H]

XTHT

2015 (11)
wem 4 A
3T gH

favg wle  gRasr ais

: 3:00 g wofe 200 3%

o 0

11.
12.

O

ERCt

1Y Bt @ wrFT g & | §97 uem gRaer 4 v & @ (20 arr A F+ 40 9 ‘B +
60 47 'C' %) §go7 fdwey g (MCQ)RY 7v & | simuar w17 'A' & & sifddpaq 15 sk
a7 'B' % 25 g aer i 'C' § W 20 yer & v a7 & [ Il [EIRT G sifdd ge @
v QU Y @9 daer sl 97 'A' & 15,977 'B' @ 25 aer 47 'C' w20 Sl @ oirg @t
et |

L. THSIR, FTY FF STl W 17 77 & | ST Vel T 3N Hw BT A foreE i g I8
S Moy 5 gRaer § yo QR Silv bEl & e el ¥ @e-we 78 & | afa Yar & ar 9
gfgoficiery & Sl @re @) gRABT dacr BT a7 HY FHd & | §9 GV 9 SL.YH3IR. Fav
gFE I A g o | g9 gRAFT d T B B & o7y faRaET g Her T &

SL.TF3Y Sa¥ UFF & g8 | F QU 77 /17 Gv YT WS TN, AT T §9 G gRawr
& HHID [T, AT &1 3T E¥AER Hl 31q9F B |

319 ST SLVRSR. Tk TAH H ¥ 9%, [399 Bls, JRawT dis Sk o= wis & Hata
gl gal @ ict it 97 § Savd Pl BY| I8 Vo 47 gaerff @ former 8 & a8
SLTRS% T} G H ]V T¢ (59 T T @I & e Y, QAT 7 H¥d UV BIYEY
faavot @71 el afie W sglca T8 @Y U, fored Sad Dl B, fored Siadl
LTSI Y TAS B sedipla o A, & waHd & /

grT'A' # gdE e 2 3w, yrT'B' 7 y&E geq & 3 3w aer wrr'C' 7 gdw e 4,75 diw
T & | TP Terd Feaw & FOTHE qodiaT 9 'A' 7 @ 0.5 s a2 9 'B' § @ 0.75
3@ ¥ faar S | 9 'Cl @ SNl @ [y FUTHS qodidT T8l & |

a7 'A' T 9T 'B' @ yE geT @ A R [Qeey v T & | 99 W »IT VH [Qdey &
TE" ST “HAlTaH §1° & | SUBI TAF TIT BT Wl 3erdr Falad g geqr & | 9rr'C' H
T&E Jo7 71 “TP " I “VH ¥ SR’ [dbey wel & wpd & | 97 'C' § gld geq & el
faweal @1 Wel T BV U¥ 8 HiSe gre s | W GE fAbeul BT 9T T8 BYT Y Big
¥ wise T8l fear eI |

THST B §Y IT SGIerd VPl BT FIRT Hvd §Y U1V I+ qict RGNl &1 §¥7 SV 377 47eft
g3 B fory ST SEVTIT O |HAT & |

gEril @ Sy a1 X% Ul @ SRS BEl S g dl T8l forg T @Ry |
PAGATY BT SYINT BT BT AT T & |

Tem Gy oY o7 i Rfsa g 9 OMR Sav 939 & [39iford &%/ sfaoflciey &
7e7r OMR SR 739% Gl & 9997d 39 3951 Hid-derd glofeld o o aea &/

8= e,/ AeBNTr & geT # 39Tl 819,/ 918 S Uv 373l GYhNT FHIOE BRI |

HacT g¥lenr B QY Jafe d@ do7 darer Geerell @ & geiem gRaer \rer o o B
Sl & Sl |

srpeff grer ¥ E wrHETe B F HAa sear § |
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WORK |




2.

.| professors, were

. attended Mumbai

HIT \PART 'A'

ARAE o Gl AT A HT > gq Tei
A Uw A B g AREt @ Aeien H
ar Iy gy o forar un, <" AT & e
[T AT §IM 7| FlA-AT FAH AT

1. X 2. 1II
3. 1III 4. IX

“The clue i1s hidden in this statement”, read
the note handed to Sherlock by Moriarty, who
hid the stolen treasure in one of the ten pillars.

Which pillar is it?
1. X 2. 1I
3. 11 4., IX

A & grearget AT T Fanfesar s
Hqrag, feeeh aur deas & AT Hr IR
W UITYh 54 A ¥ Faod FAr o
HaMfssdr A emfAe gu 21 GTEATTh HEES
FaSE #, 27 ool FINSS H qar 30 AeaTs
HasSr A enfAer gul foeer dwum

ST # enfAer g arel ureaATaeRi Hge
e a1 A <

1. 18 ‘_j

2. 24 -

3. 26 ' 2

4. mﬁa@mﬁw@ﬁwm
HehdT | 4 _ ‘_,

Suppose thres:‘; %fetings of a group of

anged in' Mumbai, Delhi
afid Chennai. Ea ofessor of the group
attended exactly tw@ mggtings. 21 professors
eting, 27 attended Delhi
meeting and 30 aftended Chennai meeting.
How many of them attended both the Chennai
andelhi meeting§?

1.0 18

2.424

3.

4, nnot be found from the above
inf@rmation

AT F fREY I & e, fear e &
AR & Y3 ST Hr wilshar 0.1 1 I
Ty afdd foar e favw 4 9R amr axar

§, oY o1 I & el 3HS% e ST

oiffehar  giem:
1. 1-(0.9) 2. (1-0.9)
3. 1-(1-0.9)* 4. (0.9

The probability that a ticketless traveler is
caught during a trip is 0.1. If the, traveler
makes 4 trips , the probability thath&lshe will
be caught during at least one of the tripsis:

1. 1-(0.9) 2. =(1=0.9)" |
3. 1-(1-0.9)* ‘4 o &
. L ] . " - J ' /
!".
p F

T .('5.-{.:

ﬁﬁg&ﬁaﬁrmaﬁrmﬁm
9y & YA IRE fRA feer
F T 7 ¥ F7 Fadl T @3t

The minimum number of straight lines
required to connect the nine points above
without lifting the pen or retracing is

1. 3 2. 4

3. 5 4. 6

T FHS Ul & HIH ol faHeT & & Y
ABEl AT B& &g g & Idg W &
Y T FYATH oS FAT 87

1. V3 2. 1++2
3. 5 4. 3

Let A, B be the ends of the longest diagonal
of the unit cube. The length of the shortest
path from A to B along the surface is

1. V3 2. 142
3. 5 4. 3
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6. @Ear 3@ Ifg gaHTT F3 A for@r S 9. wH framg & U & <urH 39 & AR &
ar 39 I&aT # fRdel gUHAGd 3 g S T 20% Biel gl Fema & 3l Sas
1. & 2. ©OF d® ga X G wam gl Pema & @rer
3. @i 4. 3 3T T X AT & 37T &
| V10 -+/9 2 10-9
6. How many digits are there in 3'® when it is A Coo8
. . 102 -9 1034 9
expressed in the decimal form? P 4. i
1. Three 2. Six "’
3. Seven 4. Eight 9. The base diameter of a %la§s s 20‘?§naﬂler
. ) than the diameter at the' im. Th& gliss is
7. xy [AEAH FAGE W A T@T T qed filled to half the height.f'The ratio of éffpty to
IeIH { ISRAT g, 3R x dury et W filled volume of the glass is ,
. . V10 —+/9 " #10-9
oS 83ﬁ¢ 7.3?3ﬁEITT@<_-IT%I = L e {.r —
god F &g & AEAqH & 102 — 92 e 10% - 93
¢ . ( - 4. = a3
L. 8,7 2. (-8,7) - {9—8 { 93 _g
3. (4.3.5) 4. (4,35) i )

o g S # wE AEFedHR 9y W
ST T g1 9y & 3ima B 104

7. A circle drawn in the x-y coordinate plane
passes through the origin and has chords of

lengths 8 units and 7 units on the x and y axes, , gfedl & S FH BT Tdh HeL gl
respectively. The coordinates of its centre are 2 Rt garT TRa a}:& F R ¥

L. (8,7 2. (87 o ) 2.10

3. (-4,3.9) 4. (4,3.5) 34 ’ 4. 2m

24
8. T # ¥ AR Uh T & 3-1'5‘ CIrRy 10. A 'wheel barrow with unit spacing between its
TH-UF ged ST AT §| e ‘T ELT Wwheels is pushed along a semi-circular path of

. : mean radius 10. The difference between
3 IR qed & P S 2T v distances covered by the inner and outer

N '!i wheels is
s | ~% 1. 0 2. 10
f ‘_, 3.0 4. 2m
J.‘ 11. fg g=1150, r=13Ba=, qur g=143

® ) - o HAT S, @ e F & Hla-ar @
. 7 ! .
(3. 2V2 \\\ 4. J3/2 (100 3 =Th &I HI0T)
. 1. cosd<cosr<cosg
8. ' There is an inner cifcle and an outer circle 2. cosr<cosg<cosd

around a square. What is the ratio of the area Z - cosT <<C°S ‘;ZCOS g
of th€ outer circle to that of the inner circle? - Cosg=cos cosr

Pl " , ,
11. Write d =1 degree, » =1 radianand g =1
grad. Then which of the following is true?
(100 grad = a right angle)
1. cosd<cosr<cosg
M 2. cosr<cosg<cosd
3. cosr<cosd<cosg
1. V2 2. 2 4. cosg<cosd<cosr
3. 2v2 4. J3/2
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12. U fashcdl 9q% 100 9T T HoF dlell
ISt P ATl X 9T g1 Tgel TS FAGlAr H
fasha Fea 38 T@r Srar g, T 9 &
IR HEA H Fe & S 81 e & aRIT &
fara Hed ugel 315 AR #T 3T § W
oW fodr aEgt i wEa @A e g R
aE AT & A H 20% FHATHN GIal § o ggel
1S ASET 7 T Hed &1 &2

1. 122 2. 144
3. 150 4. 160

12. A vendor sells articles having a cost price of
Rs.100 each. He sells these articles at a
premium price during first eight months, and
at a sale price, which is half of the premium
price, during next four months. He makes a
net profit of 20% at the end of the year.
Assuming that equal numbers of articles are
sold each month, what is the premium price
of the article?

1. 122 2.
3. 150 4.

144
160

13. Yl 'AY YT & Aar JFeR Sl Hi *(
THAT Hedlol g 11‘
1. &Y G AgT g1 Hehdl ‘j
2. ad Uh & YR & Hao HGEr §
3. Wﬁmmﬁ@ﬁm%
4 %%ﬁawm?ﬁﬁ#z%amﬁl

13. The statement: “The father of y son is the
only child of y arents”
can neyver be €fue

L.
.
27 is true in only pe of relation
( 3. can be true for Morelthan one type of
\ relations

4. can be true only in a polygamous family

e

14. &/ arae @ TgIeT  3W e
: $r 3ma g, & #S P @ren
|a§aga"rﬁﬁo—aﬁa€ﬁm%?
1. &8 (6-gon)

2. 3 3ol (8-gon)

3. G #of (10-gon)
4. TGRS (12-gon)

14. One is required to tile a plane with congruent
regular polygons. With which of the
following polygons is this possible?

1. 6-gon 2. 8-gon
3. 10-gon 4. J2-gbn
i)

15. ST I & died a—(-ﬁ'é- ] q—ffrgﬁr
= g, e o3 %%ZT q T
Bpior a1 S|

1.
/ & 37X 50 fogait A Aefeshd:
ST g1 @l Hera Reg-garell & dr

ﬁfﬂ.ﬂéﬁﬁfaﬁsﬂwa@?ﬁl

1.6 2. 3
(= =
[ [}
> =
(o (o
(] (]
_ —
. - . -
Distance Distance
. > >
= | =
(] [}
3 =
o o
() [J]
bt =
w . w
Distance Distance

15. Three circles of equal diameters are placed
such that their centres make an equilateral
triangle as in the figure

Within each circle, 50 points are randomly
scattered. The frequency distribution of
distances between all possible pairs of points
will look as

www.examrace.com



1.0 2: 0
c c
4] ]
35 35
o o
] Q
— —
w T w T
Distance Distance
o> >
c C
] (]
] >
o o
(<] [«]
— —
w T o T
Distance Distance

16. IRA & 3UTHRATY Yool H ARFR T
NT-FS & FAQAT H gAud gl s H
TISEROT A G fore ot & & ehdr g7
1. 39 R qaicd AT J qEr S g
2. IHT ¥ el T AT T G|
3. g3t & AT 5@ SR @ & 3T

qrar Fr waAT|
4. S drer SR & AGA F Nl & r
ITgHeldH JEROT gl

16. Most Indian tropical fruit trees produce fruits
in April-May. The best possible explanation

for this is R Y (

1. optimum water availability for fru1t .
production. £

2. the heat allows quicker rlpennt

3. animals have no other sourcesef food in
summer. .

