 82
I. hUF 99 T4 g, h(t) = h(~t)
2. huw fFww wa9 €, h(t) = —h(~t)

3. h(t) = 0% foro ar=fas g« g
4. h(0)=0

Let V be the vector space of polynomials in
the variable 7 of degree at most 2 over R. An
inner product on V is defined by

1
(f,9) = L F@©)g()de

for f,g € V. Let W = span{l — t%,1 + t?}
and W+ be the orthogonal complement of W
in ¥. Which of the following conditions is
satisfied for all h € W+?

1. hisan even function, i.e. h(t) = h(—t)
2. hisanodd function, i.e. h(t) = —h(—t)
3. h(t) = 0 has a real solution

4, h(0) =0

4-A-H

i |

Unit-2

33.

33,

34.

34.

35,

I} i =V=1 q‘{ﬁﬁaﬁ.ﬁw%%
FrATAAT =7 # HfAFErT= g7 #r € wm, A

; dz
FE HATHAT §, ——FHA G
l. —mw/2 2. /2

3. —m 4.

Let € be the counter-clockwise oriented

circle of radius % centred at i = v—1. Then
dz

is
z%—1

the value of the contour integral §.
I —1/2 2. w2

3. —m 4. w

f(z) = e* ¥R FA £:C - CAH,
e § & Fa-a7 sme 32

L f({z € C: 2] < 1)) % PBga qq=g 78

g

2. f({z € C: 2] < 1)) UF foga wg==a &
#

3. fz € C:|z| = 1)) TF G =T &

4. f({z € C:|z| > 1}) vF smfag fAga
LESaR i -

Consider the function f: € — C given by

. f(2) = e*. Which of the following is false?

1. f({z € C: |z| < 1}) is not an open set.

2. f({z € C:]z| < 1}) is not an open set.

3. f({z € C:|z| = 1}) is a closed set.

4. f({z € C:|z| > 1}) is an unbounded
open set.

et areafas "= o > 0 F o, B A

gz = &%, SeF Ofif 0,a,a+ia 7T B

afz A F FmaTEdt Rar § s w3
#T z FT FTEAF ST Re(z) ¥ fF=md ar

FEL AATEAA §, Re(z) dz FHAT S

.a?

1. 0 2. !?
. . 3a*
3. ia , 4, ==




35. Given a real number a > 0, consider the
triangle A with vertices 0,a,a + ia. If A is
given the counter clockwise orientation, then

the contour integral §A Re(z) dz (with

Re(z) denoting the real part of z) is equal to
2

1. 0 20—

A .3a®
3. :az 4, IT

36. f:C - CuHATHAA deRfF w2 fF
 limga |f (3)| = oo T Fre i & e
w87
1. faufEdr g
2. f % FuifAaes T 999 2
3. @ferw & e, £ ¥ aftfams s ar
A 8
4. f AEALTH T H AFATGATT (nowhere
vanishing) &

36. Let f: € — C be an entire function such that
lim,.p |f(§)[ = oo, Then which of the

following is true?

1. f is constant

2. f can have infinitely many zeros

3. f can have at most finitely many zeros
4. f is necessarily nowhere vanishing

37 AT fiqisn > 15 o
d(n) = n ¥ GATHF GIS(HT $7 TE=qT
v(n) = n % =t FaTsT AT A dEAT
w(n) =n ¥ TGHAT F HTF TV AAT
TS i F=AT
[SaTezund; af% pawTsT 8, 9
d@) = 2,v(p) = v(@*) = 1, 0(@?) = 2]
1. afEn = 1000 99T w(n) = 2, 79
d(n) > logn '
2. tHTnE ™ d(n) > 3vn
3. T n FfAw 2"M < d(n) < 29M
4. 7% w(n) = w(m), 7T d(n) = d(m)

37, Forany integern = 1, let
d(n) = number of positive divisors of n
v(n) = number of distinct prime
divisors of n
w(n) = number of prime divisors of n
counted with multiplicity

4-A-H
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38.

38.

39.

39,

[for example: If p is prime, then
d(p) = 2,v() = v(p?) = 1, w(p?) = 2]
1. ifn = 1000 and w(n) = 2, then
d(n) > logn
2. there exists n such that d(n) > 3vn
3. forevery n, 2™ < d(n) < 2¢9™
4. ifw(n) = w(m), then d(n) = d(m)

areggl F e wgeaa o A= fifsm

0 1
a7 = # & Fa-a7 797 22
l. G ¥ q0T F 3w §9g 97471 2
2. G & I F AT AT AHG T
3. G F1 g %394 ¢ 7% fawoidia &
4. G U F s gfea: sHa agg 2

- _a={(s b):bez, se[——l.+1}]

Consider the set of matrices
G= {(; ‘;’):b.e Z s€ {—1,+1}]

Then which of the following is true?

1. G forms a group under addition

2. G forms an abelian group under
multiplication

3. Every element in G is diagonalisable
over C s ]

4. G is a finitely generated group under
multiplication :

R #1 A& F g % Fafawey aom am #

R amaraw

I. afz R ¥ afiffmmaes srarer oemasT &
ARETE

2. gfx R $t afefEmras quisra«t 2
arRafifEa 2

. X RUF P.L.D. T R FT 2L YA &
HIY ITI77 P.LD. &

4. 72 R g win g, et afifdams
ST §, TR A R

Let R be a commutative ring with unity.

Which of the following is true?

1. If R has finitely many prime ideals, then
R is a field ~

2. IfR has finitely many ideals, then R is
finite

3. IfR isa P.1.D., then every subring of R
with unity is a P.1.D.

4, IfR is an integral domain which has
finitely many ideals, then R is a field

L



40. 4 ﬁ%aﬁxwaﬁﬁm

mﬁaﬁwﬁﬁaﬁw—mwma?

L3z A dag 2, T SHHT §a97F 4 g9+
=9 H dag 7 8

2. 7R A va-wg &, w g daw Ay
HaE g

3. % A ¥ag 2, 7= so s arqers
T F Hag T

4, 72 A TAHAG &, T THHT S g @

Let A be a nonempty subset of a topological
space X. Which of the following statements
is true? .
I.If A is connected, then its closure 4 is not
necessarily connected
2. If A is path.connected, then its closure 4
is path connected
3. IfAis connected, then.its interior is not
necessarily connected -
4. If A is path connected, then its interior is
~ connected

Unit-3

"4l

41,

42,

TRy ()~ 29(x) =0, y(1) =1,
Y(2) = 1FTE y(x) B A y(3) WA &

11

L, o 2, 1
. 11
3. 2_1' 4- "7_

Let y(x) be the solution of

X2y"(x) = 2y(x) = 0, y(1) = 1, y(2) =1.

Then the value of y(3) is -
11

. T 2 1
27 11
3. 5 4. =

e 1 % Rro ez Y@ + Ay(x) =0

1 (0) = y(m) 741 y'(0) = y' () F¥ ¥igea’

¥ §U AT & N 99 A F seren
L IE :
LAa=22 poyq2 .

2
2.A=2n n= 7 U5
3.d=nn=1,2,..

4 A=2n-1, n= 1 15,

4-A-H

42,

43.

The positive values of 1 for which the equation
Y'(x)+2%y(x) =0 has non-trivial solution
satisfying y(0) = y () and y'(0) = y'(n) are

I A= ""‘2“’, n=12..

2.A=2n, n=1,2,...
3.4=n,n=1,2,..
4 A=2n-1,n=1,2,..

9 PDE W fGgre =¥

Pu 2 2 3y
an ¥z ou
P(x,y) e Tele Bxdy

Qg +et ity oy u
aﬁpw'oﬂaﬁwwﬁmm
AT agE 1 P & we-ar war 2
. THTR > 0% f% PDE

() € R%:x% 4+ y2 > R} % Sty g
2. THTR > 02 f% PDE

{(x,y) € R%:x2 4 32 >.ijf31ﬁ'ﬂ?ﬂﬁ$
& o

3. TATR > 02 % PDE
{(x,y) ERE:x2+y2>R}ﬁ;Wﬁh'§'
4, TETR > 02 % PDE '

=0,

{(x,y) € R% x% + y2 < R} ¥ sfweamifs
Consider the PDE
*u 22 y? Pu
P(x,y) = tete ax0y
u 20U, oy Bu
. Q(-"-J’)'a},; +e wTe % =0,

where P and Q are polynomials in two

variables with real coefficients. Then which

of the following is true for all choices of P

and Q?

I. There exists R > 0 such that the PDE is
elliptic in {(x,y) € R%:x2 4+ y2 > R}

2. There exists R > 0 such that the PDE is
hyperbolic in {(x,y) € R%:x? 4 y2 > R}

3. There exists R > 0 such that the PDE is
parabolic in {(x,y) € R%: x2 + y2 > R}

4. There exists R > 0 such that the PDE is

~ hyperbolic in {(x,y) € RZ: x2 +y% <R}

44. FfrTor
v u .
Frane Wl (x,t) € (0, 1) X (0,00)
u(x,0) = sin x, x€(0,1)
u(0,¢) =u(1,¢t) =0, t € (0,00)



1 U 4T 2 w B & ey & & ie-ar aer
N :

1.' TET (x,t) € (0,1) % (0,0) 2 fF
u(x,t) =0

2. TET(x,t) € (0,1) x (0,00) & T
Tt =0

3. etu(x, t) FTHAT (x,t) € (0,1) X (0,)
% forg witag

4, TET (x,t) € (0,1) % (0, m)gﬁ;
u(x,t) > 1

Let u be the unique solution of

B L hers (5.0) € @10

B~ a2 here () €(0,1)x(0,)

u(x,0) = sinnx, x€(0,1)
- u(0,8) =u(1,t) =0, 't € (0,0)

45.

