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£ [i-ﬂ; 4. (z+2)
4 2
d
WW&W TG @ AT & & T
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PART A

1. The arca of the shaded region in e’ is

Lo [z=42) 2. (x-2)
3 [i—"f—] 4.\" )
O *

2. The angles of a nght-
arg in arithoeetic |
1000 m. The
garden in m is

24752

1§00
3. Q‘“ 4. 2768

3. @5 the diameter of the somcirele as shown in the
A

triangle shaped garden
n and the smallest side is
ength of the fencing of the

&1 W AQ=2AF a Fr o o ST e gram. 1f A0} = 2AP then which of the following
Het ¢ ? Q&gm correct?
L a
9 s{\ :
QQ
¢ A =

; )
L. JAFE——JAQE \\0
7. LAPB= 2£.d
3. LAPB= 2 Q8

4 i;IPH=%£AQE

W @ TE WE A F oawew 5% ey
o g7 o wgh & omlE wEE B ¥ R 2V 50%
waed & 1 % wyp A ofv B #F www
AR T & & 5t 9% e wE B osl
TFIE A T WO P WO o ST Fh

.72
1.25

1. l.44 2.
3. L0 4.

L ziAPH:%f_’;!QH
. ZAPE=22408
 ZAPB= £ AQB

4. .i.dPE:%iAQB'

4, The rabbit population in community A increases at
25% per year while that in B inereases at 50% per
year, Tf the present populations of A and B arc
equal, the ratio of the number of the rahbits in B 1o

that i A after 2 years will be
I. 144 ] [
1.25

i1 4,
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T moltes each of O and H; are i two seperate
containers, cach of volume F, and at 150 °C and 1
atmaosphere, The two are mads to react in a thied
container to form  water vepour  unil Ha is
exhausted, When the temperames of the mixture in
the third comtainer was restored e 130 °C, its
pressure became | aimosphere, The volume of the
third container must ba

¥, 2.
I ] L 4,

S04
¥,

Heliwm and areon gases in two separile containers
are a1 the same temperawre and so have differem
rogt-mean-square (r.m.5) velocities, The two are
mixed in a third contamer kegping the same
remperzture. The s, velogity helivm atoms
i the mixiere is 6\,*

1. more than what it w re Mixing.

2. less than what it fore mixing.

3. equal toowhat i fore mixing,

4, FEon atoms in the mixiore,

equal 1o that

The mnecdiale is wsed in the manufacture of soap
becau ‘f\‘

(a3 é&‘i bulk 1o tie product
Eillz bacteria
gives fragrance
{d) % soft and does not seratch the skin

Which of the above statcments isfare correst?

1. (d) 3. fa)and (<)

5 fe)and () 4. ) and (d)

100 g of an inocganic compownd X-FH:0 containng
a volatile impurity was kepl in an oven at 150 °C for
60 minutes, The weight of the residue afier heating

is & g The percentage of impurity in X was

1. 0 ol
320 4. 80

Cin a certain night the moon in its wamng phase Wﬁ&
a half-moon. Af midnight the moon will be

en e eastern honzon,

at 45% angular keight above the eastern homzon.
at the zenith,

o the westiemn honzon,

Plal —
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1. 300 2. 130

3, 2400 4. 1200

v g & wver s o woaw A A
gaifah arpene ¥ B wE @ g o W
fiog & d7 wr wn @ e iy w5 e
gmiar &

chplidaEes
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10, A pemstone 35 iradiated in a nuclear reactor for 5
days, Ten days afler imadiation, the activity of the
chromium radisisotope in the gemstone i GO0
disintegrations per hour. What is the activity of
chromivm radioisotope 5 days after irradiation if its
half life is 5 days?

1. 300 2. 150
3, 2400 4, 1200
11, Displacement versus time curve for a body 15 shown

in the figure. Select the graph that comestly shows
e variation of the velocity with time

daplatnmannl
m]
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AR CER D ¥ v arsn e R

FE A W wwer & B o s
E¥

gkt Surfara

LA srmry f sodr o e B.C. D alv R &)
1 R mowmw & gwe om mer AL B, O ade D #)

3, D oo & wrered any g CL B, A 8 B#

4. A meves € T o e R B, C av D 24

&

The spring balance in Fig. A reads 0.5 kg and the
pan balance in Fig. B reads 3.0 ke, The iron block
suspended  froon the spring balance is panially
imumersed in the water in the beaker (Fig. C). The
spring balance now r2ads 0.4 kg, The reading on
the pan balance in Fig, C iz

. 3.0ke 2 29kg
Ji 3V ke 4 35kg
i

13, The ends of a rope are fixed to two pegs, such that
the rope remains stack, A pencil is placed against
the rape and moved, such that the rope always
remains taul. The shape of the curve traced by the
penctl would be a part of
1. acirgla : n\e 1
1. asquare QQ iriangle

14. Durning ice skating, s of the ice skater's

g ioe, [oe ehater can
b

shoes exerl pross
efficiently skate

1. icepe @'v-‘rr{-::l 1o water a8 the pressure

exegpdion il increases.
40 converied to water as the pressure

rted an it decreases.
é‘;blhc density of ice in contct with the blades

. Jdecreases.,

gfb 4. blades do not penstrate into ice.,

15, Four sedimentary rocks A, B, C and D are intruded
by an ignecus rock R as shown in the cross-section
diagram. Which of the following is correet sbout
their ages?

Graund Surfaco

A is the youngest followed by B, C, D and R,
E is the youngest followed by A, B, Cand D.
[ i5 the younpest followed by C, B, A and B
A s the younpest foliowed by B, B, C and [,

B Lk B =
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4, fewwnr g oy gl wdvr @ Bl e B @
B

var ity @t gl G G sy o B sl e

WIET AT a7 A 2o grw & gwlar o
T &I iy waw g

* en P
@
1. = i # arewre N\
2. 204 &
520A%0 @R dde \\
4. 0% 40 o )
X
A
ar (R) Aol v & (T) o (@

EPmER)) & U WET (1) 9 & (L) o
T I SN T o7 T GeERRNT Al 7
AR ST A FY A o St e ofd er AR
fil T W e wd Fed J 7

1. TiRr=x TiRR
2. TiRr= thr

3. TTRR = itar
4. TTRER = TiRr

18.

74

16. The strain in a solid subjected to conlinuous sress is

Plotted, '

failusre

Stress —

train —

Which of the followmz statements is true?

1. The solid deforms elastically tiji the point of

Farlur,

2. The solid deforms plasticalQuill the point of
failure, Q

3. The solid comes baglcy'Sriginal shape and st
on failure.

4, The solid is thy deformed on failure.

« Girowth of Anism was monitered an regular
infcevals of Nehe, and 5 shown i the graph belooar,

Amun& ch lime is the rate of prowth zero?

Bdaaask [o]

Close to Jaw 10

On day 20

Betercen days 20 and 30
Between dayvs 30 and 20

Ex led bd ==

A Tl plant with fed ceeds (both dominant traits)
wis crosged with & dwarf plant with white seeds. [
the seprepating propeny produced egual number of
tall red and dwarf whits plants, what would be the
senolvpe of the parenis?

1. TiRr= TiRR
2, TtRrx trr

3, TTRER « v
d, TTRR = TtHr
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19, Three sunflower plants were placed in conditions as
indicated balow,

Plant A ; sall e
Plant B : moderately turbulent air
Plant C - still aic i the dark

Which of the following statements is correct?

a0,

Which of the following is in

‘Transpiration eate of plant B = that of plant A
Transpirgtion rate of plant A > that of plant B.
Transpiration rale of plant = that of plant A
Transpiration rete of plant C > thal of plant A =
that of plant B,

$&

*
d by e accoms

panying dingram?

e>®+~
N
©
i

-
.ol gbt e

@‘9 n

|
|

o= al(1-8) for [bl<1
@ = b impliss @ = b
favb) = a° + 2ab +b°

a = b implies =a < —h
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21, wEr ‘MATHEMATICS & aenf & groog &
T e g A oaee § 7

1. 5040 2. 4989400
3 e 4, B!

22, 50,000 ¥ vy wraE fea B 7
1. 20 2. 30
340 4. 50

3. 5F A T8 g nxn arEviE arEEy 0 R
g B ot wgt g

L. wfr (A+B) = @t (A)+ @@ (B).
D mE (A+B) < T (A)+ & (B).
3. (A4B) = wEw {wfd (A), o

(B)}.
4. @ (A+B) = sy {and (A), o
(B)}.
24, 5 \’
1= forxe[0.1/n)
Sz} = { Jor xc[liu&(p’s\n’)

1. .l'ru:_,f'(x‘,', [0.1]7% W@éﬁ??ﬁ‘ﬂw
Fwa B | \:
EhT 2

ht [0]5w
w4t xe[0,1]F

w0, 1]
&

g lim f.ox) @7 st

25, 2" v

oieny womr &
TR &)
amERT wey &
aErEeTT wem B

S e

JfIffI__.n’ GIE-‘J' |

PART B

21. The number of words that can be formed by
permuting the letters of "MATHEMATICS' is
L 5040 2. 4989400
Fo 1M 4, 8!

21, Thenumber of positive divisors of 50,000 s
by ) 2. 30
3. 40 a. :-1} \Q

23. Let A, B be nxn re% a[n-::r..b Which of the
following statemenl ‘arrect?

l.

2 ronk( Y= vank (A) + rank (B),

3 ran } = min {rank (A}, rank (B1].
4. ¢ +B) = max {rank (A), rank (B)}.

rank {A+B@\ank (A7 + rank (B

66

’OQ

4 L

Jorxe[0.1/x]

v l=nx
Julx)= i) Sfor xr:[lfn,]]

Then

.