4. the impending mon.ggoﬂ provides
optimum conditions {oripmgagation.

17. T 3cdd aarcr% (12-gdn)‘ & fawuf $r

e ¥ Ji

o _Kko 2. 54
1\\\ 4. 60

( S
17." The number of [diagonals of a convex

deodeeagon (12-gon) is

I 66 2. 54
355 4. 60
18. Jar g¥ WT & HAA: did g9 Jar

DNeApdic Bl Y o Bed & F5 I o
T@’ra%r%,ﬁs%ﬁamwvﬁaaﬂw

fAeeT 811 T A & fhdel TR g2
1.1 2. 2
3.3 4. 4

18. Three boxes are coloured red, blue and green
and so are three balls. In how many ways can
one put the balls one in each box such that no
ball goes into the box of its own colour?

1. 1 2. 2
3.3 4. 4
19. &Fc e YT ~"\
%amf’z‘rzﬁ_g)"J
I H‘F&Tﬁ__‘
A 3'$rﬁr
MY
r

ﬂ#&zuﬁa!afr#nwﬁmh

mfﬁ’q’ra;a:maﬂ?ﬁ%l

faearedt gl FET e
THEIT HT gl igAT fqeanfdat o
e gehar B

G E N T S T U
4 I S S OL V D
L I I S P A E
L M HT R B N
E E L B O L T
T N I Y B E S

1. GENT STUDENTS CAUSE LITTLE
HEART BURNS

2. STUDENTS ARE INTELLIGENT
BUT PROBLEM IS NOT SOLVABLE

3. THIS PROBLEM IS UNSOLVABLE
BY ANY STUDENT

4. THIS PROBLEM IS SOLVABLE BY
INTELLIGENT STUDENTS

20. 94T &AT §
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20. The missing number is

497 \PART 'B'

21. AW fF A, Sfa 2@ e aedfds 3 x 4
HeYE &1 ar ALAHT Sifa §, SteT A5A &
gRad & Afése war &

1. &1h-8I 2
2. H-81 3
3. Sh-O1h 4
4.31@%5?3{%2@%8%:23@(

21. Let A be areal 3 X 4 matrix of rar‘(
the rank of A'A, where At denotes
transpose A, is:

1. exactly 2 i ‘L
2. exactly 3 "
3. exactly 4 b
4.

at most 2 but ni)t necessarlli'?

2. a%m?num@’@—mwﬁaﬁ STat

1
o

( A‘oo
' 0

0 0

=

v=(x,y2w)

?)'IHT*
QT St

3 &
4 x 4 aEATEH
xy + z% = Q(Pv) Bl

O 4 x 4 aEATaSH
3-|T_€£P & T xy + y% + 22 = Q(Pv) %l
4. fordlt gl 4 x 4 aeafas 3megg P &
T x2 + y2 — 2w = Q(Pv) B

22. Consider the quadratic form Q(v) = vtAv,

where
1 0 0 O
A= 8 (1) g (1) V= (x,y,2,w)
0 010
Then
1. Q hasrank 3. q
2. xy + z% = Q(Pv) for some inyertible
4 X 4 real matrix P. .y
3. xy+y*+ 22 =Q(PY for?brne/‘ }

invertible 4 X 4 real trlx P.
4. x> +y?—zw = Q(?a for some r

invertible 4 X 4 realfmatrix P.|
J |

1 8
Fa,_ﬁ}T@qT\?EH@B-ﬁ p&
T &, e e &

91 31 0

[29 31 0]

79 23 59

=31 2. §={31,59}
3. 13,59} 4, S3d &

23, A .F S

T
s B

23. Let S denote the set of all the prime numbers
p with the property that the matrix

91 31 0
29 31 O

79 23 59

has an inverse in the field Z/pZ‘ Then
1. §= {31} 2. §=1{31,59}
3. §={7,13,59} 4. S§is infinite

24. I 4 TH 5x5 AEAfAR ey, IR 15
& Y g, du I 2 du 3 4 &
mmm%,mmang
& AT, dl 4 F IR0 8h FHA g

1.0 2. 24
3. 120 4. 180

24. If 4 isa5 x5 real matrix with trace 15 and
if 2 and 3 are eigenvalues of A, each with
algebraic multiplicity 2, then the determinant
of 4 is equal to
1. 0 2. 24
3. 120 4. 180
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25.

25.

26.

26.

27.

3. fRET xe(0, 1) P

Wﬂﬂﬂ?ﬁiﬁn F foT A+ & aeaEas
Wgﬂﬂ,aﬁﬁs;:a%wa?xﬁagqa’f
r gaAfe F p, [Afdse war g1 Tpw) =

(AT IRANT AGRA T2 P, »P, W =i

ar

1. 7T F@H FIROT § d41 far7 aRaEw
(D=5 %l

2. TUH F@H TR § dU1 fax7 aREx
(D=3 %l

3. 7T @& TR0 § aAr far7 aREw
(D=2 &l

4. TUF {yH FIAROT 78T ¢

For a positive integer n, let P, denote the
vector space of polynomials in one variable x
with real coefficients and with degree < n.
Consider the map T: P, —P; defined by

T(p(x)) = p(x ). Then
1. T1is a linear transformation and dim

range(7) = 5.
2. Tis a linear transformation and dim

range(7) = 3. E Y (

3. T1is a linear transformation and dim J

range(7) = 2.
4. T1isnot a linear transformation.‘ j

a4 &F fR—-R ua:‘afr'm Hdd:
SAFTAT T §, /(0)= f(ﬁ [=0%
qry| ar . f P

I/ TE T ¥ ‘

2. f"(0) Y

F"x)=0 I

4. [ el oo |

Let f:R — R be ajtwice continuously
differentlable funcj:j)n with

=/ (1) = '@ =0. Then

f" is the zero function.
2 "(0) is zero:
3. '(x) 0 for some x€(0, 1).
4. rever vanishes.

A 6 A=1,Th nxn3Tegg ¢ Allh A°=4
¢ ST8l, 1, ®IC n & dcGHS 3HTegg gl e
FUAT H T PIA-TT TEr A&7 g2

27.

28.

28.

29.

29.

1. (I,-A=1,—A.

2. R (4) =SId (4).

3. Sfd (4) +Sfa (1, —A) =n.

4 AF AATIOR AF 1 F FAA E

Let A # I, be an n x n matrix such that 4> = A,
where [, is the identity matrix of jorder 7.
Which of the following statementssis false?

1. (I,- Ay =1,-A. r .“"

2. Trace (4) = Rank (4). - / |

3. Rank (4) + Rank (/;, — ) =n. v
4 The eigenvalues of Afare each equal[cl) 1.

At B4, Rastga:aaaé‘qﬂﬂ—ﬂr%

A0 AR G AL
n sz’mw{m%

z.uéﬁm?ﬂ'zrw%l
'.Wa%?rmg—nra%l
e &l

"A be a closed subset of R, A # 0,4 # R.
Then A is /
1.4the closure of the interior of A.
2.1 a countable set.
3./ a compact set.
4. not open.

A & £ [0, 0) > [0, ) Tk Hdd Belel gl

e & @ Fla-ar @@ ¥

1. xoe[0,0) &, aTfF fixg) =x, &

2. Rl M>0 & T afg @t xe[0,0) &
ﬁl’Uf(x)SM%’,Fﬁxoe[O,oo)WW%
arfe flxg) =xo &I

3. Ay @ vw oga g & ar sEe
3efach g =ifev|

4. f@1 w1 @9d fog €t & S dh dF
(0, 0) TT 3TdFHITT el &l

Let f: [0, o) = [0, o) be a continuous

function. Which of the following is correct?

1. There is xoe[0, o) such that f{xg) = xo.

2. If flx) £ M for all x€[0, o) for some M > 0,
then there exists X, €[

3. If f'has a fixed point, then it must be unique.

4. fdoes not have a fixed point unless it is
differentiable on (0, )

www.examrace.com
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30. 3. nooo §, Al Sy — Synea| > 0 B
.1 1 1
Wﬁ<ﬁ+ﬁ+ﬁ+v@+"' 4 I noo &A1 E
1
W%wm) 32. LetS, = ¥P;1. Which of the following is
g true?
L 1. S;n > Zforeveryn > 1.
1. V2 2. & 2n 2 5 very ) "\
1 2. S is a bounded sequence.
3. \/E'i‘l 4 \/5+1 n ' 1
3. |Syn — Syn-1] > 0asn - ! .|
30. 4.2 S tasnoo « W ’
n | o
1 1 1
lim —< + + o F
oo Vn\V2 +V4 V4 ++6 - 24
1 UNIT 2 A A v
+ ) ™ B F
V2n++/2n+ 2 \ (L"'"--
is 33. (er %22 H23) (1 +y2+y3+ys) =
1. V2 2 L 15 3 foT el qOiid goll T Fol TEAT &
. -5
1 .
3.4V2+1 4 5o L 5 5
3 4. 4
31. (x,y)#(0,0) I (x,y) R’ & foT, &AW g o
0= 0 (xy) Th AT aeafas ger & 33. Wi atis tli?otal number of positive integer
- ' sol 10 the equation
afe —z<0< 7 aur (x,y)=(rcos49,rsuQ( O + x5 +x3) (V1 + Yo + y3 +v,) = 152
g Sl r=.x2+y? Bl @ IFy L)1 2.2
holel F 3 4. 4
0:R*\{(0,0)} > R _‘_j
1. ATHAAT Bl 34. THAT {zeC| 2% = 1TW B0 <n <
2.%@%?11&3@1&1 98 & faIT 2z = 1 } Y IUT=THITCTET Far &2
gfReg, Wg Idd ; * % 1. 0. 2. 12.
> ' d . 3 (¢ 3. 42 4. 49.
4. o A 9IRS, ApEIT gl

34. What is the cardinality of the set

3Ly For (x, y) R (x, y) #(0,0), let &= 6 {zeC |29 =1 andz" # 1 forany 0 < n <
(*)y) be the unique g umber such that -z 98 } 9
(< 0 < rand (x, y) & (Acos0, r sinf), where 1o 12,
" r=,/x?+ y?. Then the resulting function & 3. 42. 4. 49,
R’ \#{(0,0)} - R is
;"' (ﬁffgrentiablle). differentiabl 35. @Y x* =y? = (xy)? = 1 g&d 3Hagdl x,y
. jcontinuous, butinot ditterentiable. = A
3. fbounded, but net continuous. 1;~ 4[ U Hfg G %lzG ? d
4. 'neither bounded, nor continuous. 3: 8: 11
¢ 1 9
32. mﬁﬁfsﬂ = Yk=1y | it 3 & Fla-ar 35. A group G is generated by the elements x, y
e 82 with the relations
L 9AF n>1 & AT Sn > 2 & x3 = y? = (xy)? = 1. The order of G is
- o2 1. 4. 2. 6.
2.8, Th UREE IThA g 3. 8. 4 12.
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36. #A 6 R UF IfFST 9id § arfeh R Th
817 € &1 O §gUe derd R[X] gARM
1. T IfFesT 9id g 39
PIECER RIS I I
TSI i e &
4. TF G AUEST qid & P

36. Let R be a Euclidean domain such that R is
not a field. Then the polynomial ring R[X] is
always
1. aEuclidean domain.

2. aprincipal ideal domain, but not a
Euclidean domain.

3. aunique factorization domain, but not a
principal ideal domain.

4. not a unique factorization domain.

37. e # @ SIF-I1, Q W x12 -1 &1 Th

S —x?4+x-1. "\J

37. Which of the following is an 1rrqd,uc‘&)le
factor of x1? — 1 over Q ?

1. x®+x*+1. < "i
2. x*+ 1. | #% 40.
3. xt—x?4+1._ f i.f
4, x5—x4+x3‘»x2+x-— :
38..141?#&“2% grad it w aar|
2

a n
f(@) = Zp.anlogng®, §(z) =7, — 2"

I r,RFAU: f g @1 fFERoT B

grar
1."7_}-= O,R =1. 2.r=1,R = 40,
3. r=1,R =oo. 4. r=o,R=1

38. Comsider the following power series in the
complex variable z :

f(@) .EZ .nlognz", g(z) =
Y= 1— z™. If r, R are the radii of
convergence of f and g respectively, then

1.r=0,R
3.r=1,R

1
= 00,

. A % a,b,c,de RE a@f ad — bc > 08l

ARTH FART T, ,0,4(2) = o R @R
Qﬁaﬂfﬁ?rah‘ifﬁ?
={zeC:Im(z) >0}, H_= {ze(C"c
={zeC:Re(z) >0}, R_ —{z“
r—fr Tabcdmﬁam%

m(z) < 0},
e(z) < 0}

/

1. H, & H, K| i\
2o, muww d 4
3R, MR, W !
4 4 4
4. R, B Ray] & -
)

39 fet%b c,de Rbe{such that ad — bc > 0.

r the Mobius transformation

z) = D Define
cz+d
+=RzeC:Im(z) >0}, H_={z€eC

#={zeC:Re(z) >0}, R_

Re(z <_(il
Tlgen, T, - o maps
LIH, toH,.

