JEE ADVANCED PAPER-II
SOLUTIONS
PHYSICS

A rocket is launched normal to the surface of the Earth, away from the Sun, along the line joining
the Sun and the Earth. The Sun is 3 x 10° times heavier than the Earth and is at a distance 2.5
x 10* times larger than the radius of the Earth. The escape velocity from Earth's gravitational
field is v, = 11.2 km s'. The minimum initial velocity (v,) required for the rocket to be able to
leave the Sun-Earth system is closest to

(Ignore the rotation and revolution of the Earth and the presence of any other planet)

(A)vg =62kms?* (B)vg=22kms?* (C)vg=72kms?t (D)vg=42kms!
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A person measures the depth of a well by measuring the time intgerval between dropping a stone
and receiving the sound of impact with the bottom of the well. The error in his measurement of
time is 8T = 0.01 seconds and he measures the depth of the well to be L = 20 meters. Take the
acceleration due to gravity g = 10 ms=2 and the velocityof sound is 300 ms-t. Then the fractional
error in the measurement, 6L/L, is closest to

(A) 5% (B) 1% (C) 3% (D) 0.2%



T AfHRT U TR Pl HU H AR 97 3R U P dell § Fue F IO~ & & G IfTRTe B AU BRD B
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Consider an expanding sphere of instataneous radius R whose total mass remains constant. The
expansion is such that the instantaneous density p remains uniform throughout the volume. The

1dp
rate of fractional change in density (EE is constant. The velocity v of any point on the surface

of the expanding sphere is proportional to

1
(A) R (B) g (C) R?2 (D) R?
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A symmetric star shaped conducting wire loop is carrying a steady state current I as shown in the
figure. The distance between the diametrically opposite vertices of the star is 4a. The magnitude
of the magnetic field at the center of the loop is

uol 2_ MOI _1
(A) 43 3[2 - V3] (B) 45 6[v3 - 1]
Bl 33y Mol gr 3.1
© 4ra 33 -1l (D) 4ra 6V3 +1]

S & faf3a fear T 8, v 9fad IR (symmetric star) @ T6R & dreid § aRdafdd o1 I 98 & 81 I8t
fqudia ¥iwi (diametrically opposite vertices) @ 1 @1 g4l 4a & | I1cTd & dw R DI & B A B0

|
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H cos 30° = a

a
H = cos 30°
_ Ml 300 _in 600
ZnHcos30° [sin 30 sin 60°]
_mix12 [1_43
" 4nxa |2 2
_ Mol
B= 10 6 -3
Consider regular polygons with number of sides n = 3, 4, 5 ...... as shown in the figure, The

center of mass of all the polygons is at height h from the ground. They roll on a horizontal surface
about the leading vertex without slipping and sliding as depicted,. The maximum increase in
height of the locus of the center of mass for each polygton is A. Then A depends on n and h as

A:h-zﬁj A=h (_j

(A) sin (n (B) tan o
. (2

(C) A=h #_1 (D) A:hsm(?nj

=H



o g1 S9 FHagyqSl & yoisi @l @@ n = 3,4, 5 ...... 2| |l 9gqsil &1 ¥efd == (center of mass)
YD T F h Sag W 81 I 1 et f@fost g w ufawm 9 (leading vertex) @ aRi 3R goiF &R
AR 81 I8 8 | IS 9899l & Held b= & @MU (locus) &1 &arg o AfddHad afg A2 | T A B h 3R n
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6. Three vectors f’,Q and R are shown in the figure. Let S be any point on the vector R . The

distance between the points P and Sis b | R | . The general relation among vectors f’,Q and §

is -
(A) S=(1-b)P+bQ (B) S=(b-1)P+bQ
(C) S=(1-bP+b%Q (D) S=(1-b*>)P+bQ

6. M dax P,Q wW R R gR1 €y MY ¥ | JqeX R W U fag S quifar waw ¥ | g P ud g S & g A
@ b|R|2IP,Q wW §Ird & 9ig T & —

(A) S=(1-b)P+bQ (B) S=(b-1)P+bQ

(C) S=(1-bP+bXQ (D) S=(1-b?P+bQ
6. A

PS = bR

=b(Q-P)=5-p
S=bQ -bP +5p
=(1-b)p +bQ



hc
A photoelectric material having work-function ¢, is illuminated with light of wavelength A (k <— .

0

The fastest photoelectron has a de Broglie wavelength ;. A change in wavelength of the incident
light by A\ results in a change Ak, in &,. Then the ratio AL /AM is proportional to

(A) A/ h (B) A/ \° (C) A5/ 22 (D) Ay /A

werel fagga uarel (photo electric material) ST w11 ®erw (work-function) ¢, 8, dRT—aed A (k < h_Cj

0
S U § YEIw fHAT T 8| g TP g™ Bl S anTell (de Broglie) dRU—a&d A, 8| 3mufid g
(incident light) @ @¥v—<aed § AL & uRadd ¥ A, & A H Ax, @1 URad a1 8| dd AL /AL BT IqUrd
FHTGURT BT —

(A) Ay /A (B) A2 /2? (C) A3/ 2? (D) Ay /M
B
1 hc
Emvz—KE—T—q)0
h h

p=mv= E > V= m_kd
1 h? hc
5 m m22, % o

1 C
R Tz =
-2C; C,(AN)
(G (9=~ 7

Mg _ (M)

AL 2

A wheel of radius R and mass M is placed at the bottom of a fixed step of height R as shown in the
figure. A constant force is continuously applied on the surface of the wheel so that it just clims
the step without slipping. Consider the torque t about an axis normal to the plane of the paper
passing through the point Q. Which of the following options is/are correct?

X

/
A\




Sol.

(A) If the force is applied at point P tangentially then t decreases continuously as the wheel
climbs.

(B) If the force is applied tangentially at point S then t = 0 but the wheel never climbs the step.
(C) If the force is applied normal to the circumference at point P then t is zero.

(D) If the force is applied normal to the circumeference at point X then t is constant.

U 31 R vd gagqM M &1 ufean (wheel) T R 3418 dret §¢ UM (step) & dal O &1 B | (S oy #
fegmn 1 8) ufRy @ AU R g™ A @ ol Ud R 9 ufdd & U WR ¥dd (continuous constant
force) HRIRT & | BRI & U ¥ At e § (perpendicular to the plane of the paper) fig Q & S
el &7 & ATUE AL T A | 91 H | BIFI(F1) W THAT Fel 57

X

/
A\

(A) afe o5 P w® w=fig 9 (tangentially force) TN S @@ 19 Uf2d1 HIYE &R I 99 ¢ Fad g |
(B) I fag S R wfig a1 &1 ST T4 1 # 0 & fobegg ufan Ao R 9 90 781 a0 |
(C) aft fag P W ufed &1 uR | 1fier faen # 9 o S d9 ¢ 39 & |

(D) afs fdg X wR ufgy @1 uRfd 71 s fa=m (normal direction) 3 9 oF T ST @49 © 3TeR &7 |
C,D

A right uniform bar AB of length L is slipping from its vertical position on a frictionless floor (as
shown in the figure.) At some instant of time, the angle made by the bar with the vertical is 6.
Which of the following statements about its motion is/are correct?

A ]
A
v .
VLT LT L e
O

(A) When the bar makes an angle 6 with the vertical, the displacement of its midpoint from the
initial posiiton is proportional to (1-cos0)

(B) The midpoint of the bar will fal vertically downward

(C) Instantaneous torque about the point in contact with the floor is proportional to sin 0

(D) The trajectory of the point A is a parabola



U L ofH1g b1 g &ve (rigid bar) AB 3l Feaier Ryfd | edvEe srg¥fie ad (frictionless horizontal
surface) R REATAR A @ g | 999 & B &0 IR S gRT FEAER § 9911 D107 0 § | /1 § & DA A1

() UpUE T =/8?