(g3

L EE]

25, T

e
f h h .

lim £ (x} defines a continuous fenction on
n—=x

[0,1].
Ut sonverges uniformiy on [0,1].
fim [ x) =0 for all x<[0,1].

P 1

fimr f {x ) exists for all x=[0,1].

he number \E{:"“ iz

a caticnal number,

a transcendental number.
an irraticnal number.

an imaginacy number.
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|26, Let & be a primitive cube root of unity. Define

(et Q)
A= FJ.
(LU

For a veclor v = (v, vy, vk’ defing

el = o vde’ | where o is transposs of v, [fw =
(11,17 then w, equals

[
]
-1
2

E o e

| }Q
27, Let M = {2y, &y, o) 2]l 200, a; +a; +
ax = 6}, Then 1he number of :1@15 m M is
&
| 1. & b3
[

3.0 10 \Q\]l

25, The bast digi‘ﬁ,m:.

<
L6 Q) o 2
o 4. 8

D
A\
The disnension of U vegtor space of all symmetric

matrices A = (1) of order nen (n = 2) with real
entries, ay; = 0 and Imace zoro s

1. (n*+n-dp2. 2 ént-nta)2
3. (n4n-3p2. 4. (ntent3)2
0. Let I = [Q1ICR. For xeX,  let pix) = dist

(%, 1} =mf {|[x-] - vel}l. Then

Lo oix}is disconlinuous somewhers on =,
2

olx) s conlinuous on & but nol continuousty
differentable exactly 2t % = 0
Iooolx) a5 contmuous on = but nol

continuousky differentiable exactly atx =

Dand alx=1.
o) 15 differentable on 3.

:-h-
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31 5+ fF g, = sin i | B a, By, T T | 30 Let a, = sin wn. For the SEQUENCE &), Ay, -
the supremum is

L. O # & a7 gry B & &

2 0 # g gre o B o 1. 0and it iz attamed.
3, T # 2, Oand it is not attained,
:E. 11**-’-53'%?33%;' 3. jal'ldl:!!-:s-ﬂllﬂiﬂ{.'ﬁd.

4. 1 and it 15 not attained.

o I
32, oz Z%:%wﬁmm
I

i

32. Using the fact that

- 1 -]
3 I . == ! egual
. Y = - —_ —_— [
T iZn+]p TR | .Znr & ,ZJ'EHJ.-U' i
z ]
7 o | ® ,, B
ferdis Ry o ﬁ“\(\
12 12 >

0)

i

z
3. T L 3. = 4. -1
. E = E

33 50 BF i) = ufey) + vix, yvi®T @7 por| 3. Let £ €L I&mmph,x valued function of the
fh'nlﬂx.y}@(x,v)-l vix, ¥

st g L OO # Suppo% tulx, y) = 3x'y.
TR ulx, v) =3y, &

_,l" cannol be holomorphic on © for any choice

[. lttrnmﬁr—ﬂi#mwfﬁ??ﬂrﬁm—ﬂ& af v.
& (é"\ 2 fis holomerphic on € for a suitable choice of
Lo v o & oo o f siede 5‘1’&&( v.

3. Cavv & = oow o f piEe \(b‘ 3. fis holomorphic on € for ail choices of v,
&y s 4. & is not differentiable.

66
. i e 2 - i
3, WY B R x Rk {r; o & | 34, Let 2 %° = E*—& be 3 bilinear map, i.e., lknear in

4, waEEeTNT SRR

PR S A — £ v, W cach viriable separately. Then for (V, W) R’

eR’ x K& & 1 Px B v wmmiaw x B the derivative D £(V, W) evaluated on {H,
Fagera [ (V. W) ﬁ!&“e.':r W F KlelR! x B is given by

L (V. K)+ f(H, W) LV, K+ £(H, W)

2 f(H,K) 2 fAHK)

3. (Y H) + (W, K) 3 SV H (W, E)

4. fH V) + (W, K) 4. f(H VI+10W, K)

35. siTEE 3 uw ant W aealae agga’ wi| 35. Let N be the vector space of all real polynomials of
wEw T N s @ ) 8 \:-Hﬁm'?afm degree at most 3. Define

FSpHxl=p (x+ 1) peN far {1, x, 2 &) S:N —Nby (3p)x)=p(x+1), peN.
T R # mr SR smamne ¥ S5 my
ﬁ:ﬁﬁa ﬁrmﬂ'@n—f;ra* Then the matrix of 5 in the basis {1, x, £, 'L,

considerad as column veetars, is given by:
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B 4. &

e A S 4 (-1 el o wet #
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7

1. =3 2. k=43

3. =123 4 <3
o (= WE @ aw & Gew wef Qo E
witda o qof aiwl @ Gap F 1w fd g

g T B oY s W o T P '@Q
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FreTEy 8§ °
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A e

A {(x) = 5424 0 glx) = e x 42 A&

i) @ glx) swgmrdy § |

tix) amymesihy & weg plx)
gix) FEEwTGT § oeag fix) 7o
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36.

i

kL

4
1
1
|

1 00 0 i 111
0200 ¢ 1213
¢ a0 30 (1 N 1R (R
00 0 4 0 0 0 1]
(11 2 3 TR v
IIEE-4 [ ol
222 3 170 e
33 3 3 00 1 0

Lot F be a field of & elements and A = {xeF |x' =
| and x®21 for alt natural numbers k < 71, Then the
numther of elements in A is

)
L. 1

Jire

2 O
BN &
\OQ

The power :;un"e&ﬁ {z-17"" converges if

5.,|-i@+(b 1 k<3

E&HJ

4, p-1s43

@ Constder the group G = (VE where ( and  are the

N

sroups of ratosal numbers and Dregers
respectively. Let n be o positive integer. Then is
there a cyelic suhgroup of arder £?

not necessarily.

YO&, A Ui 0,

ves, but not necessanly a unigue oz,
never

Bl B

Leat fix) = o' +2x"+1 and glx] = %'+ x +2.Then
over Foy

1. Hx) and plx) are irreducble

2 f(x) is irreducible, but m{x) is not.

3. oix) s irredocible, but fx) s not.

4. meither f{x) nor g(x) 15 imeducible.
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. RIERRE A wE () = {1 W), vi0) = Lot

Cero

oG, e
o fed —

i E—F &7 & o GE o 5o ot 5
TEAET F

. ®&{ & &2 svmr a5g 57 8 £ o

2. Rov ow w9 BR OFRT £

i Rwgrl @ 5 o re = slar o

4, 0@ FWET FE UE ST Y oE e
Bl & wrg ww i@ Bt R oov =

A [ ETRTROT 3 W 0 (1)~ du'{l) +
Julty =0,1 ek & ™ ofag 5 a7 wyey
VEimv

1. Rar2 @t vr gy i wufe # ol
.

ETH T T Ger u=0 o s

gy X<

aaw-aﬂaﬂmma}mﬁ@%wh
N

wo wfx )= H

e T v T -l o

. {{x, 8 ; xel&, te®].

2 {lx, 0 xeX, 1> 0} oy wyE
{(x0 rxeR, t< 017 78 ¢

3 {0 xeR, eRW(0,00.

fx.t): xeR, t=-1},
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40. The mumber of non-trivial ring homomerphisms
fram Ey 1o gy is

e e B
=0 P e e

41. Consider the initial value problem

¥iO=a0yl,  wik=1

where f: B—R is continucus. Then this initial
value problem has

*

mtinitely many su]uliu:gg}sumu f

a unique solution m ,b

- no selution in & %;ume f.

. a solution in\q@:%w] containing 0, but not on
= for mm@@

42, Let v @ﬁm ot all bounded selutions of the

ki

b‘ M) =4uity+ Jut) =00 ¢E

en W
(O(O
ey | ﬁmmﬁﬁmﬁﬁwwﬁﬂf(b\\

1. is areal vector space of dimension 2.
is a real vector space of dimension 1,

contang only the trivial function u=0.

2:
X
4, contains exactly bwo functions.

43, The function
Wxd = “FFE
] d=0xeR
i5 & solution of the heat equation in

R L R

Lo{(x 1) xeR, 1=}

2 {(x, 1) c =, 1> 0} but not in the set
1=t r xR, =0k

oGt ke, teRI(00).

flx, O xel, t=-1}.
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47,
F By orrE e &{?Q?lj B

1. 12 2,

b

3. M2 d,

48, ro wiwt o ot 2t H=py - g 2 ot

F =

l. q— oo p— o=
g—=0.p—10
q= e, p=0

E

g0, p—e
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45,
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The second opder PDE

3 -
Wy, — Wik, + XU = )

L. elliptic forall xelk, ye.
parabalic for all xeR, yels,
elliptic for all xe[®, v <0,

Ivyperbolic for all xel2, y <0,

g ek

Censider 2 second  onder ondinary  differential
Equation (ODE} and is  Boite  difference
representation.  [dentify which of the following
stabemenis 15 comrect.

.\Q

1. The finie difference represepfgnin is unigue.
2 The finite difference re AT 05 VRigue
(e seane ODE,

d, There 15 no unigue
Lh CYLIE.