2 H, toH._.
3. R, toR,.
4. R, to R_.

={zeC:

qiftafds @A x & wh 3uEgeId &
fod, & fh A @fdse & & ageag A
TUTX\ A & 3o g Fag gcanl & AiFAeT
FT ST X H FNETd: Ted g (3TUTT TaRoT
TEa &) A IS AcX & foT

1,41133% 2.
3. A Gag § 4. A

-,
1]
>y

For a subset A of the topological space X, let
A denote the union of the set A and all those
connected components of X \ A which are
relatively compact in X (i.e., the closure is
compact). Then for every A € X,

1. Ais compact. 2. A= A.
3. A is connected. 4. A =X.

www.examrace.com
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1. & T & [3AY gaATR Tl

2. F TH [OAY AR §, ST xdqr y &

@ B
41. R*H GLAFH. & dF W AR, 3 & 99 AR g, ST xJAT y H
Z—:zAY,Y(O)z((l)),t>OE|%T A= T g agug ¥l
-1 1 RO 4. % TH ¥ 3T0H 9T FATRS &
0 ol mmro- (yz(t)) el ar '4':-
1. t>0 & FIT y,(1) T yo(r) THIESE THATT 43. aTZhe PDEaZ . ES / ,
2. t>1 & TAT p(1) TUT yy(r) Thiese aeiaATT & =t 2ﬁ+ a—;:zx,"haé £
3120 F AT y1(0) T ys(r) THiGTE BTN %l 1. only one particular irg;gral. | r
4. t>1 & TAT p,(1) AAT y,(¢) ThiGSE FEATT &l 2. a particular iptegra‘l. which ig linear in x and y.
3. aparticular i;}tégral which.is a quadratic
41. Consider the system of ODE in A ]a:)éynomit)iﬁ xand y.
2 dY _ _ (0 4. fapre than'one pgrticular integral.
R, 2= AY,Y(0) = (1),t>0 B! ~ ¢
where A=["1 1] and .\ e w
y (t)0 iy S e
(N —+ @ —x-uw)—=u,
Y(t) = (}’2 (t)) Then x dy

1. y1(¢) and y,(f) are monotonically increasing W+ (y—x—u) = 0.

for £> 0. / :
) . 2. x+y+uw+ (y—x—u) = 0.
2. y1(?) and y,(#) are monotonically 1ncreé$1& shiG—y+w— cry+w =0

for¢t>1. ' 2 _

3. y1(¢) and y,() are monotonicall cﬁrésing 4}- w-xrtw+ @ty -w =0
for t> 0. ‘j 44. The soluti £ the initial val bl
4. y(f) and y,(¢) are monotonically decreasing . The solution of the initial value problem

for¢>1. "
A & du du
- . 1 (x—}’)a+(y—x—u)a—=u.
42. RW ALAF. y'(%) :f(f/(x)) ¥ faaw| afe . Y
f | u(x,0) = 1, satisfies
f Tk GH Bolel Ul y Th el 2

5 . l.u(x—y+uw)+ (y—x—u)= 0.
1. —y (=) 8T T, ' 2. Wi(x+y+w+ (y—x—u)= 0.

2 y(-x) o T l 3 uf(x—y+w)— (x+y+u)= 0.
(3- —y(X)SﬂWEﬁ?‘H 4ul(y—x+uw)+ (x+y—u)= 0.
LAy )y ()8 gl ol

i - 45. WHeldsh
42. Gonsider the ODEjon R y'(x) = f(y (x)). b, 2 .
I{y(x)) = + y’“ = 2ysinx)dx,
If #1s an even fungtion and y isanodd b&) 0% +y Y ! )
fuliction, then &I fe A &, TS A ¢, T ¢, &
1. & y (—x) is also'a solution. arer
2. x) is also a solution. )
3. W (i) is also a solution. Ly =Ce® + Ce ™ + - sinx.
4. y (x)y (—x) is also a solution. 1,
2. y=Ce*+Ce™ + 5 sinx.
43. 3. 3. y=Ce*+Ce™ —%sinx.
%u u | 9w _ 4. y = C,e* + Cpe 2% + = cosx.
dx? oxdy  9y? 2
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45. The functional 1. i+ 16f + 9%k 2. —i—16j— 9k
_ (b, 2 2 : ~ ~
() = [,&* +y7 = 2ysinx)dx, 3. 1+16) — 9k 4. 1—16j+ 9k
has the following extremal with c¢; and ¢, as
arbitrary constants.
1. UNIT 4
1. y=Ce®* + Cre™?* + 5 sinx.
2. y=Ce* +Cre™* + %sinx. \

49. Ntrfﬂvﬁwww—cm amer

3. y = (et +C2e—x—%sinx. oo fi & WY AR Y f = a/mr_fr
1 L

4. y = Cie®* + Cre™%* + %cosx. AT xp, xpee, 1 T
ke J&T0T, J&TUN Yehh x,) X, xktlT
46. AT THTHA THPIOT @(x) = x + g3, mﬁ;qﬁaﬁq(m)ﬁﬂh AT N+k
AL @(s)ds 1 |resh 3 R(x, t, 1) & a:r %ﬁmxlaﬂhﬁ{fﬂér
1. e*t*o 2. 0 o #{r ATEY QAR AT A %
3. AeG+0 4. et | @ ar 3 B9 B
! ATCIHT aRThd: HoT ARG &
46. The resolvent kernel R(x, t, 1) for the I IAAF B

Volterra integral equation

, : N
p(x) =x +)lf;(p(s)ds, is 3 : TEROT JTaRTehcl: HA TEIOT
1. eMx+t) 7 eAx-t) T30 FHA gl
3. 2e™+D 4 elxt *{ 4. Eolh 7T Sgeih & HA ¢

49. A'set of N observations resulted in £ distinct

47. aeR & o0 &AL & fx) = ax %%Fﬂ'
ToRIdTed X1 =fx,) n>0 T &.A & o

i’ . .
values xi, x»,--+, x; with respective

el frequencies fi, f5,--, fi» SO that ¥, f; = N
IFERT B & 59 5 4 A Another k observations resulted in
1. a=5. A 5 observations xj, X,,---, X; once each, so that
3.-a=0l 4 i: 0. the modified (new) sample of size N+k has
i observation x; with frequency f; + 1.
47. Let fix) = ax +]1€Q or a €R. “Then the 1. The new mean is necessarily less than or
. iteration x,,; = f(xfifor n > 0 and x, = 0 equal to the original mean.
onverges for P 2. The new median is necessarily more than or
(Cl‘ a=5. 2. a=1. equal to the original median.
3. 4=0.1. 4. a=10. 3. The new variance is necessarily less than or
" equal to the original variance.
My e 7 4. The new mode will be same as the original
48. el A wiger 20+ j — 2k drel ST W mode
aa 51— 2/ + 3k FR FAT ¥ 3EIH F A '
ST BT Ser3 e 50. ©: 3&RY, 4,B,C,D, ETYT F & Fiooed:
1. 1 6/ %g% 2. —i=16] = 9%k T R IFAA & WY A A §1 A
- y - )
3. 1+ 16f— 9%k 4. 1-16/+ 9k IR 3ERT A s BAD TT UG CAD Y =T
FX el T ATAHAT AT 7
48. A force 51— 2j + 3k acts on a particle with I , 3
position vector 214 j— 2k. The torque of 2616 21126
the force about the origin is 3. 7 4. =

www.examrace.com
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50. From the six letters 4, B, C, D, E and F, three X =Y, =Y, 5= XX, X, = X0 X, o
letters are chosen at random with replacement. forn > 3. Then
What is the probability that either the word -

BAD or the word CAD can be formed from the I P(Xg = 1,X9 = 1,X;0 = —1) :%

chosin letters? , 2. P(Xg=1,Xg=1,X;0=1) :%

L 2 2 76 3. P(X8=1,X9=1X10=—1)=§

3. 4. o= 4 P(Xg=1,X=1,X0=1) =N {

i,

51 Br xuw aeRom W E S 0 % Ak 53.m?rﬁ:/n’sq——c|a-=r‘mm Xis

A ¥ A Rr X @ W det wo £ 0% P TR § e e (0g ’rlf’”

§ fo wel A @ S g T A @ < |

& 711_1)‘{}10P(X1 -h-)‘(.a+ ---+X, > nlogn)

1. F(x) + F(-x) =1 @ xeR & fav| 4 ;@r%ﬂ z.rl/z ¥ TaEE B

2. F(x) - F(-x)= 03" xeR & fau| i’&; A gl 4. 0 &% AT g

3. Fx)+F(—x)=1+P(X=x) @ xeR & ;
53. Let X’
[El that X’
4. Fx)+F(-x)=1-P(X=—x) & xeR & 281,
oo

be independent random variables such
are symmetric about 0 and Var (X)) =
ri>1. Then,

imP(X; +X,+ ---+ X, >nlogn)

n—oo

1. ?ﬂx‘not exist. 2. equals Y.
51. Let X be a random variable which is symrn'&ii 3. ®quals 1. 4. equals 0.
about 0. Let F be the cumulative digtribytion *
function of X. Which of th 1%
statements is always true? e' A

54. Al & X, Xo,---,.X, THTATT (6, 56), 6> 0

1. F(x)+ F(—x)=1for all xeR. == " gred Arefeoed Yideel g1 aRenid &Y f&
2. F(x)—F(- x)—OforallerRi , Xoy=min {X;, X5,---, X} d4T
3. F(x)+F(—x) =1+ P(X%x) ,fd‘fanxema Xop = max {X;, Xo,---, X,} &1 OFT Ioaas
4. F(x)+ F(- x)—lfP(X{~x) ffrallxe]R Fefar %
52. A & YI,YZZ‘.T Wm%‘a’rm L % 2. Xy
SR TE 1. (' 1$mﬁlaﬁ%l 3. Xy 4~%

X =1, =1, =
uniform (6, 56), 6> 0. Define X(;) = min {X,

Fpfawy, ar
’ Xo,-+, X, and X,) = max {X;, Xp,---, X,}.
1.?“8 = 1 Xg = , 10 — =-1

T W F 4
X = XX n>3 54. Let X;, X5,---,X, be a random sample from
1,°°° n_ n—13n -2

Maximum likelihood estimator of &1is

) =
2. BXe =1,X = 1%, = 1) = i Xa)
. — 2. X

3. X = L,Xo =4, X;p = —1) = 5 Yo

A il l 3. X 1 4. —=
4. Pj?—l,Xg—l,Xw—l) . (€Y 5

52. Let ), Y, be two independent random 55. Hy: X~ 98THT, ATEY 0 4T 980T % & @y,

Variablfas' tal<1ing values —1 and +1 with FAH Hy: X~ (0, 1) gdietor 9T fa=am| ar
probability — each. Define Ho& H & eg e & O aodasn

AT o gieToT
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1. &1 3f&dca gT gl normal with mean 0 and variance % , then
2. I qur AT IR x| > B, TRl oW ¥ which of the following is true?
5 gREoT AT o FT L A & H, 1. The prior distribution is not a conjugate
prior.
HEATHI I &l . 2. Posterior mode of y given X, X;, X3 and X,
3. afg aur AT I M < ®, T&T ;T & X
AT 8
e wdteror a FTE, A& HyH 3. Posterior median of x given X, A",&é@ and
IEARR T &l Yois Bk
; 4
4. Ffg qur AF aﬁ | < ¢y T | >c5 &, STal 4. Posterior variance of u glven b, X%g‘aﬁd
¢, T s W & 6 qqeToT HAT o &7 E, + %2
ar & H, 3RER T B X“ls( 4 ) r F
55. Consider the problem of testing Hy: X~ Normal 57. 76 f& v, Yz, 1"‘,an Y, T m TEROT o
with mean 0 and variance % against H;: X~ " QaTur g, ﬁ% gearemd
Cauchy (0, 1). Then for testing H, against H|, E('Y lkﬂl + 5% 6 =E(Y>),
|~ fo= By, § & T %

the most powerful size o test E(Y;)#,
1. does not exist. |
2. rejects Hy if and only if |x| > ¢, where ¢; is
such that the test is of size a. FN —R)TA e = = —(-Y) | &
3. reje}fti H, }ilf and (?nlyfif. [x| < c3 where c¢; is T AT 3FeTsT &
such that the test 1s of size a. W 2 1,2 2
4. rejects H, if and only if x| < ¢4 or - e e?l 25l re).

x| > ¢s, c4< cs where ¢4 and c5 are suchﬁe( 3. r(elz +e2). 4. e? +e2.

the test is of size .