A []
A
v “
(I
(0]

(A) 919 S FEdieR ¥ 0 BV IC1 8 9 & & AL g BT fIReue I9a IR Rafd F (1-cosh) & AATFURN
gl

(B) T &1 97 fag Heaier = @ IR (vertically downward) fiRam |

(C) &% 3R Yo & Wi fdwg & IRl % drerfvre germgel (Instantaneous torque) sin @ & FHEIURN

(D) fdg A &1 yu waafie (parabolic path) 2|

A,B,C
Centre of mass will fall vertically downwards as N & mg are in vertical direction

L L
Displacement of com = 373 cos 0

L
=E(1—cose)

L .
T, = Mg 5 sin 6

x—Lsine
)



&y =Lcoso

sin2®+ cos0 =1 > + 5 =1

10. The instantaneous voltages at three terminals marked X, Y and Z are given by
V, =V, sin ot,

. 2n
VY = V0 sin [mt+?jand

. t+4n
V,=V,sin | © 3

An ideal voltmeter is configured to read rms value of the potential difference between its termi-

nals. It is connected between points X and Y and then between Y and Z. The reading(s) of the
voltmeter will be

(A) independent of the choice of the two terminals

rms 1 rms 3
(B) Vii° =V, (C) Vyi° = 05 (D) Vg~ = \/;
10. 9 <fA9dll & fagaii X, Y v@ Z & drefire dieear (instantaneous voltage) € g @
V, =V, sin o,

Ue 3fee dreeH (ideal voltmeter) g1 fagali & fawar<iR &1 3R 7 T8 (root mean square, V™) A9 3l
2| I8 drecH fIsg X 1d Y &1 SreT ol ® R Y wd Z 9 SIST Wil 2 | §9 diee T S A9 81T/ |
(A) &0+ a1 fAgel & == w) AR =181 avan

ms rms 1 rms 3
(B) Vi© =V, (C) Viz" =Voy5 (D) Viy™ = Vo5
10. A,D
V., =V -V
Xy y X

e ]
ooty

J3 v, cos (ot + n/3)
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11.

_ 3
ny’ RMS E VO

V_=V_ -V
yz z y

—v, {sin(mt + %) - sin(mt + %ﬂ =V, [2cos(ot + x)sin(x/3)]

J3 v, cos (ot + )

A uniform magnetic field B exists in the region
3R . .

between x = 0 and X=7 (region 2 in the

figure) pointing normally into the plane of the
paper. A particle with charge +Q and
momentum p directed along x-axis enters

region 2 from region 1 at point P, (y=-R). Which

of the following option(s) is/are correct?

(A) For B > 2
30R

8 P

, the particle will re-enter region 1

y
Region 1 4 Region 2 Region 3
B
X X X
X X X
o X X X ‘>
P, x
X X X
+Q P « X x
o— +
(y=-R) |, « «
© 3R/2 7

(B) For B = 130R" the particle will enter region 3 through the point P, on x-axis

QR

(C) For a fixed B, particles of same charge Q and same velocity v, the distance between the point
P, and the point of re-entry into region 1 is inversely proportional to the mass of the particle.

(D) When the particle re-enters region 1 through the longest possible path in region2, the mag-
nitude of the change in its linear momentum between point P, and the farthest point from y-axis

isp/\2.
e 9HE g &3 (uniform magnetic field) B

Wzﬁwzﬁeﬁﬁmﬁwﬁx=owx=%aﬁ

9 @ a7 (= ¥ region 2) # 943 (W9 & fosr #
fawm &), SuRed B 1 Ue &9 Rt e +Q Td
HATM p B, 98 x-I& @ Jfey &3 2 § fIg
P, (y=-R) W yd% &xal g | 791 4 4 319 41 (})

BT Bl B/87

2P
3QR

(A) B>

% forg, &1 &7 1 (region 1) # Y Ud HT|

y
Region 1 4 Region 2 Region 3
B
X X X
X X X
o X X X ‘>
P, x
X X X
+Q P « X x
o—> —+
(y=-R)

(B) =S P % forg 1 &3 3 (region 3) § x-3&T WR fd=g P, A Ud3 M|

13QR

Y

(C) Fad B & oIy Uad 1991 Q Ud Ud A o9 v dTel $vIl & forg fawg P, wd &3 1 (region 1) # g7 wawl

fawg @1 g 1 TR BV & TIAME D GSHAUN 2 |

(D) T4 Y | o FRIEUe ¥ & 2 (region 2) ¥ &3 1 (region 1) | Y YI¥ BT 8, 79 fa=g P, IR y-
e W I fag @ fog IRTH AT H URALH 9q@ g/ 2 B
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A,B
To, enter in region (i)
mv mv 3R
r<—— — < —
qgB g 2
re P 3R_P
aB =~ 2 gB
aB _2
= P ~3R
2P
B« 2 _
= <3qR
mv 3R
_<_
qB 2
Bg 2
P 3R
2P
3gR
sine=g
r
sine:3R/2qu
mv
3R 8 P
==—xq|—=—| =
2P 13gR
r (1-Cos ¢) = R
1—Cos¢=?
_ RaB
1-Cos¢= P
_ R 8P
1-Cosé¢="p"13QR
8
1—Cos¢—§
8
=1-—
Cos ¢ 13
5
Cos¢—§

o= 0
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Two coherent monochromatic point sources S, and S, of wavelength » = 600 nm are placed
symmetrically on either side of the center of the circle as shown. The sources are separated by a
distance d = 1.8mm. This arrangement produces interference fringes visible as alternate bright
and dark spots on the circumference of the circle. The angular separation between two consecu-
tive bright spots is A6.Which of the following options is/are correct?

(A) The angular separation between two consecutive bright spots decreases as we move from P,
to P, along the first quadrant

(B) At P, the order of the fringe will be maximum

(C) A dark spot will be formed at the point P,.

(D) The total number of fringes produced between P, and P, in the first quadrant is close to 3000.
&1 HeIRiey UHaUil (coherent monochromatic) fig &iid S, vd S, fFa! a’v <& L = 600 nm & T d<
® DE B al AR FAAG faven H Rerd 8 (WA B d fewm mr ) | =i S, vd S, @ d @1 g8 d = 1.8
mm g | 39 aa=el g1 aafaféor i (interference fringes) ufdadt <@ vd o fafii (spots) @ wu #
e 9 o1 R TR Il 21 A6 &1 HAr di| Rkl & d/= &1 dofa 9 (angular separation between
two consecutive bright spots) & | 71 & & &9 A1 (W) UHAH Fe8l 8/87

(A) v gue § P, 1 P,d% S ¥ &1 HAN aiw R & 919 @) 1oy g3 gedl 2 |
(B) P, R fo=ii &1 HH Seaad 8 |

(C) P, R U& eI fawg a=mm |

(D) P, W@ P, & dr & Yo gxure (first quadrant) § ga & 3000 b=l a4 |



e 3000

d cos 6 = n)

nA
cose—F
forn=20
0 = 90°

As cos0 varies by same value, we can see that reperation between values of 0 increases.

coso
4

N
!

€— << 90° 0

Atp, dcosd=ni=d=nk

d

n= = 3000 (max order) bright frigne

A point charge +Q is placed just outside an imaginary hemispherical surface of radius R as shown
in the figure. Which of the following statements is/are correct?
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(A) The circumference of the flat surface is an equipotential
(B) The component of the electric field normal to the flat surface is constant over the surface.

