


SECTION I (MrtlEum M.rks: 21)

. This section contains SEVEN questioDs

. Each question has FOUR options [A], [B], [C] and [D]. ONLY ONE ofthese four options is
corect

. For each question, darkeD the bubbtd coneaponding to the correct option in thc ORS

. For each question, marks will be awarded in otre ofthe following catceories:

Full Marks : +3
Zero Morks : 0
Negarive Marks: -l

Ifonly the bubble c_oirespondiDg te.the conect optiotr is darkened
Ifnone oflhe bubbles is darkened
In all other cases

Q.l A photoelectric material having worl-function 0o is illuminated with light of wavelenglh ,l
(,1 < I). ff,. fastest photoelcchon has a de Broglie wavelelglh ld. A chaoge in\ Co,/

waveledgth of the iDcidcot light by A1 results i! a change A,ld in ld. Then the ratio
61d/A,1 is proportiooal to

---lAl ^11^ !t.,g,,.^"t^ lq )?dl^' ID1 12/^2

Spaco for rough work
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tBl A= htan'?(

IDI A= h sin'z(1)

rAr ^=,,(#-1)
1c1 a= t sin (a)

)

h

Q,3 Consider an expandiDs spbere of instantaleous radius.R wfosc tolal mass rclnaiDs

constaDt. The expansion is such that the iislonlaneous deNity p. remains utriforEl

tkoughout the volume. Thc ralc of liactional cbaoge i! deosity $if) t, *"*t *"
velocity 1, of any point on the suface of the exPaudi!8 spherc is proportiontl to

ufi[A] R3 tcl 1 [D] R'l3

Q,4 A Derson measurcs lhe deDth of a well by masuring thc lime interval betwccD droppiog a

sto'ne aad recciving the souad of impact with the bottom of lhe well The error itr his

measurement of time is dl" = 0.01 seconds and be mcasures the depth of lhe wcll to bc

i-= ZO rn"t"rs. f"rc ,1" accelemtion due lo Slavity I = 10 ms''? and the vclocity ofsouDd

is 300 ms'1. Theo the ft'actional error in the measurcmen! 6I/t, is closcst to

[B] 3% 0.20/.

Spaco lor rough work
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Q.2 Consider legulat polySotrs wilh number of sidcs a = 3,4,5...... as showD ia thc figut!'
The c€nter ;f mass ol all thc polygoos is at beight h from tbe goufld. Thcy roll otr !
horizontal surfacc about the leading vertex without slipping aDd sliding as dcpiclcd Thc

maximurn increasc in hcight of tbe locus of lbc ceDtcr of mass for cach polygon is A Thcn

A depends orl n afld h as

I

lAl 59'o tDl 1%

lr.r...-*--

*r5



I I E

s

GWtr \(r.

-{-f-.
c\

Q.5 A syrnmetric stff shap€d conducting wite loop is crrrying a steady state cutrent I as shor ,n

in tbe figure. The distance betwecn thc diamerically opposite vertices of the star is 40.
The magnitude of lhe magnetic fleld at Oe cenler of the looP is :p

q

e4a

)i

ttd,
-t- .

v,

?_

n rl
A rocket is launched normal to the surface oftbe Earth, away from the Sua, alo[g thc line

rrr * gtJs;1i

1c1 fr,La1z-fs1

P1 ;ie(rz.q
tPt #ot'r':+tl

S"=ezx^r/-
[D] l,s = 72 km s-l

joining lhe Sun and the Earth. The Sun is 3x10s times heavier thafl the Earth and is at a

distance 2.5x10'tirnes larger than the radius of the Earth. Tlc escaPe velocity from

Earth's gravitational field is p" = 11.2 km s-1. The minimum initial velocity (rr) requted
for the rocket to be able to leave the.tur-Earr, syrreD is closest to
(Isn

\L

ore the rotalion and revblution ofthe Eorlh and rhe presence of ony olher planel)

w' Icl ,,
v= 42 km s-1

= 22 km s-1
r,
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Q.? T-ttree vectors F, I and i arc shown in the figure. Irt S bc atry point on thc vcctor F. Thc

distancc between the poiDrs P and S is blFl. The general relatiotr amonS vectors F, d aad

ii.