1

56. 7 & X, X, X, a9 X, e 57. Lkt Y,, Y», Y5 and Y, be uncorrelated observa-
T 4 ’ tions with common unknown variance ¢* and
FaYEHAE: dfed arefee A H'RT ad expectations given by
ATy T TIROT 2 I JAA ST T E(N) =B+ Bo+ B = E(Ya),
Y| ARG p F IT TCA MG §, AT 0 E(Ys)= B — B = E(Y,),
JAT TEHIOT % & o ar ﬁlﬁ{-’ﬁ g SiT-ar where 3,5, and f3; are unknown parameters.
T T 1 Define e; = % (Y; —Y;) and
1. 99 s Hﬂfﬁf‘qﬂ STEr gl e, = %(Y3 —Y,). An unbiased estimator of
(2 X, Xop Xo T X, ST 9T T 9T o is
1 1
EoF & Zt 1X 1. 5(612 —e?). 2. 5(@12 + e?).
3'-X1’)@’X3 ‘_-m; Yo Fd Sl WX u T R 3. %(elz + e2). 4. ef +e3.
- X
ARTRT § == |
N 1’X2’X3321TX o STl O a0 R 58. 3 3TAR AT 3 WidSHfadl Jad TF AcoH
& (zijxi) | s 3@ eyt W AN gur A &F 7 (=

56. Let X, B, X, and X: be independent and 1’2’3)ﬁ " b ;ﬁﬁg i

. Le 1» 2 3 an 4 D€ Independent an

identically distributed random variables with afe o ﬁfaT?T a; TR hld
common distribution normal with mean x and g, o et syet 7 @ Sl-ar e g2

variance 2. If the prior distribution of y is
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t, - t)/V2 TUT (- 2t, +t3)/V6H
Feadad (Hh FAATHAT 3ehelail (BLUE) &
TEROT TATT &

2. t;-t; % BLUEQH ¢, -
& 9T FEIEROT 26773 &l

3. ti—t,(i#j,ij=1,2,3)% BLUE & J&IUT
o3 gl

4. (t,- 2t, +t;) & BLUE &I 98T o7/6 &l

Consider a randomized block design involving
3 treatments and 3 replicates and let ¢; denote
the effect of the i treatment (i = 1, 2, 3). If &
denotes the variance of an observation, which
of the following statements is true?

1. The variance of the best linear unbiased

estimators (BLUE) of (t; - t,)/V2
and (t; - 2t, + t3)//6 are equal.
2. The covariance between the BLUE of
t; - t3 and the BLUE of t; - 2t, + t3 is
20°/3.

2t, + t; & BLUE

58.

3. The variance of the BLUE of ¢, —¢, (i #J,
ij=1,2,3)is c*/3.
4. The variance of the BLUE of R Y (
ty - 2t, +t3) is o /6. \
( ) <

A R nox 1 @fger gt’?n—ﬂ?%é’&fﬂ
T AT FIAT & maa‘r'mw afeer
p(# 0) dAT JEIOT = ETg V(# I,
’haﬁ%a:rammf)% sfaRed,

59.

A AR nfF g Bl
ﬁmla:aa’rﬁ_g. AT TElg?

“N_zfe quraE AV)2 = AV & ar &

( x'Ax THh g “wchw\ﬁgmw

L @ gl

2. g AT A2=AF & xAx TH
ST FE-a ST F AT AT

3. XAx FT AT G ' Ap+ tr(AV), STET (),
7o e S IR F RS Far g
HT EHAT Th HGIT HIS-a9T Fea,

i FIfE nd T gl

4. x'

15

59. Let the n X 1 vector x follow an n-variate

normal distribution with mean vector u(# 0)

and variance —covariance matrix V(# I, the
" order identity matrix). Also, let A be a

symmetric matrix of order n. Which of the

following statements is true?

1. x'Ax follows a central chi—sqgare"
distribution if and only if (AV)Qi_ 4v

2. x'Ax follows a central chi-square |
distribution if and only§if A2 = / "/

3. The mean of x'Ax is WfAu + tr(AV‘)rWhere
tr(-) denotes the traee of a square matrix.

4. x'Ax always hasia centralfchi-square
distributich wa,-th n degreespf freedom.

6 ﬁ?«%@mmﬁﬂwwﬁam

60.

2, Toidal eyl o 3refie
3x2S15
x;tx, <1
2% + 5x, < 10.
X1, X 2 0.

ax x;

1 le

IS FHIA &l T8 gl

2. 3ic: B FSCaH & T
3, & T AGfadd Fead g gl
4. I Th JINTE g ¢l

Consider the following Linear Programming
Problem. Max x; + gxz subject to

S5x;+3x,< 15

—-x1tx<1
2x1 + 5x, < 10.
X1, X2 > 0.

The problem
1. has no feasible solution.
2. has infinitely many optimal solutions.

3. has a unique optimal solution.
4. has an unbounded solution.
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61. (ry)€ R & fw 4ol lim > g
N0 L=dp k=0
Far| Ig Sof 3wfAaRa gy & (x,y)E\F
foT ot s+ &
1. (-1,1) x (0,) 2. Rx(-1,1)
3. (-1,1)x(-11) 4. RxR
61. For (x,y) € R?, consider the series
. kzxky{) .
lim ——— . Then the series
N> Lbd f k=0
converges for (x,y) in
. (—=1,1) x (0,00) 2. Rx(-11)
3. (-L,1)x(-11) 4. RXxR
62. fooeT wocadt 7 ¥ FA-¥ Hea &2
1. giFerfsas afeufasr &
{(x,y,2) € R®: x?2+4 y? +2z2=1} lﬂ
2. giFeTsTel aiedfcrr & (

{(z1,22,23) € C: 2, + 2,° + 2 23]{(
3 T30 Ay, ToToe WiRRUT 3 A sret

Ap = {01} n=1,23,4.% fov fafaerd

Ry 3 1 A\

4. freT fTa ue H'R_C!%Tw ?ii?qTa & forw
6&. : Which of t‘he followﬁiets are compact?

1. {(x,y,2) € R®§ x%+ y? +2z2=1}in

_ the Euclidean topology.

2'-..,{ ZI‘;,ZZ,ZS) €EQC z;°+ z,°+ 232 =1}in
¢ Euclidean t@pology.
m=1 Ay with product topology, where

= {0,1} has discrete topology for

e T3
4. {z €FC : |Re z| < a} in the Euclidean

topology for some fixed positive real

H {z€ C:|Rez| <a}l

3t

number a.

16

63.

63.

64.

65.

%

V. |
B.
64. ’

AR & £:(0,1) » REAT g1 AT o Fefr
x,y €(0,1) & fou
If (@) = f()| < | cosx —cosy| &I @
1. (0,1) # %A § HA Us &g W [ 3¥ad &l
2. (0,1) R f @l S9g FAT & R (0,1) W
THTAd: Tdd a1 | 1
3. (0,1) W f UhEAETT: Edd i:
4. lim,_, f(x) &7 ﬁﬁdc—q‘; th - / .'
L]
Let f:(0,1) » Rbe C‘O)T‘nuous. Suppase that
|f (x) — f(¥)| <] cosx’— cosy| fora
x,y € (0,1). Then, B
1. f isldiscmtinzu?-uf at leastrut one point in
" 2ontir!.lous %Verywhere on (0,1) but

net uniformly continuous on (0, 1).
f is'uniformly‘continuous on (0, 1).

f:R - R Th 3Iaheleild Held ¢

supeglf’ ()| < o Bl AT

1. aREE IThA H TRET IReE
IgRA W afafRfa &= g

2/ f U PR THA FI TH HRM IHTHA
W yfafafEd #ar gl

3. f U AHART HThA A wh AHART
A T fAfad Far gl

4. f THFAT: A gl

Let f: R = R be a differentiable function

such that

supxer |f'(x)] < co. Then,

1. f maps a bounded sequence to a
bounded sequence.

2. f maps a Cauchy sequence to a
Cauchy sequence.

3. f maps a convergent sequence to a
convergent sequence.

4. f is uniformly continuous.

AT F p(x) = apx? + byx gfAEd §|§'an
& Teh 3eTshdl & 6T T n>1 & AT a,,
b, €R Bl A & 2, 4, f&fEed AR
FrEdfash &I § difeh  limy,e pr(Ay) AT
lim,,e P (A,) & T g1 ar
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65.

66.

66.

67.

S = (m+

" 2. The set of limit

1. lim,,_, o p,, (x) T &I TH x € RF
fore &1

2. im0 p'p (x) FT 3IAcT T x € R&
fore &1

3. lim, e Pp (AOZM) FI 31T =Ter gl

4. limy, D', (M) FT ’¥dca el gl

2

Let p,(x) = a,x? + b,x be a sequence of
quadratic polynomials where a,, b, € R for
alln = 1. Let Ay, A4 be distinct nonzero real
numbers such that lim,,_,, p, (1) and
lim,, o P (A1) exist. Then,

1. lim,,_ 4 pp(x) exists forall x € R.

2. limy,_, p'pn (x) exists forall x € R.

3. limy,00 P (/10+/11

) does not exist.

4. lim,_,q p’n( > ) does not exist

A & Sc RZORHART §
S={(m+ ﬁ,n+ﬁ):m,n,p,q€2}'@rl
ar,
1. R? W s fafaed gl - ﬁ
2. 5% ¥ Rigat 1wy a9
{(mn)mmn € Z}I '
3. 5T ¥ W TUHGG G B
4. scwy wag &1 l"‘}
y
‘+—):m,n,p,q€Z}.

£3 4lpl”’ 44|
Then, i
1. S is discrete in [R¥.

ints of S is the set

P {@mn)mn €7}
3%S<.is connectedibut not path connected.
¢ is path conngcted.

Let S ©¢ R? be eiinedb
4

f:R? » R?2 el

=@Bx+2y+y*+ |xy|, 2x+3y+

x4 D) & Rzr Srar &1 ar

1. (0,0) | f 3 A &l

2. (0,0) W f HAd &l R (0,0) R
3T gl

i(.

17

67.

3. (0,0) W f HaHAT gl

4.(0,0) W f Iahelld &, W dehelsl
Df (0,0) STcshHONT E|

Let f: R? > R? be given by the formula

fl,y)=0Cx+2y+vy% + |xy|, 2x+
3y +x% + |xy)). ) ‘ﬁ.
1)

Then,

1. f is discontinuous at (0,0).

2. fis continuous at (0,0) but Tot / s -I
differentiable at (0,0 e

3. f is differentiable at ?('),0). r

4. f is differentiable af'(0,0) and the
derivative D £(0,0) is in ertible.

:.u-,_

68. "EI?&EF A=((x,y €ER>:x+y+ —1}%l

68.

69.

69.

IR FL 1A R2 &Y

I.f(x’y =(1+3c/+y’1+;c+y) |1 ar

AR fF PN F AROF qoa T&
[

28 g gl

3

; f 3eIdd:
: gl
44f(4) =R? |

EetA={(x,y) € R?:x+y# —1}.
Define f: A - R? by

floy) = (= -

1+x+y " 1+x+y

). Then,

1. the determinant of the Jacobian of f
does not vanish on A.

2. f is infinitely differentiable on A.

3. f is one to one.

4. f(A) = R~

A & f:R? > R?, Belel

f(r,0) = (rcos@,rsinf) gl ar e T &
R? & fagd 3qwse=at U & f&ha & fag, U
dh AT f T GoshH AT ITAT T 82
1. U=R?

2.0U={(x,y) E R?:x>0,y>0}
3.U={(x,y) € R?: x>+ y2 <1}

4. U={(x,y) e R*:x<—-1,y< -1}

Let f: R? > R2 be the function

f(r,8) = (rcosf,rsinf). Then for which
of the open subsets U of R? given below, f
restricted to U admits an inverse?
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1. U=R?

2. U={(x,y) ER?: x>0,y >0}

3. U={(x,y) € R?:

4. U={(x,y) € R?:x<—-1,y< -1}

x4+ y2 <1}

70. A & ¢ JU a U qIEATAH TR B
gReTia &
By ={x=(x1,%3, .., %) € R"|x;2 + x,2
< a?}
a R W R Hedd: 3T dad were f
& for AFT & & Hla-a Fa&r 82
1. fBaf(tx) dx = thaf(x) £ dy
2. fBaf(tx) dx = thnaf(x)tdx
3. [ f(x +Y)dx =
& fow
4. fon f(tX)dx = [ f(x) t"dx.