Q
(C) Total flux through the curved and the flat surfaces is .
0

1
(D) The electric flux passing through the curved surface of the hemisphere is —%(1 _ﬁ)
0

gATHD g MY +Q TP HIculId AT U fSraa! B R 2, & arex @1 2 (o4 & = # QT
) o A & 19 1 () uhUT e 8/87

(A) I9dd g8 &1 uRE v wafawa s (equipotential surface) B |
(B) fIgd &= &1 w¥ad s ¥ Jfdfed ged R IS W EFd & |

(C)W@WW@’EWW@HW%%I
0

1
(D) eleiy afshd U | Yok arel fagd vl (electric flux) &1 A —%(1—3j 2l
0

A,D
(A) As distance of energy point is same from the charge
KQ
(B) E = (R sec0)?
Q
Rseco 5
R
—
W—/
E Ecoso

KQ
(R sec0)?



Now, component L to the flat surface,

E, =Ecos®

KQ KQ
= mcose): Y cos3 0

Qen

Total flux = =0 (asq, =0)

Flux through flat surface

o= 2n (1 - cos 0)

-1
o =2n \/E
So, flux through flat surface,
q+Q
¢1 = 47{80 X o

o & o]

Q ;1
W2 %)

. flux through curved surface

Q 1
b=~ 250 (1—3J 4 + ¢, = 0]

A source of constant voltage V is connected to a resistance R and two ideal inductors L, and L,
through a switch S as shown. There is no mutual inductance between the two inductors. The
switch S is intially open. At t = 0, the switch is closed and current begins to flow. Which of the
following options is/are correct?
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Vv
(A) At t = 0, the current through the resistance R is R

(B) The ratio of the currents through L, and L, is fixed at all tmes (t>0)

vV L
(C) After a long time, the current through L will be -
2 RL, +L,

V L
(D) After a long time, the current through L, will be R L, +sz

a1 aeel Uk& (ideal inductor) L, U@ L, 3R T UfoRig (resistance) R &1 U& 3fad dieedl V & WA A T
Rerer S g1 SireT Sirel & (Sran st # e wan §) | L, vd L, & e 3= URebed (mutual inductance) Tl
21U H R ST 21 999 t = 0 R Rag 95 favan oimar € 8k o1 9+l g% 2l 8 | 991 & & 319 91 ()
YHYT el 8/87

(A)t=0wqﬁﬁaRﬁ9ﬂTf%aw%

(B) L, vd L, ¥ yaifed g1 &1 Jgurd & 993 (t>0) & g |

V L
(C) e & a1g L, # ganfed a1 o @Fi|

V L
(D) @I & @1s L, § gaifed ORT oy +2|_ =l

B,C,D
: diy
V-iR-L |4 )=0

di,
Also, V-iR-L, (4| =0

diy di,
fromabovel |G =L | gt

L, }dil =L, Tdiz
0 0

L,i, =L,

11 2°2



L
E = L_1 (fixed)

Vv
i+, = o 0
Also, L,i, = L,i, (D)
.V L
W= R (Li+L;
.V Ly
27 R (L +L,

SECTION - 3
PARGRAPH -1
Consider a simple RC circuit as shown in figure 1.
Process-1: In the circuit the switch S is closed at t = 0 and the capcitor is fully charged to voltage
V, (i.e., charging continues for time T >> RC). In the process some dissipation (E;) occurs across
the resistance R. The amount of energy finally stored in the fully charged capacitor is E..

\"
Process-2: In a different process the voltage is first set set to ?0 and maintained for a charging

2
time T >> RC. Then the voltage is raised to % without discharging the capacitor and again

maintained for a time T >> RC. The process is repeated one more time by raising the voltage to
V, and the capacitor is charged to the same final voltage V, as in process 1.
These two processes are depicted in figure 2

U AR RC gRuer &1 <Ra, S o 1 (figure 1) % 9iian ™1 © |

wsH -1 (Process-1): t = 0, W Rea= S gR1 uRu qui fbar ST1efm & Yd Wenial goi W A dieedl V) A A
8 Sl 2| (T >> RC 99 b AV <Iefdl R&dl 8) | 59 Uhd H UfcRig R & gRT o fdgfd Il &g (energy
dissipated), E, &1l & | YU w4 ¥ 3af¥ig @er= § @i S (stored energy in a charged capacitor) &1
9 E B |

gha-2 (Process-2): U 3fe Uhd H U V?O dreedl @1 AR §7a T >> RC & forg srRfer fan S

2| 79 371 |AeRe saw s &, 99 @1 T >> RC & oy /Rierd oxa dieed] g 3 qP TSI STl & |

dreedl B V, T 9511 @ oY U8 Uehd Ueh SR qR QTExdl STl & | HemRa @l 3iferd dieedr V, (Siar fs uspa 1
H 8) I ARG fhar Smar g |
I g yshH o 2 (figure 2) % @ 7w 7|
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16.

16.
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Figure 1

Proce:

ssl
>

V, >
A
2V,/3+ >
Process2 A
V,/3 > T>>RC
T 2T t

Figure 2

In process 2, total energy dissipated across the resistance E is -

(A)E, = 3 GCVOZ) (B) E, = %

U 2 & R URIY & §RT ol &d Iofl B, 8 —

(A)E, =3 GCVOZ) (B) E, = %

B
Total energy dissipated

1 2
E,=E +E +E = [Ec(%) jx3

In process 1, the energy stored in the capacitor E. and heat dissipated across resistance E are

related by -

(A) E

E (B)E.=E, |

D

yspH 1 4 e 3§ Afd Soil E. iR ufokig R gR1 Sl &1 E, § |y 8 —

D

A
Energy stored in capacitor,

1
E.= 5 CV

n?2

n?2

Energy dissipated in the resistance,

E, = E. (by theory)

(C) E. = 2E

(C) E. = 2E

1 ..
(ECVO) (C) E, = 3CV,2

1 .-
(ECVO) (C) E, = 3CV,2

D

D

(D) &,

(D) &,

(D) E.

(D) E.

N~

N~

N~

N~

Cv 2

Cv 2



Paragraph - 2

17.

17.

17.

18.

18.

One twirls a circular ring (of mass M and radius R) near the tip of one's finger as shown in figure
1. In the process the finger never loses contact with the inner rim of the ring. The finger traces
out the surface of a cone, shown by the dotted line. The radius of the path traced out by the point
where the ring and the finger is in contact is r. The finger rotates with an angular velocity o,. The
rotating ring rolls without slipping on the outside of a smaller circle described by the point where
the ring and the finger is in contact (Figure2). The coefficient of friction between the ring and the
finger is p and the acceleration due to gravity is g.

T gdR aerd (circular ring) (@M M vd 31 R) Us 76l & Rd: gagoia a2 (94 o 1 (figure
1) # S0 TR B) $9 UHH H Sel god B RS U H el Wl Bl 8 | Sl Ud ¥ (cone) B U B
SRRIT 9 BT SRV BRAl &, S B fAgfebed Y@ g1 <widn AT B | Sl VA gerd b Wy fig @ Ry
uef 1 F2roa1 r 8 | Sell B 97 o, W U PR Y@ B | 9ol r Bl arel acd B a8 U W et (M goid
(rolls without slipping) @=ar g | <141 &3 2 (figure 2) § 9o Td S7ell & i fdwg gRT =071 141 & | 9ol

Td Il @ dr g Ty s (coefficient of friction) w, T4 TH@T @ROT g B |

Figure 1 Figure 2

The minimum value of o, below which the ring will drop down is -

39 9 9 29
MVar-n O R ©Var=n ®)Vur-n

YT o, 5D B9 B & gerd AR SR, 98 @

39 9 9 29
War-n B R ©Var=n ®)Vur-n

B

uN = mg O]
&N=m(R-r)e® ....(i1)
from (i)

pm (R -r) e =mg

B g
©= VR -1

The total kinetic energy of the ring is

(A) Mo, (R - r)? (B) % Mo,z (R-r)?  (C) 5 Mo,? (R -r)? (D) M, R?
I B FA TSl Il B

(A) Mo, (R - r)? (B) 5 Mo,z (R-r)> (C) 5 Moz? (R-r)? (D) Mw,? R?