Y

R'=0-F

a

o

tAl i = (1- D,)p + b0

Icl i= (1-D)F+ b'?o

x

tBt i= (1- D)F + Da

tDt i= (D-1)F+00

Space for rough work
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SECTIoN 2 (M.tiEuD M.rLt: 2t)

. This sectiob contains SEVEN questioo!

. Each question has FOUR options [A], [B], [Cl ad [D]. ONE OR MORE IHAN ONE of
these four optioDs is(a..) correct

. For each question, darkeD the bubble(s) corrcsponding to all the coEect option(s) in the ORS

. For each question, ma!k5 will b€ awarded iD one oftbe following cateqories:

Full Marks : +4 If only tle bubble(s) conesponding to all lhe correct option(s)
is(are) da*eDcd

Partial Markt : +l For darkcning a bubble c4rrcspooding lo e.ch corrcct optiotr,
provided NO iDcorrect option is darkencd

Zero Marks : 0 lfnone ofthe bubbles is darkened
Negolive Morkr a -2 lo all other csses

D
_f

?
,c(t-h b

_:)K

\0 1 bt

. For example, if [A], [C] and [D] are all thc corrcct options for a questioq darkeDing all thcse
tkee will get +4 m.iks; darkening only [A] aDd [D] will get +2 marks; ard dark€ning [A]
alld [B] will get -2 matts, as a wrcng oplion is also darkened

Space for rough work
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Q.8 The iDstatrtarcous voltages at tbltr tlrEhals m.*ed .f' f ald Z sle giv'o by

Vx = Vositoot'
yy = vo sin (r^,t + :E) mrl

/ 4n\
Yz = Yo sin 

t@t 
+ T,, .

An ideal voltmeter is conligured to read rt J value of the potential diffcrence between its

terminals. It is connected betwee[ points X and f and then betwcen Y and Z T\e

!€din8(s) ofthe voltrneter will be

I

V,;f
lBl vi|'= vo

tDl

ti
.j,

Q.9 A point charge +O is placed just outside an imaginary hemispherical surfacc of radius R as
- 

.ni*o in OJfisui". Which ofthe followilg statemeDts is/are correct?

+Q
a

independent of the choice of the two terminals

Vffs = Vo

R

Total flux lkough the curved ard $c flat surfaces is .gc'

The circumference ofthe flat surfaca is alr equiPotential

The componetrt of the electlic field normal to the flat surface is coDstant ovcr the

surface

tAl

tBl

tcl

lDl 'Ite elec

-*(,-+J
tsic flux passing lhrough the cltrved s'$face of lhe hemisphcrc i9

Space for rough work
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Q.lo Two cohereat Eonochromatic poiDt sources 51 aod 52 of wavelength I = 600 nm ate /)

plsccd symmctsically on cithcr side of the cetrler of tbe circle as shown. Thc sourcB atl
separatcd by a distance d = 1.8mm. This arrtEement produces interference tbtes
visible as alteruatc bright aad dalk spots on the circumference of the circle. The aDgulrt

scpatation betwccn two coosecutive briSht sPots is A0. which of the following optioos

t II

O \^/. V

l )0

Jout

[A] Thc aryular separatiotr betweeD two coosecutive bright spots decrcases as wc trlovc
from Pt to P2 aloig lhe first quadrant

tBl A datk spot will be formed at the point P2

At P2 thc ord6 ofthe fringc will be maximum
-Thc 

toal oumber of friagcs produced benf,cctr Pl ard P, itr the first quadlaot i! clo6c

to 1000
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Region 2

I

3Rt2

]- E
Q.ll A uniform magnetic field B exists iD thc rcgion betwcetr r = 0 andt = f (rceion Z in lhc

figure) pointing normally into the plane of the paper. A palticle v,ith charye +Q and

momenturn p directed along.r-axis enters region 2 from region I at poitrt & O, = -R).
Which ofthe following optioD(s) iyare conect?