S Terence schames for

4, The unjquencsa\a‘a fintle difTerence schams
can n h:, frined.
The problem ol  extremazing  the

lumma

Cj@'[f}}- Y3z - ey w3 = 4—.J[IJ—l

Q\@ has

1. awunigue selution,

2 exactly two solutions.,

3. an infinite number of solutions,
4. ne zalulion,

For the linear witepral egquation
152
dlx)=x+ [ #()ds,

the resolvent keenel Rix, £;1) s

L. 112 T i
3 32 4. 4
o 1 thee Hamuloman of & dynanneal svsten 1z given

byH=pg- ¢, thenast — ==

1. g= oo, p— o

2, q=0,p=10

Jooq=emp—=

4, q—=d, p—=e==
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HE 3T e Fit) @ ) 07 ofiwer e
W B v LN 2 oewre ww T, 7 Ts &t
S A bty = 36 @ hyn) = 4F 1=
0OF ra

L& t=0 # &3 Fyt) 2 Fat).
I w1 @ & R0 < Fi).
&3 E[_T|}I = E{Tz]

4. =0 @ & A0 < A1)

R X, X - M) 2 W w5y
T W H AT wEtew o F oA g

| & B WS AT 2 X2 R o

HERT| 5

lim u F e i

o 1] }I

1. 4 R |

i 4
A S (X2 0w s sy el 5 | 51

VY NE WEET QR Sy e o mwly
HOE & A B s smyweiiy et &
e e

R e e e
I @ E s TR e ey B o
Y w A v vy mm o B N
4. @ e of wEr geT oy T f .'(g\\(z

X\
HE R X 7Y 3 ertw wgftew av S
T e Y owaie # o e BR BT
F=X-¥a 0
O

L U o ¥ péir wsr k\

2 UalV =Y & 7 o
3. U FhEr OF ey WA # oy
4. Verer 0@ ok mow wnfieg 2 o

VE FWE A T i awt @ wh w0
T W e £ 202 e F S
T & W # ¢ owE w5 qae

(BT | w B [wc ﬂ{
v | 200 | 400 | 600
3 100§ 300 | 400 |
(&= | 300 | 700 | 1000 |

\&%

82,

33,

49. The hazard rates of two life time variables T, and

T; with respective c.d.fs F.gl} and Faft) and pod.Fx
Fi(t) and (1), are hy(1) = 3¢ and hhith=4¢, 1= 0

* respectively. Then

forall-t=10.
forall ¢x=1.

Fu(th = Fyft)
(1) = Fait)
E(T)) = E(T;}.
fift) = (1) for all ¢ = 0.

e RO —
L b

Let Xy, Xz, --- be Lid. N(1.1) random variables, Let
5',=X|?-Z-X:+---|-..-?: for » = 1, Then
Var(s

i L g

x:-'l* n ‘\Q
\0

L. (D)

35 |51 %QL 0

Let {X, :{Jg%l}} be a Markov cham on a finite
stale spa ith stationary transition probability

AT upposc  that  the  chain iz
i jule, Then the Markov chain

adimits infinitely many stationary distributions.
admits a unique stationary distribution,

3. may not admil any stationary distribution,

4. cannot admit exactly two statiomary
distributians,

not

suppose A and Fare independent random variables
where ¥ is symmetric about 0, Let =%+ ¥ and
¥=X-F Then

Land Fare always independent,

L' and Fliave the same distribution.
L/ is always symrmetric about 0.
His always symmetric about 0,

s b e
e s

Consider the fallowing 2 x 2 table of frequencies of
vater preferences 1o two parties classified by

pender, in an election.  [dentify the comect
statement:
| Gender Party B | Party C | Total
Male 200 400 &0
Female 104 300 400}
Towl [ 300 700 | 1000 |
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o4,

55

T s i Ennd grer g@wl gwonTey wEe e.rﬁr'-‘q;\\(b

radE saw e ¥, b Y, W Foar
wiferey wriaey © g B o R
Y w2 g wpews & XY 8
o atmwE B opw R: =An wyEan

aRNE e g F at

. P(Ry—Ryp=0)> =_
\Q

2 PiRy-Ry=0)= 5

3. E{Ry) = E(Rs).

4. P{Ry=Ry)=1.

e aEew anrsEr Al Fo= 8 Xie ww

S 1w F A= W S (Y, XD,

S

l,ipg L= —ZX ov HETRr Y o@w

i
Wﬂm?!ﬁ?m};ﬁmi
Q’.I'E |

e

5o

1. [ thers is no association belwedn party and
gender, the expected frequencies are
180 420
120 280
1 The chi-square statistic for testing no
association s 0.
3, Gender and party are not associated.
4. Bot males and fernales equally prefer party C

Let X, X- - X, be n (= 2) i..d. observations from
e, -r.r’} distribution, where —ae< g seand

fl= &< =are unknown parameiers. Let

e and e denote the maximum likelihood
and uniformly minimum vanance unbiased
eslimates of o* respectively, ldentifythg comect
slalemnent: X,

H "-T'-r. ;- has the same vanan that of &, 0 -

2 a'.'rl.l..haa farger va:m@:m that of LTH,H
F 5 ¢ s 7301 1 squared error thar thiat
of  Flunue
.
4 T, %m e Dave the same mean squared
iy
b se that we have Lid. observations Ay, X, -,

&wth z normel distnbution. Suppase Tucther that
e have on independent se1 of chservatons Y.
<Y which are also i.id, with the same normal
distribution. Let £, = the sum of the ranks of the
X's when they are ranked in the combinted set of A
and ¥ valugs, and By = the sum of the ranks of the
5o the combaned set, Then

L
[. PlRy—FRy=0)= =,
2
2 PRy -Ry=0)= %
3. E{Ryh=E(fy).
4, P(Ry=R=1.

Conzider a simple linear regression maods]
F= fX+g Leat J::,'t-: the least sguares predictor of
YarX e m, hased: on g observatons (¥, 00 i = 1,
aand X = E X, .
L=
Then the standard error of the predicior ]F,':
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2% -1 ol i:ﬁ{x, o)

2. 2X+1
= 1

3 2N 4+—
2
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X\
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a9,

2. Sx+Txy o7 e g 17 & 7 O i
e ey Tel b S

3. BTk ¥ TemT ST 2 B T owew
~oaen e 1T E

4, SxHTxg w7 7 Ot wF 9T g # T oAt
TR |
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2.

38,

decreases a8 X, moves away froim X
IMCreases as xp moves away o A .
increases a5 xs moves closer 1o 0.
decreases as x; moves closer o (.

Foiid -

A box contains M tickels which are numbered 1,
2,0 No The value of N i however, unknovwn, A
simple mnpdom sample of 1o otckets s drawn
witout  replacement from the box, Let X,
X,y be numbers an the tickets ohiaingd in the
1% 2%, -, n" draws respectively,  Which of the
fallowing 15 an unbiased estimator of N7

1. 2X-1 where i:ﬁ{K,j—\Q—:}in}
2. 2X+1

3 R
3 2F4l 6Q
O

2~\-
n@ﬁom'si n randomiy chosen persons wers

Inael
g i exarmine whether two different skin
[ 5, A and B, hawe different effects on the

n body., Cream A was applied to one of the
ndomly chosen arms of each person, cream B to
the other arm. Which statistical tezt is o be used to
examung the difference? Assume that the response
measured 15 @ continuoues variable,

Two-sample t=test if normality can be assomed.
Faired t-test if normality can be assumed.
Two-sample Kolmogarav-Sioismnay (esl.

Test for randomness,

de Lok b2 —

Suppose that the variables x, 2 0 and x; 2 0 satisfy
the constraints x,Fx; = 3 and x,H2x =4, Which of
the following is true?

1. The maximum vabloe of 5x, + Tx. 15 21 and it
does not have any fimite minimum,

2, The mumimum vabue of 5x,+7%; 15 17 and it does
not have zny finile maxinmum,

3, The maximum value of 5x,77x; is 21 and its
rimimum value 15 17,

4, 5x,+7x; neither has a finite maximum nor
finite minirmum,
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6. arrdT o L= 07 B oF s 0 @ 60, Let X{t) be the number of customers in an MM/
NN ey gerel & aE B X wesl @ quéning system with amval rate & > 0 and
awwEm # ¢ wEr X)) rE servics cate p = 0. The process Xit) is a
f, T A T e o & l. Powsson process with rate A-pi.

2. W WA Aoy # g o v 2. pure birth process with birth rate A-p.
1, wEE WA AT T 76T u # we-ae 1. hirth and death process with barth cate & and
ghbur & death rate .
1
4 T oy 1 F T W 1 F T 4. birth and death process with birth rate - and
' T ' s
A H
wiibar & death rate l.
L

8/07 RD/12—4 AH—2B
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s Part C

T Lnit 1

e fx) = m.ﬁ'{lx—:u:l+sm{|x I+ e+ 107 = +4’Wﬁ‘waﬂmn‘ﬁwﬁ—3’aﬁf i
wiEl s TEr & 7 Mol

. x=5 2 x=3 3 x=-1D 4. x=10
Consider the function
- i 1 i o | 1 )
)= cos(pe— S+ sin (e = 3D + e + 107 (] = 41 \\Q

At which of the following points is £ ngt differentiable?

L cnmE 3, x=3 3. e =in -to?w

&5
] : \Q

R' 2 fre auwgsral o e o e £ 7 (Q

Lol y)ille 22y SR @.\Trl':lhﬂ‘{li
Loo{ln )+ Es) 4-(bﬁl’.ﬂ:f=f+5}

&

Which of the following subsets of K m{.{\ﬁ@}m?

L fn:id=1, =22} Q\('b 2. {l=y):s1, a2}
31 {{x,y):f+3}-3£i} K\Q) 4. flx =y +5)

\\0

e dsmac= {@) || = R of 7 oo we 8) S odhm 7

1. dﬁg}—\gﬂf{r} glx)| :xe[0.10]}.
2. alf g)=inff| F()=g{x)]:x=[0,1]}.