19.

19.

Sol.

20.

20.

Sol.

CHEMISTRY

The standard state Gibbs free energies of formation of C (Graphite) and C(diamond) at T = 298
K are

A, G°[C(graphite)] = 0 kJ mol-!

A.G°[C(diamond)] = 2.9 k] mol-!

The standard state means that the pressure should be 1 bar, and substance should be pure at a
given temperature. The conversion of graphite [C(graphite)] to diamond [C(diamond)] reduces
its volume by 2x10-¢ m3 mol-t. If C(graphite) is converted to C(diamond) isothermally at T = 298
K, the pressure at which C(graphite) is in equilibrium with C(diamond), is

[Useful information : 1] =1 kg m?s2?; 1 Pa=1kg ms?; 1bar = 10° Pa]

(A) 29001 bar (B) 58001 bar (C) 14501 bar (D) 1450 bar

C (Iwrsc), C(ERT) 994 &1 T = 298 K W AMG 3@l g &1 gad ol :

A G[C(I®TEe)] = 0 kI mol-!

A G°[C(gRT)] = 2.9 k] mol!

AP STARAT BT Aderd & fb AT T qrowE R g9 1 bar 8191 412y &R uared 3rg 81 =1’y | C (AwTse) &1 C
(ERN ¥ uRad¥ ga® 3MmIad dT 2x 106 m3 mol-! gerar 2 | afe C(A®Ee) &1 C(ERT) H Fxadt uRad= fhan
S @ 98 < O )R C (Iwge), C (BR1) & A1 AFITRAT H &, ®© ¢

[Swarft a1 : 1] = 1 kg m?s2; 1 Pa =1kg m!s2?; 1bar= 105 Pa]

(A) 29001 bar (B) 58001 bar (C) 14501 bar (D) 1450 bar
C

At equilibrium

Ggraphite = DDiamond

Gographite + Vgraphite " dp = GoDiamond + VDiamond' dp

(GoDiamond - Gographite) = (Vgraphite - VDiamond) dp

2900] = 2 x 10°*m3 x (P, - P)

29
f i 7

U
|
B/
Il

x 108 Pa

29

o
I
o
I

x 108x 10-°

29000
f + 2

= 14501 bar

Which of the following combination will produce H, gas ?
(A) Cu metal and conc. HNO,

(B) Zn metal and NaOH(aq)

(C) Au metal and NaCNI(aq) in the presence of air
(D) Fe metal and conc. HNO,
freferRaa § A r=ar WA H, 1 Scarfad dyam ?

(A) Cu &rg vd s HNO,

(B) Zn grg vd NaOH(Sieti)

(C) Au o1 vd NaCN(STefir) arg @ SuRerfa |

(D) Fe &g Td &= HNO,

B

Zn + 2NaOH —— Na,Zn0, + H,



21.

21.

Sol.

22,

22,

Sol.

23.

For the following cell,

Zn(s)|ZnS0O,(aq)|| CuSO,(aq)|Cu(s)

When the concentration of Zn?* is 10 times the concentration of Cu?*, the expression for AG(in ]
mol-t) is

[F is faraday constant; R is gas constant; T is temperature; E° (cell) = 1.1V]

(A) 2303RT - 2.2F (B) -2.2F (C) 2.303RT + 1.1F (D) 1.1F

f=falRaa da & forg,

Zn(s)|ZnS0O,(aq)|| CuSO,(aq)|Cu(s)

9 Zn2* & Arsdl Cu?t &1 Jrsdl ¥ 10 91 8 a1 AG(in J mol!) & oy @5 (expression) & | [F ®TS
fraare 8 R 9 fFaais; T aroE ok da @ forg E° &1 A9 1.1V B 1]
(A) 2303RT - 2.2F (B) -2.2F (C) 2.303RT + 1.1F
A

(D) 1.1F

Zn(s) + CuzZ —— Cu(s)
X 10x

-2 F (1.1) + RT In (10)
= -2.2 F +2.303 RT

AG

The order of basicity among the following compounds is

NH
H3C)KNHZ NN AN AN

N

() (1I)
(A)IV > 11 > III > I
(C)I>1IV>II>II

fr=forRaa el § eRedr &1 w9 7 —
NH /\
H3CJKNHZ NN
() (II)
(A) IV > II > III > I

COI>IV>II>1II
D

NHO®

NH,
HZNJKNH

(111) (IV)
(B)Il > 1> IV > III
(D) IV > 1> II > III

[\ NH.
NN HZNJKNH
(111) (IV)

(B)Il > 1> IV > III
(D) IV > 1> II > III

Il
NH,—C—NH,
@ ©
The electron density (1) N is very large because due to resonance electrondensity®

Pure water freezes at 273 K and 1 bar. The addition of 34.5 g of ethanol to 500 g of water changes
the freezing point of the solution. Use the freezing point depression constant of water as 2 K kg
mol-i. The figures shown below represent plots of vapour pressure (V.P.) versus temperature (T).
[Molecular weight of ethanol is 46 mol-]

Among the following, the option representing change in the freezing point is

P./bar —
P./bar —

(A) (B)

V.,
V.

270 273 270 273 T —

T/K —>
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Sol.

24.

24.

Sol.

25.

Tl o Water T 1+
3 o 5
Qa ! ne Qa
E — a{ev\’e a
(C) 5 A (D) >
271 273T/K > 271 273T/K —

Y& Wil 273 K 3R 1 bar W 4R (freezes) BIdT & | 34.5 g UHid @1 500 g Ul # Sla WR e &1
fRAid 9ge1 AT B | S &1 f2¥id era9H e ReRid (freezing point depression constant) 2 K kg mol-t e |
Ao ey fors arsg <19 (V.P.) &1 araa (T) & faeg ser@l & fefid oxa € | F=fofad o @ fAeea o fRaie
H 9ead & S &Rl 8, & [VHTd &1 M0fdd 9R 46 mol-1]

P i
(A) & (B) S F
270 2§3T/K_) 2'70'273T/K_)
Ty T
€% A (D) S
2'71'273T/K_) 271 2§3T/K_)
B
AT, =ik xm
S 1x2x 600
- WHZO
34.5
=2 X m x 1000
_345x2 _ 69 _
- 23 T 23

The order of the oxidation state of the phosphorus atom in H,PO,, H,PO,, H,PO,, and H,P,O is:-

(A) H,PO,> H,PO, > H,PO, > H,P,0, (B) H,PO,> H,PO, > H,P,0, > H,PO,
(C) H,PO,> H,PO, > H,PO, > H,P,0, (D) H,PO,> H,P,O, > H,PO, > H,PO,
H,PO,, H,PO,, H,PO,, 3R H,P,0 # BIRGBIRY WA SHTeRITHROT 3favell Bl hH &i—

(A) H,PO,> H,PO, > H,PO, > H,P,0, (B) H,PO,> H,PO, > H,P,0, > H,PO,
(C) H,PO,> H,PO, > H,PO, > H,P,0, (D) H,PO,> H,P,O, > H,PO, > H,PO,
D

+5 +4 +3 +1
H,PO, > H,P,0, > H,PO, > H, PO,

The major product of the following reaction is

OH

O O (i)NaNOZ,HCI,OOC
(ii)ag.NaOH

NH,




=2
Q
v

&

(B)

=
(@]

N.CI cl
OH
N=N_ oH
(©) \ (D) /
N=N
25. f=foRed sifafsan &1 g s § -
OH
O (ilNaNO, HCl,0°C
(ii)ag.NaOH
NH,
O Na* OH
N,CI cl
OH
N=N_ oH
o <) o
N=N
Sol.