Region 3

+Q

b -R)

1

[A] For a fixed 8, panicles of same charge Q and same velocity ,, the distance between L
the poinl P1 and tbe point of re-eDtsy iDto region I is inversely proPortional to the-{'
mass ofthe particle

Xtrr a > I *r , te particle will re-enter region (-)

space for rough work

t 0/36

Region 1

o

[B] For B = r3larA, 
fie panicle willenter regioD 3 tkough the point P2 on r-axis Gl

[C] when the particle re-cnters region I thtough the longest possible path in rcgion 2, thc' - 
magnitude of the change in iL Inear rnoircntum uito'een poinie, and tbe farthest|
poht from y-axis is p/JZ
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tAl

tBl

Ifthe force is applied normal to the circumference at point X then r is constant

tf the force is applied tangetrtially at poiDt S then t * 0 but thc whe€l never climbs
the step

[C] If the force i
wherl climbs

-v
s applied at point P tatrgentially then r decreases continuously as thTzf I

If the force is applied normal to the circumfercnce at point P then r is zero

(t

Space for rough work

V 0
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Q.l2 A wheel of radius R and mass M is plac€d at tbe bottom of a fixcd step of heiSbt i .s
shown in the figure. A coDstant forcc is cotrtiiuously applied oD the surfac€ oflhe wbctl so

tiat itjust climbs the step wilhour slipping. Consider lhe torque r about a[ axis normal to
the plane of the paper passing tkough the point q. Which of the following options is/are

correct?

s
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After a long time,lhe cunent through tr will be f f;
The ratio ofthe currents through ,1 and t2 is fixed at all times (t > 0)

Afler a long time, the curreut through t, will be |f;
At t = O, the current tkough thc resistance R is;

Q.l4 A rigid uniform bar AB of lergth I is sliPPing ftom its vertical position oo a iictionless
floor (as shown in thc figure)- At som€ instaot of time, tbe angle made by tbc b5r with Oe

vertical is 0. Which ofthe following statements about its motion ivare correct?

A

0

L

B

v<f

.g
Instantaleous torque about th€ point in contact with lhc floor is ptoportionrl to sin 0

The t'ajectory of drc point ,4 is a parabola

The midpoid of the bar will fall vcrtically downward

Whetr the bar makes an angle 0 with lhe vertic.l, the displacement of its midpoiDt

from thc initial position is propotlional to (1 - cos 0)

tcl
tDl

Spac.lor rough work

Q.l3 A sourcr of constant voltage y is coDnccted to a resistalce R 8nd two ideal inducto$ Lt
and L2 through a swilch .t as shown. Th6e is no mutual inductatrce betweau lhc two
inductors. Th€ switch S is initiaUy opeo. At t = 0, tb€ switch is closed and cuncnt bcgins

to flow. Whicb ofthc followilg options it re conect?
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SECTION 3 (Marimum Msrks: l2)

. This section coDtains TWO paragraphs

. Based on each par.graph, lhe*arc TWO questions

. Each question h.s FOUR options [A], [B], [C], and [D]. ONLY ONE of these fou! optioDs
is correct

. For each question, da*eo the bubble conespooding to the conect option in the ORS

. For each question, marks will be awarded in q!!gl!!9..lhl!qUi!g_93!9gg!ig!

Full Marks : +3

Zzro Ma*s : 0
If only tbc bubble corresponding to lhe corrcct option is darkercd
I! all other cases

*J
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PARAGRAPH I
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t

Q.16 In Process 2, total en€rgy dissipated across lhc aEsistaoce rD is:

rAt rD =:(;cv;) rBt ED=3(icvo)

lc-! ED =:cv; lD) Eo=3cvi

14t36

Consider a simple RC circuit as showD ir! Figure I .

Process l: In lhe cLcuit tbe switch S is closed at t = 0 aid the capacitor is fully charged to
voltage yo (ia, charging contioues for time I >> RC). Ir the process some dissipstion (ED)
occuls across the resistatce R. The amount of energy finally stored in the fully charged
capacitor is Ec.

Ele!9!!.zt In a different process the voltage is first set to b and maintaincd for a charging timc

I >> RC. Then the voltage is raised to f witbout discharghg thc capacitor ald agaia

maintained for a lime f >> RC. Thc process is rep€ted one more time by raisi.lg thc voltagc
to I/o and the capacitor is charged to the sarne final voltage Fo as iD Proccss l.