1
Lodfa= [l - gl
0

4. dfg)=supl [(x) - glo) s x (003 + [l (- gloldx .
&
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Which of the following are metrics on = {71 [0, 1] = R 15 a continuous function}

L. & g = supl] Sl —gix)|x e [01]F.
Jif gh=inlf] fAxi—g(x)] e e[01];.

C-a
H

|
sodifg)= [ - gla)dr
il

i A g supd () - gl s xe [0 |G- gladx .

Feie 1,23, % B oA A, 1 0T wgm @ fnel @ oo en 8t s #
b Od‘aﬁ?ﬂrﬂ?ﬂmﬁw?.' g Uﬁﬁjm#;

i1 =l =i \Q
3, ﬁj,mé‘x 4, U:IMEPJ 6Q

il Q

Foreach )= 1,2, 5...., let A be a finite sct cm:ammg at lcast 13@“1 elements. Then

U A, s a countable set. I'L\@ nstcountzhle,
o=l =y @

3. ]_I A; is vneouniable. 4, &J i5 wncountable -
i=1 @.:-'I
&

s A v T R wR BE P gs\{b\

r

- nil "
T R 4% b @ B =0 Q)Q 2, | 1+L] —re T n—bo
L rr-I &\ r+1

Iy 1 I 4]
k3 I+;| e = 4, | l+—| —reTF .
, QUTQ‘ [ -"fl]
Which of the %tnfb 1sare eorrest?
o il -
i L3
1. 14— —h A5l e=hoD, Z. J£——} —Fzas—ra.
M A+l

'

.I n ] £
3, L1+—} — @ AR o 4. Ia.-—1 — i % ko,
Ir M



6.

a7,

a7,

21

fer o &t w7 et 87

I;Fs'“gx;““ witx,y >0 F k)

EHy
E g‘*;f it 2,y >0 & B

I log

% sin"‘;f"s“”;““f” x> 0 7 B

:»*}} Tl yr0a e k=] & &y

Which of the followmg isfare true?

L pgEtyoloaxtlony oo \\(\
2 2 O

T

3. gt gt ;”3} fioe all x, 3 00 QO"Q

5 ) ::+_1-£3jn:+sin_].= R \O

: &in = or all x, y > 0, \0
[.r-r-y}k . (0,
Tsmax{f,y } forall , > 0 and all k.5

b@
fila, b] = R vw o7 wow & af Foa—aT
n'o&%
1. Wit ase<dsh ﬁﬁ?&ﬂ@)m’ 0 g /=08

wtazcsh ﬁﬂ?@f{x}ﬂ =0 @t =0#

2.
3. Was.:rﬁ\&@gﬁwmjf{x]dr 0 & o smwras TE E fE =0 8
4.

Wa@gb # R amw jf(xjabmn T argemes W R =08

Let (' [a, &) = & be 2 measurable function. Then

o
I Ir Ij'{'.r}ir:l} forall@sc=d=hthenf=0a.c.
C

2 ¥ [f(x)de=0 foralla sc 5 b, thenf=0ac.
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o
3. It J_.l"[.r).:ix:l:ll forall @ £ o = d = b, does not necessarily imply al = 0ae

[

[
4. I _{f{x}t& =0 for all o = ¢ = & does not nacessarily imply that = 0ae.

B 3 %= (60 X i) T 3= (00 Pareded . L £p<on o Fid 59 7
I¥p
d,(x.5)=] Zli ol | ) T (e =1 B & 8=

|1]

LeR s (v, =<1 1 spsw A & 7 F7 m o 58 887

|, de-gdm # 8 By 2. de-hE o B fdga & (\
3. dyghtm 4B Raw T E 4, d:-g‘?ﬁ#ﬂzﬁg?aﬁf\'\
S
For x = (x;, XX b and v = (v, yo.. 0 in BT l&'la:fl[.:'_}} Z| P] for 1 s p=<a,
and ale(x, p) = mix frepl i@ 1, 2 @'
T.ﬂHP={xER":dﬂ{x,D}ﬁi}.ispﬂm. @.
Which of the following are correct? ®+
1. & 15 openn the 4.-melnc. ‘@1 18 open in the & -metric.
3. By not opean in the dy-metric, K% By s not open in the d-motric.

o ¥ = (Te+a, 3+ 4}+_}l}ﬁ!,€k‘$} ghftw FR =R o B )

{0, 0 wfm.h\g

{0, 0) 77 W 2N, 0) v Tl RF—amwew @ sfEme &
{0, 0) v F arag B 2wy arvaeor D0, O) ajereily 22T 2
{0, w,.;’\' SRR B S DD, O) Ieeavliy B

Fi o

Consider die Y@ £ R? =+ 2 defined by

fix = (e + 58 S+ Ay + 0N,

Then

1. fis discontineous at (Q, O,

2. fiscontinuons at (0, ) and all dircetional denvatives exist at (0, 0).
3. s differentizble at (0, O bt the dervative D0, 00 15 not inverible
4, s differentable an (0, OF and the desvvative D000, 00 15 invertible,
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[0, 1] 7 @ wa=) @ wate O, L] 77 o & Ba i g &

Lo (L e = supdlix)] - xe[0, 1]}
1

2 fl= flrealdx.
Q

3 A1 = e A+ RO

& Nfk= 1}]1;“{:}]1:??: -

The zpace CT0, 1] of continuous functions on [0, lj is complete with respect to the nomm
L (LNl = sepd )| : xe]0, 1]}
Tl = sup iy :x=(0, 1 &

2 flh= [ el Xg

a O
300 AL = I+ D+ 0 q;Q

; 2 \Oq
4 flz= J 17 )| e

0 .

O
A B D ()= e—al + (v —bY <) fi&?@ ayweral § afT wow s
P b@

Lo Do) (1,00} U Dz (1) o;b'o 2. Dy} Dpall)

3. Dpgll) U (1,00} U Dyl &g\{&ﬁ 4. Dy} Dy, (1)
>

N\
Let S (F )= 406 V) o (x— %%— B’ <#}. Which of the following subsets of B are

connected? \
: N

\0
1. Dyl }\l'&\\, 0} W Dy (1) 2. Dpm(1) W Dew(l)
3. Dw.ﬂm\(’ {1, 09} U Dyl 1) 4. Dpom(1) W Dy, (1}

ar X ={xe[0,1]: xvelinne M} B gan gwesfEs aiietet # o 6

. A dog o T & 2. X=7otdws & 7O SR
J Xxvmgawsa ¥y 4. X wwm & gvny weE T
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Let X:{r [0 :xelinne Nj be mven the subspace epelogy, Then

. Xis connected but not compact. 2. Xizneither compact nor connected,

3. X'is compact and connected. 4. Xis compact but net connected.

Frey aivage! & & Wy | sonew—aliaa B 7

S : (1 2]
1E2 12 1)
4 -1 0 4]
3 4, g |
-1 4 4 0]

Which of the following matrices are positive definite? Xo°

2 lJ 4 [] 2] Q)%Q

|1 2

4 -l 0 4L\
3, 4.

[ S

A fon- T awoehE mem e Vi A TF O Ft s oo - e o ol e e el O
= V4 & e Vowr w3l £ omrd EE.J( FEr (M) <o v oael B owmw AeROow S

=44 ; ar ;{\@
. X
A=1 Q
arftE A= 79)
A A w oo oE ARy T B

Y EEE WT‘?:-%QF Vi omit eV # A Ax =0

fct A be a non- Qtﬂ: iransformalion en a real vector space ¥ of dimension w. Let the
subspace By o the imape of Funder 4. Lel &= dim ¥, <& and suppose that for some

ACE, A° = A1 Then

A=1

N T N

del A = a7
A i5 the ooy cigenvilue of A
There 15 a nontrivizl subspace Voo F such thar Ax =0 for 2ll xs 1,

L e
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A @ C 0F o x n aras arege & e @ WL C, O C7) BT B 1% wee
wafEr & wiEw weie Wt e R

1. Zn 2. afw & s

30, 4. w2 s In

Let C be an = o real matrix. Let W be the vector space spanned by {1, C, ... . The
dimension of the vector space ¥ is

[. 2n 2. atmosts

% PG 4. stmost2n

At i V7 Voow widw it et anwiegr & fﬁ’?’}#ﬁamfﬂ@?ﬂﬁf?

1. K 2. KU,

3, Vit W= x+yixely, pelil, 4. WK = (xe p-,cg&m

Let I, ¥; be subspaces of a vector space F. Which of the fﬂllu& is necessanly a subspace of F7
L w0k 2 Pﬂ@

3. Fi+t W ={x+vieF, yel). 4, T e fre Fiand we Tl

A N T Iwd mwgmﬁmw.ﬁwwmwﬁm#ﬁ rF

N v Brepvf—aremy o wwey

i

#8 N oF feri—areE o J

s .?'-’E'F.'ﬁ'r'qzﬂiﬁ? wler g o

4 N @ #WWF{& Wi

Let Nhea mnzem&\g’tmmx with the property N = 0. Which of the following is/are true?

Misn i@ur tor 2 diaponal mateix,
Nih%ﬂ( 1o a diagonal matrx.
M has e non-2erg eigenveciorn.

M has three linearly independent cigenvectors.

okl v Jir

o & ox, el 1 f{x )= sup"e"”xﬂ _}1 18.pe Ei]ﬂ'? I G o e 7 B
o
mar BT P

. Ay sl < +2)in ). 2 flxyy =i+l +2Re(x ).