(i)NaNO,, HCl, 0°C @

g@n

=
T
®

5
|

®
g

=2
Il
=2
T
=z

i

tautomerisation

:l
——
)

T

=2
Il
=2
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26.

Sol.

27.

27.

The correct statement(s) about surface properties is(are)

(A) Cloud is an emulsion type of colloid in which liquid is dispersed phase and gas is dispersion
medium

(B) The critical temperature of ethane and nitrogen are 563K and 126 K, respectively. The
adsorption of ethane will be more than that of nitrogen on same amount of activated charcoal at
a given temperature.

(C) Adsorption is accompanied by decrease in enthalpy and decrease in entropy of the system
(D) Brownian motion of colloidal particles does not depend on the size of the particle but depends
on viscosity of the solution.

U Uil (surface properties) & IR # W&l HU 2(8)

(A) 9€ U SHRM UHR BT dIass & orad g9 uRkfera yraren (dispersed phase) ® 3iR 39 gRerqor #res
(dispersion medium) g |

(B) T 3R AsSIoF & hifdw aae (Critical temperatures) %93t 563 K 3R 126 K 21 ta @3 W
A9 R AfhRT IRBIT @ FEE H=T U U BT N ATSerol B 3TUeT 3ifdd B |

(C) arferemyor (Adsorption), e & Tl e @R Tl Ted & |1 8dl 8 |

(D) PIATSS! HUIT B T T B & Hgol W PR &8 Bl IRy fdea &) g=am (viscosity) W iR &=l 2
B, C

Theoritical

Compounds P and R upon ozonolysis produce Q and S, respectively. The molecular formula of Q
and S is C;H,0. Q undergoes cannizzaro reaction but not haloform reaction, whereas S undergoes
haloform reaction but not cannizzaro reaction.

i RrR —ESEES Q
(CH,0)
iy R — U s
(CH;0)

The option(s) with suitable combination of P and R, respectively, is(are)

(A) HCOJ and HC‘@%

(B) H.C —<: : >—/ @—/
(©) :
H,C
H,C
/ CH
D)
H.C
Afe P iR R & 3SR (0zonolysis) & TR s Q 3R S, S0~ &1 ¥ | g Q iR S &1 fdaes g1

H,O & IQ @ fist R13fha ((cannizzaro reaction) gf v =, grai®4 sifffha (haloform reaction)
FABNS afb S PEIAHIH AMAfhY BIdT I, SN R1aMWiHg A



(|) R (')03 /CH,Cly 3 Q

(i)zn/H,0
(C,H,0)
iy R TS s
(C4H,0)

P 3R R & Sford G drar fdden sae: 23(R)

(A) H3C©J 3R HC‘@%

gassmtad
—CH
H,C
H,C
/ CH
D)
H,C
27. B, C

CH
74
(B) H3C@ CH ozonOIYSIs H3COCH=O + H_ﬁ_H
0]

(CsH0)

It gives cannizaro rx’but not
haloform rx"

CH, _ Y
Ozonolysis c —CH3+ H-C-H
o I

[CsH O]

It gives haloform but not
Cannizaro rx".

_CH,
©) Q// Ozonolysis CH=0 + CH,—CH=0

CH
: * [C4H,O]

It gives Cannizaro rx"but not
haloform rx"

3

CH, C 0
N/ |
¢  Qzonoysis, o CH, + CH,~C-CH,
New,

[CsHeO]
It gives haloform rx"but not
Cannizaro rx"



28.

28.

Sol.

29.

29.

Sol.

For the following compounds, the correct statement(s) with respect to nucleophilic substitution
reactions is (are)

CH, CH,
O/\Br O/\Br H3C—é—Br Br
Ch,
(I) (1I1) (I1II) (IV)

(A) I and II follow S 2 mechanism

(B) Compound IV undergoes iniversion of configuration

(C) The order of reactivity for I, Ill and IVis : IV > 1 > III

(D) I and III follows S, 1 mechanism

<gfFersitfthfere gfaemus srffdansii (nucleophilic substitution reactions) & <4 # f=foRaa Il &

fow @8 wo 2(2)

CH, CH,
O/\Br O/\Br H3C—(IZ—Br Br
Sh,
(I) (1I1) (I1II) (IV)

(A) ISR II S 2 fpamfafd &1 IFA=eT Fd 2 |

(B) aiffie IV @ fa=mg (configuration) &1 Udiu= (inversion) &idl & |
(C) I, III 3R IV & forv erfufsrareiierar &1 w97 8 0 IV > I > III
(D) I 3R III S, 1 fhamfafd &1 a/gery &<d & |

A, D

In a biomolecular reaction, the steric factor P was experimentally determined to be 4.5. The
correct option(s) among the following is/are :

(A) Experimentally determined value of frequency factor is higher than that predicted by Arrhenius
equation

(B) The value of frequency factor predicted by Arrhenius equation is higher than that determined
experimentally

(C) The activation energy of the reaction is unaffected by the value of the steric factor

(D) Since P = 4.5, the reaction will not proceed unless an effective catalyst is used

U fgaroys srfufshan # ffaw fa=uit ge& (steric factor) P &1 i w4 4.5 FeiRa faan | Fe=ferRea
§ & 9 R () -

(A) smafil gea (frequency factor) &1 UrEIRIeG A JIRETI THIHROT gRT AT AF | RAET B |

(B) JIREIH FHIHROT §RT AFHIG 7149 fEfd g (frequency factor) & UrIfie 719 | SI1&T B |

(C) Bfaw o= sea & w1 & iffrar @1 wftegur o1l (activation energy) swwifad W& B |

(D) ®ifh P = 4.5 8, 99 I YN SIS BT SYAIT A1 fbar 91, rffshan amy =&t seh
B, C

(A/Z)exp
Steric factor(P) = m

A = frea. factor

Z = Collision freq.

usually P < 1

- Aexp < Atheo. Assuming 'Z' to be same

Here P > 1
: A >A

exp theo
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30.

Sol.

31.

31.

Sol.

32.

32.

Sol.

The option (s) with only amphoteric oxides is(are) :

(A) Cr,0,, BeO, SnO, SnO, (B) ZnO, ALO,, PbO, PbO,
(C) NO, B,0,, PbO, SnO, (D) Cr,0,, CrO, SnO, PbO
Hael SHIHH (amphoteric) sffaasS! are(@e) fawed B() :

(A) Cr,0,, BeO, SnO, SnO, (B) ZnO, ALO,, PbO, PbO,
(C) NO, B,0,, PbO, SnO, (D) Cr,0,, CrO, SnO, PbO
A B

Among the following, the correct statement(s) is(are) :

(A) AI(CH3), has the three-centre two-electron bonds in its dimeric structure
(B) BH, has the three-centre two-electron bonds in its dimeric structure

(C) The Lewis acidity of BCI, is greater than that of AICI,

(D) AICI, has the three-centre two-electron bonds in its dimeric structure

frfalRed § 9 98 #2H B8/ € -
(A) AI(CH,), @ fgadll w==r (dimeric structure) % B — a1 geldgi M€ 2 |

(B) BH, &1 fgall =1 (dimeric structure) & Brow — a1 geldgia M€ 8|
(C) BCl, @1 g3 araran AICL, 3 31fde 8 |

(D) AICL, ® fgad k=M (dimeric structure) % B — a1 geldgi= €Y © |
A, B, C

For a reaction taking place is a container in equilibrium with its surroundings, the effect of
temperature on its equilibrium constant K in terms of change in entropy is described by