These two processes arc depicted in Figure 2.

c

Q.l5 ld Process l, the cncrs/ norcd iD the capacitor E aad hcst diisipatcd rcross r6istaocc ED
are related by:

lAl Ec = EDh2 lBl Ec=:Eb

-,yd er=eo lDl E,=2so

Space ,or rough wo*
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Q.l7 The total kinetic energy ofthe ring is

tAl Ma|(R - r)1

1c1 )u.66 - ,1,

L

[Bl ML'ZR2 1a

1o1 )ua!1n - 11, h

Q.l8 The minimum valuc of c,ro below which the ring will drop down is

IB]

END OF PART I : PHYSTCS

Space for rough work
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One twirls a circular ring (of mass M atrd radius R) nea! the tip of on€'s 6nger as show! in
Figure I . In the process tbc fmger never loses contact with the irmer rim of the ring. The finger
traces out lhe surface of a cone, shown by the dotted line. The radius of the path traced out by
the point where the ring aod the finger is in contact is r. The flng€r rotates with an angula!
velocity @0. The rotatin g ting rolls without slipping on the outside of a smaller circle described
by the point where thc ring and the finger is in contact (Figurc 2). The coefficient of friction
between the ring alld the finger is Iand tbe acceleration due to gravity is g.

Figure 2

l5/36
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PART II : CHEMISTRY

Q.2O The order of basicity among the following comPounds is

N.,zN
HrN

}{Ir,
A*,

II lll IV

lAl I>IV>llt>tl

lcl Iv>l>Il>lll
oPr lI>I>lv>ln

lDl Iv>[>llt>t

SECTTON I (Mrrimum Marks: 2l)

Full Marks : +3 tfor y the bubble corresPonding to the correct oplion is darkened

bro Morks : O Ifnone oflhe bubbles is darkened

Negaliee Morks'. -I In all oth€r cases

Spaco for rough work

16136
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Q.l9 Which oftbc following combination will Produce H2 gas?

[A] Cu metal aIId conc HNOr

[B] Au metal and NaCN(aq) io lhe presence of air

L!4 zn metal a NaoH(aq)

[D] Fc metal and conc. HNOr

. This scctioD contains SEVEN questioDs

. Esch questiotr has FOUR options [A], [B], [C] and [D]. ONLY oNE offiese four options is

corlect

. For each question, daiken the bubble conesponding to the conect option i! lhe ORS

. For cach question, marks will be awarded in on€ ofihe followinq cateqories:



{r\
V-

Q.2l Th€ m6jor product ofthc following rcactio! is

OH

NHz

tAl
oll

.->
t4

l,,c)
a^o\ii) aq. NaOH

tDl

an- lrooY
OH

-->Y )d{
rd..

Y
NN

Ug

lAl 2.303RT + l.lF

[c] l.lF

L
o Nr'

N NOH

Nrcl

Q.22 For the following cell,

zn(s) | zn so,(oq) | cu so Jq) | 
cu(s)

wben the concentratiotr of Zr2' is lO times thc coDceohation of C!2', the expression for
AC (in J mol-r) is

[F is FaEday coDstanq R is gas constant; T is tcmf,crature; .E (c?lr) - l.l V ]

.gtfz:otrtr - z.zr

[D] -2.2F

Q.23 Tbe order of the oxidatioD state of lhe phosphorus atom in HrPOr, H'PO., H3PO3, ad
HrPrO6 is

[A] H]POI > HrPO, > HrPOr> HrPrOe

[c] H3PO' > HrPOr > HrPzOr> H:PO4.

[B] H3PO. > HrPOr> HrPOr > tLPzOe

[D] HIPOa > HrPzOe> HjPOr > HrPO2

Space tor rough work

17tt6
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D NiNOt, HCl, ooc
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Q.24 Puc water ieezes at 273 K and I bar. Thc additiotr of 34.5 g of ethaaol to 5OO g of w8ter
clEnges thc fieezing point of lhe solulion. Use the freeziDg poiDl depressioD ;nshDt of
water as 2 K kg mol-'. The figures shown below reprcseDt plots of vapou pressure (V.p.)
versus temperatue Cf). lmolecular weight oferba.ool is,t5 g mol-']
Amoog the following, the option representing change in the fieezing point is

tAl tBl

1

s

173

71t 
'13

770 213

71r 773 T/X-

1

;i

Space for rough work
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Q.25 Tbe standard statc Gibb6 fic. cnergies of forElatioD of qgaphitc) and qdiatrDrd) at
T:298 K are

A/C'[qgr4hite)] - 0 kJ hol-l

A/G'[qdiamond)] - 2.9 kJ mol-r.