+ 4 x,2

Jan f(X)dx, T y € R™

70. Lett and a be positive real numbers. Define
By ={x=(x1,% ..., %,) € R"|x;?2

+ x2 + ot x,2 < a}‘.

Then for any compactly supporte C(‘hl ous
function fon R™ which of the fol \jmg are
correct?

1. f f(tx) dx—f f(qc)-t”dx
2. [, f(tx) dx = f{ftx')&dx

3. fRnf(x+y)d!! Jon f&)dx, for
. semey € ﬂi"‘

(’ 47 [ f(tx)dx = !\D\(x) t"dx.

71. 0, 00) I aAEAfdh) AT Had Belell {f,} &

FYA F ¥ FF-A)TE ¥
1. [0,00) T}, f R fogaa sifeaRd
& @l limpe ) fu()dx = [ f(x)dx
2. u%{'(), o) W {f,}, f T THTAATA:
HfFERT grar g, ar
limy [} fu(dx = [, f(x)dx ¥l

Tl 3Tl W)ﬁ%n’{fl A R e

18

3. TG [0, 00) T {f,}, f AP ThAHATI:
AFART grar &, ar [0,00) W £ T Bl

4. [0,00) W FAT Helell {f,} & Teh 3HeJshdl HT
3fRdca & dfF (£}, [0,00) W f I
THHAAT: HHART il § W
lim, e, [ fu()dx # [ f(x)dxi

71. Consider all sequences {f;,} of re@l va
continuous functions on m)'Iden@J which
of the following statements;are corrett
1. If {fi} converges toff pointwise o 0 ),

then llmn_,oof fir@)dx = fl f(x)dx
2. If {fn} cgnverges to f uﬁlformly on [0, ),

then llmn( f.-f.n(x)dx 4 f f(x)dx
\%

{fn} convergés'to f uniformly on [0, «©),
then f is continuous on [0, ).
4. Thete exists a sequence of continuous
. fun€tions {f,} on [0, o) such that {f;,}
cofiverges to f uniformly on [0, c0) but

il f,” fu(O)dx # [, f(x)dx.

72. # RATV,néﬁWquw
¥ aguet 1 wfwr @Al ¥ v A
p(x) = ag + a;x + -+ a,x" ¥ ﬁ'l;r,
(rp) ) = @y + Ay X + - + Aox™ GINT TH
Y &F AT T:V > V & AR &) ar

1. T THr gl 2. T 3B gl
3. T SgchATNT F 4. RO T = +181

72. Let V be the vector space of polynomials over
R of degree less than or equal to n. For
p(x) =ag+a;x+ -+ a,x" in V, define a
linear transformation T:V — V by (Tp)(x) =
an + a,_1x + -+ agx™. Then
1. T isone to one. 2. T is onto.

3. T is invertible. 4. detT = +1.

73. # & G, TU G, R? & & 3UEHAd §
JAqT f:R? > R2 TS Foled gl ar
L f71(GLU Gp) = f1(G) U f1(G)
2. f7HG) = (FHG)E
3. f(G1 N G,) = f(G1) n f(Gz)
4. 91 6,799 & 9T G, @gd g ar
Gi+ G, ={x+y:x€ G,y €EG,}a ar

Hqd & o fagd|
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73. Let G, and G, be two subsets of R? and

f:R? - R? be a function. Then,

L f7HGU Gp) = f7H(G) U fF7H(G2)

2. f7HG) = (FTHGD)°

3. f(G1 N Gy) = f(Gy) N f(G2)

4. If G, is open and G, is closed then
Gi+ G,={x+y:x€ G,y €Gy}is
neither open nor closed.

74. #A & R vV o gRfAT ey afeer
gAfSE &1 A & T:V - vV i @
TYIAROT § dfeh Sfifa (T'2) = S (T) &1 av,
1. 318 (T?) = S (T)

2. 9REX (T?2) = IR (T)
3. 318 (1) n IRT(T) = {0}.
4. AT (T?) n IRTI (T?) = {0}.

74. LetV be a finite dimensional vector space
over R. Let T:V — V be a linear
transformation such that rank (T?) =
rank (T). Then,

1. Kernel (T?) = Kernel (T)

2. Range (T?) = Range (T) 4
3. Kernel (T) n Range (T) = {0}. (
4. Kernel (T?) n Range (T?) = {Oi J

75. AT & CHW ATAT B, nxn o gl am,
1. ABJAT BASH H@FI'GTUT"HM] 1 AT
gaem WA g1 ‘_;
2. Ifc ABTUT BA® 3 :‘:m?ra:
mgﬁmm?r ¢ dl AB'=BA Bl
3. 9fg A? cd § dI'ABTUT BA
= HET B 2
(4.A3£raﬁ3ﬁa BA Fr snfa & &= &l

75. Let A.and B be n X n matrices over C. Then,
Is. AB/and BA always have the same set of

1genvalues.
2. JIf AB and BA have the same set of
igenvalues then AB = BA.
3. ~Lexists then AB and BA are similar.
4. The iank of AB is always the same as the
rank'of BA.

76. A 6 A T m xn dEdldes HTgg § oAl
be R™ b#0gl

1. Ax = b & @l aEdfdeh gell &l T
s Tfeer gAfSe )

2.9 Ax=b F A g udW v §, A
/1u+(1—/1)v3-’|>fo=bEbTUH'TW%,
Fs i 1€ R & faw|

3. Ax=b Trdl &Y aF gall ud™i v & T
Tehdld I9T Au+ (1 —AD)v Ax'=b T
Wéﬂ%maa,aaosiglﬁl ,

4 A AT R 0 & Ak =b Gt
T 31fF vF & B

4
76. Let A be angm X real mitrixand b € R™

77.

77.

‘n-l"&

withb # 0.
e seto

g 2\
11 regl solutions of
A?-_= b is a vector space.
2. It @and v are two solutions of Ax = b,
| them Au + (1 — A)v is also a solution of
Axf=b forany 1 € R.
. F@r any two solutions « and v of
A% = b, the linear combination
Au + (1 # A)v is also a solution of
only when0 <1 < 1.

4.@:11kofAisn, then Ax = b has at

most one solution.

A 6 4, CH TH nxn g ¢ dlfeh C"

&N TAF YLAR TGT AH TH

AAreTOIs afger g1 ar

1. A% gt fAeIOs AT TAT g1

2. A% gt AfAeIOE A [_fdea €1

3. T aecs waA=21% & 1
nxnmw%l

4. I y, AAT m, HHEA: yfﬁaaaﬁmagqa
U?magqaaﬁﬁﬁwm%,ﬁ
Xa = My ?"|

Let A be an n X n matrix over C such that

every nonzero vector of C" is an eigenvector

of A. Then

1. All eigenvalues of A are equal.

2. All eigenvalues of A are distinct.

3. A= Al forsome A € C, where I is the
n X n identity matrix.

4. If y4 and m, denote the characteristic
polynomial and the minimal polynomial
respectively, then y, = my.
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78.

79.

79

80.
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. 2 2 2 10 80.
3Tl A = —1]H?-1TB 2 o]

0 0 00 3
W | ar

1. IRAT TEAT T Q W A JAT B THAET gl

2. IRAT T&AT & Q W A [T gl

3. A #T SiRer fafgd &9 B B

4.Aa:31‘|%cr%'a§qana‘3@maﬁ$
9ge A g

2 2 1
Consider the matrices A = [0 2 —1] and
2 1 0
B=1|0 2 0f.Then
0 0 3

1. A and B are similar over the field of
rational numbers Q.

2. A is diagonalizable over the field of
rational numbers Q.

W

4. The minimal polynomial and the
characteristic polynomial of A are the
same

4
<
M

A BB a, (12,0} B S FAT o G
ﬂwaﬁrﬁﬁwm{aﬁé S5-8F o

3TEYGFT Thi T
1. as = 50 i X s = 14
8 40 "'j 4 a,=11
- V)
Let a, denote e § number of those

permutations o on {1,2,---,n} such that ois a

produet of exactly two disjoint cycles. Then:
=50 2. a,=14
5= 40 4, as = 11
83.
et FAANT T AT HL dTel
A T T H @ HiA-AT Aol
siafersd et ¥
x = 2(mod 5), x = 3(mod 7) and
x = 4(mod 11).
1. [401,600] 2. [601,800]
3. [801,1000] 4. [1001,1200]

81.

81. ".Le

B 1is the Jordan canonical form of A. 82.

TR £$ 82.

Which of the following intervals contains an
integer satisfying the following three

congruences:

x = 2(mod 5), x = 3(mod 7) and x =
4(mod 11).

1. [401,600] 2. [601,800]
3. [801,1000] 4,

[1001,1200]
\

< o
ﬂﬁﬁ:Gmmmwwﬁ(g%Ir—ﬁ
1.Ga:a-ﬁ|?ﬁ5 %J / |
2.Ga?€nﬂ%m’r3 .
3.G$rﬁ1%6$r2} 3@?{%
4. wamﬁ‘cﬁﬂm e 2 1, g

bea Slg‘ oup of order 60. Then
1as Six ylo S subgroups

as four Sylow 3 subgroups.

s a cyclic subgroup of order 6.

. G has a unique element of order 2.

21

A TasmaT o Q[X]/(X3) & Afése

%|a;r;

1. -81eh it fafaerd 3faa aqorsmaferar &1
21A# AT U HAST U B
¥ ATH Ui gid
4. AT F f,g9, QIX|H E, AfPAH f-g=
¥ WG faur g, FAWAH fauwmgH
gfafsar @ fafése & g1 a £0):g(0)=0 gl

Let A denote the quotient ring Q[X]/(X®).

Then

1. There are exactly three distinct proper
ideals in A.

2. There is only one prime ideal in A.

3. Ais an integral domain.

4. Let f, g be in Q[X] such that £+ § = 0 in A.
Here f and g denote the image of / and
g respectively in A. Then f{0)-g(0) = 0.

e RQuET aoat & O -9 a7 &2

1. F5[X]/(X?+ X +1),50@T F,, 33/dgal &l
% gRfAT a7 g1

2. Z[X]/(X - 3)

3. Q[X] /(X2 4+ X+1)

4. F,[X]/(X2+ X + 1), SI@T F,, 2 3/@Iar &1
Tt gRfAT a7 g1
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83. Which of the following quotient rings are T gur ¢ & AT d@gd 39aH=T K & faU
fields? R °
1. F3[X]/(X?+ X + 1), where F5 is the N Al
finite field with 3 elements. Iflle = suplf )]
2. Z[X]/(X - 3) K= SRt
3. Q[X] /(X2 + X+ 1) ar

4. F,[X]/(X?+ X +1) where I, is the
finite field with 2 elements.

1. WWKmC?%NC((C)qT Il Nk
Tsh HALTS gl

84. A & w=cosj—g+isini—g%’| ZWWKC(C?WHLF/I”K
A P K = Q(?) T L= Qw) &l ar s i ,
1. [L: Q] =10 2 [L: K]=2 3. 9 IR 3'5'”'&‘7"? aed Kf‘c &
3.[K: Q=4 4. L=K fow c(©) W |-lgrTh mﬁﬂ*%l
. 4. e g e T FEE K S C ¥
84. Letw = cos—+ lsmE \ T’ H((C)(qq'- N o= gl
LetK = Q(wz) and let L = Q(w). Then . | .
1. [L: Q=10 2. [L: K]=2 3 Let“"(C) denote the vector space of
3. [K: Q] =4 4 L=K ontinggous complex valued functions on C

C) denote’the vector space of entire
ns. For any function fin C(C) or
and for any compact subset K of C,

85. Tt HUAT H T Hla-a/A TEr /8?2
1. T Hdd ASART f: R — R&T HTdcd &

% FR) = 0 A Al = swplf )
2wmmaﬁ—=rfmz—>mwraﬁr&( Tlfen
% f(R) = Z & L.'||llk is a norm on C(C) for every compact
) _ Za;‘ f KccC.
3. T Wdd AWET f:R — R 2. ||k is @a norm on H(C) for every
afed f(R) = {(x,y) € R2:x2¥Y? = 1} ETI compact K € C.
4. TF Tdq AT f-'LO 1] 012,31 —{0,1} 3. Ik isaporm on C(C) for every compact
erea ¥ ] K € C with non-empty interior.
. I f - 4. |||l is a norm on H(C) for every compact