45,

Then which of the following is true?

1. There exists (x,t) € (0,1) x (0, ) such
that u(x,t) =0

2. There exists (x,t) € (0,1) % (0,) such
that ';—': (x;t) =12

3. The function e‘u(x, t) is bounded for
(x.6) € (0,1) X (0,00) -

4, There exists (x,t) € (0,1) x (0, ) such
that u(x,t) > 1

dwtdt et i ¥ e fregg sw o
a4

x+2my—-2mz=1

nx +y+nz =2 .

Zmx+2my+z=1

_stEt m,n € 2. et ot s afka ¥

fRrm, =fy sif¥mfa 2eft aft mn P #r
s 7

.. m+n=3 2. m>n
3. m<n 4. m=n

Consider solving the following system by
Jacobi iteration scheme
x+2my—-2mz=1
nx+y-+nz =
Zmx+2my+z=1
where m,n € Z. With any initial vector, the
scheme converges provided m,n, satisfy
I.m+n=3 2. m>n

3. m<n 4. m=n

4-A-H

46.

46.

47.

47.

a2 (t) 78 7% 2 ot e e &Y
ﬂfﬁﬂﬁaﬁf*@mé

JG) = f [x2(6) + ¥2(0))dt
Gﬁ'ﬁ?x(ﬂ) 0,x(1) = 1!@23“:%%13?

x* (z)wm%
ye 5 20E
' 1+e i
3 VB 4 20
' 142e " 1426
Let x*(¢) be the curve which minimizes the

functional

) = f [x2(2) + #3(0)]dt

satisfying x(0) = 0,x(1) = 1 Then the
value of x* (2) is

Ve 2\/e
L 2 ==
Ve - Ve
2 1+2e : o 12+2'e
AR y(x) = [; (x = Oy(e)dt = 1 FTF
My ar Fm A d AT o
I yuftag & wig R & swadi a4 &
2. y, R¥ swadt &
3. [z y()dx <o
4, [ %<
If y is a solution of

y(x) = [ (x = y)dt = 1,
then which of the following is true?
I. y is bounded but not periodic in R
2. yis periodic in R

3. In y(x)dx < o0

'rl y(x)

mﬁqﬁi@ﬁgmmmﬁf@uﬁm
ko ATAT FATHT F TF B & [ET 81 FHEAT
Taa B s gemmm-aEe ot o (3 ) |
g7 & S Al afw F E v & uE
THAT 9L AA1E O @ 1 afe gAY
ez ot # Rafa ¢ Ft =rdfiFa et
# wrr o Sy A 59 WO w1 S §



ma Koo
L Z4°—3(q—vet)
2k
2. 24 =35 (g = vgt)?
o
3. ?'fi’z'l';(l?‘?ot)

s k
4 4 +35(q = vor)?

Suppose a point mass m is attached to one
end of a spring of spring constant k. The
other end of the spring is fixed on a massless
cart that is being moved uniformly on'a
horizontal plane by an external device with
speed vy. If the position q of the mass in the
stationary system is taken as the generalized
coordinate, then the Lagrangian of the
system is

s VL 3
. 34°—5(q —vet)

2k
2. 74 = 3(q — vot)?

e

LT S
- 297+ 5(@=vot)

4. 24 +-:—(q — pt)?
Unit-4
49. et ag Reeftr sw=t amr ofar & 30

49,

1. 607

50‘

T 81 BT N F Fee F 4 Fwew § ad
weqdt Ft Faw uw #1 FAfen w0 2 A
aerdt A, B, C 37 30 Woat F Il #1 e
= & agfas Rfes = & @
Frenfit ¥ aft 30 st ¥ wha: v Sy

g i wrfisar 2
1. 60~* 2. 30°*
3. 4730 4, 4760

There are 30 questions in a certain multiple

choice examination paper. Each question has
4 options and exactly one is to be marked by
the candidate. Three candidates A, B, C mark
each of the 30 questions at random
independently. The probability that all the 30
answers of the three students match each
other perfectly is ;
2. 30

3. 4730 4, 4760

AR Xy, Xy, X3 Xo X5 TOT S G AT

i.i.d. argfeas TT gt ar

4-A-H
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50.

P(X1>X2>X3>X4 >X51X1—_-

max(Xy, Xz, X3, X4, X)) FT 0 &
I. 2.

Ele Sl
N|m e

3. 4

Let X.X;, X3 X4,Xs be i.i.d. random
variables having a continuous distribution
function. Then

P(Xy > X, > X3 > X, > Xg|X, =

 max(Xy, X5, Xa, Xy, Xs)) equals

51.

51.

1 1
e e
1 2 ¢
3. @ v E
FaEATHATR (0, 1, 2, 3, 4) AT AT AT
AT SHE A S e ¥ A § e
0 -"a% 20 .3 &
0/t 0.0 0 -0
1(1/3 1/3 1/3 0 0
P=2|10 1/3 1/3 1/3 0
30 0o 1/3 1/3 1/3
4\0 0 0 .0 1

T iy Py T /T EH

I 2.

4.

o W=
[T

-
2.

Consider a Markoy Chain with state space
{0,1, 2,3, 4} and transition matrix

0 1 2 3 4
0 /1 0 0 0 0
1(1/3 1/3 1/3 0 0
P=2| 0 1/3 1/3 1/3 0
310 0 1/3 1/3 1/3
4\ 0 0 0 0 1
Then lim,,_, o, pf;) equals
) . 1
g 2 3
3.0 4, 1
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§2. WO f(x) T 29 T gfeiE Fvd £
f(x) =ce ™", xeR. ;
cF B am ¥ g £ sriirsar 99 wom
grm?

2 ; 4,
T r(1/4) r(1/4)
3 _3 -
T r(1/3) 4r(4)
52. Consider the function f(x) defined as
f(x) =ce™™", xeR.
For what value of c is f a probablhty density
function? '
1, 22 2t
© r(1/4) - I(1/4)
I i 1
3‘. r(1/3) 5 4 (4)

afx (x,v) f=w s dew F agE &
'Gig"[ T-lT?RT H1: M2, m.ﬁw ay, 0y 490
| "4 U p &I STl G ST S 2

wqﬂmﬁnai_azﬁwﬁﬂﬁﬁﬁ
AT i TR A A 8

l. XFq4TY

2. XTATX-Y )
Sl X+yaATY

4. X+Y@garXx-v

53. Suppose (X,Y) follows bivariate normal
distribution with means gy, us, standard
deviations oy, 0, and correlation coefficient
p, where all the parameters are unknown.
Then testing Hg:0y, = 0, is equwalent to
" testing the independence of

l. Xand ¥

2. Xand XY

3. X+YandY

4 X+VadX-Y . ¢ 4

: m?ww%ﬂwﬁwpdf F
- Hew # § rar wrar 2

2 e <x<8, 050
fo(x) = {3601+0%)" e

0, ERE
UF A 12, —54,26,—2, 24,17, -39 1
TR F 0 FT I=AaAa TIAFAT AT 4T 27

4-A-H

55.

56.

i. 12 9
3. 26 4,

A random sample of size 7 is drawn froma
distribution with p.d.f. )
I 29 <x<6,0>0
fa(x) = {3601+6%)" =S R

0, otherwise

and the observations are
12,—-54,26,—2,24,17,—39. What is the
maximum likelihood estimate of 82

I 12 2. 24
3. 26 4,27
Xy, Xy, o+ FUHTET | 4T THLT | AT =T

THTHTAG: dfed argf>as 931 1 0% agwy
AT A S B N s arsfes a7,
Rrewraren 2 & S X, X, T o= di a9
Xy 4+ Xy 4 oo Xypq FTHECTE

133 2. 4
i 4. 9
Let X;,X;,+- be a sequence of independent

normally distributed random variables with
mean | and variance 1. Let N be a Poisson
random variable with mean 2, independent of
X1, Xz,+--. Then, the variance of X; + X, +
e X N+1 is

1.3

2. 4
5 4. 9

L

uF argfeas afke (x,v) F g wfEewi ¥

& TH=aE £ UF 9ve s g afze

o = FE 97T ¥ F X 9% FEraEer F o

Sq@T BNl ng TIAAVT (ny, 1y > 2) AT i-th

T (i=1,2) ¥ TWTAAW qE H

FATH T AHAT f; A WEA ny +np F

A AT #1 gE g4 e f, 9

afz By > f, > 0,2t ar o & 7 wew 22

L. B2 < Bo < By

2. B TR (B Br). & e T 2,
AfFT By + B, & wferw 7 &y aar

3. fo FUAT (By, 1), F AR HY AT R
HAT FOMCHF Tal ol gar

4. B, FOTHE BT THAT &



56‘

57.

T

58.

58.

There are two sets of observations on a

random vector (X,Y). Consider a simple

linear regression model with an intercept for

regressing ¥ on X. Let f§; be the least squares

estimate of the regression cocfficient

obtained from the i-th (i=1,2) set

consisting of n; observations (ny.ng > 2).