The standard state means lhat the pressure should be I ba!, aIId substalce should be pure at
a given temper.tur€. The convcrsion of graphite IC(graphite) ] to diamond [C(diarbnd)]
reduces its volume by 2xl0{ mr mol-t. If qgaphitr) is convened to C(dianDnd)
isothermally at T = 298 K, the pressure al which C(gaphite) is io equilibrium wirh
C(diarDnd), is

[Usetul information: I J = I kg m2 s-2; I Pa = I kg m-r s-2; I bar = l0r Pa]

lAl 29001 bar [B] I450 bar [C] 14501 bar [D] 58001 bar

- 0/{Space for rough work
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SECTION 2 (Muimum M.rk : 28)

. This section contains SEVEN questioN

. Each question has FOUR optioDs [A], tBl, tcl and tDl. ONE OR MORE THAN ONE of
these four options is(are) correct

. For each question, dalkea the bubble(s) corresponding to all lhe correct option(s) ia the ORS

. For each question, mark will be awarded in one ofthe followine cateqories:

+4 If only the bubblc(s) conesponding to all lhe correct optioD(s)
is(are) darkened

+l For darkening a bubble cofiesponding to each corrcct optiol,
provided NO inconecl optioD is darkened

0 lfnone ofthe bubblcs is darkened
-2 In all other cases

Q.26 Among lhe following, the correct statemelt(s) is(are)

[A] Alclr has the three-centre two-clecton bonds in its dimcric structureg
tcl

BH, has lhe thrce-centre t*o-electron bonds in its dimeric structure

Al(CHl)l has the lhree<entle two-electro! boods ia its dimeric structrre

The L.wis acidity ofBclr is greater thaD that of AICII

Space for rough work

20t36 r.5

7

. For example; if [A], [C] and [D] are all the correct options for a qu€stion, dalkening all thcse
tlree will get +4 ma*s; dffkeliog only [A] and [D] will get +2 ma*s; and darkeuiDg [A]
and [B] will get -2 mark, as a wrong option is also darkened

Full Marks

Partial Marks

7.ero Marks
Nqative Marks
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e.27 For a reaction takinS place in a container in rquilibrium wifi irs surr ."^or#, "*,tcmperature on its equilibrium coDstant K in terms of changc in entropy is d;scribed by

[A] With incretsc in tcmperature, the value of .i( for exothermic reaction decrcases
because the enEopy change of the system is positive

[B] With increase in tempcratule, the value of ,( for endothermic rcaction indesses
because the entropy change ofthe system is ocgative

[C] With iocrease in temperature, the value of ,( for eodothermic reaction increases
because unfavouable change in entropy of the surroundings decreases

[D] With increase in lemp€rature, the value of (for exoihermic reaction ciecreases
because favouable change in entropy of the sulroundings dacrcases

Q.28 Compounds^P and.R upon ozonolysis produce e and S, rcspectively. The molecular
fomula ofQ and S is CsHsO. e undergoes Cannizzaro reaction 6ut not haloform reaction,
whercas S undcrgoes haloform reaction but not Catbizzaro reaction.

(ii) R
il oy'cllrctl

a
(c.Hro)

s

(QHro)

CH:

ii) zn,lro

The option(s) wilh suitable combination ofp and R, respcctivcly, is(are)

tBl
HrC CHtlr rirq

Hl cHr

Hrc

tcl
HrC

tDl

Hrc .nd HrC
Ir HJ

Space Ior rough work
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Q.29 For the followirg compourds, the corrEct statcme (s) v.ifh respoct to ouclcophilic
substitution reactioDs is(are)

CH

Br Bt fl,
HrC-C-Br

CH,

m

Br

I II IV

tAl

tBl

I and tl follow SN2 mechanism

Compound IV undergoes invenion of configuration

The order ofreactivity for I, IU and lV is: lV > I > III
I and III follow Snl mechanism