3. Sflxw» :l_u'“2 +||}--I2 + lll::x. y}! 4. fix )y = ||:r||2 +E_}l1|1 + li{:,_}f}l.
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- N '!-a}} Which of the following

Lerx, yel". Consider . y)= bl.![:lﬂ'-'f xe 1'|
i,

psfare correct?
I fix '|.-]-{'||'l.| +1 | + 2 vy 2 fla) =|x|| +|i}'§f+2R¢:{x,y}-

a2y 4 S 2 DA+ 2

S =l

e [1/Unit IT

Frer o o wie-d wwee O0, 1] ¥ weT 7 (T nr ﬁr-’??nﬁﬂﬁfw#& 1] 5@
Eﬁ;ﬁwmmﬁ#ﬁn-ﬁ} \

| ifeC[0, 1] - f v agvw &} 2. HfeC]o, 1] J{ﬂJ— Q
3.0 =00, 1] f0 =0} 4, el 1], 9

Which of the following sets are dense in C]0, 1] (the space o @S*(\alued continuous
functicns on [, 1] with respect W Sup-norm l1.1p-c:-!|:rg;-}l*1

l.  {feClD, 1]: fis  polynomial } C'[U 1]: A0 =0}

3 {f=C0, 1] 000 # 0} ’0{? Ifecl0,1] ; J-__jrl:.:l.':l-:'.ll.:l:' 3
5

A CaConz L9 B f&{? !'.E'?F?]'FJ??_'THIEMW: skl o & w0
In+
o vty # ) \\}K

1. =12 \\ 20 w2 oaw Ve BN SEAE 8
3. jfl”.EJ=]f:1<\\"\,Q 4.t il AmeRE e @ Wik T B
Le 2 C— C be a meremorphic function analytic at O satisfring f[-l-]: o for m= 1.
M n+t
Then
1. Ah=112 2. fhasasimple poleatz=-2

JoOAN-=14 4. no such meromcrplic function exists
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81. 7 v wlE dweiiE vy & 0 s S wr S e 0, &
1. f o arvelE Sy ferw d ) 2. fRewgy
3, f=0 4. f" vw g Reawie @

81. Let § be an entire function. If Im § 230, then

1. Ref is constant 2. fisconstant
Lo =0 4. f'isanonzero constant

B FHE LD D A0 =07 7(12) =08 o Semes 2 wEl B={z: |2 <1}, fer F &

gl T R R P (\

L (U <43 2 (=1 O\§
3002 =43 and | () = 1 4. fl2)=z,2zeD 6Q

82.  Letf: I — [ be holomorphic with f(n)=um1d_r(|.fzj=n,whc@9 fz: 2| <1}, Which of

the following statements are correct? (Q’

1L |/ (240 - 1| <1

oo /(U2 s43 and | (0| 21 4&3}%‘;.35]]

D

83. 2=x+1}fﬁ'«?$z£ﬂ$%ﬂﬂﬁﬂﬂﬁﬁ‘§

H' = {zeC:p=0, %‘\\(b

H = {zeC:y<0}, Q)Q\'

L'={zeC. x> S
L™= zeC: gﬁ}.

T f[z}\zﬁ

l. H wH & & 70 & o oGy e )
H& H o awa [ #H & G o oo § o
Hat L' @ &ov 7 H & L # &9 ot s 8
Har L' a9 7 U ot L'# w9 5offir owr #

fuiiba b
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For z2C af the form z=x + fv, define
H ={zeC:y=0},
= fzeC : y <0},
L = {zeC x>0,

L™= {zeC:x=0},

u . 22 ]
The function f{z)=
i Sz+3
|, maps H onto M and H' onto 7,
2. maps ¥ onto B and H7 ento H
3. maps H onte 1" and B onto [ X.:
4. mups " onto L. and H onto L. QQ

: 1 O
z=ﬂwmﬂz}=expL - Q
-m‘;' &,
v ayay [Bfewar & o ~\.®
PR O B b@
vas aifaTE T &
o= O @ s o ) # it Bl %@’Hﬂ‘ JEE ST HNNE B 2 F

& \K

Atz =0, the function f(z)= txp%\g‘?—]h&q

a remavable sineulanty. K

o poele, - ) 0

an cssonlial smgulas

the Laurent m:pa;N m ol fz) arcund 2 = 0 has infinitely rany positive asd negative
wers of 7, ¢

S

s R -—Q;;'??ﬁ\vfﬁ LoV +x grm wier pw areef 8 )9t B R W 51 mewmma y Ry

it B gv syl §

ket b e

T

1. ¥+l T vyl
3. '."":_:l'”!" l . }rJ+}'2ﬂ.-}'-I-]
Let B = Q [x]0 where | is the ideal enerated by | + %™ Let y wo the coset of x in B, Then

1. ¥+ 1is dreducible over B, . :,-‘l + v + 115 imeducable over B,

3. v -y =+ 1isimeducible over R 4, _‘-,:"1 + :,f! +y + 1 is irreducible over K.
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A= 5 8 eta—wr wit # 7

l. Sin7", Q w #idiw # 2. Cosnf17,Q ov diahw #
3. Sin' |, Qe dif # g 4. Iz Qmwadm #
Which of the following is true?

1. Sin7 is algehraic over Q0 2. Cos 117 is algebraic over .

2 edmis algebraic aver (J(x).

3. Sin™ 1 is algebraic over ¢,

o

W R =c s et L ed gl =4 1 Tt F

L RETTH S qE (), glx)) =x 4 1.

2 eS0T aw (f{x), gl =x" < 1. &Q

3 ageo wvEed (o, gl =2 + 70 w0+ 1, =

4. s e (), e = st b s Q
S

Let fix) =2 +x +x+ | and six) = ¥* + 1. Then in Q).

1 god (o), mxp=x+ 1.

2. ged (x)hpixn=x"-1. - (b<°

z. Lem. (flx), gla) =" + ' + 2+ 1, '\~

4. lem (i s = w2+ P + 1L b@

#HE 36 7 F WE G 7 oW vve H a@b@mm % frd

. HcZ(G) s{\(b 2. H=Z(G).
. G ¥ H o oy 4. H vw smadh wap

(\

For any grovp & of order 1l any subgroup & of G arder 4,

. H<ZG. ‘\\0 2. H=ZFG).
3. His nnnng@ﬂ. 4, ffisan abelian group.
N

A G s 8, x S8 e wwr # ) a)

l. G @r2-dat oo wrg # 2. C o7 3-AF Tywer gemneg §
3 G O HE FeTT anenE oo 4. G W ow ey eTEas e 72 a7 i
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90

i

Ui,

o1,
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Let £F denote the group S, = 5. Then

1. a2-8ylow subgroup of G is ncrmal. 2. a3-Syloew suberoup of & is nomal.

3. & has a nontrivial nommal subgroup. 4, (7 has = normal subgroup of erder 72,

s S X v e Eraeen mmie @ A R A, Ay, A X F Tige avage & alb g
agEr £ | @ X O v AT avmew g werw f Eder o and fix) = 0, 9T xed,
i=1 44

l oW a0dm] g ey

Z, W H T gy, 0,0 T F T ST weEwed & e g o #
3. a0 ® WE AT g F

4 el o we A, A 0T A 7R T R e

Ler X be 2 normal Hausdorf? space. Let Ay, Az, A be closed subsets of X whick are pairwise
disjeing. Then there always exists a continueus real valued function fon X such that ‘\Q

Mxysmilxed, i=1.2,3 X
O
b iff cach a0 erther Oor 1. %Q
2 ifT at least two of the numbers @y, a;, @5 are equoal. q
R for all real values of ay, o, . \O
4. only if one among the sets A, A, and A; 15 cmpty.

’(}@’

pad L1 nit 111 ®+

. i e S
e e U e Bl e gl P fi:—fr&.-q}f'- i l& L Beed T .--1=|I{r : 4

v \
RN
¥ | 2t ] it »

. Ty

| lx)
xQ
1. Pl = oo F valx) — 0 3 —¥ o,
20wl = 0 5 palx) = QN x =3 o0
3. Jlx} = oo G vl G)-m R i}

a4, wlxh ) —:r\-" X =¥ -,
X
Qo

Consider the system of ODE

{ P
Lyoay, vioy=|" |
el -1
£ 22 el
where :‘12[ |:|.n-:l Fikg i) . Then
.‘__ﬂ —]___. _1.-':{_{
L. wixd— wand yyix) — 0 asx — o,

2, witxd = O and (el = Das v — o,
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3 pilxd = omand v(x) = —on a5 x e —on,
4, X, Vo) = =t 35 ¢ e —z

'?J‘?eﬂﬁ-:JJ'FFmw}-"+:-¢-=ﬂ:y{ﬂ}|=ﬂ,yf]}={l,#fﬁtﬂ*m Ve SRS W Ok T

e & Bt (0, 1) ¥t o EET TN § o

I Fere wft geEmy ) ) g gy B
3 HAETE F L 4. FHummaE B or

For the boundary value problem

¥Ry = Oy = 0, y(1) =0,
thene exists an eigenvalue & for which there corresponds an eigenfunceion in (0, 1) that