Let By be the least squares estimate obtained

from the pooled sample of size ny +ny . Ifit

is known that £, > £, > 0, which of the

following statements is true?

L By < o< By

2. f, may lie outside (B2, 8,). but it cannot
exceed f; + f,

3. fo may lie outside (B2 B,), but it cannot
be negative

4. Py can be negative

Hﬁ'ﬁ‘i .23 4T Ty 234 HHIT: XZWX;; T
Xy TT Xp, X3, Xy T Xy T wftmd ag
qEHEy T §| e F F sy &

< Tu23 = =03, 73334 = 0.7

T2z = 0.7, 1334 =03

T23 = 0.3, 1123, = 0.7

123 = 07, Ti.234 = -0.3

5= SR A

Suppose 13 33 and 7y 544 are sample multiple
correlation coefficients of X; on X;, X3 and
X1 on X, X3, X4 respectively. Which of the
following is possible?

l. 7123 = =03, 13234 = 0.7

2 Ti23 = 0.7, 234 = 0.3

3. 7123 = 0.3, 1234 = 0.7

4. Ti23 = 07, Ti234 = —-0.3

ATEA n = 2 F THF T N = 4 qréw 7 g0
# T wEr sRerw fooadw &
AT STFAFAT F 9T & R smar
& TRt ST AT ¥ wwrare § 2

[ | 2 3 4
P 04 02 02 02

T H g 1 F wfnf g £ w2
l. 0.4

: 2. 06
3. 07 4. 0.75
A sample of size n =2 is drawn from a

population of size N = 4 using probability
proportional to size without replacement
sampling scheme, where the probabilities
proportional to size are

4-A-H

$/06 CRIE/19-4 AH- 2A
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59.

59.

60.

60.

B3 2 3 4
Py 04 02 02 02

The probability of inclusion of unit 1 in the

sample is
1. 04 2. 06
3. 0.7 4. 0.75

mﬁ&(ﬁ)wﬁ?ﬁm f=%f1+%fz
2, 5ET f, 991 £, #Or: Rwh gHHv do
B N, D) Far N(uz,2) & wafs

m= (7). to=(2])TME =1, 5 2x2

THAF A=qg & 79 e & & 57 @ ot
)

I. X Q4T Y 9ATcHS qgdeay A &

2. X 791 Y WO QgHay 9T &

3. X T Y swgHag & Al caey a4 §
4. XTAY FaT &

Suppose that (‘P\:) has a bivariate density

= ':'fz + %fz, where f; and f; are respect-

ively, the densities of bivariate normal distri-
butions N (4, Z) and N (u,, £), with

W= (}) = (:DandE = I, the 2 X 2

identity matrix. Then which of the following

is correct?

I. X and Y are positively correlated

2. X and Y are negatively correlated

3. X and Y are uncorrelated but they are not
independent

4. X and Y are independent

I AT 2 = S5x + 2y F HAF dusy
x20,y20x2y 9T 2<x+y<4 ¥

|y sfdrway wr &
1. 14 2. 20
3. 25 4. 27

The maximum value of the objective
function z = 5x + 2y under the linear
constraints x = 0,y = 0,x = y and
2=x+y<4is

1. 14 2. 20

3. 25 4, 27



WRI/PART- C

Unit 1

61. AT (@, Jnso TR ATEATAF HEATA FT

FHE Bl AA AR K = Iimsup,,_.wlanli &

IR L e e o

I AR K = o0, 7T TXo@ur" ELTF 7> 0
¥ fore s 2

2. AR K = o0, qF E:=Uanr“ﬁﬂﬁ”‘ﬁ
r> 0% fro afErd a8 §

3, AfRXK =0, T T @ut " TLTE r >0
¥ fore afererdt 2

4, ARXK = 0,78 TEoa,r™ Bl off
r>0%ﬁqaﬁmﬂa€fa

61. Let {@,}n=0 be a sequence of positive real
1

numbers, Then, for K = limsup; e l@nlm,

which of the following are true?

1. if K = oo, then Yoq @, 7™ is convergent
foreveryr >0

2. if K = oo, then Ya=o @,r™ is not
convergent for any r > 0

3. if K = 0, then Y=g anr™ is convergent
for everyr > 0

4. if K = 0, then Y=g @,r" is not
convergent forany r > 0

62. WTH FF a € R Iy, |a) 9% 727 UAT
quits 2, ST @ F EreT & a1 I F7ET g
d:Rx R = [0,00) F d(x,¥) =
lix = ¥l x,y € R & afcarfa 4 a= =
¥ - g E?

1. d(x,y) = 0 afz 3w Fa= af2
x=y x,y€ER.
2. d(x,y) =d(.x),x,y € R
3. d(x,y) £ d(x,2) +d(z,y), x.y.2ER.

4 RUTdARFAE 2

62. For a € R, let |a| denote the greatest integer
smaller than or equal to @. Define d: R X
R - [0,00) by d(x,y) = lIx—yll, x,y €
R. Then which of the following are true?

1. d(x,y) =0ifandonlyifx=y, x,y ER.

2. d(x;}’) = d(y- x)! x,y € R.
3. d(x.y) = d(xa z) s d(z:y;)a x,y,z€ R.
4. d is nota metric on R.

4-A-H
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63.

o iR —» R e, ma = 7 8
FI-H TE 27
1. afX £ #7 7%F X-ae F wwia< Bt

YT 1 F9 q 79 4 g WA g

ar £ ¥t A g
2. afX faraF X-ae F wwrax et off

T #t aftway uF fag w R A f
AT 3

3. AR f AT AH X-3E F HAIC g AT B
F12 A1 f Ar=aTal &

4, T fFTAF X-AG F TRIGL T A T

UF T FV A FE Al f ATHL T B

Consider a function f: R = R. Then which

of the following are true?

1. f is not one-one if the graph of f
intersects some line parallel to X-axis in
at least two points

2. f is one-one if the graph of f intersects
any line parallel to the X-axis in at most
one point

3. f issurjective if the graph of f intersects
every line parallel to X-axis

4. f is not surjective if the graph of f does
not intersect at least one line parallel to
X-axis

AR () = [ dt A RE AR

x*4t?
FA-A w1 &2
1. RYT f ofag 8
2. RYT fHaa g
3. RUT f = afvefug 78 §
4. RUT f ¥ad 75l &

Let f(x) = [ < dt. Then which of the

x+t?
following are true?
1. f is bounded on R
2. f is continuous on R
3. f is not defined everywhere on R

4. f is not continuous on R

65.

(x,,) EATHE ATEA A FT ATFEA 81 AR

yﬂ:lizn@aﬁwﬁ%m-ﬁmg?

1 afX (y, ) FRET &, AT (x,)
Ftar 8

2. AT (x,} FfwaTE &, 7 (3, Joft AT G

$/06 CRIE/19-4 AH- 2B



65,

0

66.

66.

67,

67.

3. R {xy ) PG &, A (3, ) P oPaz 2
4. AR {y, } Rz 31 (x,) i oRaz 2

Supposc that {x,, } is a sequence of positive
reals. Let y, = —2 Then which of the

1+x,

following are true?

I {xn} is convergent if {y, } is convergent,
2. {y, } is convergent if {x, } is convergent.
3. {¥n } is bounded if (x, } is bounded.
4. {xn} is bounded if {y, } is bounded.

ar %
xsin(1/x), x€ (01]%

f& =[ 0, x=0§?ﬁ-‘!'q’ﬁrq

T g(x) =xf(x)for0 < x < 18, ar et

# & B wdt &

1. faftag e amer ¢

2. fafaz Rreor arar &

3. g TRag fre=oy avem &

4. gwmﬁawmmﬁifa

_ fxsin(1/x), forxe (0,1]
Lctf(x)—[ 0, forx=0

and g(x) = xf(x) for0 < x < 1. Then
which of the following are true?

I. f is of bounded variation

2. [ is not of bounded variation

3. g is of bounded variation

4. g is not of bounded variation

a<c<b, f:(a,b) > R FT Faa ar{ a2
£ # (a,b) \ {c} ¥ % fifg 7% sraeverfiy wr
R cmgafmdaana
a2
l. ¢ 9Xf waFarg &
2. ¢ T f T SAFAAT ZAT AA9TF T &
3. ¢WX f sEwEArT & o
limyc f'(x) = f'(c)
4 cTf AFAFAAITE =¥ f'(c) smavas
mﬁ'“mx—-cf’(x) ?ag

Leta<c <b, f:(a,b) - R be continuous.
Assume that f is differentiable at every point
of (a,b) \ {c} and f' has a limit at ¢. Then
which of the following are true?

4-A-H

68.

69,

69.