"@g
Q.3O Iu a bimolecular reaction, the steric factor P was experimentally determined to be 4.5. Thc

corrcct option(s) among the following is(are)

[A] The value of frequency factor predicted by ArrheDius equation is highcr than that
determined experimentally

[B] Experinentally delermiDcd valuc of ftequency f.ctor is higher lha! that prcdicted by
ArrheDius e{uation

[C] The activation eoergy ofthe rcaction is unaffected by the value ofthe steric factol

[D] Since P = 4.5, tbe rcactioo will not proceed uoless aD effective catalysl is uscd

Space lor rough work

22136
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Q.3 I The corect strtemeDt(s) about surface properties is(are) f6

Cloud is au emulsion type of colloid iD which liquid is dispersed phase snd gas is -
dispcrsion medium

Adsorption is accompanicd by decrease in enthalpy and decrelse in entropy of the -
syslem

[D] The critical temperaturcs of ethane ard nitrogeD are 563 K and 126 K, rcspectively.-
The adsorptio! of elhane will be more thaD that of nitogen on same amouot of -
activated charcoal at a giveD temperature

[A] ZnO, Al:O3, PbO, PbO,

[C] NO, BrO!, PbO, SnOz

[B] CrrO!, BeO, SDO, SnO

lDl crror, cro, stro, Pbo
)

Space for rough work

o/1v, EoL

$r

()/

c-{ u0)
Lut

1l'r-X

Lor (_/
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[C] Brownian motion of colloidal particles does not dcpend orl the size of the particles -
but depends on viscosity ofthe solution

Q.32 The option(s) wilh only amphoteric oxides is(are)

){

(_
)
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SECTION 3 (M.nmum M.rh: 12)

. This s€ction contains TWO paragraphs

. Based on each paragaph, thcre arc TwO questions

. Each question has FoUR options [A], [B], [C], and [D]. ONLY oNE of thesc fou! optioos
is conect

. For each question, darken the bubble corresponding to lhe correct option in thc ORS

. For €ach question, markl will be awarded i! one of the followine cateqories:

Full Marks | +3

kro Marks : 0
lfonly thc bubble conesponding lo the conect option is darkened
ln all other cases

PARAGRAPH I

Upon heating KCIO! in the prescnce of catal)rtic ainouDt of MnO2, a gas W is formed. Excess
amount of w reacts with white phospborus to give x. The resction of X witb pule HNO! gives
Y aidz.

lBl N!O. and HPOI

Q.33 Y and Z atr, rcspecrivcly

[A] NrOs and HPOI.

[C] NrOr and H1PO1

Q,34 w and X 8re, r€spectivcly

[A] Q aod PrOro

qpIlpr and P.o,o

jfN:O1aad HrPOr

[B] Or aDd P.O6

[D] Or and P.O6

a

24136
r*5

Space for rcugh work
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Q.35 Thc ptoduct S is

tAl
HOrS

(H3C)3C o cHr cocH
(H3C)3C CHr

cocH3

tcl

(H3ctc
H3c H3

H3CO C

(H3C)3C cHr

cocH!

Q,36 Thc r.actiotrs, Q to R ard R to S, are

[A] Fnenel{rafrs alkylation atrd Fricdcl-Crafts acylation.

[B] Eriedel-Cr.tu alkylation, dehydration and Friedel-Crafts acylalion

Dehydration and Friedel-Craft s acylarion

[D] Aromatic sulfonation and Friedel-Cofis acylation

END OF PART II : CHEMISTRY

o .ct

0 vso
C

(

b

)

PARAGRAPH 2
rb

The reacliou ofcompound P with CHrMgBr (excess) in (CrHrhO followed by addition ofH:O
gives Q. The compound Q on treatment with H2SO. at 0"C gives R. The ractior of R with
CHTCOCI in the prcsence of anly&ous AICIr in CHrCll followed by trearmenr with HrO
produces compound S. [Et in compound P is ethyl group]

(HrC)rC
tir

a R

Co U

f) L

J

C

ocqC

Space for rough work

P"+

tBl \

-y-

s
\,--=-2-

P

.r

25t36 *r5
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. This section contains SEVEN questions

lflx+2y+7Sz=37V

lcb-74x+2y+tsz=3

[e;C)r-zy+rsz=zz

SECTION I (M.!imum Merks: 2l)