&

| does not change sign. 2, changes sim. X_.
3 Is posilive. 4. 13 negative, Q

O
T 8w E}'—;+_u=cu$l:4:x; 1}-:,;--:%, }-{m:ﬂ,&@j-—.ﬂw 7of B
(e

1. smge it T 3. ?ﬁk

2, O

-
=OOSEC T ﬂ{x{--z—

S

The selution of the boundary value problem

% ég

¥(0)=0, ;.EJ = s \(g\\

1. convex 2; v:m{@Q 3. negative 4. posilive
N\

1. T ke, yeR 7 BT vw Ew £

¥ < (x, ) 2 (0, 0)) 77 7 ey 5

{x¥) &R 2 (x, y)= (0, 0)} o7 7% oftwer w &

x, v R : (x, y) = (0, 0)} v 7 s 5 # vy e orlowar &

BN
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The Cavchy problem

T, +p, =0
wix,¥i=x, on e yt=]
buas
1. asolution for =il xe R, vel.
2. an wmgue solution in Jx, v) &R 1 (x, v) 2 {0, 0))
3. abounded solutien in fix, y) B 0 (x y)= (0.0))

4. am unigue solution in (%, ¥) €R7 1 (x, ) = {0, 005, but the solution 15 unbounded.

e [y OTeT T

u —u,, =0, O<x<mr and (=0 \Q\
N

w01 =l )=10, {0 ©)
wix,0) = sinx+sin2x, Osxsgx @Q
D

T A R \Q\

i it ce(D, D@ 152 wx, ) 2055 { — o (b'@
2. wnftre (D, M@ D Culx, 1 - 0 FF - ~\~
1 xe (0, 7, =0 # B i, 1) T T ﬁ?@@
4. witxe(0, e B eMuly, ) 0 w7 ¢ 78@
Let & ke a salution of the hea equation ‘\K%
K0
u,—u, =0, Qo< El@l}l
wiDh=ulm, =0, \NEL!
ufx, 1) = sinx+%in 2.&\ LIER ‘
Then \0
L e =0 QX for all xe (0, m.
2. fulx i —}&' —» o for all xe (0, .
1. eulx, /) iNQDounded function for xe (0, 7, > 0.
4. eufx, )= 0as ! — oo forall xe(0, m.

Cori S T e e

i+ %u'= FU reio

u' (0=, u(lh=b

ey
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FTEFE X+ 2] B RY ooty = % Wx, y) = u(qfx.’+y1}{'ﬁ"3{x,}']' -
£(#+57), ot v s sy e
Yerth¥y =8 {':Ip,lr':lixl+_1!1{]}#i"

viz =0 {.:r, ¥lrixt 4R =1} o

T FW oy R AR
I. a=0%b>0 2. astz b=0
I a=07 h=0 4 a<lz h={

Letu be a solution of the boundary value problem

1
L3 __ J= ﬁi
u+iu Fi) reiind %Q
wi{l=a, u(l)=h b

Define for o+ =1, wix, 1) = ul~/x" + _:f‘ and;,(r vi= %%+ |, then v is a solution
(b

ol the POOE
6

VotV =L in {{x.y] X +_|.-"':.|}?
vix,ph=0 on {l{x,y}l - +$Jf:(’5§

I. a=>0andb=10 \(b‘ 2, a>»Qandb={
Y ag=0andb=10 4, a<Qandb=10
N
Ewgm#%w\%ﬁ;ﬁ o sy (LUTM) sraeir il @ o gaw mdt Baelf smae

o B e A et o -faE g

R
2ok 3xy — Qj
dx +dicy =3x, =3 (1)

2+ —xy =l
o et (1)
i v UTM o wwialen & o7 wonft & vog a5 opmendly o & sl oo Gl

witea g o B ot
. ooy & srenlE UTM & sl &t 78 o ot |

/07 RDM2—4 AH—3A
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3. UTM 5 wwmien @y wenr £ awiE it aw Seel wieal g w B
4, UTh & woraier & oy menr & o7 UTM &5 o (1) a7 g # ¢

Cirven that an upper tnangular matrix (UTM} is invertible if and only if all ity diagonal

eleamenis are diflerent from sere, consider the lncar system

2o +3dn,—ry =3
fx; +4x, —3x, =3 {1
-2x A dxp-a =

Theo svatem (L)

I, gan b tanslermed intoe an U hut iz not invertible becanzse the diagonal
eotries of the LT are non different fiom zero,
2. is invertible thongh cannot be transformed into an UTH.
30 canbe rensformeed inte an UTM becasse above diagonal entries are all dlﬁ{{\w from

2Ry,
4, can be ransfmeed o an UTM and the solution of the UTM is the m@n’nf[l I

ET ) =% -k —2=0. . (0 F a0 o B oA B x = gix) aileet) wr wld
Fra g (1) or g0 & ) al gix] & oo avg ¥ ‘Q\

*

—, mig[—a,u)] T T IO RN o T e Rl B

a
b gixl=x—
i

, A i
gle)=r" =2, gla)=l+ — WHIH TOTE be)
A

I-a

Sy
1 ixl=x L_L":._.‘I., a0 Ke EK@ e I
f N

; > §$® |
plxl=x" = 2, plxi=l+ — e G L
X
Q(\
Conaider the fisction K
N
R T g e -—-u\\Q (1}

Latx = i), 50 [I;&lﬁ' frmed poand of s} ig a soluwon of CF) Then

AN

=

W —x-2 ; ; e
1. glxi=x - e [ea,a] 15 a possible choive where o 15 positive constant.
m

1 2

s elxl=1" - 2, giri=1+ — arcpozaible clwaices.
iy

- Y =i=2 ; ;
3 glxl=x- et K =0, Ko 5apossible choice.

. 2 : :
4, gin=x" = 2, p{ad =1+ — are e only possiile choices,

.k

$/07 RO/12—4 AH—3B



35

5, e it $x)=2 [K(x.O)$(E)dg
[N

WeF A 0w g B
; casxsing, for f=x<g
K =
gt {msr,"sin.r. for & sxsx
£ yw o sr wmer @) = A dn)=0, $ (@)= 0, (0= 0 w} siv & oer &
e LAY T # g ar aw ol w ey o

L. mw@dl=0,vF a5 # | 2. wmEfli)y=0, ¥ wew F ET E
3. A<, 7 mw oA o 4, @FAE ), 0 I EA F )
99, The integral equation ’\Q

0

q@Q

[ cosxsing, for Osx<g \O

1::::5.:_:'::’1&.1- for & 5.@‘0

leads to 2 boundary value problem ¢(x) - {4} ¢ix) = B.\&IF 0, #(0F= 0, where 4] is
known. Then the boundary value problem has 66

#lx)=A [K(x,0) ¢S
¥

where A is a parameter, and K (x,{)=

L. 2 wnique solution when §.2) =0, é@?ﬁnm_. number of solutions when j{4) > (),
\K

A nosolution when 4 <0, 4 unique selution when 4> |,

100, wafe f(z(x, 1) = H &\@ ]:&m‘y 5l D v wlw & Ryt ofefsr wv -
Ll-1=yz] # Wﬂmmﬁﬁﬁﬂasﬁzhzﬂ{r}]

=X !]a,—
r} ' \&0

et (x, ¥), B! ey Ferees # 0@ D v we @ vwo weT £

15 By = :

i=1
20 = ay @ (x ¥+ ael, V) T8 ey 0F o Rerrr # 0w gy 7 &y @ o s
HUFTD e E

Yo o= afdx, p)FE o feaw @ ow D owe b e #

4. m=E-1)08- 1)1,

fd
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An approximaie salutian 2 = 7. (X, ¥) 10 the problem of extremiang the functional

w1 |
=2z ‘dedy,

1
r

(Z]
Cx

[4%

where B is the square, -l x5 1~ 1S5 v 2 0, :ard 7 = on the boundary of the squarg, is of the
o

|"._Eh.

-~

I'.-'_:.-__I

ey = |
o

n

b Fe erl.!;'i_ (2, v), whers e are constants and functions & are lincarly mdependent
el
i )
2 mo =ty O, b gegh e, v wherg o and e are conslants, and ¢ and g Lave
combmuons pirtial derivatives.
el so = el V) where & is a constant and ¢ s continuons i D

4, m={t -t - 10

S E I s R ey T _l.-""

1, s Py Rrd m o s ) 6Q

2. ATy (N PG P @ awenl @ AW @ e R m@%ﬁ foapi
;.r:--r;-:?;a: gt & frd /T T EhT ! \Q\

X et Fd proral sty & sl & o .

: sy T S By #heeT e o amen £ (06\

oF

Which of the foflowing izfare cocrect? b

} Hamzlton's principle follows from the I A
2 Heomlton's principle i ot usually applj
velatica cmmn:ch-ig the differes I[tatl

erl's principle.

to nonkolomomic sysien. unless a
wralized coordinates is given.

LR Harmelten's prizeipie [llows fooc AnpEs cpualoms.

4, Newlon's second low ol mon &ma frem the Hamilton's principls.

mt fE L e opst 2 el .!“@
el bl f@.ﬁ & gy e & g

L.