I. f is differentiable at ¢
f need not be differentiable at ¢
. f is differentiable at ¢ and
limy... £'(x) = f'(c)
4, f is differentiable at ¢ but f'(c) is not
necessarily lim,_,. f'(x)

W

F:R - R % Sgeam wa7 971 feg & &

ﬁmmpkammﬁﬁnmawﬁaﬁna
1. Z 2. N
3.0 4. R\Q

Let F:R - Rbea non-decreasing function.
Which of the following can be the set of
discontinuities of F

1. Z 2. N
3. Q 4. R\Q
f:R3 = R3 =7

f(xLaIZ-xz) =

(e*2cosx;, e*2sinx, 2x; — cos x3)
ARTaTr d AR R s E =
{122, x3) € RY: (x4, %5, %3) F AT YT
S U s awg 8 % £, fga sfafas
gamafmidsmaagd

I, E=R3

2. EMig ¢

3. Emvrfta 7 & A 3 i &

4, {(x;,xz,g) € R3:xy,x; € R} E #13fm

Let f: R* - R3 be given by

fxyx3,23) =

(e*2cosx,, e*2sin X1, 2%y — COS X3)
Consider E = {(xy, x,, x3) € R3: there exists
an open subset U around (x;, x5, x3) such
that f|y is an open map}. Then which of the
following are true?

. E=R?

2. E is countable

3. Eis not countable but not R3

4, {(xl,xz,g) ER3x.,x, € R} is a proper
subset of E



70, X FAOTAT Feg HTA 79 e # & F A
T TAE?

| x o AR dd B d) Tt 2
2, X WT tEr ARw d 2 & (X, d) T
e

. Xt A d g (X, d) dEa
. X oz e A d @ & (X, d) W'
T

70. Let X be a countable set. Then which of the

following are true?

|. There exists a metric d on X such that
(X.d) is complete

2. There exists a metric d on X such that
(X.d) is not complete

3. There exists a metric d on X such that
(X,d) is compact

4. There exists a metric d on X such that
(X, d) is not compact

71. wr B R & R™ § R wiafE=t 6
L(R™) 5wf® 1 41 3 Ker(T) 751 T Ht
a2 (g wwf®) R @ e A a2
AT 2? '
| TETErE T e LRS)\{0) & i
(T) = Ker(T)

2. T HE TeL)\0}TEi g i
(T) = Ker(T)

3. TETATE T € L(REO\{0} & v &=
(T) = Ker(T)

4, TATFE T € L(RO\(0} T &, P ¥
(T) = Ker(T)

L#¥]

&

71. Let L(R™) be the space of R-linear maps

from R™ to R™, If Ker(T) denotes the kernel

(null space) of T then which of the following

are true? _

1. There exists T € L(R3)\{0} such that
Range (T) = Ker(T)

2. There does not exist T € L(R5)\{0} such
that Range (T) = Ker(T)

3. There exists T € L(R®)\{0} such that
Range (T) = Ker(T)

4. There does not exist T € L(R®)\{0} such
that Range (T) = Ker (T)

7. °ri B R w2 ofifig Reftr aRa w2 v 2

Far TV -V s R g a7 1=
s aRREE TV - W, T W - V F B

4-A-H
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72.

73.

73.

74.

74,

T=T,eT, g0 awg MaTsmasar & & w
ufrfie fefrg afer aufe g aur

. T, T4T T, 311 ATo31aH &

. Ty TAT T, 3041 UHHI

. Ty AoETSF §, T THAT &

. T, UL, T, =25 F &

W N

Let V be a finite dimensional vector space
over R and T:V = V be a linear map. Can
you always write T = T, o Ty for some linear
maps Ty:V = W, T W - V, where W is
some finite dimensional vector space and
such that :

1. both Ty and T, are onto

2. both Ty and T are one to one

3. T, isonto, T; is one to one

4. T; isone to one, T, isonto -

A = ((ay)) F1 3 x 3 AP =4 7T |
A FAHT F T2

. det(((=1)*ay)) = detA

. det(((—1)*a;;)) = —detA

. det(((\f—_l)”jaq)) = detA

. det((V=1)*1q;))) = —detA

B N =

Let A = ((a;;)) be a 3 x 3 complex matrix.
Identify the correct statements

1. det(((-1)*/a;;)) = detA

2 dEt(((— 1)““‘(1“)) = —detA

3. det((V=1)"*/a;;)) = detA

4. det((V=1)"*"a;)) = —detA

px) =ag+ ax+ -+ ax"F n>1
a1 (RRAf) &1 sraeaT FgTs A AU
q(x) = [F p(edt, r(x) = p(x) T B
w11 7fE vV #r x F ot aguat i aratas
g amd T R A FFm I a7
% _

. q @47 vV ® awa \mm T

. q @1 vV & e =\ 6 e

. gaar rfrifEE R d a2

. q@ar v s e d 2 2

= oW o -

Let p(x) = ap +a;x + ++-+ a,x" be a non-
constant polynomial of degree n = 1. Consider
the polynomial

a() = [} p(Odt, r@) = £p().



75.

75.

76.

Let V denote the real vector space of all
polynomials in x. Then which of the following
are true? _

l. g and r are linearly independent in V

2. g and r are linearly dependent in V

3. x™ belongs to the linear span of g and r

4. x™* belongs to the linear span of ¢ and

M (R) #1 R 9% n X n =2 #7 707 777

ﬂ‘uﬁwﬂ‘#aﬁw&anaz%ﬁqm@

|. UF sieqz A, B EM,(R)so g a &
AB — BA = L, 92T I, n X nawws

=E §

2. AT A,B € M, (R) 79T AB = BA arar
R 7% A 747 fFmifr 2rm afe sic 399
% B +ft R 9v Bramidiy 2y

3. AR A,B € M,(R), 7 AB 7T BA
#F arfoaes aguz wh-3 21

4. 72 A,B € M,(R), 7t ABTATBA® R
# st AT (eigenvalues) TF S
gt

Let M,(R) be the ring of nxn matrices

over R. Which of the following are true for-

everyn > 27

I there exist matrices 4, B € M,, (R) such
that AB — BA = [,,, where I,denotes the
identity n X n matrix.

2. ifA,B € M,(R) and AB = BA, then
A is diagonalisable over R if and only if
B is diagonalizable over &

3. ifA,B € M,(R), then AB and BA
have same minjmal polynomial

4. ifA,B € M,(R), then AB and BA

have the same eigenvalues in R

PR A= (ay), . 1<ij 5%

. 1 .
Wﬁ,wmﬁ&ﬁ? a£f=nf+n;+1'w
n,ny €N.TE A FadAvs

AT fAfer aregg geme
Lon=iw¥fti=1,234,5%fm

2. My <Ny << g

3. ny =ﬂz'—""=ﬂ.5

4. ny>np > >n.

4-A-H
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76.

77.

byl

78.

78.

Consider a matrix 4 = (ay),, o

1 =i, < 5 such that ajj = where

nptng+1’
n;,n; € N, Then in which of the following
cases 4 is a positive definite matrix?
ny=iforalli=1,23,4.5
n1<n2<---<n5

Ny =Ny =--=ng

Ny >ny > >ng

e L

(.:R"XR" - R Fr R® 9% {195 AT

TOTTES HIH | ST w e R™ ¥ f,
To: R™ — R" 97 Ay =7 F qfvarfig 55

To(v) =v —%",—)w, veER"F o am
e & & w3 qer 32

l. det (T,) =1

2. (Ty(v1), Ty (v2)) = (v1,v3) Vv, v, € R?
3 Ry =

4. Ty, = 2T,

Let (,): R" x R™ 5 R denote the standard
inner product on R™. For a non zero w €
R", define 7,,: R* — R™ by T,,(v) = v —

%’-ﬂ:—; w, for v € R®, Which of the following

are true?

I det (T,,) =1

2. (Ty (1), T (v2)) = (vy,v5) Y vy,
vy = R"

Ty R o

4. Tor =27,

wfidrr d “(° Daary
Q“WA—(I O)Eﬁaﬂ‘w

e % i ¥ & sa-d s 2 s o w

ST 2 X2 T sregg P ¥ fw

PCAP w9 ¥ 2 75l Pt & s19rg P ¥ wfrad

ﬁglz 0 2 0

b (o -2) 2 (o 2)

~ (1 0 (3 4

N {5

Consider the matrix 4 = ({1} ;) over the

ficld Q of rationals. Which of the following
matrices are of the form PAP for a suitable
2 X 2 invertible matrix P over Q? Here P!
denotes the transpose of P.




2 0
i (g -?z) 29g 2
R s (3 )
Unit 2
79. z € C¥ R, f(2) = (23 + 1) sin 2? ATAI

79.

f@)=ulxy)+ ivxy) a1+, TgT

7 = x + iy TUT u, v ATEEAF AT FAT |
wRmiIsa T

1. u:R2 - R &q: SGFaAH1T &

2. u HAT &, Tig AALTE AL F sy

&

3. udfEE g

4. aft z € € ¥ forg, f & Ao

- arfrarr areaft §2, @,z & Ramr
ST EFAT

Let f(z) = (z* + 1) sinz* for z € C. Let

f@@) =ulxy) + iv(xy),

where z = x + iy and u, v are real valued

functions. Then which of the following are

true?

1. u:R? - R is infinitely differentiable

2. u is continuous but need not be
differentiable

3. u is bounded

4. f can be represented by an absolutely
convergent power series Yo @nZ"
forallze C

2 € C ¥ iy a9 AEead AT B
FHT: Re(z) T4T Im(z) AT &1 FHA

Q = {z € C: Re(2) > |Im(2)|} & T4T
f.(2) = log z" AT &1 n € {1,2,34} M
gt log: C\ (—0,0] = C TLIH
(logarithm) FY Tex amar ¥ wfcarar 81 79
e & & F9 A TET 27

. (A)={zeC0= |Im(z)| < m/4}

2. £-(Q) = {z € C:0 < |Im(2)| < m/2}

3. f2(Q) = {z € C:0 < |Im(2)| < 3n/4}

4. fo(Q) = [z € C:0 < |Im(2)| <7}

4-A-H
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80.