(A) With increase in temperature, the value of K for endothermic reaction increases because
unfavourable change in entropy of the surroundings decreases

(B) With increase in temperature, the value of K for exothermic reaction decreases because
favourable change in entropy of the surroundings decreases

(C) With increase in temperature, the value of K for exothermic reaction decreases because the
entropy change of the system is positive

(D) With increase in temperature, the value of K for endothermic reaction increases because the
entropy change of the system is negative

gRaer (surroudings) @ A1 ARG § Udh UT5 H 81 & U JfWfhal & fofg, Tidl § qeld & IJaR sH@
arraRell ReRid K 0= d99= & Y€ &1 9uid W fohan S & |

(A) AUEE 989 @ A1, SR (endothermic) mfifhar & forw am=exen Reris K &1 A9 gl ® wiifd
aRaer & ufdsd g # geaa gedr ®

(B) A dg7 & A1, SEE (exothermic) ifafshan @ ararazen Rerid K &1 719 gedl ® ife Raw o
IIgHd Y § gl Hedl B |

(C) IUA d89 & 1Y, SR (exothermic) & AR ReRid K &1 A9 gcdl & ®ifd e & vgid |
ISA TATHD ©

(D) dH™ 987 & A1, SwEd (endothermic) ifafhan & ararazen Rerid K &1 719 gedn & wifd uRaw
B! AFHA Vgl § g8l =edl © |

A, B, C



33.

33.

34.

34.

Sol.

33.

34.

Paragraph-1

Upon heating KCIO, in the presence of catalytic amount of MnO,, a gas W is formed. Excess
amount of W reacts with white phosphorus to give X. The reaction of X with pure HNO, gives Y
and Z.

Igwe-1

MnO, & SR § KCIO, &1 A9 &= R Teh I W 1 SA1fEred H1S Whe BRBIG & A 3fAfhar dxa X
M 21 X @ gg HNO, & ey ifdfeban Y den Z <t &1

Y and Z are, respectively :

(A) N,O, and HPO, (B) N,O, and H,PO, (C) N,O, and H,PO, (D) N,O, and HPO,

Y 3R Z HH9: B

(A) N,O, 3R HPO,  (B) N,O, 3R H,PO, (C) N,O, 3R H,PO, (D) N,O, 3R HPO,

W and X are, respectively :

(A) O, and P,0O, (B) O, and P,0,, (C) O, and P,O, (D) 0,and P,O,,
W 3R X Haer ®
(A) O, 3R P,O, (B) O, 3R P,0,, (C) 0, 3R PO, (D) O, 3R P,O,,
33 & 34.
MnO,
KC|O3 W KCl + 0O,
P,

2HPO N,O HNO
: + —= <—3 P4O1o

V4 Yy ®

A
[N,O,, HPO,]
B

[Ozr P4O1o]

Paragraph-2

The reaction of compound P with CH,MgBr (excess) in (C,H,),0 followed by addition of H,O gives

Q. The compound Q on treatment with H,SO, at 0°C gives R. The reaction of R with CH,COClI in

the presence of anhydrous AICI, in CH,CI, followed by treatment with H,O produces compound S.

[Et in compound P is ethyl group]

(H3C)3C COZEt
—>Q R )

IFWE-2
(C,H,),0 # #ifim P & CH,MgBr & aiftieal & | Aififhar & S ot siem W Q fieran 81 3ffe Q,

H,SO, @ @21 0°C WR fage ®x+ W R <al & | CH,CI, % R &1 fAsieiia AICI, @1 Sufkerfa § CH,COCI & &
Ao & I ot STee R AE S I 211 &1 [9f® P # Et oy gu 2]

(H,C);,C

CO,Et
—sQ R S
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36.

Sol.

The reaction, QtoRand Rto S, are :

(A) Friedel-Crafts alkylation and Friedel-acylation

(B) Dehydration and Friedel-Crafts acylation

(C) Friedel-Crafts alkylation, dehydration and Friedel-Crafts acylation
(D) Aromatic sulfonation and Friedel-Crafts acylation

QW R TR A S rfafshamg g :

(A) BIST—PHTFE TfehelldRoT 3R WISa—hITe TRIHRT

(B) fsieiiaxr iR wred—hrae VRIeHR

(C) Wread—hToe Ufedhalidol, fAsieliaRor iR wisa—hae TRieHRor
(D) WRIAfCH T 3R ISA—URIcHRoT

CH

H3 CO,Et (i) CH,mgBr ,mgBr (excess)CH; H,S0,/0°C
(||) H,O0
CH
0
CH; I
CH,-C-CI/AICl,
%
H.,C— C
(R)

O

(R)
Q to R involve dehydration and R to S involve friedel craft acylation.

The product S is :

COCH, H,COC
(H,C),C CH, (H,C),C H.C CH,
(A) U (B)
H,C oH HO,S
(H,C),C : (H,C).C Oy ~CH:
(®) (D)
COCH, COCH,
IS T
COCH, H,COC
(A) (H;C), CCH3 (H,C),C H.C CH,
H,C oH HO,S
(H,C),C : (H,C).C Oy ~CH:
(®) (D)
COCH, COCH,
C
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Sol.

(D
(1)

38.

38.

Sol.

MATHS

How many 3 x 3 matrices M with entries from {0,1,2} are there, for which the sum of the
diagonal entries of MM is 5 ?

(A) 135 (B) 198 (C) 162 (D) 126

g fHde 3 x 3 amge M 7 fo=a! ufafedt (entries) {0,1,2} % g vaq M™M @ fdaeiig ufafedi (diagonal

elements) &1 AT 58 ?

(A) 135 (B) 198 (C) 162 (D) 126
B

al a2 a3
M=la, a 3a a e{0,1,2}

a7 a8 a9 I

a, a, a||a a, a
MM=|a, a,
a; a a,| |a, 3 a

= dij (M™M) = (a,2+a,2+a,2) + (3,2 + a2 +a5?) + (3,2 + a2 + a,?)
2 2
5=:Zq
i=1

where a2 € {0, 1, 4}
9! 9x8x7x6
5ai—1,4ai—0:>5!4!— >4
la,=1,1a,=2,73,=0

=126

9!
711111

Total = 72 + 126 = 198

= =9x8=72

Three randomly chosen nonnegative integers x,y and z are found to satisfy the equationx + y +z
= 10. Then the probability that z is even, is

5 6 1 36
(A) 11 (B) 11 (©) > (D) 55
I8 gr T B {6 Aefed (randomly) U 9 @A A IS qUie (nonnegative integers) X,y Taq
Z2AHNEH X +y +z = 10 B GYE€ G 2| 99 z S 99 (even) B9 & wifwar (probability) 2|

5 6 1 36
(A) 77 (B) 17 © 5 (D) g5
B
X+y+z=10

UC, +°C, +7C, +°C, +3C, +1
IZC
2

36x2 6

T12x11 11
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Sol.

40.

40.

Sol.