. Each question has FOUR options [A], [B], [C] and [D]. ONLY ONE ofth€se four oprioas is
corr€ct

For each question, darken the bubble corresponding to the conect option in lhe ORS

For each question, marks will be awalded in one of lhe followine cateeories:

Full Marks : +3 lfonly rhe bubble co.respondiDg to the corrEct option is darkeDcd
Zero Morks : 0 lfnone ofthebubbles is darkened
Negative Marks: -1 In all othercases

Q.37 The equatioo of the plare passitrg tbrough the poist (1, l, 1) and perpendicular to the
planes 2x + y - 2z = 5 

^nd 
3, - 6y - 22 = 7,is

Q.3 8 How many 3 x3 rnatices M with entries from (0, 1, 2) are there, for which the sum of the
diagonal eDhies ofM'M is 5?

\*Ittr 162 [B] r98 [Cj 126 (D] r35

ri5

PART III : MATHEMATICS

lDl l4x+2y-lsz=lr

W
Space tor.ough work

26t36
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I

r,y snd z are fouDd to s

\ tb tc,.^'L'

&,\^ t

1V) '
atii$ the eqrutionQ.39 Thrce raldon y chosen noDncgativc i[tcgers

x + y + z = 10. The! the probability that z is
, .4r

tsr i -tdt*

Q.40 Let O be ihe origiu and let Poi bc an a$itrary trianglc. The point S is such that

oF.od+ oR.o3= oi.oF+ od.oi = od.ofr+ oi.oi

=)

0
Then the triaDgle PQR has S as its

[A] orthoc€nter

1c! ceotroia

lgr{*"*o"
[D] circumccntre

Space for rough work

- <-L-:=

( ltt

\r(t ,.a-Y,--, -----)o

1K)

v"

NMy J

r.5

@
ftra
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\o
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-1
ec(fiQar=

and y(0) = f7, ften y(2s6) =

tdr 3 h,

<r'<*t

(Fo') dr, .x>0

r^\
to\ 80

Q.42 lfin + R is a twice dilferentiabte firnction such rhat /,,(r) > 0 for all x e f,, ad
r (j) = I. rtrl = r, u""

oo/,,,,1

Space fo. rough worl

"\
"N

\,
78136

I

Q.4l lfl = y(r) satisfies the differenrial equation

-4

gr o<r'trl<| l& r,trl<o

Q.43 Let S = {1, 2, 3, ...,9). For k= 1,2,.-,,5, let IV1 be rhe number of subsers ofS,.5cb
conlaioing five eleinents out ofwhich exactly t arc odd. Therr rvr + IV2 + ,V3 { ]Va * IV5 =

.{rru rb ,r, {r,o {w2s2a

At
^.)-Y4t\

rA"
,\

\L' \\\\
t\l\

\\\
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+. This seclion contains SEVEN questions

. For cach question, darken the bubble(s) correspondinS to all the correct option(s) in the ORS

. E"ch question has FOUR options [A], [B], [C] and [D] ONE O
these foul options is(arc)

. For cach question, marks will be arfarded in one of the followine cateeories

[C] lim,-1- /(r) does not cxist

+4 lf only the bubble(s) corrcspooding to .l
is(are) darkened

+1 For darkening a bubble correspondiDg to
provided NO incorrcct option is darkened

0 Ifnone ofthe bubbles is darkened
-2 ln all other cases

/(r) att ins its maximum at r = 0

I tie correct option(s)

L'

i-/%
k-

. For example, if [A], [C] and [D] are all lhe correct options for a question, darkening all
three will get +4 marks; darkcning only [A] and [D] will get +2 marks; and darkening [A
and [B] will get -2 marks, as a wrong option is also darkened

cos(2.x) cos(2n)
Q.44 rf f (z) = then -l^4

e.a5 Letr(r) = L+*::ll cos(

.-Jxirn,-rf@)=o

- cos.x
sinr sin.n

sin(2r)
-sin,

cost

(q
t$LV A4t Vsrli

7

A

(ib(r) = 0 at exactly three points in (-r, n)' ,

) = 0 at more lhatr tbree poiats in (-n, z!
attains its minimum at x = 0

^
F1rA'

1-^

})ro'r * r.n
A,^r-

[B] lim,-r+ /(r) does not cxist

[D] lim,-r. /(z) = 0

,{&r=o

u

lr,(

ION 2

f,,{\,^ A \4 c^^ tl

S ,3'Sn{.il

q.Dq
\4 k/\t

29/36

-lv .