81.

sl.

82.

Let Re(z),Im(z) denote the real and
imaginary parts of z € C, respectively.
Consider the domain Q = {z € C: Re(2) >
|Im(z)|} and let f,(2) = logz", where
n € {1,2,3.4} and where log:C\ (—,0] =
€ defines the principal branch of logarithm,
Then which of the following are true?

1. fi(Q) = {z € C:0 < |Im(2)| < n/4}

2. () ={z€C:0 = |Im(2)| <n/2}
3. () ={z€ C:0 < |Im(2)| < 3n/4)
4. f(Q) = {z € C:0 < [Im(2)| <}

FL=ATF = (f:C - C| f % a8 deafs
%o &, |f'(2)| < 1f (2)| z € CF ) e
s @ RE AT I TA

|. FaRfm ag==a

2, FAAaaq==a &

3. F={Be"*: B €Ca€C)

4, F=(Be® B EC, |a| <1}

Consider the set

F = {f:C - C| f is an entire function,
If'(2)] < |f(2)] forall z € C}.

Then which of the following are true?

1. F is a finite set

2. F is an infinite set

3. F={Be**:f €C,a €}

4, F={Be™:BEC, |a| =1}

ok fF D={zeC||zl <1} 79T w€ED.
F,:D = D# F,(z) = -— & aftanfiq

T, AR T TR a8

1. Fusft g

2. Fudft 7el &
3. F ar=ana# &

4. F Sr=ames A8 §

Let D = {z € €| |z| < 1} and w € D. Define
F,:D - D by F,,(z) = =—. Then which
of the following are true?

1. F is onetoone

2. F is not one to one
3. F is onto

4. F is not onto



83. a € Z AN fFa = b2 + 2, 5z
b,c € Z\{0}, aaaq?rq&aaﬁwm

k.

2.

3

4.

pd?, STEl d € Z.74T p Fwrsw § wafs
p = 1(mod 4)
pd?, 5Tgi d € Z.797 p FaTSw & Fafs
p = 3(mod 4)
pqdz SEl d € 29T p, g HATT & At
= 1(mod 4),q = 3 (mod 4)
qdz W&l d € Z47 p, q Bt a2
&% p,q = 3 (mod 4)

83. Leta € Z be such that a = b + ¢2, where
b, ¢ € Z\{0}. Then a cannot be written as

2.

-
3.

4.

pd?, where d € Z and p is a prime with
p = 1(mod 4)

pd?, where d € Z and p is a prime with
p = 3(mod 4)

pqd?, where d € Z and p, q are primes
withp = 1(mod 4),q = 3 (mod 4) -
pqd?, where d € Z and p, q are distinct
primes with p,q = 3 (mod 4)

84. et ft srersw p % e o

G = GL,(Z/pZ)

T A= #%) a9 e & & gted g &

k.
2,

~P-L-J

G ¥ p fe F7 UF srag7 2

CH pFife 71 HFI= vF sma &

- G R FTE p-R=T (Sylow) I7awE & &
pﬁ&wamaﬁg(o 1)

" 8, 'l a € (2/p2)°

84. For any prime p, consider the group

G =GL(Z/pZ).

Then which of the following are true?

&=

G has an element of order p

G has exactly one element of order p

G has no p-Sylow subgroups

Every element of order p is conjugate to a

matrix ((1) ;‘j‘) where a € (Z/pZ)*

85. Z[X]FT qUITH! U TEULT HT T AT T
I 99g Z[X| g

2,

3.
4.

4-A-H

TR THT AT F OIS T
Q* ¥ gearHrd

T # afiEy e F ez Q %
TATH

oty

oAt
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85,

86.

86.

87.

87.

Let Z[X] be the ring of polynomials over

integers. Then the additive group Z[X] is

I. isomorphic to the multiplicative group
Q*of positive rational numbers,

2. isomorphic to the group of rational
numbers @ under addition

3. countable

4. uncountable

X = (0, 1) %1 Frgeq 51 sigerer qr a9v

C(X,R) FT X ¥ R % Had T #T 797

qr| e oft x € (0,1) ¥ Proars i

I(x) ={f € C(X,R)| f(x) =0}, a7 v &

ﬁﬁw#wgﬂ

L. 1(x) <7 qUrsirat (ideal) 2

2. I(x) 3 qurstraehy (ideal) &

3. C(X,R) ¥t 7T Iy qoram==t (ideal)
T x€X F R i(x) Fawac 2

4. C(X,R) qorfdia wig 2

Let X = (0, 1) be the open unit interval and

C(X, R) be the ring of continuous functions

from X to R. For any x € (0, 1), let I(x) =

{f € C(X,R)| f(x) = 0}. Then which of the

following are true?

L. I(x) is a prime ideal

2. I(x) is a maximal ideal

3. Every maximal ideal of C(X, R) is equal
to I(x) for some x € X

4. C(X,IR) isan integral domain

akne z A A= T A A TI R
L X34+ nX +18Tn% AU Z 9% swzy
g

2. X +nX+1,Z wasta g, afz
n € {0,-2}

3. X3+ nX +1,Z " gEsdiy §, af%
n ¢ {0,—2)

4. X34 nX +1, ZWRIHT: a8 n ¥ o
geftr &

Letn € Z. Then which of the following are

correct?

I. X3 4+ nX + 1 is irreducible over Z for
every n

2. X3+ nX + 1 is reducible over Z if
n € {0, -2}

3. X3 +nX + 1is irreducible over Z if
n & {0,—2}

4. X* + nX + 1is reducible over Z for
infinitely many n.



89.

89,

90.

Fap F1 ATSS 27 %7 IRAT &7 9191 8T
a€F, Fm A, =1L, 1+al1+a+
a@?,1+a+ a? +a?,:- } ot fFar
STaT g1 a9 e # F - g 82

. @ € FFy, FY 5y 39 avg i |4, | = 26,
12% aUaT g

0ed, AR A FaaaRa %0
|A,| = 27

Naer,, Ae TF TH A=A ¢ .

—

AW

Let IF;, denote the finite field of size 27. For
each a € IF,,, we define
Ag={L,1+aT+a+a’1+a+a’+
ad, -}
Then which of the following are true?
1. the number of & € IF,5; such that

|A;| = 26 equals 12
. D€ A, ifandonly ifa # 0
|A,] = 27
Naer,, Aq is a singleton set

Rga siao= (0, N F = Rgg e d &
aﬁw@rqﬁﬁama&ﬁ%%‘v

L{(0z-75) v 1)men)
2, {( 1—;—1—) nEN]

3. [(sm (mo) (:T;)):REN}
i {Ge‘“.l—(nm, "EN}

Which of the following open covers of the
open interval (0, 1) admit a finite subcover?

{03~ 2o () men

2 (ta-)men)
35 {(s:n (—) cos? w’;))-ne M}
4 {Gem1- )i e

X 1 aiftafas gafeam 4,4, FTXFI
YT SUaH=ag " AR E c X, 79 A &
F-7 wE 82

I.ENAEFTaq &

2. EnA EXwangaftEfRgad
.ENANAERTIRgaREfRga 2
4. ENA NA, EFaaa AR E, A, A,

woft g &

N

4-A-H
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90. Let X be a topological space. Let 44,4, be
two dense subsets of X. If E € X, then which
of the following are true?

I. ENA;isdensein E

2. ENA; isdensein E if E is open

3. ENnA; N A; isdensein E if E is open

4. ENA;NA;isdensein E ifE, A, A, are
all open

I Unit-3

9L »(X) T y"(x) +xy(x) =0, 0<x < o0 FT
o ATEATEF AT ATAT F1E 7T Ty, (%)
F Y@ +y(x) =x2+2,(0)=y'(0)=0
T g AT a9
1. y;(x) ® srafefoams g &
2. y,(x) # sqffiams g7 &
3. yi(x) ¥ afaas v &
4. y,(x) ¥ uiefoam= 477 §

91. Let y;(x) be any non-trivial real valued
solution of y"(x) + xy(x) =0, 0 < x < o0,
Let y,(x) be the solution of ¥"(x)+
y(x) = x* 4 2,y(0) = ¥'(0) = 0. Then
1. y;(x) has infinitely many zeros.
2. ¥,(x) has infinitely many zeros.
3. yy(x) has finitely many zeros.
4. y,(x) has finitely many zeros.