85. Which of the following statements is/are true?

of ' ‘ K <€ C with non-empty interior.
1. There existg.hot,ntinuous map f:R — R

such that f (R ST A = 1 S
2. There exists a c ousmap f: R — R 87. ) 4= {Z E.(C'Z < |Z|.< 2} =
( such that f(R) f@ =- R R et & @ Ha-ava a@r
3. There exists ac tlnuous map f:R — &
2 —
. R‘S;C}r};atf( )={xy) € I A% Hgd 3TAdeddl W TREA: fz)
4. fThere exists a continuous map H FleoThfed HAAT TgIET {p,(2)) P
:[0,1]u [2,3] — {0,1}. TF 3THA & e gl

2. A% Hed 3UETTIdl W THEAED: f(2)
®  Hleolhicd HAdld  IRAT  Befalt
{r(2)} , Tt 3l C\A # 3idfdased
€, & U 3 T AT &

86. C hmﬁmarmmﬁaﬁrﬂﬁar
gafse 8 A & c(C) Rfése &ear §, aur
H(C) a7 30N+ warar fr afeer gafce
FN CC)H AT HEC) H A ®ad f &
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3. A% Hgd SUETTIE W THEAEC: f2) b %ggj
F WoHRd B TEIE (p, ()} H 3. (2/1007)"
HIS IHeThH 6T ¢ 4. (Z/1637)*

LAE £ = + ) 89. Forn > 1, let (Z/nZ)"* be the group of units

H Fleddled Ferdel  IRAT ol of (Z/nZ). Which of the following groups
{(r2)} , [eTh 3as C\4 # afafeea are cyclic? \
g, &1 FIS IETHA AT & 1. (2/10Z) “ g\
: 1 2.(Z/237)" " i)
3. (Z/100Z)* - \
87. Consider the function f(z) = ion the 4. (Z/163Z)* A} / 8/
1 . J .
A= fe Wy o e
W ?
1. There is a sequence {p,(z)} of polynomials TF T qﬁn f£ i QWW Jfafafsed
that approximate f{z) uniformly on compact GRFIT g E';'H r
subsets of A. — =1/n
2. There is a sequence {r,(z)} of rational 2 a ot (-8 'Y

functions, whose poles are contained in
C\A and which approximates f(z) uniformly
on compact subsets of 4.

3. No sequence {p,(z)} of polynomials
approximate f{z) uniformly on compact
subsets of 4.

1

47naﬁﬁ3ﬂﬁﬁﬂ'ﬁ'm5ﬁan=n
I 4, n W Qe s=xar § a

&

4. No sequence {r,(z)} of rational functions . ) o )
whose poles are contained in C\A4, E Y 90. Lgt f be an analytic function in C. Then f is
approximate f{z) uniformly on compa \ stant if the zero set of fcontains the
subsets of 4. | } sequence

‘j 1 = 1/7’1

2. ay = (_l)n_ll

88. AT [ T zeCH fov f(z) 3 1 n
A - n ==
# 1 ar i 2n

¢ il o 4. a, = nif4 does not divide n and
1. f 3dedr ot ?»'I 1o,
a, =— if4 divides n

2. fA 3-F-IFF=F‘ gl "

mw # f & yARFEa: 7§

<0 3eds gl

.:;%
(4' SRE il 91. AT AT FGAEAT
. 1

—u" (x)=7’u(x); x €(0, 1)

e Let f@ = u(0) = u(1) = 0.
i 1Then W AR IR u dwr v [0, 1] W Ead §,
f 1S meromo
2. § the only sin arltles of fare poles. ar
3. %/ has infinitely many poles on the Lou?(x) + m*u®(x) = u?(0)
aginary axis. 1, a1l _
4. E'acitpole of fis simple. 2. Jyu@dx = [y ut (dx = 0
3. u?(x) + m?ul(x) = 0
89. AT n>1W (Z/nZ) % Teheh HI HHg 4. folu’z(x)dx—nz foluZ(x)dx = u’2(0)
(Z/nZ)* §) =T # ¥ HiA-AT FHg Alsheh
gl
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91. Consider the boundary value problem
—u" (x)=7’u(x) ; x € (0, 1)
u(0)=u(1)=0.

If u and ' are continuous on [0, 1], then
1. u?(x) + m2u?(x) = u?(0)

2. folu’z(x)dx —m? fol u?(x)dx =0
3. u?(x) + mu(x) = 0
4. folu’z(x)dx —m? fol u?(x)dx = u’?(0)

92. A F y(t) = y(0) + [, y(s)ds for 1 > 0 FT
HATUTA FIAT Teh Tddd: el Helel
y :[0,00) — [0,00) §1 @F
Ly = y*(0) + f, y*(s)ds.
2. y2(8) = y2(0) + 2 f, y*(s)ds.
3. y2(8) = y2(0) + [ y(s)ds.
4 2O = O + ([ ys)ds) +
2(0) f, y(s)ds.

92. Let y :[0,00) — [0,0) be a continuously
differentiable function satisfying
e

y(®) = y(0) + [, y(s)ds for 1> 0.
Then A, J

L y2O = y*(0) + [y y*(s)ds)
2. y2(t) = y(0) + 2 J, y*(s)as’
3. y2(t) = y2(0) + fay(%)ﬂs
4 y2 () = y2(0)+ J(}’(S)‘ié‘

2y(0 . )
y( )foyg)l o
93. _#RY B u(r) T Tde; RANF FeleT &
(z>oa:1%|tr3r>|zw g JAqT u'() =
4 (1), w(0)=0 P TATUTT T gl ar
17 u(ty= 0.
4
2.B=7
(0 foro<t<1
% (t)_{(t—l for t=>1.
A foro<t<10
+ umf{(t—w)‘* for t=10.

93. Let u(?) be a continuously differentiable
function taking nonnegative values for
t> 0 and satisfying u'(7) = 41" (¢);
u(0)=0. Then

94.

1. u(®)=0
2. u(t)=1'
_ foro<t<1
3. u(®) = {(t -1D* for t =1
(0 for0<t<10
4 u) = {(t 10)* for t = 10.

A fF aer gHEEor

?;2 - sz,x € (0,2m),t >‘(') . -(; |
u (x,0) = el®w* r -_r,‘
HT FAYA u(x, t) Il & hdl o eR &
T ar A 4 ¥y

1. ulx,t) = “‘”‘Ie’“’t r
"IZ' Q t) = (wa —mt

wt+e—lwt
3. u@c t) = e‘“’x‘(f).
uGht) = t+5

X, t) satisfy the wave equation

v 9%u
. az)&(OZﬂ)t>O

0) = g lwx
for some @ €R. Then

I. u(x,t) = elwx giot,

2. u(x,t) = el@x g~iot,

3. u(x, t) = elwx M)
2

x

4. u(lx,t)=t+
A R A 24 2= 0 & u(x, y) &l
%,ﬁ%ﬂwqgaw%aa y = o0 JUT &
y=0% a AW sinx @ar gl ar
1. u= Z:=1ansin(nx+ be ™ J@&T  a,
TS TUT b, YFAR IR B
2. u=z a, sin(nx + bn)e‘"zy,agT
n=1
a, =1 Ta,(n>1), b,3HKIT 3 Tl
3. u= Z:zlansin(nx+ b,)e ™, STg&l
a=1,n>1% AT 4,=0 AT n>1a&
T 5,=08I
4. u=z a, sin(nx + bn)e_nzy,G{BT n=0
n=1
& faw =08 aur WW 4, LR
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95. Let u(x, y) be the solution of the equation
2%u  9%u
oxz ' 9y?
and has the value sin x when y = 0. Then
l.u= 2:;1 a, sin(nx + by)e ™,

where a, are arbitrary and b, are
non-zero constants.

2. u= z a, sin(nx + bn)e_”zy,
n=1

where a; = 1 and a, (n > 1), b, are non-
Zero constants.

3.u= Z:zlan sin(nx + by)e™™,
where a; =1, a, =0 for n > 1 and
b,=0forn=>1.

4, u= z a, sin(nx + bn)e_”zy,
n=1

where b,= 0 for n > 0 and a, are all

= 0, which tends to zero as y — o

nonzero.

96. 31.31.9.
6u Ju N (6u)2 N <au>2 —0
ax ey dy \ox dy w=

FT gl Wdfafca T &

I. x-y d # Teh &reged & 4
2. xyu marﬁwaﬂaﬁﬁra:rl (
3. ux ad H TH RIAT |

4. u-y mﬁwyﬁww_?_l

96. A solution of the PDE

ou N ou ( ) ( }
Yox Yoy 7y
represents

« 2. an ellipsoid 1
37 a parabola in thgs
( 4. ahyperbolaint

97. SoTE Jly] = [ flx,y,y)dx, FT TH =oTH
& AT = , Torae foT e =g
‘5‘ agquﬁx—cr%%

(o) 8T T Y ST ¥ aur
|qad &l

. () T TS AR U § qUT J
HIHANT B

[08)

N

97. To show the existence of a minimizer for the
f f(x,y,y")dx, for which
there is a minimizing sequence (¢,), it is
enough to have

1. (¢,) is convergent and J is continuous.

2. (@) is convergent and J is differentiable.

3. () has a convergent subsequenge.and J

functional J[y

is continuous. .
4. (@, has a convergent subsequéncetand J is
differentiable. \ - /
98. AW f& x> -3% ﬁﬁ f(x)— WEs ¥
9 (,
Xn4at, = f‘xn) Xo = Tl =0
1Wﬁ?ﬂ°{l W@r@rm&m% |
1 !
1 L ) 2.3
.0 4. Js +V3+V3+

98. Betff(x) = vx+3for x > —3.
thi iteratio‘ly

a1 = f(xp),xg = O;n =0
THe possible limits of the iteration are

2. 3

Consider

-1

3.0 4. J3+ 3+V3+ -

99. fF A xo= 0% AT FeRrgica
xn+1=§(xn+i),n20 SHRT T TSCA g
1. fix)=x"-2 & fav f@9d f§g geRgfed|
2. fix)=x" -2 & TaT =gea & fafe|
3. f00) =22 & fav forg g gl
4. flxy=x"+2 & T #gca1 & A gl

99. The iteration
1 2
X1 = E(xn +Z>,n >0
for a given xo # 0 is an instance of
1. fixed point iteration for f{x) = x* — 2.
2. Newton’s method for f{x) = x* — 2.
x2+2

3. fixed point iteration for f(x) =
4. Newton’s method for f{x) = x* + 2.
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100.

101.

100. &= T A, 0, 31TF& O d@ar aar £, f,

AT ITAETON BeleT & 39 FHET
AR THOT & foIT:

o(x) — Af(th + 4x2)p(t)dt = 0.

aﬁ.
1. Al * /‘{2
2. 2‘1 = 2,2

3. f) A ARG dx =0
4. [} Of(x)dx =1

Let A, A, be the characteristic numbers and
f1, f> be the corresponding eigenfunctions for
the homogeneous integral equation
1

o(x) — 2 f (2xt + 4x2)p()dt = 0.
Then
1. 41 # 4,
2. Al = ).2

1
3. fo [i()fz(x)dx =0

1
4 Jy LGOf()dx =1 4

| Y

FohH T BT TT & e Rfrer
GSOHAT m & Th ST W Sraet
EIECEIEC ol % ayr ‘Lﬁnﬂ—rr a?mfr q
a’ﬁ?l' % ( | .l

L(rr o, 9)— —(r + r‘192)+
aT

. FF atrrq%%g‘q T ¥
(’ Py =mr ddl 20|
2. AT T e F H & m[ r] =

3 A AT 1= o+
4 g & =adEd FaT § p, —+mrFf?2IT

g = —mr2é.

101. Consider a mass m moving in an inverse
square _central force with characteristic
coefficient x and described by the
Lagrangian:

L(r7, 0,6) = 2-(% + r20%) + -
Then

25

1. The generalized momenta of the
system are p, = m# and py = mr26.
2. The Hamiltonian of the system is
H=—[p?+ $ B8] Lem
2m 2 -
3. The Hamlltoman of the system is
a Zm[ ]
4. The generahzed momenta of ‘hi,‘ system
are p, = +m7 and py = —Mr26s .
- |
102. zeaae m aur ot o & wEl w0
e () aur (L) 9 ﬁaﬁf%fr
L HE LT gy F Eag § '
2. HamLﬂaﬁﬁé_ %Wvﬁ'{ﬁﬁﬁrm@r
\ ( '
1 (¢
3NH Lm?rrs‘
4. HaAT L et v#H gfaard gl
102. Qonsider the Hamiltonian (H) and the

1.
2.

aggangian (L) for a free particle of mass m

velocity v. Then
H and l{ﬁre independent of each other.

and L are related but have different
dependence on v.

3./ Hand L are equal.
4. Both H and L are quadratic in v.