2. waflaeet @ --'_:e.-s\ o gt e @l dar & s B

h Fal La Qﬁw wy A gy afl & gvey wardl s welewet @ e o
iy :

4. o A gafRery B warel v syl s w v RonAky s B

Lt | denote the Laprangian of a systene. Then the

L. Lagramge's equations are second order ditferential equations.

4 Tl member of eguaiivas is equal to the number of gensralized
coardinales,

i Lagransian Lois not unigqus et lunctional form, bat the form of the

Lagrange’s equaticn of moficn can be presecyed.
4, Lagrangian function is @ quadratic function of generalized velocity when the
poicntial exizs,
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@ [ Unit 1V

VO3, = £ Fix, y), G(x) v7 Hiy) #5 (X, Y)a7 sgar wa 027 waq X &7 owg o o0
Y # a5 Eay § ) ofhnite &

[ 52 X<a

1 1 =7 Y=h
"'1—1 A X>a

s F={—[ o Vb

L1

TE a ¥ b Faw analiw aiw £ O

1 #T e (U, Vy=0 ot witx 7y @ B Fix, v) = Gx) H)
I sk gy #F & Fx, ¥) = Gix) Hiy) m wEmE (U,V) =0
3. srUaVemséfaX e Yag d
4 yRXIY wmémUasV o d
| &
103, Let Fix, ¥}, G(x) and H{y) be the joint c.d.f of (X, Y}, marginal :.:.6"61‘ X and
marginal e.d.f, of ¥ tespectively. '

ine &
Drefi Q

7 X R
l i a0 1 if¥=
U;{—l if X>a 9 FE{—I i v

where g and b are fixed real numbers, Then 6®+

If Cov(U, V) = O then Fix, ¥} = G(x) g\ﬁ:rr all x and v,
ITF(x, ¥) = G(x}H(y) for all x and w @R Cov (U,V) = 0.
If U and ¥ are independent m@‘d Y are independent.

ol b=

If X and Y are independent and V are independent,

104, ﬁ?ﬁ#ﬂq#ﬁ%ﬂfﬂgﬁm@é’i?ﬁ?mﬁ:ﬂhﬁﬂamf?

N\
1, HvﬂaERiﬁ.ﬁ'#&)&':aw}ahP{}i}a}
wia,be Re\ed P(X=a|Y<h) =P (X>a)
X7 Y agone 78 8
?ﬁﬁ’a.&ﬁw}ﬂ# E[(X=a) (Y -b)]=E(X-a) E(Y -h)

e

104.  Which of the following conditions imply independence of the random variables X and
Y2

L. pX=a|Y>a)=P(X>a)forallac R
2, pXra|Y<b)=P{X=a)foralla, be R




105,

1045,

2B

3. ¥oand ¥ are uncorrelated.
4. E[(X-ap{Y-b)=E(X-a) B(Y-b) foralla,be R

gEdey WA 5= 11,2345} 07w weaw sigenr POA @ A oTw § amm gw e

wrerpy W f3ard

-~

{01 ¢ 02 07 0)
0 i 0 0 Ll

F‘=i o7 0 A 02 0
loz 6 07 01 o
L0 05 0 0 05

e pl P (i, ) e s @ QO
\\
O
ﬂ X
Lo 3 hm gt =1, \OQ
Q

>

& srpfs s o e (0,23, (625, 0,23, 0,25, T ?W@@é !
(<

3 Z pi::' € m, bg.\.

4. !im l,-;.lrf:' = i3 (bo
K=z . K%

Comsider a Markowv chain with state space 2,3.4.5} and stationary transiiion probability

miatris P given by \®

fo1 o 62 I].TK§
lo 1 o \g& 0
P=07 0 RQ\QJ.I 0
02 OOy 01 0
Lo ,'\Q{I 0 05

Les g.l:_;:”:' be the {4, f) th element of &

Then

B )
{ W L I
1. E i:l_:l"l] Tt |

=l

21 (25, 0.25,0025, 0L25, 0 5 2 stanionary disivibution for the Markow chain.
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3. Z F?::] < o,
A=l

4 lim p =13,

[ Lo
12

06.  xc®, @& fr gl{x}l=?;—£_? v R 97 u UF 3 G@ F7 A T £
o

(1) Wity e B od gdowu & B ul-x) = —ulx)
() xe (-1, 1) # @ ux)=0
(i) ™mixck# R |r:(;.'}|55:é;—

At i it x e B g B9 ) = g(x) + afx),

$&

*

l.  fowoers g & swar i g )
Y e B EE ) >0 ve f ey # 6Q
3. Rwfor miemr e wws £ OQ

4, fvw Y v \Q\

&

()
| =t
106.  Let g[_r}:?.-—.e ? forxe B and u be a continuous fu,*g, on R such that
Xx %)

ii) pf=r) =—n(x), forallx & &, and n r@m
o)
<

(i) w(x)=0for xe1,1),
N

{1t} |ir(xjf5~ﬂ;q,r'ﬂrafl@
>

Lt f{x} = glx) o+ nedx), forall x c@\cn

fean take negative ﬁes_
S) =0 for all \\?;j is nat integrable.
§is a probabadlii density function on B,
it an\i& e Tunction.

107. AT Koy Xz, o 0T TEREE R B X, -0 T dnin=1,2..) @ ¥ ¥ rewwaa
M
e R A EN=2, . @RS, ]

;Jﬁ-:-HHI—I

N e G, =y
=?M2:;”£ 0T Sy &7 307 e By & ) gur ard
B DU A g WERE e aoT s W e www & Be @ abewnon
Gt B8 ;



107,

L8,

108,

104,

40

1 lim F(0)s9(0) 2. lim Fy(0)2®(0)
3 lim F()sa() 4. Jim Fy(hzd()

Let Xy, Xa, ... be mn:if..-mede:il random variables with X being uniformly distnbuted between
-n ard 3n~ n=1,2,.. :

Let 5. —r-l—Z—" for N =1,2, ... and let Fs; be the distribution function of 3., Alse let &

N i
denote the distrioution function of a standard nosmal candom varable.  Which of the
following isfare tmee?

Lo lim Fy(0)=d(0) 2. lim F(0)=0(0)
5. lim FD=0() 4 lim £ (1)200) . \Q

e B X, ¢ X, wm¥ § @ T W & I@Q"wx:}ﬂa’

j}{x}:%e'h’ﬂ,x}ﬂE §

[, M+ 3,0 @ @nf vafmr £ ) 2, X+ Q#bﬂ#%ﬂwﬁni?

3 X+ 2K, OR R iR 4.(5@?14,#3},&“#@@?:%&;
&

N
: 2
Suppose X, has density f(x) :é—e"'%nd Xz has density f:[.‘:]=EE 208 x>0 and
¥, Ma are independent. Then Q\' '

L. X, + X, is sufficient [4::1&K 2. X, #2X. is sufficient for &

. r’-'.‘.'{=1s-;,::-n1p1c}Q\ﬁ:-rﬁ' &, %{Xﬁlk"ﬂiitmhimﬂdfm&

&L

srf @ ma grer Y 2 2 WEWEET WeT W @ 3T 8w X, XX, § 0 T A
Nip, o) 727 @ L 7R < psn 0@ 0<ot s T o € g al

1. o & ST W KRS o BT ST ST & )
o T FEET W SRR WA ST @ @ Hw TS AT
gerr i ww o oy g ek &

Ol o il o el e T o A Y e
s &

4. nfm‘; Gl ft vl anees @ o o e gww armae & el o ey a2
w8
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Suppose that we have n { = 2 ) i.i.d observations X, Xz,.. ,K,mnhw:th:lmnmwnﬂ{j.l,u’!}
distribution, where —¢ < u < = and 0< o® < <0 are both unknown. Then

. the maximum likelihood estimate of & is an unbiased estimate for o,

2. the umiformly mininum variance unbiased estimate of @ has smaller mean 5quan:d
error than the maxinum likelihood estimate of o’

3 both the maximum likelihood estimate and the uniformly minimum variance estimate
of @ are asymptotically consistent eslimates

4, for any unbiased estimale of o, there is another estimate of o with a smaller mean
squared emar,

ar B X, Wy Xy MW (B, B+ W) F v poresm 78T W IEW & ol - =0 <m
T METT NTEw R

sirel aen O @7 g arEe £

wereyf g QFT s aww § \Q
gireef g O @ (EERIA TITET SRS ST S e B X
Lﬁﬂfaﬂ’ﬂﬂ'wmwmﬁﬁﬁﬁm?ﬁ&

O

Let X, Mana o s be 8,0, observations foocm & unifosm distribh@ on the interval [0 - 14, 8 +
14 ] where — 20 < B < & i3 an unknown parameter, Mnﬁii@’

o R e

gample mean is an unbiased estimate for . ~\:b

L.
2, sample median is gn unbiased estimate for
3. sample mean is not the uniformly mini ariance unbiased estimate for 0.
4,  sample median is not the uniformly m m variance unbiased estimate for B,
N
e X wm&f[x;}.}= %ﬁ.}ﬂ,ﬁ"ﬁf Ax0ommm By k <X £ k+1,k=
0,1,2,.... & X # i =k fmm & 1Y ® T BY, Yy . ¥ 0 WGIGE

ﬁﬂaﬁmmgxmﬁg@- z}’ { & A FT e A e A B

0
1. A= \\ 2, Foiky
2R’ 7
4, B s o e el o e e

im|

3. A=

A
1)

Suppose X has density £ (x; &) = g™, x = 0, where & = 0 is unknown. X is discretized io
rive Y=kif k =X = k+1,k=0,1,2,. . A random sample ¥, Y, ... ¥, 15 available

from the disiribution of v 1let ¥ -—-Z]f' Then the method of momentz estimator Aof &

(]

15
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1 A= ]= 2 A= != +1]
¥ ¥
% " | ;
3. A=lnl I+ ?] 4. the same as the maximum hikeliheod estimator
b

) T x & 0 0F s w, sl fix - 8) = [0 - x), TF w0 e g
T | et w2 owwmET w sy wew e X, NoGXG 0wl 1106 = 0

=

Ha: B0 0 e oflmy mhesa 5, =y fm (X)), e

=
1, =% x=0

o7 (x)=1 0,9 x=0 w f9R J
.h—],aﬁ*x-:t:l

AT iz, e gorme g e il L0001 — ) F amre E AR d<a<l ra&.@@.‘ o
wT W we RoE? X,

1L af g=0, & lim P{S, >z, | =1

[t 2 % \Og
2 ak g=0, @ lim P[S,>nz, }=a @Q
1. g =0, @ lim PS5, = :‘r::1 =| (b

He=po { s } ®+

O

a =R 60, @ lmP|S,>nz,}=a (b(\
&

Let ¥, Xaoer o Xq be 1.d. observations fmmﬁ\\@hihuﬂun with conlinwaus probability density

function fwhich is symmetric around QK
fis — 8% = [{0 - x) Loc all real x. Q

M
Consider the testHy: 0 =1 st‘l,,@:H = [ and the sigm Lest statistie 5, = Zaign {X,) where
(1, if x=0 .\\0

S1Em {x} =i 0, i xa@ Lt z, be the upper 100(1 — e)th percentile of the standard nommal

=1, 7

disteibution where 0 < < 1. Which of the following isfare correct?