92, THIFT y"(x) + a(x)y(x) = 0 9% =
FX, @1 a(x) 599 w9 & v smads=
T 81 @1 (x) TIT B (x) F7 T 91t F1 20
FTA AT ZT FT AT ATA
$1 (0) = 1,¢1(0) = 0, ¢,(0) =0, ¢3(0) = 1.
W (1. @2) 3R ¢, TAT ¢, F1 At Y,
GE]
- W(pn¢2)=1
W(d1 ¢2) = e*
®1(T) + ¢5(T) = 2 afx & 75 srawr
FHIFTOT FT T F 919 A5 Aadl g &
4. ¢1(T) + P5(T) = 1 7R & 7 sraw
T T SAAF T F WG ATSF
Iadi g 8

Ld b —

92. Consider the equation y"(x) + a(x)y(x) = 0,
a(x) is continuous function with period T. Let
¢$1(x) and ¢, (x) be the basis for the solution
satisfying ¢1(0) = 1,$1(0) = 0, ¢,(0) =



0, $3(0) = 1. Let W(¢y, ¢b;) denote the

Wronskian of ¢, and ¢,. Then

. W(d1.¢2) =1

2. W(gy.¢,) = e*

3. 91(T) + ¢3(T) = 2 if the given
differential equation has a nontrivial
periodic solution with period 7'

4. $1(T) + ¢3(T) = 1 if the given differen-
tial equation has a nontrivial periodic
solution with period T

93. f:R - R ¥ 4T forafdres wer ar &
f(x) =0aR i Fam afk x = +n? @i
n € N. Wi a1 awear 9 R w53
y!(t) = f()’(t))'J’(OJ = Yo ﬁﬁﬁ'a’
FA-8 7ew 22
L yrrRe sa7 &, aft y, e R ¥ R
2. ﬁrd?‘iﬁyoell_x%%q,ﬁmuyﬂz.o
eFmfice R¥ R ly@®] <M,

3. WWTy, € R & f v g amfag &
4. supeserly(t) —y(s)| = 2n+ 1 3%
Yo € (% (n+1)3),n>1.

93. Let f:R - R be a Lipschitz function such
that f(x) = 0 if and only if x = +n? where
n € N. Consider the initial value problem:
¥'(®) = f(y(1)),y(0) = y,.

Then which of the following are true?

1. y is a monotone function for all y, € R

2. forany y, € R, there exists My >0
such that |y(t)| < M, forallt € R

3. there exists a y, € R, such that the
corresponding solution y is unbounded

4. sup;serly(t) —y(s)| = 2n+ 1if
YoEMiL(n+1)),n>1

9. x+¥)zze + (x—y)z2)=x% +y? FT

AT B 2 = z(x,y) &

. F(x? 4+ y? + 22,22 — xy) = 0 &=z C!
waq F & g

2. F(x®?—y*—2%22 - 2xy) =0 @5 C!
woT F ¥ oo

3. Fx+y+2z2~-2xy) =0&=g C!
waT F ¥ o

4. F(x? —y3 — 23,2 — 2x2y2) = 0 &g
C'wea F ¥ oo

4-A-H
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94. The general solution z = z(x, y) of

(x+y)zze + (x—y)z2z) = x>+ y%is

I. F(x?+y? + 22,22 — xy) = 0 for
arbitrary C* function F

2. F(x?—y* —22%,2% — 2xy) = 0 for
arbitrary C* function F

3. F(x+y + 22— 2xy) = 0 for arbitrary

~ C* function F

4. F(x® —y3 — 23,2 — 2x2y%) = 0 for

arbitrary C*! function F

95. 7f% frey gwey
*u  atu
3z 5? =0, (xy)e(0m)x(0,m),
u(0,y) =u(m,y) =0, y € (0,m),
u(x,0) = 0,u(x,m) = sin(2x), x € (0,m).

FTEF w8l a9
I max{u(x,y):0<x,y<m}=1
2. u(xo:y0) = 133

(%0, ¥0) € (0,m) x (0,m) ¥ fa
3. u(x,y) > —1 &+t

(x,y) € (0,m) x (0,n) F for
4. min{fu(x,y):0<x,y<m} > -1

95. Let u be the solution of the problem

2 2
%;;+ 3_3;;" =0, (x,¥) €(0,m)x(0,m),
u(0,y) = u(m,y) =0, y € (0,m),
u(x,0) = 0,ulx,m) = sin(2x), x € (0,m).
Then »

. max{u(x,y):0<x,y<n}j=1
2. u(xg,y¥0) = 1 for some
(%0, %) € (0,m) % (0,m)
. u(x,y) > —1 forall
(x,¥) € (0,m) x (0,m)
4. min{u(x,y):0<x,y<n}> -1

L%

96. T
h

|| 760 dx = ahf—h) + bhf () + ahf(hy
-h

+ ch?f'(—h) — ch?f'(h)
# ¥27 Ffe semaw 9 ¥ P a,b,c Fam

7 16 1
! a“15’b_1s' =
7 16 =1
2 a=b= g 15



96.

97‘

98.

7
3. ﬂ—‘l's'.b—?
7 pocis
4 a-1s'b_ 15

The values of a, b, ¢ so that the truncation

error in the formula

h
I f(x) dx = ahf(~h) + bhf (0) + ahf (h)
-h
+ ch?f'(—h) — ch®f'(h)

is minimum are

1. a—--—— p=2

1

15’ T
16 =
2.a=1?;,b 15C=1_;
7 =
3. a=1, b-—%:,c—:s
7 = =

FF x?+ax+b=0 9T fFER w
Rore® 2t a3 g7 a 747 g ) 5= 1, FT
AT a % F6T OTa 1 oy star g, @ e

# & F-dt graradt = g grf

1. gy = =22 X (o] > (]

2. Xp41 = —x':‘+b. afF |l > 1

3 X1 == , A% |al < [B]

4, Xpp1 = —x“:b. % 2|e| < |a + B
Consider the equation x*+ax+b=0

which has two real roots ¢ and f. Then
which of the following iteration scheme
converges when x, is chosen sufﬁc:cntly
close to a ?

I Xp41 ==

ifla] > 1

2
= x“+b
2 el

« Xngyt = Xnta

[¥3 ]

ifla] <8I

2
4 Xpyy = =22 if2a] < |a +B|

2*u 9%*u

-ét_z_ﬁ' (x,t)ERX(U,m),
u(x,0) = f(x), x€ER,
u(x,0) = g(x), x € R,

4-A-H
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98.

99,

FT8F u HIA H

[, g TE 9T C2(R) ® 21 747 A gfdasi #r

Y= F4A 2l

(i) x<0FRTf(x)=g(x)=0

(i) x>0FfFUo< flx) <1,

(iii) x > 0F fBrw g(x) > 0,

(iv) f; g(x)dx < co.

a9 e ® & #19 ¥ Fuw 98 2

I ux,t) =0aftx <omart > 0F famw

2. Rx (0,00) TWuyaag g

. u(x,) =05 ft x+t<0

4. u(x,) =0, x+t> 0 HHTL FL®
F4 (x,t) F o

Let u be the solution of

*u %

ﬁ—@, (x,t) € R x (0, ),
u(x,0) = f(x), x €R,
u(x,0) = g(x), x €R,

where f, g are in C%(IR) and satisfy the
following conditions.
(i) “f(x)=g(x)=0forx=<0,
(ii) 0<f(x)<1forx>0,
(iii) g(x)>0forx>0
(iv) _[:g(x)dx <o,
Then, which of the following statements are
true?
1. u(x,t) =0forallx <0andt >0
. u is bounded on R x (0, o)

2
3. u(x,t) = 0 wheneverx + ¢t <0
4

. u(x,t) = 0 for some (x, t) satisfying
x+t>0

B = {(x,y) € R?/x* + y* < 1} q4T

C={(xy)/x*+y* =1} A qa1 fud g
FI HaT BT 741 AT % o B weaE a

ATHEFTEE (minimizer) &
JWwl = [f; (vZ + v{ — 2fv)dxdy +
Jo W* —2gv)ds.

T uﬁwﬁ%ﬁmwaag
I. —du = f,



99,

100.

100.

EE anaﬁg&raﬁmﬂiﬁrﬁmﬁ
(x,y) € C 9T u w7 fefra srawerr 21

Let B = {(x,y) € R?/x% + y? < 1} and
C={(x¥)/x*+y%=1}and let f and g be
continuous functions. Let u be the minimizer
of the functional

Jwl = [f, (v% + v — 2fv)dxdy +
Jo W% = 2gv)ds.

Then u is a solution of

L —du=f, iu=g
2. Au=f, g-l:-—u=g
3. ~du=f, %E=

4. bu=f, 2=

where g——: denotes the directional derivative

of u in the direction of the outward drawn
normal at (x,y) € C

T vl = fy [ @) + (')’ ax,
T y(0) = 1747 y(1) = z%sﬁh-rrﬁfm
F AT
1. T S99 (extremal) y 2 FF

y € CH([0, 1D\CA([0. 1]
2. TET AVH (extremal) y &

y € C([0, 1)\¢* ([0, 1])
3. FT AT (extremal) y CH([0, 1) H 2
4. FTFW (extremal) y C3([0,1)) % 2

Consider the functional
IB1 = J; [ @) + (' @)°] dx. subject
to y(0) = 1 and y(1) = 2. Then
1. there exists an extremal
y € ¢'([0, 1D\c?([0, 1])
2. there exists an extremal
y € €([0,1D\c* ([0, 1])
every extremal y belongs to C*([0, 1])
4. every extremal y belongs to C2([0, 1])

o

4-A-H

101.

101.