103. IRehdr gdfca Bold f(x;0) = 0x%~1,0 < x <

1,
Iefos ufagr =& &7 & X, X,

AT YT, >0 ¥ faw AW wH
an

fafése wta &1 gegeaa

{(xll xz, Yy xn): Z? log(xi) 2 C}r

SIET ¢ Ueh dCiideh WEAT § S 3Ugedd:
T A &, Hy B H, & TaEg gdeTor e
F U U THIART: AFddH Uid § A9
IEg

1.

Hy:0 =191H H:0>11

2. Hy: 0 =19ATH Hy: 0 > 4 |
3.
4. Hy:0 = 4SATH Hy: 0 # 1 |

Ho:6 = 4 ST Hy:0 <1 |
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103 Let Xl,Xz"',

104.

104.

105.

26

X, denote a random sample
from a distribution having a probability
density function  f(x;0) = 6x%71,0 <

x < 1, zero elsewhere; 8 > 0.

The set {(xq,%g,,%,): 21 log(x;) = c},
where c is a suitably chosen real number, is a
uniformly most powerful region for testing
H, against H; when

1. Hy:0 = 1 against H;: 6 > 1.

2. Hy:0 =1 against H;: 0 = 4.

3. Hy:0 = 4 against H;: 6 < 1.

4. Hy:0 = 4 against Hy: 0 # 1.

foReY herer F 3 STl AT 6 Flell IS &1 Th-
AFAd R foar| gradi @ge # @y
AT 3E & Uhe gl ST ITAhdT §:

ol S
614!

3. 4(%) 4. =2

An urn has 3 red and 6 black balls. Balls are

drawn at random one by one without

replacement. The probability that secon:

ball appears at the fifth draw is
1

3. 4 (%) 4 =

s =g [ o dg-
A & X, gada L ;iare
U ool 1 g ¥ v qar efad ot
o e e ainmma?rm@r
(H%%Yﬁﬁca B AT F x+Y=N
gl P YA F O BT T@Er g 2

Ly, XTUT YEIAT Prefooed o &

k
kj {2 (k+1)
0

2. FI Ueh FITASAT GeTATT Bold g Sl
-

pi = K {0 -2 e
F Ty Ir AT gl

mm%l
§ & I e

fork=0,1,2---& T

P(X ;) =P (Y = peladtt

ar|

fork =2,3,4, --
=gA1

105.

106.

106.

3. IERAIAA RF N=n, XTI ¥ &
aufaeer sed TaaT ol

4. T RT I W H N=n ¢

! k=012 --n

— & o
3T

P{sz}z{
0

number of Tails before the firstfead occurs.
Let Y denote the number of Jails
between the occurrenceMof the firgt and the
second Heads. Let X + ¥= N. Then; 'rhich of
the following statements are true:,
1. Xand Y are 1ndependent %HQOm variables with
fork=0,1,2--
R 20 = h(Y- k) {O r otherwise.

2.‘ asa prci)ablh‘!y mass function given by

0 otherwise.

A fair coin is tossed repeatedly. ;‘Ie&g( be the
served

Given N = n, the conditional distribution of
Xjand Y are independent.

; en N=n,
PIX = /{m fork =0,1,2, --,n
otherwise.
qlet & X, Xy, - FqdId: dUT AIHAG:

dfed &, 9+ (0, 1) W TH THHHAR scad

& Oy A fF 21 & BT S, =Y, X, B
Fﬁﬁmmﬁrﬁﬁaﬁaﬁw%"
1. ¥ n— oo, —0 9T 1 & Iyl

logn

2. P{{Sn >2?"} mﬁﬁa?r:arénmm%} = 1%

P{{Sn >§} HIRFTT: FE n awaz?n%}= 18]

Let X, X,,--- be independent and identically
distributed, each having a  uniform
distribution on (0, 1). Let S, = Yj-, X; for n

> 1. Then, which of the following statements
are true‘7

- log —0 as n — oo with probability 1.

2. P {{Sn > Z?n} occurs for infinitely many n} =1.
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. =" 0 as n — oo with probability 1. which of the following statements are true?
logn 1. Corr (X, Y) = 0.
4. P {{Sn > g} occurs for infinitely many n} =1. 2. Corr (X, ¥) > 0.

3. Corr (X, ) <O.
4. X and Y are independent.
107. 37a¥dr §ATE §:={1,2,-+,23} W AW &

(Xp)nzo T FT(T T &, HHAT F1fAeher 109.mﬁﬁ:()wmﬁ%uﬁar%aﬁ
Piiv1 = Prii =5 V2 <i<22 X d91 Y& 34 §cof HAMW & me
P2 =Dr2s = oamlwa?maww—g B
P23,1=P23,22=%~ ﬁmmﬁ@aﬁﬂ'ﬁ/\’m Eﬁw

F I AT W A, [T FUAr F F Fla- Fr g war &2 " r’

e 8? 1. TEIEROT (X, ¥) = Ol '

1. (Xp)pz0 T Teh EfAT EIstr deoT & 2. aX+bY GHTAE: IR & @ areanE

2. (Xp)nzo STLRIONT & T bf m-.mq FT YEROT & + B

3. PXy=1) > o - ;h&mw '

4. (Xp)nso IIGed Bl 3. PUG<0, Y<0)= %

4. Ff) arEafasd s a9 ¢+ & fow
107. Let (X,)ns0 be a Markov chain on the state E[8% 51 = E[™] E[*] &1
space S == {1, 2,---, 23} with transition

probability given by

i X\ .
Piis = Diior = % V2<i<22 109. pose (f 1§ a Tandom vector such that.the
istribution of X and the marginal

_ 1 marginal-
P12 =P123 =3 1 *{ di§tribution of Y are the same and each is

P231 = Pazaz =5 Sé \ normally distributed with mean 0 and
Then, which of the following state“l ‘n variance 1. Then, which of the following

true? conditions imply independence of X and Y?
1. (X,))nso has a unique stationary 1. Cov (X, ¥)=0 o )
distribution. A ‘L 2. aX+bY is normally distributed with mean 0
. 2 2
2. (Xwnzo 18 1rred111cibTéf A% . z}l)ng(vilr(l)an;i c(z) )J: I?/ for all real a and b.
. sV, rsl)=".
3. Pn=1) 35 ‘-’ 4. E[™ " = E[e™] E[€""] for all real s and 1.

4. (X;)nso 1s recurrent, !

110. 71 & X, X,, -+, X, , U(6,60 +1) & 9red
& aefoes gfdest B 3 X < X <
= < Xeny» X1, Xo, 0, Xy, S HIAT AN AT
Afése aa § O @ sy § @ I
e 82
1. 0% U Teh HFFaa: gdicd Ticeerst

Xy Xy + 1) &l

2. 0% AU ww gAfeqd gfdedst X, +1 8
3. 0% T v GgFA: qAed gldesist

108. Suppose that (X,Y) has a joint distribution (X Xay) T

with the marginal distribution of X being
4. 0% U T wded gfded x
M0, 1) and E(Y | X =x)=x" for all xeR. Then, @ ¥

108 #1616 (%) &7 U FgFaT deat B, SToT X H
3Uid §¢aT N, 1) T @l xeR & fow
L E(Y| X=x)=x"§I FUAT H PIT-T
e &2
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110. Let X;,X,,:+, X, be a random sample from
Uue,o+1). If Xy <X <= <Xm
denote the ordered values of Xi,X,,:, X,
then which of the following statements are
true?

1. (X ay Xm + 1) is a jointly sufficient
statistic for 6.
2. X(n) + 11is a sufficient statistic for 6.

28

112.

3. (X ay X (n)) is a jointly sufficient statistic for 8.

4. X (1) 1s a sufficient statistic for 6.
111. X, X,,..,X, T&dAd: Ud FAUGARIT: sfed
grefeoe T § ST Bin(1,p) & TER0T d
§ AT =001 F HT Hy:p = TIH
Hy:p =2 &7 altator & fore odreror

¢={1 g Y, X; > e 6

0 Hegar

¢ W | ar, @ s« & § -8 Fder

&7

1. S n - oo,
gl &1

2. 3 n - o,
gl &l

3. 9 n - o,
g Bl

4.@@11—»00,
gl Bl

ﬁw@r%mlwmﬂﬁﬁ

wleTor Fr rfed g?ﬁﬁ?

Qﬂmﬁrem—wmﬂﬁa
ﬁw?iéﬂlwmﬂﬁﬁ
” b, (¢

111. Xl,Xz,.. and

X @

“ Videntically* distrt random Varlables

ed
( which follow Bln(ﬁb\To test Hy:p = = VS

Hy:p = —, with size a = 0.01, con51der the
: 4

are independently

test
I & 6= {1 if v X; > cp
0f otherwise,
therigwhich of the following statements are
true?»

1
1. As m— oo power of the test converges to "

1
2. Asn — oo power of the test converges to >

3
3. Asn — oo power of the test converges to "
4. Asn — oo power of the test converges to 1.

113.

113.

gd R 9 faar s e (0,0), (0,6), (8,0)
Sigl 6> 0, arell B%(em 81 5@ Wid R &
AT n T Toh Gidedl Irefeoed: gar sirdr

gl ufdedr & {(X,Y):i=1,2,,n} @A

F| W Xy = max(Xy, Xp, -+, Xp) L

Yoy = max(Yy, Yy, -, %) fAfese qq@a go

oot FueT 7 ¥ PlA-D T L i:

1. Xy T Y, TIAT & - ||

2. 0% oI TR %%

3. 0 F 3TTAH § 3Terelsl| & F
max; <;<n (X; +Y) gy ¥

4. 03T BTITQT,HTPHT 3Tt ¥
".1 X{X (ny, ¥y} {

r a region R, which is a triangle with
(0,0),(0,6),(68,0), where 8 > 0. A
of size n is selected at random from
region R. Denote the sample as
Y):i=1,2,--,n}. Then  denoting
X(n) = I’I}MX:L,XZ, "',Xn) and Y(n) =
m@x (Y, Y,, -+, Y,), which of the following
statements are true?

1. X(n) and Yy and independent

2. MLE of @ is

3. MLE of 8 is max;<;j<, (X; + Y;)
4. MLE of 0 is maX{X(n), Y(TL)}

Xm)+Ym)

A & Xy, -, X, TqAAA: T FAATHAT:
gfed Iefedsd W § N(u,1) Scd & Iqry|
AT T pel0,00)| AW & 4, u & 3Tadd
gaTfaar ddera gl dl, e d¥Er 7 @
T T &

1. i = max(X,,0)l

2. u & AT g 3T B

3. 4% fow X, gaeqd gl

4. popr AfAAER Rt 4 Bl

Let X4,---, X,, be independent and identically
distributed random variables with N(g, 1)
distribution. Assume that ue[0, ). Let 4 be
the MLE of u. Then, which of the following
statements are true?
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1. i = max(X,,0).

2. i is unbiased for u.

3. X,, is sufficient for p.

4. [i is a consistent estimator of p.

114. AT & X=X, X, X3,X,)' T 4 x1

qreeod e & afh X~N, (0, %) &, Siel
1 ppop

o

pp 1 p
p p p 1

geATcas Afaa g1 o, @ sy §# 9
FA-T TEr g2
1. X,X,, XoX; TAT X;X, & e aagAT g

2. (X1-X2)? ~F

(X1-X3)? L1

3. {(X1 — X5)* + (X, — X%}

1
2(1-p)

~X5.
4. (X1-X2)? ~F

(x3-x2 LU

114. Let X = (X;,X,,X5,X,)' ' be4 X1 random

vector such that X~N, (O, X) where
!

is positive definite. Then, which of the
following statements are true®.
1. XXz, X,X;5and X3X{ havé identical

distribution. _ ‘_,
(X1-X,)? 3
2. (X1-X3)? F;ll L
. .3-__{(X1 —X3) "&Xz _X4)2} 2(1—_p)~)(%-

(X1-X2)? -
(4 (X3—X4)? ~F1'1. \\\

115, & & X 0 4 x/1 Trefeosd afewr &, Tgn
TGS e, p T aRaeh smegg =
Flay A F s F JANAGIOF AT §
MLE6,1,=3 =2ad A,=11 A= &
Yl,Y%Y3,Y4ﬂW§EQTW§IﬁIH$‘<’HTﬁ
¥ PF @

1. 9UHA &I gchl ¥ ATTead faavor &1 gfaerd
95% & FH Fl

29

115.

116.

116.

-

2. YA diel gl ¥ Iiedd faaror &r
gfaerd 95% & 3ifa gl

3. Y, Y, Y, Y, T&aT B

4. Y, Yy, Ys, Y, & ST TIUTHAT &1

Let X be a 4x1 random vector with
Multivariate normal distribution W?tli\mean u
and dispersion matrix X. pose, the
eigenvalues of X are A; = 6,4, =3 A3 =
2,4, =1. Let ¥;,Y,,¥3Y; be gthey four
principal components. \rich of the 'foPowing
statements are correct?