,*:.

rJq- \a .

1,4
l^n

each corrcct

Zero Marks :

Negative Marks :

)^-
val



a.46 Ifr=I t 

-dr 

fllerr
9a

[A] I> !

lol , > log.99

1<lo

<12

n'(-i) = -,"

,)= zo

( .),,
V

\L',
\;
x

qr

tol e' (

Q.48 lfthe line r = a divides thc arca ofregiod p = {(ay) e R'rr3 < y < r,0 <, < 1} ioto
two equal parts, thcn

ag{zr, -+a, +t=o l*i d.a +4a2 -7=o

g{;.,., tBl oca<}

\
)

$I
\)

</\N\
N

30/36
*.5

q.lz If 9(z) = l.ltllL) sin-l(t) dt, the!

rr1 s,(;) = -2,r

tQ e'O=2"

Spaco for rough work



t(,1 )

for all r E

0

0

h
:"'"u=,#A

+-

u
q)^

Q.49 lf /: R r R is a diffcrcotiablc frrnctiotr ruch $at f(x) > zf(r)
/(o) = 1, thca

tfl /(r) is decre.sils in (0,6) .$Ifl(r) > "t in (0, -)

[q f'(r) < ea in (0, co) ' pfii is\rctastrleln (0,

Q.50 Let a arld p be nonzero rEsl numbcrs such tbat 2(cos p - cos a) + cos a c,

which ofthe followiog iYare tsue?

ret t "(i)+.13t""(f) =o rnr t"(i)-J5t",(f)=

rcr J3 u" (i) - u, (9 = o tol ./3 t . (i) + t", (!) =

t//

<o1 l

p

L

K

^

t) /. A W\y
d +o(

I

o

f)(
L

I
L
I (/

L
d)

,(
q t{

4
)u

I

A

O d(

3,/36 t\\ r.5

Space for rough work
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SECTION 3 (Mednum M.rkr: 12)

. This scctioD contains TWO paragraphs

. Based on each paragraph, there are TWO questioDs

. Each questioo has FOUR options [A], [B]; [C], and [D]. ONLY ONE of these foul optioDs
is correct

. For each question, darken the bubblc co.responding to the conect option in the ORS

. For each question, marks willbe awarded in one ofthe followine cateqories:

Full Marks : +1 lf only the bubble conesponding to the corrcct option is darkened
Zero Morks : O ln all oth€r cases

Lct O be the origin, ?nd 07, OY..... b7 b" thr"g.unit vectors in ihe directions of the sides Q3,,R-F,
ivel ofa trian leP R

Q.5l I oxxoY I=

[$J sin 2n (q+R)

Q.52 Ifthe triangle PQR varies, then the minimurn value of
cos(P + Q) +crs(o + R) +cos(R + p)

aqr44@ +a)

ls

tBl : tcl i
22

Spaco for rough work

32t36 ri5

PARAGRAPII I

[B] sin(P + R)



\+ Lq.

.u Lut4
C) ,rt--

rb, r0ry12

Q.54 dr2 =

fu or, - oro 1fr o,, + o,o ftl a1y + 2a.p g@fi.o,, + o,o

ENI' OF THE QUESTION PAPER

l,.t p, q be intcSers aDd let a, tr bc the roots of thc equatiooo 12 - r - 1 = 0, wherc
d + F. Fot n = O,1,2,... ,let qn = pdn + qqn.

FACT: Ifa and b are rational numbers ard a + bJS = 0

PARAGRAPH 2

theno=0=D

Spece for rough work

b*
w.t

-+I
'A

\
c\A-- gt\ lLl o

a* a4)-

I\r.=- ol\
V

c-rfr' qr

b

lc
N
\(

33/36

Q.53 lf a, =ZB,r\enP +2q = /
rbr rn g("

0\"

Cn

\

'>ntl

n,fu L

7

\b1f
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