HHTHAT FHIFCT

o(x) - = [, xeto(t)dt = f(x) T = -

F aF

. FIE §aqd B £:[~1,1] - (0,00) &

S oo gar Sueewr g

2. FE HAA AT f:[~1,1] » (- 0,0) 2
Rra forg g=r Susrew grmr

. f(x) =e*(1-3x%) F o
g

4. f) =e*x+x3+ x5 FRowE
& g

Consider the integral equation
9() =3I , xe*p(t)de = £(x). Then

(7]

1. there exists a continuous function
f:[=1,1] = (0, ) for which solution
exists

2. there exists a continuous function
f:[=1,1] = (= o, 0) for which solution

exists

3. for f(x) = e *(1 — 3x2), a solution
exists

4. for f(x) = e *(x + x* + x5), a solution
exists

102. (q,p) ¥ AT =T AT PR T iaw o<

e
a) (Q.P) = (y/2qe® cosp,[2qe % sinp),
a€R

b) (Q.P) = (‘1? tanp, log(sinp))

C) (Ql P) - (;, qu)

aq

1. Fa (a) 74T (b) ¥ fw 70 wiaor AfkT
g

2. Fa« (b) @47 (c) ¥ fRw U i ke
g

3. ¥ (a) T4T (c) ¥ fRw 7o i< Ak
g

4. wft Rfta &

102. Let (g, p) be canonical variables. Consider the

following transformations

a) (Q.P) = (y/2qe% cosp,/2qe™*
aclR

b) (Q,P) = (gtanp, log(sinp))

©) (@.P) =, qp?)

Then -

sinp),



3,

4.

only the transformations given in (a) and
(b) are canonical
only the transformations given in (b) and
(c) are canonical
only the transformations given in (a) and
(c) are canonical
all are canonical

Unit-4

103. AT & uF st wriewar g2 & gitear

103.

104.

104.

T T2 W=H 1y, -+, %, FT ITANT F7F B
UF THHTE Q — Q Aa 74T 74T 8l
feddfmaasftug-Qamas
Ieae g i s & () Fr arsfa wr)?

1. #frer s, 1)

2. SOqTardt (1)

3. UHEHTH (0, 1)

4. OTAT (1/2)

Suppose a normal @ — @ plot is drawn using
a reasonably large sample xy, -+, x,, from an
unknown probability distribution. For which
of the following distributions would you
expect the @ — @ plot to be convex

(J — shaped)?

1. Beta(5,1)

2. Exponential (1)

3. Uniform (0, 1)

4. Geometric (1/2)

(Xp.n = 1) 797 X Bl midsar amfe o=
Tges e e & X, FTx &
sf¥razor wifdFar & grar 21 F= & § #9-4
T 22

1. E (X, —XI?) =0

2. PXp<x)=>PX<x)udTxeR

3. E(Min(1,1X, —X])) > 0

4. ITFAFaT | F 919X, = X| = 0

(X;,n = 1) and X are random variables on a
probability space. Suppose that X, converges
to X in probability. Which of the following
are true?

L. E(X,—X|*) -0

2. P(X, £x)2 P(X<x)forallx e R

3. E(Min(1,1X, — X)) = 0

4. |X, — X| = 0 with probability |

4-A-H

105, UITaT 9% U w7t T argieas waor av

105.

106.

106.

oA FE gt g sTsar | F A7=Avi— 1
TAT i + 1 T4F | AT T Griywar st 21
aq A= & F Fa vy 2
|. AT~ g semadt §
2. ATgoaE wH HALFONT (irreducible)

g
3. Frgfeaa awr g ot (null

recurrent) &

4. ATgTaF FHOT UATHE TILET (positive

recurrent) &

Consider a simple symmetric random walk
on integers, where from every state i you
move to i — 1 and i + 1 with probability half
each. Then which of the following are true?
1. The random walk is aperiodic

2. The random walk is irreducible

3. The random walk is null recurrent

4. The random walk is positive recurrent

FaeqT AT {0, 1, 2} TAT HHEAW AT

01 2
15 1

0 (7 8 B

p=_ |1 3
bR R

2 0 d

gy = 1

2 8 8

m%ﬁqﬁavsjamwﬁmﬁlwﬁrmﬁ
T # & weT 87

L limye pP =0
2. limpe P = limye POV
3 Uiy, B =2
4l PY =3

Consider a Markov Chain with state space
{0, 1,2} and transition matrix

g 1.2
6wt Sut
pe aos g
1:0;
g 30 4

2 \z 8 &8

Then which of the following are true?



107,

107.

l 08‘

108.

I liMmgae PP =0

pg} = limy_e pgj

) .
e =

2: lim,.

|5

' 1
S =
m _1

3

4. limye pyy =

X, Y® iid 5oz (np) a5fEs acamh
fedaamagad

1. X + Y~ Bin (2n,p)

2. (X,Y)~4g9= (2n; p,p)

3. Var(X —=Y) = E(X — Y)?

4. Cov(X+Y,X-Y)=0

Suppose X, Y are i.i.d. Binomial (n, p)
random variables. Which of the following are
true?

l. X + Y~ Bin (2n,p)

. (X,Y)~ Multinomial (2n; p,p)

. Var(X —=Y) = E(X - Y)?
.Cov(X+Y,X-Y)=0

£ L

at & Xy, Xy, Li.d.N(D,0%) &, wET
o%(> 0) F5TF 31 02 F o srreri F 3w
73 9T g

{(Tn=CaEl X2 : Ci>0n 2> 1)

T A A A AT aadr 2

L ?FfRur, amiafke, =

n~1

2. o F oo T, swfima 2 afX e, =%
3. az%ﬁ'anmg‘qﬁcnzL
4

n+

T
- T T MSE =gasfiga g aft ¢, = -

Let X3, X;,+ be i.i.d. N(0,0?), where
a?(> 0) is unknown. Consider a class of
estimators

n
[T,, = c,,ZxE P Cp> 0,2 1]

=1
for ¢%. Then which of the following are true?
I. Ty, is consistent for o2 if C, = -ni—l
2. Ty is unbiased for a2 if C, = i
i ¢ 2 =
. Ty is consistent for 6% if C,, = e

. MSE of T, is minimised if C, = :Ti‘z

[o8]

-

4-A-H

109.

109.

110.

Xy, X, 1 i.1.d. argfas =< a R
p.d.f.
2(6 — x)
folx) = —'8_2—, O_S x<@

0, A-g9T

Ho:0 =2% =g H: 0 = 3% 7fimr 5
ferg e wréteor g o &
T 1: Hy F Feftwe 51 af s
Faq AT max (X, X} <1 :
TEET 2: H, FT e w1 472 sl
Fae A max (X, X} = 1
e, i=1,2 Femadv i g &
qIawar o " A dFm aadt 0
1. gEremr | £ 0.05 sraet &7 ey
2.yt a;=1
3. wlteor 2 smfee &
4. T | wathea g

Let X1, X, be i.i.d. random variables with
p.d.f.

2(0 - x)
fa(x)=[“_é2__’ Usx=e
0, otherwise

For testing Hy: @ = 2 against H;: 0 = 3, the
following tests are suggested.

Test 1: Reject Hy if and only if

max {X;,X,} <1

Test 2: Reject Hy, if and only if

max {X;, X5} = 1
Let a; denote the probability of Type I error
for Test i, i =71, 2. Which of the following
are true? '
. Test | is a level 0.05 test

a; + a; =1
Test 2 is unbiased
Test | is unbiased

Sp FT A & A o =317 ofd
(6.0).(0,8), (=6, 0) 741 (0,—0) &, =T
9 > 0 =T 31 wrd (if) Sp T TF-
HATH &9 § d2 FT A0 FAT 21 AT
H & AT q TG FE 57

l. X q4TY S9eH+g &
2. XqATY AT E

-PALJJ.I\)



110.

111.

3. |X| + |Y| ®7 |T 6 & sifdrw 781 &) aFar
Xy x Y
4, IR (yl)w (y:)m'#wéﬁrqnq
21 93T §, 99 6 % forg Ieeaw

gTfar e &
max {|x1] + [71], 1x2| + |y2[}

Let Sg be the square region with four vertices
(8,0),(0,8),(—8,0) and (0, —6), where

8 > 0 is unknown. Suppose that ();:) follows
the uniform distribution on Sg. Which of the
following statements are true?

1. X and Y are uncorrelated

2. X and Y are independent
3. |X| + |Y| cannot exceed &
4,

If (;i) and G:) are two observations

drawn independently, then the maximum
likelihood estimate of 8 is
max {|x;] + Iy1l. |x2| + |y21}

X Xy, Xz, Xan—q(n > 5) FT AT iid.
AT+ ST p.d.f. fp 9f@E eEa (bounded
support) FTET & @4T § ¥ ATIE JH AT 2N
Xy < X@y < < Xgn-1) T35 AT
Xy, Xo, -, Xon—y FTF0 Wiazde 81 Fer
¥ #T F F97 TE 8?2

l. Xy — 6791 B-Xm*t{*—ﬁﬁ?."fi
2. X3y — 0 TIT 0 = Xzpoyqy F TH-A8 a7

L

g |

. Ky T 927 9 F e quida §
. E[X(k) +x(2!‘l—k)] H‘ﬁ'k =1,2,,n %
g o9 &

Let Xy, X3, , Xon—1(n > 5) be i.i.d. with

p.d.f. fp, which is symmetric about 8 having

bounded support. Let X3y < X(zy < <

X(2n-1) be the order statistics of the random

variables Xy, X5, -+, Xo5,—1. Which of the

following statements are correct?

1. X(y) — @ and 8 — X(4y have the same
distribution

2. X(1) — 0 and @ — X(3p-1) have the same
distribution

'S

4-A-H
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112.

112.