1. The percentage of Variati n‘exlplained by

the first two Components j;s 95%
2. The perceptagesof variation explained by
-« the first tl‘Eee cofuponents is = 95%
3. Y1, Y3, Y, ate independent
, Y3, Y, haye identical distribution.

Yi, Yp-oY, OEfeod W OE, @d
ATET 0 & @yl afey (1), VoY),
s gfeer vear g & vra
s F gy RQeolt 3aag & AT §
HZ sy 3rafaswolt a7 & AT § |
A F 0 F Svean W@e 3AfRAd
3TheleT 7, § dUT ¢ & WYUROT gAdd a7
HFAST T, &1 o et & & sl9-9 @&
&7
L Ty= 20, Y =T,
2. T,=nY @41 T, =
ey 78
3. Yy, YooY, & -8l (n - 1) IW@era:
TIAT Belel §, Tcdeh YT TR &
ary|
4. Y, Yo,--,Y, & Sh-81& (n - 2) VW
AT YWh Belel §, Tl Yo Fem
& Y|

YL,V -V S vs &

Let Y, Y5,---,Y, be random variables with

common unknown mean 6. The variance-
covariance matrix V of the vector (Y,

Y,,--+,Yy), is such that the inverse of J has all

its diagonal elements equal to ¢ and all its off-
diagonal elements equal to d. Let T be the
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117.

'(

117.

best linear unbiased estimator of & and T, be
the ordinary least squares estimator of 6.
Which of the following statemens are true?

LTy= YL,Y =T,

2. h=nYand Ty = Y, Y; —Y where Y is
the mean of the Y;’s.

3. There are exactly (n — 1) linearly indepen-
dent linear functions of Y, Y>,---,Y, each
with zero expectation.

4. There are exactly (n — 2) linearly indepen-
dent linear functions of Y}, Y>,---,Y, each

with zero expectation.

g% AT 4 & @3l H PEIlead Th 2*
AT # FR& F,, F,, F, 97 F, Gf&Afad &,
e & TR W, S 0 9 1 ¥ REEa
s 3dfafsear fAetaq gl

Block 1 Block I

FI F2 F3 F4 FI F2 F3 F4

0 0 0 0 0 0 0 1

0 1 1 0 0 1 1 1

1 0 1 1 1 0 1 0 _‘ (

1 1 0 1 1 1 0 0 :
Block 1T Block IV ‘ J

FI FZ F3 F4 FI F2 F3 F4 -j

0 0 1 0 0 0 1 1

0O 1 0 0 0 1 0 1

1 0 0 1 1 0 0 0

1 1 1 1 1 1 1 0

mﬁmamﬂgﬂﬁmﬂﬁﬁ

I"ERRT YA & ., F\F>Fy, F3F,.
2. HHRA UHIT § B F.Fy, FoFsF., FiFy.
3 af?larcr H'a?g' %"
experiment involving factors F,, F,, F;

and F,, each at two levels, coded 0 and 1 is
condiicted in blocks of size 4 each. The block

contents rare as below:

30

118.

Block I Block II
F, F, F; F, F, F, F; F,
0000 00 0 1
o1 10 01 1 1
1 o1 1 1010
1101 1100
Block TIT Block TV :-\
F, F;, F, F, F, F, F, F, ' 4\
O 010 0 0 1 1 ,
o100 o010 1 %28
L oo1 1000
111 1 1 1 0
A J y -

Then, Wthh f ﬂl@--fggllowmg'r tatements are

.
13 %e confounded{effects are F'\F,F5,
1 \FoFy, F3Fy.
. Thé confounded effects are F',F,F5,
L5y, FLF,.
. The design is connected.
e design is disconnected.

3-]T§ﬂa' Eﬁl'Ngaﬂé'QT Uy, Uy,

Uy @ REAT §, aur ses U, R reafla
R A AW Y, (i=1,2,-,N) gl AW &
Y =35 Y aa 7:% 1Y g1 3eTer &
YAEATA & HY HAY 5> 1 H1 gfget
AT & T H TR & Ty fehrer
STl 8, a7 MR py ps,, py; 0 <p; <
1,i=1,2,--- Naar ¥¥.p; =1 % @ry|
RS Y foh 7 = ;Ziesl’i/pi,aﬁ T
fdeel &1 sweal W fawgd g1, &
FUAT H T HlA-T TEr &2
1. Y &7 38T 3ehelet § 7|
2. Y &I 3AMAAT HTeholol g 7|
3.9 g8 i,i=1,2, - N& U p, &

AT A Y, § A 7 H TEROT O B
4. T%mem%

Sies (L= 1)

n(n 1)
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118. A finite population has N units, labelled U,

U,,- -+, Uy and the value of a study variable on
25 ) N) LetY = Z{V:l)/l

N Y. A sample of size n> 1 is

unit U;is ¥; (i=1,
and 7 = =
N

drawn from the population with probability
proportional to size with replacement, with

on; 0<pi<l,
JNand ¥V . p; = 1. Define

selection probabilities p; p,,--
i=1,2,-

T =
the units in the sample. Then, which of the
following statements are true?
1. Tis an unbiased estimator of Y.
2. Tis an unbiased estimator of Y.
3. The variance of T'is zero if Y, is
proportional to p; for all
ii=1,2,---,N.
4. An unbiased estimator of the variance of T

o B (2 1)

1
;Zie s Y;/Di, where the sum extends over

119. 39 A T #§ uafeyd fFar = §, s

&

a3 # 9 ges iafafsea g1
() Ql
(@)
®
«™ 8

i coliorecy cl, Gy, G, a?rfﬁaﬂa e

IATHHT: W%‘mw
aTEnaTaﬁr%, ‘gl & aryl HTFETEFF
(’1 S(t)—e ¥ for ¢ “\
2. 8= —-e ") el fort>0.
1380 =(1-e el fort>0.

4.. Sty= (1 - ( l—e ))e[ for t> 0.

119. A { tem consists f 3 components arranged
as in the figure below:

M"‘E—g-—-

_@_

© ©

Each of the components C;, C,, C; has
independent and identically distributed

31

120.

120.

lifetimes whose distribution is exponential
with mean 1. Then, the survival function,
S(?), of the system is given by

1. S(¢)=e ¥, fort>0.

2. 8()=(1—-e " ")Ye ' fort>0.
3.5()=(1—-e *) e ", fort>0.
4. S(H=1-1-e H)e ", fort>‘0.

&

Th M/M/1 &AR W faar
R 3T AT Sfaren 8 qem o
WaTdishd: sfed &, Qﬁm6ﬁﬁzﬁ
Tﬁ%mﬂlwfﬂﬁ?ﬁmm

ol - r
¥ (F AT (ET-[ A pdf.
(10)8x7e{10x
') = {—;'— forx >0 ¥ gy
0 otherwise.
. o) s el /Sl
F) = {1 —(0.8)e™?* forx >0
0 otherwise
gl

3. HEg Aﬁm gl
4.'341?2: 24 f&s1e gl

€onsider an M/M/1 queue with arrivals as a
Poisson process at a rate of 8 per hour and a
service time which is exponentially
distributed at a rate of 6 minutes per
customer. The waiting time of a customer in
the queue

1. has a gamma distribution with p.d.f.

(10)8 7 p—10x
f(x) ={— forx >0
0 otherwise.
2. has distribution function given by
Fx) = {1 —(0.8)e™%* forx >0

0 otherwise.
. has mean 4 minutes.

. has mean 24 minutes.

W
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JOINT CSIR-UGC-JRF/NET DECEMBER 2015 FINAL ANSWER KEY BOOKLET A

MATHEMATICAL SCIENCE

ENGLISH AND BILINGUAL

Q. No. Key Q. No. Key Q. No. Key
1 4 41 4 81 1
2 1 42 1 82 1,2,4
3 1 43 4 83 3,4
4 2 44 2 84 3,4
5 3 45 2 85 3,4
6 4 46 2 86 4
7 ord 47 3 87 2,3
8 2 48 2 88 1,2,3,4
9 4 49 4 89 1,4
10 3 50 4 90 1,2,3,4
11 3 51 3
12 2 52 2
13 2 53 4
14 1 54 4
15 3 55 2
16 4 56 2
17 2 57 2
18 2 58 1
19 4 59 3
20 1 60 2
21 1 61 1,3
22 4 62 1,3 4,

23 4 63 3,4 *ilos
24 4 64 1,98,

25 2 65 ¥

26 3 66 ™4

27 4 674 2| 34

28 4 681 4| 1,23

29 2 8 (e *

30 2 N 2081 13

31 3,..4 71 3,4

"32 1 N7 1,2,3,4

[ 33 4 73 1,2 113 1,3,4

\ 34 3 74 1,2,3,4 114 1,3,4
8 ¢ 2 75 1,3 115 1,3
36 3 76 2,4 116 1,3
3 3 77 1,3 117 2,4
38, WAL 1,3,4 118 2,3,4
39W 1 79 1,4 119 4
40 2 80 2,4 120 2,4

change in key indicated in bold

*benefit of marks to those who attempted
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JOINT CSIR-UGC-JRF/NET DECEMBER 2015 FINAL ANSWER KEY BOOKLET B

MATHEMATICAL SCIENCE

ENGLISH AND BILINGUAL

Q. No. Key Q. No. Key Q. No. Key
1 2 41 4 81 3,4
2 3 42 1 82 1,4
3 4 43 3 83 3,4
4 or 4 44 4 84 2,4
5 2 45 2 85 1,2,4
6 3 46 2 86 1,4
7 2 47 2 87 1,2,3,4
8 1 48 2 88 4
9 3 49 4 89 1,2,3,4
10 2 50 2 90 2,3
11 1 51 4 91 3,4
12 4 52 2 92 2,4
13 2 53 3 93 3
14 1 54 2 94
15 4 55 4 95
16 1 56 3 96
17 3 57 2 97
18 2 58 4 98/

19 4 59 2 99"

20 4 60 1 100

21 4 61 1,234 | 101

22 2 62 1,3 ], 102

23 1 63 13 %103

24 3 64 N 104

25 3 65 V34 105

26 4 66 [ 13 106 2
27 4 674 4| 24 107 1,2
28 2 681 . 1,2 108 1,4
29 1 . B9 (l« 13 109 2,4
30 4 Y 2081 13 110 2,4
31 N 4 71 3,4 111 1,3,4

32 2 72 1,3,4 112 3

[ 33 1 73 1,2 113 1,3

1 34 3 74 1,2,3 114 4
35 ¢« 3 | 75 1,234 | 115 2,4
36 2 | 76 1,234 | 116 1,3
3 4 77 * 117 4
38, 2 M| 78 4 118 1,3,4
39 W 3 79 1 119 1,3
40" 2 80 3,4 120 2,3,4

change in key indicated in bold

*benefit of marks to those who attempted
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Q. No. Key Q. No. Key Q. No. Key
1 3or4 41 2 81 1,4
2 1 42 2 82 1,2,4
3 2 43 2 83 3,4
4 4 44 2 84 1
5 2 45 3 85 3,4
6 1 46 4 86 1,2,3,4
7 1 47 1 87 1,4
8 3 48 4 88 1,2,3,4
9 1 49 4 89 2,3
10 4 50 3 90 4
11 3 51 4 91 2,4
12 4 52 2 92 3,4
13 4 53 2 93 1,2,3,4
14 2 54 3 94 1,3
15 3 55 2 95 i
16 2 56 4 96 %\
17 2 57 1 97 N2
18 4 58 2 98 | 1,2,3,4
19 2 59 4 99" 2,3
20 3 60 2 100 3
21 4 61 1,2 101 28
22 3 62 1,3 |, 102 13w
23 1 63 12,34 18103 1,2@,.4-‘
24 2 64 1,3 {‘ 104 1,4
25 1 65 V34 105 2
26 4 66 [= * 106 3
27 2 674 4| 4 107 1,2
28 4 681 .| 1,23 108 1,4
29 4 69 (|« 34 109 2,4
30 3 N 208) 34 110 2,4
31 2 4 71 1,3 111 4

32 4 N2 1,2 112 4

[ 33 2 73 1,3 113 1,3,4

1 34 1 74 1,234 | 114 1,3
35 ¢ 4 75 1,234 | 115 2,3,4
36 3 76 1,3,4 116 1,3
3 3 77 2,4 117 2,4
38, 2 M| 78 1,3 118 1,3
39 W 3 79 3,4 119 3
40" 2 80 2,4 120 1,3,4

change in key indicated in bold
*benefit of marks to those who attempted
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