The equation of the plane passing through the point (1,1,1) and perpendicular to the planes 2x
+y-2z=5and3x -6y -2z=7,is

(A) 14x + 2y - 15z =1 (B) 14x - 2y + 15z = 27
(C)-14x +2y + 152=3 (D) 14x +2y + 15z = 31
FAAA 2X + Yy -2z = 5T 3Xx - 6y — 2z = 7 & &Haq AR a5 (1,1,1) ¥ JoRA arl Al B FHH 8
(A) 14x + 2y - 15z =1 (B) 14x - 2y + 15z = 27
(C) -14x + 2y + 15z =3 (D) 14x +2y + 15z = 31
D
i3 Kk
n=2 1 -2
3 -6 -2

A, = (-14, -2, -15)

P:-14(x-1)-2(y-1)-15(z-1)
P:-14x -2y -15z2+ 31 =0
P:14x + 2y + 15z = 31

-1
If y = y(x) satisfies the differential equation 8&(V9+&)dy = ( 4+\/9+\/;j dx, x > 0 and

y(0) = /7, theny = (256) =
(A) 3 (B) 16 (C) 9 (D) 80

-1

Iy = y(x) ramea wHfiaxo (differential equation) 8\/;(\/9 +\/;)dy = ( 4+ V9+&j dx, x >

0 31 §gE &1 & T y(0) = 7 B @@y = (256) =

(A) 3 (B) 16 ()9 (D) 80
A

4+9+x =t

2J4+j9+v§'X2J91J§.23;dX:dt
= dy = dt

y=t+2

Y= Jaiox +1
y(0) = V7 +2 =
= y(256)=\4+9+16
- @75

=3



41.

41.

Sol.

42,

42,

Sol.

1 1
If f: R - R is a twice differentiable function such that f"(x) > 0 for all xe R, and f[zj =5 f(1)
=1, then

(A) F(1) <0 (B) 3<F()<1  (©f(1)>1 ©) 0<f'(1)<3

e f: R > R U& 39 UBR &1 fgam@dmeaia (twice differentiable) wed 8 f& 9t xe R & ford f'(x) > 0, waq

1 1
(A) F(1) <0 (B) 3<F()<1  (©f(1)>1 ©) 0<f'(1)<3

C
f'(x) >0 VvxeR

= /
1) 1 !
()2 - s
fr 1 % “ 1
LMVT
f(1)—f(;j
fly= ", 1 “E{E'l}

fla) =1V ace {%11}
= f'(1)>1

Let S ={1,2,3,..... 9}. Fork =1,2,..... ,5, let N, be the number of subsets of S, each containing
five elements out of which exactly k are odd. Then N, + N, +N, + N, + N, =

(A) 126 (B) 252 (C) 210 (D) 125

A 6 S ={1,2,3,.....9 81k =1,2,.....,5 o, 491 N, q9=erd S & I Suaq=adl &l A1 & o174 s
SUdYTay H 5 3qYd © Uaq 3 ofaudi H fAuw sragdl @ @ kgl ad N, + N, +N; + N, + N, =

(A) 126 (B) 252 (C) 210 (D) 125
A
S:{1,2,3,...... 9y k=1, 2, ....... 5
N, + N, + N, + N, + N, =
N, - 5 element in which is odd
4 5
Nl = 4C4 X5C1 = 5
N, - 3, even 2, odd

N. = 5Cz X4C3 =40

N, = 2 even + 3 odd



N, = 5c, x4, =60
N, = 1 even + 4 odd
N, = 4 * 5, =20
N, = 5 odd

Ny =5; =1

|Total=2Ni = 126

43. Let O be the origin and let PQR be an arbitrary triangle. The point S is such that Op.0Q + OR.0S

= OR.OP + 0Q.0S = OQOR + OP.0S Then the triangle PQR has S as its
(A) circmcentre (B) Incentre (C) Centroid (D) orthocenter
43. A f& O gafdg (origin) & vaq PQR U& Wfeed < (arbitrary triangle) 21 &5 S g9 UaR ¢ f&

OP-0Q + OROS = OR.OP + 0QOS = OQOR + OP.0S T fa=g S f3ysi PQR &1 8

(A) uRadad=s (circmcentre) (B) 3r1: &= (Incentre)
(C) ==& (Centroid) (D) sd+=(orthocentre)
Sol. D
Q (q)
()P R(F)

Mp(ag-F)+s.(fr-0a)=0 (P-38)(g-r)=0

(p-f)Xag-5)=0 Orthocentre

98 k+1

a4. If1 =kZ:1) ! de, then

k+1

49 49
2z I>_2
(A I< (B) 1>

(C) I <log99 (D) I >log99
B k41

a4, 1= |

=% x(x+1)

Xdq

49 49
(A)I < %o (B) I> =) (C) I < log.99 (D) I > log_ 99



Sol. B,C

— Z (k +1)((fnx - fn(x + 1))

k=1

= %(k+1)((£n(k+1)—£n(k+2)—€nk+Zn(k+1))

_ Sk D)(rntk+ 1) -kank) - S ((k+ Drnk+2-kenk+1) 4+ 3 (mk(k 1) ¢nk)
k=1 k=1 k=1

(Difference series)

2 % (99)100 j

~1=(99 ¢n99) + (<99 y/n 100 + sn2) + (¢/n 99) = f”[ (100)*°

For option (B) :
Now Consider (100)®° = (1 + 99)*°

99C 99 98 99C 99 99
= 99, + 9C,(99) + 9C,(99) + ...+ C, (99)7 + BN+ " Co(99)7

(value=(99)%°) (value=(99)%)

x (99)%°

99 99 _—
= 100% > 2.(99)% = ~; )%

<1

2 % (99)!00

(100)°° < 99 (on multiplying by 99)

= 1< yn99
For option (C) :

98 k+l 98 k+1
k+1 (k +1)dx
Since, 2. j x1f " k1£ X(x +1)

98 1
I
= kz_;(k+2)<



45,

45,

Sol.

(on integration)

[1 11 1)
B e R — <1
37475 100
98terms
—98 < l + l + l + + —1 <1

~ 100 37475 T 100

49
I > E

Hence option (C) is correct.

If the line x = o divides the area of region R = {(X,y) e R? : X3 <y <x, 0 <x <1} into two equal
parts, then

1 1
(A)oc4+4oc2—1=0(B)0<0LSE (C)20*-402+1=0 (D)E<a<1

Ife Y& x = a &3 (region) R = {(X,y) e R2 : x3 <y <x, 0<x <1} & &3%d Bl 31 RMER 910 H fafora
FHAT B, a9

1
(C) 204 -402+1=0 (D)E<oc<1

N |~

(A)a*+4a2-1=0(B) O<ac<
C,D

S




46.

46.

Sol.

47.

47.

Sol.

2 _ 44 = =
200 o >

41242
40° -20* =1 t= V2
4
1
Check 'D' U t=1:l:—2
) ) 1 , 1
o=t o2 =1+ S5 oc—l—\/z
1
22 -4t+1=0 1>oc>§

sin(2x)

If g(x) = | sin™(t)dt, then

sinx

(A) 9‘[%) =2 (B) 9‘[—2) =2 (Q) 9‘(%) = _2n
sin(2x)
R g(x) = j sin”! (t)dt, o9
(A) 9‘[%) =2 (B) 9‘[—2) =2 (Q) 9‘(%) = _2n
Bonus
cos(2x) cos(2x) sin(2x)
If f(x) = —c.osx C(.)SX -sinx . then
sinx sinx cos X

(A) f(x) attains its maximum at x = 0

(B) f(x) attains its mininum at x = 0

(C) f'(x) = 0 at exactly three points in ( - &n,n)
(D) f'(x) = 0 at more than three points in ( -=x, «)

cos(2x) cos(2x) sin(2x)
aﬁf(x)= —COS X COS X -sinx

] ) , a9
sin X sin X Cos X

(A) X = 0 R f(x) BT ARBHTH (Miximum) B |

(B) x = 0 W f(x) &1 =AGH (Minimum ) 2|

(C) (- m,n) # Baad O fIgsli ® f'(x) = 02|

(D) (-n, n) % 9 | fdd AIgeii ® f'(x) =02

A,D

f(x) = cos 2x[1] + cos 2x [cos 2x] + sin 2x [-sin 2x]
COS 2X = C0S?X — sin?X

f(x) = cos?2x - (1 - cos?2x) + cos 2x

= 2€0s? 2X + cos 2x — 1 (cos 2x = t)

=22 +t-1

(D) 9‘[—2)

ool

-2n

-2n



48.