113,

113,

3. The distribution of X, is symmetric
about 8

4, E [X (k) +X (Zn—k)] is same for all
k=1,2,-,n

X ST FLAT & p-FAAL (p > 2) FETA H
W&T E(X) = p @41 Var(X) =% &, @ A=
HFIFAATTE?

1. E(XX")=Z + up'

2. E(X'X)=p'u+ trace (%)
.E((X-wE'X-mw)=p

4 P[(X-pw'E'(X—-pw)2t?)<E

2!
t+ 0%

X follows a p-variate (p > 2) distribution

with E(X) = p and Var (X) = Z. Which of

the following are true?

1. E(XX") =X+ up'

2. E(X'X) = p'u+ trace (I)

L.E((X-@wE'X—w)=p

4 PX-@)E'X-m =t < 5
fort #0

wwer gAY x 9t gfaeTa waraE wige
(logistic regression model) 9T fA=me &%, =i
AT FERTAATE (log odds ratio) FT HT:@T
BoTATEH B, Blx =0T x=—-1TT
YHSAAT F GFIATET F7 SFIara Ty AT
T T x = 1T4Tx =0 9T qFAAT % A
AT BT IAHT AT T, WA af fe
¥q A TE

. Ti=T

2 Tl =1

3. TyT, = ePo

4, TyT, = b

Consider a logistic regression model with a
single regressor x, where the log odds ratio
has intercept B, and slope ;. Let Ty be the
ratio of the odds of success when x =0 to
that when x = —1. Similarly, let T, be the
ratio of the odds of success when x =1 to
that when x = 0. Which of the following are
true?

L Gi=T

2 N=A

3. T, T, = ePe
4. T,T, = e*h



114.

114,

115.

"o 3 by, by, -+, byg ~ i.i.d. N(0,72) T4T

by, by, by FEATTIH i = 1,2, +++, 10;
j=1,2,,n,F T ¢ ~i.i.d.N(0,0?)
2l Xy = by + ¢ TRomfAA F 02 F
argas $1 ag, g (statistic)

T == S0 T XF

|, safoaa &

2. n— oo F I HIAT &

3. IRtHA g FAT A WE 12 =0

4. n - oo F AT €T &, FIF 79 5w

=0

Let by, by, -+, byg ~ i.i.d.N(0,7%) and

€ ~i.i.d.N(0,0%) fori =1,2,-,10;
J=1,2,-,n, independently of

by, by, +++, byg. Define X;; = by + €;;. As an
estimator of a2, the statistic

10 n
Tn IOnZZ

w

|. unbiased

2. consistentasn —

3. unbiased only when 72 = 0

4. consistent as n — oo only when 7% = 0

afz & 7 # w7 Fwer

i) =1,0<x < 174r

L(x)=1+cos(2nx);0<x <1,

2 A1 39 AT F e Feffaor Fi gwer 97

it e FaatfH

TR auex g F= § § S ad £

. ST FATEIGIAL OF ThIe0 7 4 -1 §
a‘ﬁiﬁ'wgﬁ E(:,I)

2. =7 -1 & Frgfeas g o g ¥ raa
Faffaror it s 2 &

3. T2 § uF Agfeas gie o g F
ot i i i T2 8

4, =1 FATFLOT F e FAAECor £ st
EUREEIE S

4-A-H

115.

116.

116.

Consider a classification problem between

two classes having densities

fik)=1,0<sx<1land f5(x) =

cos (2mx); 0 < x < 1, respectively. Assume

that the prior probabilities of the two classes

are equal. Which of the following are true?

1. The Bayes classifier classifies an
observation to class-1 if x € f.%)

2. A randomly chosen observation from
class-1 is misclassified with probability-;-

3. A randomly chosen observation from

class-2 is misclassified with probability
n-2

2m
4.  The average misclassification probability

of the Bayes classifier is %

¥y, Yo, o, Yy ~ii.d. N(u,0%) W19 S&T p
TAT o> AT 81 ¥y, Yy, o, Yy B n ATER
¥ UHF SRSWR {uyup,--,u,} T
Yi.Yp,.Yy ® & n WEFT ¥ SRSWOR
(vvy vy WRAAR F0 Y =3V, ¥ =
NY 1 ST F0 ¥ B e = S 20w,
T Pyor =~ Liey vy F RCATIRE #4179

Fedasmdaa
1. Yyp FT V5, Y, oo, Yy O AT w00
N(N n)

e e O = )

2. Ywor FT Y4, Y, -, Yy U G wHqTT
H(N-ﬂ) 7 )
i o= — V) ®

3. fip 1 i s X052 3
5 2
4. Fwor F1 FfET yHTT 07 &

Let ¥y, Y, Yy ~i.i.d. N(u,0?), where u
and o? are unknown. Consider a SRSWR
{uguy, -, u,} of size n from Y, Y,, -+, ¥y, as
well as a SRSWOR {v, vy, -+, v,} of size n
from Y, ¥, ¥y. To Y=
ZIL.Y; = N7, define fiyz =2k u; and
fwor = EE?:t vi. Then

following are true?

estimate

which of the



117.

117.

118.

118.

I. The conditional variance of %5 given
« N(N-1) on T2
Y,%,.Y% A=Y
2. The conditional variance of ¥yox given
. N(N-n) >
Ylf YZ! S5 YN 18 H{N-:} Z?;l(yl - Y)z
3. The unconditional variance of 5 is
N(N-1) 5
—g
n
4. The unconditional variance of Pyp is

N2
— g2
n

s FEvmes B =t fede 2 @i
TIFY i ==tE AT &, 99 Sl A 997 B

=A% | 7471 3 & i S’z C T97 D =% 2
#1 R 7 21 e afomft Rends

. A

. HEEE

. H-HAAFIT (non-orthogonal) &

. ot ueArAEl fede s amadT g

In a design with four treatments and three

blocks of 2 plots each, treatments A and B

are allotted to blocks 1 and 3 and treatments

C and D are allotted to bleck 2. Hence the

resulting design

1. is incomplete

2. is connected

3. is non-orthogonal

4. has all elementary treatment contrasts
estimable

TEft worreft F Frow # @S S 21 vt

F SraaTe I 47 3T (hazard rate) A ¥

|TY i.id =T ATACRT §1 AT T TZH H

Aot F7 TAT FHIGC FH H T AT I U]

¥ &9 FAT (hazard functions) h, T4T hy, &1,

TR A IR T

1. hy(t) < hy(®) ¥t ¢ > 0 % e

2. hy()<aadfte> 0% forg

3. hy(t) < A"t t > 0% fRro

4, h, TAT B E ST ¢ F A9 g8 giewTT
el &

+a L N -

Consider a system with two components
whose lifetimes are i.id exponential with
hazard rate A. Let hy and h; be the hazard
functions of the system if the components are

4-A-H
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1190

119.

120.

put in series and parallel, respectively. Then
which of the following are true?

[. hy(t) < hy(t) forallt >0

2. hy(t) < Aforallt >0

3. hy(t) <Aforallt >0

4. h; is a strictly increasing function of ¢

g AT [ Tar 1 F 5. 1000 Fder F77
Mg g1 FfE AT w=gy &, 9 AT 1 ogra
50% FT ATHAIN AT EFT SETE FAT 11
ERT 30% =iffa grm af¥ ame ' g,
FOAT | G 10%  FT AATAT9r SafEh FT 01
BT 20% =TT Sifea g @igAre 2
AT F gu ft aridEar 0.4 947 "@a
g it wifdsar 0.6 #1 FufEm srwiar &5
aftraftga F01 F g fge g ke

L. #OT [ # %, 1000 74T $9T 11 § T35 781
2. F9 1 § Fg &1 agr FAT 11 F % 1000
3. e F9AT | 2. 500

4. %, 600 FT | § 79T 7. 400 Fot 11 F

You want to invest Rs.1000 in companies |
and L. If the market is good, company I will
declare dividend of 50% while company Il
will declare 30%. If the market is bad,
company | will declare dividend of 10%
while company II will declare 20%. The
prediction is that market will be good with
probability 0.4 and bad with probability 0.6.
The investment that maximizes expected
dividend is
I. Rs. 1000 in company I and nil in
company 11
2. Nil in company | and Rs.1000 in company
I

3. Rs. 500 in each of the two companies

4. Rs. 600 in company | and Rs.400 in
company 11

AT 2T A AT UF M/M/1 afRF 92 e
F4 AH & ¢ > 0 F O ¢ 3 (¢ aftafEm)
AFTHAT T HAT N, &1 k = 1% o k-th
ITEF FT AHA THT Sy ATH A, = t — Sy,
g arrae ¥ are o 99y 2, ud

By = Sy4q — t, T t F A FHA F
for seftararer 2t a7 A & & F9-8 7o
2
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. A, FEE g S R
. E(A) =1/2

. B, mfag agas ax
. EB) =1/4

B L) D e

120. Consider an M/M/1 Queue with arrival ratc
A.Fort > 0, let N; be the number of arrivals
upto (and including) t. For k = 1, let S, be
the arrival time of the k-th customer. Let
Ap =t — Sy, be the time elapsed after the
last arrival and B, = Sy, 4, — t be the
waiting time from ¢ to the next arrival. Then
which of the following are true?

1. A, is an unbounded random variable

2. E(A) =1/2
3. B; is an unbounded random variable
4. E(B) =1/4 ' '
r For rough work ]
4-A-H
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