L 1£4=0, then lim P{S, >z, }=1.

2. 1 &=0, then lim F{S‘H:-Jr_:ﬁ} -
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3. IF@>0, then lim P{Sﬂ}\.";;"za}ﬂ.

A=hid

4. I£6>0, then lim P{S,>nz, | =o
et

113, a9 fF X, Xp. X N0, @), & = 10 8 Py war oo agftew sfesd & 00 @ gd 6-N(0,
; in

™), t =20 & Bur ;A X—EZJ{ a8 F TmY 727 7 THOT E@Hrwd.'.:-

1. d=X 2. é=¥
3 d=XifXzo0 4. f=XifX¥=0

113.  Suppose X, Xi,-..X; is 2 mndom sarple from N8, 6¥), o° = 10, Congider ﬂ:g{h@ur B,
] 1n
8-N(0, 1), 7' =20. Let X=— 02 z.r"t' Then the mode & of the posterior @uﬁﬂn for B

satisfics: Qg
O
1. =X g, “=mj@
3. GXif X¥z0 4, Qﬁcg?: if X=0

114, (X, ﬂwﬁrﬂ#ﬁrﬂﬁhmﬂ#wﬁaﬁ éﬂb?[] 2, (2,35, (3,2), (8, 1) ¢ &F

1. X wY o agm—ud ﬁw@% gv=2 ;

1
L ]

S b

114.  Consider the fun@-%&g five observations on (4, Y): (0, 1, (1, 20, (2. 30, (3, 2). (4, 1).
Then .
R

18- Thumt-ﬁquare linear regression of Y on M is ¥ = %
2. The least-square linear regression of X on ¥ is X =2,
3. The correlation coeflicient betwesn X and Y is 0.

4. The comrelation cocfficient between X and ¥is + 1.
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q# B 5, 6a,... £, TEIETAE W@AT W0 0 N(0, of) # yyomw e £ Y, e X, Fan g
.'E'*n?ém'ir"?#lr‘?am'rhrﬁﬂ?wz‘e

}r'l =_||'.I'+ £, -?J-I _.” =.|':-'I[.}-I - -u:I +"'1III1_||UI el E=I--- 1-« vy AE T | i

W T:I—i}';{'?fﬂ’iﬁlﬂlﬁ'ﬁ?f‘ﬂ pom onzlF o

"y

1. T 0w s qeT & | 2. T o apg u 75 ol o i & 7
3, B(T) =g, www (T) > oin. 4, T-N(u b)) 78 = ol

Suppose €1, Ep... o oare Lido N0 ). Consider ¥y Ya...Y, defined by

Vo=t g, Y=gt = p(F— g +l=-p" 2. 0=, 2 n=1,

Let 1=lZ}I Euppﬂaﬂ-ﬂﬂ'pﬁlaﬂdﬁj =00 Themfornz 2 \\Q
M=l

13 T has a normal distribudion. 2. T has mean g and w&&?ﬂ .

i FiT) = a, var(Ty = am, 4, T=N (1, 89 wh e in,

qﬁﬁﬁ?#?ﬁﬁﬁ%ﬁ?ﬁﬁﬁﬁ'ﬁaﬂmﬂﬁﬂjﬂﬁ a;mrra’gﬁr&rmw
i A 5 WREAT A 7B swr-aET gRTE QR iR

gy A 200 Sperens © TF @ WEh zef Rer oamw Y gww @

(SREWOR), wer # & oo o x o0 v o B s0oRE 07 p W 5 HER SWET P E o
2 A\

17300 sg\\(b\

wifRarsife B aerersl # "Fﬁ' W = iy # Fentee e & & O W 100 &

SREWOR odd & g & oamr # R x, F xs OV GG oW g5 v p W I T

AT T A py = ,'f.."_}'i.oﬁ&
RO

wiat wft o SeeETTS 6'}@5.- T 80

N

Py U TG s & we pa Al

B e B AT s #

o, g B v g B ORE pa @ TR py B gerar f O o) &6 W OwmE £
T ner g Irrw?a’fr?gﬂqfﬁ'ﬁ?l?ﬁf?ﬂmﬁaﬁ“ﬂf—ﬂr’mwFﬂﬂua’ﬁza}m
e B

La 1l e

It a survey to cstimate the propottion p of votes that a party will poll in an election,
statisticians A and B follow different sampling strategies as follows:

Statistician A: Selects a simple random sample without replacement (SREWOER]) of
200 virters, finds hat x of them will vote for the party and cstimates p by
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i
"= 200"
Statistician B: Divides the votars’ list into Male and Female lists, selects 100 from
each list by SESWOR, finds that x;, x; respectively will vote for the party and
gstimates p by

3 .l'i 4'.1'1
R

The number of voters in the two lists are the same, Then

 is an unbiased estimate but p; is not.

. m and p; are both unbiased estimates.

3. moand p; are both unased estimates, but gz has a smaller vanance than gy, or
the same varance as .

g, Variances of py, p2 are the same only if the proportions of male and female

b=

vaoters who vote for the party are the same. ‘\Q
X
117, S#ﬁwﬁmgm#wm#ﬁwwﬂfﬁmwwﬁmbo
aow 10 41,2,3); @5 1 {1, 4, 5} Q
O
Frer & i wrow weer et BoF 7P \Q
1. afteer gam & 1 fb(Q
3

@7 werew @t 2ot wag” &
aifrerr, farealt gearer 3w & ﬁ‘ﬁi’?ﬁ,@? ol e oty spee e e T E
4. F2 ¥ T wFan wnam e gﬁv{‘@

WA o Tw T @ e # wmaﬂ% 0T AT O ST S

e

117.  Consider the following block @ involving 5 treatments, labelled 1, 2, ..., 3, and
two blocks:

Black I: {1,2,3};  Block [D¥1,4, 5.
Which of the ﬁ:-!]nw'mgsq ments is'are truc?

l.  The design léé ted.

i The vari I the best inear unbiased estimator of an elementary treatment
contragtideither 20° or 407, where o is the variance of an observation.

3 There % no non-trivial linear function of ohservations collected through the
design whose expectation is identically equal to zero.

4. The degrees of freedom associated with the error is zero.

118,  =¢F 1 port or oo sorey wgeey B R 25 Qo 2 B e @ g0 o 1 &

I HIET T A A gees # A Sl gl a0

2. amwEl W ARy aE awew & oF TRt B s g

3. O R OF NERW WA B Fue wed g I Ay i o
4 wereor 3w et mhIr o amar (0 o 1 EVUT
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Suppose that we have a data set consisting of 23 observations, where each value is gither 0 or L

The mean of the data cannot be larger {han the variance. .
The mean of the data cannot be smaller than the vanance.

The mean being same as the varanee implies that the mezn is zero.
The varianee will be O iF and enly if the mean is cither 1 ot 0.

o led B —

a4 x2S, -k S 5@ A -x slS @ g aET IR W, 20 420 W
e e Bl e G e B o e o B

1. Ax, + Ix, &0 wiwon am # 250 20 I F2x w oamms A A 1L
3. AN, b 3x. @ e afife s e 8 4, 3IxFIxe T T wOAT e O 8

Comsacder the variables x, = 0 and x; = 0 salisfiying the constrants x, + % = 5, 4%, - 5; 5 15 and dx,

—x; 2 13, Which ot the following stalements sfare correcr? .\Q

*
1. The maxitm valoe of 3x + 2x; 15 25 2. The minimum valuz 6}. s
X, 3uy + 2x, has no finite maximum 4, 3xF 2x; has no E@Qr[liniumt[l

S

el e oo B I O i O A 9‘@% "o F 0w
gaet dar e omE gt B e & o g & @ @ & g A, 7 oAt 20% weE £ A

LT T =T | .\fb‘
FETE °F grEesl o e ey o s@a 2 F bg
Gt o greesi Howmy weer ¥ gew 4 &

:rrrr#:ifwm;rwmmwwwrw l:?ffHE'ar
grel o wrees g Far ey Sy ﬁ' WA fme #

In a svstem with a single server, suppose smrmars arrive al & Poisson rate of 1 person
cvery |2 minutes and are serviced at s5on mate of 1 strvice every 8 minutes, Ifthe
armval rate increases by 20% then l{@ teady state

ol —

the increase in the 2vera mher of customers in the system is 2.
[he merease in the av numher of custamers in the system is 4.
the increase in the zdepaee time spent by o customr i1 e syatem is LG mimtes,
the increase in erage time spent by a customer in the system 15 24 minutes,

O
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