48.

Sol.

f(x) = 2[t2 + 1/2 t] - %

= 2[(t + 1/4)? - 1/16] - %

=2[(t+ 1/4)*]-1/8 -1/2

= 2(cos 2x + 1/4)> - 5/8 Max™ when x = 0
f'(x) = =2sin2x =4 sin2x =0

= [sin2 x + 2 (2 sin 2x cos 2x)] = 0

sin2x [1 + 4cos 2x] =0

D

N,

_n_éwf ........... e Tc\“’
4 4 4 4
sin2x =0 cos 2x = -1/4
2x =0, &, 2n 2 solution
x =0, %, T
4 solution

Let a and B be non-zero real numbers such that 2(cosp - cosa ) + cosa cosp = 1. then which of
the following is/are true ?

(A) tan[%) + ﬁtan(%) =

(C) \/gtan[%j—tan(gj 0 (D) ﬁtan[%j+tan(%j =0

A {5 o TaH B 39 UBHR Bl IR afded d&ar (nonzero real numbers) g f& 2(cosp - cosa ) + cosa
cosp =1l dT@ M= AT A @) IT 8 () ?

(A) tan[%)+ﬁtan(%) -0 (B) tan[%)—ﬁtan@) -0

(C) \/gtan[%j—tan(gj (D) ﬁtan[%j+tan(%j =0

A,B

2(cosp - cosa) + cosa . cosp = 1
2cosp + cosa cosp — 2cosa = 1
2cosB(2 + cosa) = 1 + 2cosa

|
o

(B) tan(%)—\@tan(gj =0

Il
o

1-tan? 2
142 i
2
_1+2cosa _ 1+tan§
cosp = =
2+cosa 1—tam® &
2+ 2
1+tan? 2
2



49.

49,

Sol.

1—tan? 1ita %42 2tan?
tan 5 + tan 2+ tan >

1rtan?? 242t % 41-tam &
+tan2 + tan2+ tan2

1—tanzg 3-tanr 2

_ 2
1+tan? P 3itan? &
+ 5 + >
1 o
1—tan2E 1-=tan*=
2_~ 37 2
1 taan 1+-tan* 2
Hal T 2
Lean & —ta? B
2 2
tanzg_Stan2E
2 2

o B o Bl
(tani ﬁtanzj(tanzﬂ/gtanzj 0

1-x(1+[1-xX) 1
Let f(x) = |1—X| COS(I_X) for x 1. Then
(A) lim f(x) does not exist (B) lim f(x) =0
(©) limf(x) =0 (D) lim f(x) does not exist
1-x(1+[1-x)) 1

W%X;& 1@1%1"3[ f(X)= |1—X| COS(I_ )FITSI
(A) lim f(x) @1 a1 78 & (does not exist)  (B) liM f(x) = 0
(©) limf(x) =0 (D) lim f(x) @1 a1 7€t & (does not exist)
B,D

1-x(1+]1-x]) 1
00 = = 1ox] (l_x)
X —> 1+ L|IBWC05(%)

|imMcos 1
= h—0 h h

= (2) x (-1, 1) does not exist



50.

50.

Sol.

1-(1-h)[1+h] COS(1)
h

. (1-(@1-h?) 1
L

= 0

If f:R — R is a differentiable function such that f'(x) > 2f(x) for all x e R, and f(0) = 1, then
(A) f'(x) < e>in (0,) (B) f(x) is increasing in (0, )
(C) f(x) is decreasing in (0, x) (D) f(x) > e>in (0, )

If¢ f:R > R 39 ISR &1 dma-g (differentiable) wew 8 f& 1 x € R @ ol f(x) > 2f(x), waq
f(0) =18, a9

(A) (0,) % f'(x) < > (B) (0,) # f(x) @&w (increasing) 2|
(C) (0,) # f(x) sim (decreasing )§ (D) (0,) & f(x) > e

B,D

f:R—>R

f > of

dy

2y >0 LDE

H=ye> = H'>0
H(0) =1 H 1

_

H(x) =f(x)e>*>0 =H

f(x) >0 & f(x) is inc.
Inf>2x+ A

f(x) > e>. k

f(0) > k

1>k

f(x) > e = 2e?,



Paragraph 1
Let O be the origin, and OX, OY, OZ be three unit vectors in the directions of the sides QR ,

RP, PQ, respectively, of a triangle PQR.

Igw™e 1
A1 f O qafd=g (origin) & Taq OX, OY, OZ P9 sl PQR @1 Yo QR, Rp, PQ, @ faumali #
9 e wfew (unit vector) B |

51. If the triangle PQR varies, then the minimum value of cos(p + Q) + cos(Q + R) + Cos(R +P) is
3 5 5 3
A 5 (B) 3 © -3 (D) -5

51. 3fe Bs PQR el 2 (if the triangle PQR varies) , @@ cos(p + Q) + cos(Q + R) + Cos(R +P) &1
TIATH w9 (minimum value) 8

3 5 5 3
(A) > (B) 3 € -3 (D) )
Sol.

51. D
= cos (r — R) + cos(n — P) + cos (= — Q)
= —[cosP + cosQ + cosR]

. cosP + cosQ + cosR < % = min™ = —%
52. ‘O_)ZXW‘ =

(A) sin(P + R) (B) sin(Q + R) (C) sin(P + Q) (D) sin2R
52. ‘6)&6\?‘ =

(A) sin(P + R) (B) sin(Q + R) (C) sin(P + Q) (D) sin2R
Sol. C

loxxoy| = |lox | loy| sin (180 - R)

lox | loy| {sin R}

= (1) (1) sin (- (P + Q))
=sin (P + Q)



53.

53.

Sol.

54.

54.

Sol.

Paragraph 2
let p ,q be integers and let a, B be the roots of the equaion, x> - x -1 =0, where a#p. Forn =
0,1,2,..... , Leta_ = pa" +qgp"
FACT : If a and b are rational nubers and a + p/5 = 0, thena = 0 = b.

ITWT 2

AT % p ,q qUifes 8 UaH o, p TR X2 - X -1 =0 g 8, 9&f a#f g1 n=0,1,2,....., ® ford @
f& a = po" +qp" e |
dem @ AT a Uaq b uR¥y sl (rational nubers) 8 Taq a + p5 =08 d@a=0=b 3|
Ifa, = 28, then p + 2g =

(A) 12 (B) 14 (© 7 (D) 21
gfda, =288 d@p + 2q =

(A) 12 (B) 14 (© 7 (D) 21
A

a, =28

a, = pa* + qp* = 28

p(1 +5)* + g1 - V5)" = 28.2*

p(6 + 2/5)? + q(6 - 24/5)* = 28.2°
p(3++5) +q(3-+5) =28.2°
P(9+5+6v5)+q(9+5-6+5) = 28.22
p(7 +3V5) + q(7 - 3J5) = 56

7(p+qg)+ (p-9q) 3/5 =56

p+q=8|p-q=0
p=4,q=4
= p+29=4+8=12

a =

12
(A) a,,+ 2a,, (B)a,, -a, (C) 2a,, + a,, (D) a,, + a,,
a12 =
(A) a,,+ 2a,, (B)a,, -a, (C) 2a,, + a,, (D) a,, + a,,
D
x2-x-1=0
« = 1+45

2

a,=p+q
a, = pa + g
a, = pa® + qp?
a,=Pla+1)+qp+1)
a,=pa+qgp+(p+aq)
a,=a, +a,
a; = pa’ + qp’
a; = p(a® + o) + q(B* + B)
a, = (pa? + gb?) + pa + gp
a;=a, +a,

La,=a _,+ta, _,





