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[PHYSICS] }]

Sol.

An infinite line charge of uniform electric charge density A lies along the axis of an electrically
conducting infinite cylindrical shell of radius R, At time t = 0, the space inside the cylinder is filled
with a material of permittivity ¢ and electrical conductivity . The electrical conduction in the
material follows Ohm’s law. Which one of the following graphs best describes the subsequent
variation of the magnitude of current density j(t) at any point in the material?
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It is discharging of cylindrical capacitor.
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2.

Sol.

In a historical experiment to determine Planck’s constant, a metal surface was irradiated with
light of different wavelengths. The emitted photoelectron energies were measured by applying a
stopping potential (V) are given below :

(2)

Alum) V, (Volt)
0.3 2.0
0.4 1.0
0.5 0.4

Giventhatc =3 x 108 ms?tand e= 1.6x10*° C, Planck’s constant (in units of J s) found from such
an experiment is

(A) 6.0x1034 (B) 6.4x10-34 (C) 6.6x1034 (D) 6.8x1034

i Rerid fdrem & forg va vfaeifies Tt § e o1g &) 9d8 | STerT—aTel avieed & Uadhre | ydrd far
T | IR UBTRIG Soidgi= B SHofl Bl FRI fawa (stopping potential) SRHR ATGT 7471 | SYANT § A 7Y
3uferd @) aTesd (1) d |Etud PRI g (V) & sids e fed 1 8

(2)

Alum) V, (Volt)
0.3 2.0
0.4 1.0
0.5 0.4

BT Y Y ¢ = 3 X 108 ms! 97 Seideid &l d¥y e= 1.6x 101 C a1 M1 2 | 39 YA ¥ fAdrel TV i
Reri® (Js A/5/d §) &1 A4F © —

(A) 6.0x1034 (B) 6.4x1034 (C) 6.6x103 (D) 6.8x1034
B

C=3x10m/s
e=1.6x 101 C
Ain um
E=¢+eV
= E =¢+eV,

7\‘1

hc

— =¢+eV.

. ~4revs

hc[i —ij =eV, —eV,

7\‘1 }\‘2
= h><3><108[ 1 - 1 }=1.6x1019[2—1]
0.3x10°% 0.4x10°

0.4x10°-0.3x10°
0.3x0.4x101'?

= h><3><108{ }:1.6><1019

~ 1.6x10°
3x108(0.1x10°)

x0.12x10"? =6.4x103*Js

A water cooler of storage capacity 120 liters can cool water at a constant rate of P watts. In a
closed circulation system (as shown schematically in the figure), the water from the cooler is
used to cool an external device that generates constantly 3 kW of heat (thermal load). The
temperature of water fed into the device cannot exceed 30° C and the entire stored 120 litres of
water is initially cooled to 10 °C. The entire system is thermally insulated. The minimum value of

P (in watts) for which the device can be operated for 3 hours is
Cooler

Cold
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Sol.

(Specific heat of water is 4.2 kJ kg* and the density of water is 1000 kg m-3)

(A) 1600 (B) 2067 (C) 2533 (D) 3933

120 ceR & dl g1l Uil &1 U dHolk T &% P watts I Ul b1 3UST &R ADdl 2| Uh g YRR ¥
(1T ga=er f2ra # ST 1 2 1), HolRk & UM A T d1e<) I3 Pl ST bl STl 8 | S gHe 3 KW ST S
BRAT 8 | I3 DI &A1 111 Uil BT droEE 30° C | SI1ET 81 81 bl Ud g1 120 ofier il UR™ H 10 °C @
3l bt 71 B | gR1 e AToRIel 2 | §9 I DI 19 90C I Are] W & ford HH | $H fhal wufdd P (watts

H) B Toxa 87

Cooler

Cold
(a3t fafRdre =1 = 4.2 kI kgt 3R 9 &1 8@ = 1000 kg m3)
(A) 1600 (B) 2067 (C) 2533 (D) 3933
B

Rate of cooling = P watts
Thermal load = 3 kW
Capacity = 120 litres.
Initially cooled to 10°C
Max. Temp = 30°C
Time of operation = 3 hours
Q = msAT
120 x 4.2 x 20 x 103
10080000
10080 x 103 ]
Heat = 3 x 103 x 3600 x3
32400 x 103
Heat extracted = (32400 - 10080) x 103 = 22320 x 103
Now :
P x3 x 3600 = 22320 x 103
= P = 2067 Watts

A uniform wooden stick of mass 1.6 kg and length ¢ rests in an inclined manner on a smooth,
vertical wall of height h(<¢) such that a small portion of the stick extends beyond the wall. The
reaction force of the wall on the stick is perpendicular to the stick. The stick makes an angle of
30° with the wall and the bottom of the stick is on a rough floor. The reaction of the wall on the
stick is equal in magnitude to the reaction of the floor on the stick. The ration h/¢ and the
frictional force f at the bottom of the stick are (g = 10 ms?)

(ny N_Y3 (163 By N_3 (16V3
¢ 16 3 ¢ 16 3
.33 8 o) h_ 35 168

( 16 3 ( 16 3

1.6 kg S iR ¢ o1 B UHHAN ddhs! B Th Sl Uh [Fdb+l TSI R, e $a h(<e) B, W m=d
T A 39 A W W T g b S B P BTl 9N AR F HW Fdel g B | $S1 W AR BT giafhar
91 S P o wY H B | S8 AIIR & A1f 30° BT BTV g9 & 8 AR TS BT SMYUR UHh TY07 qrefl STHIF W 8 |
daR § 3 R ufdfhar qon S 9 S€1 R ufafehar @) A3 S99 g 1 h/4 BT 3ud T S€1 § SMUR W gyl
g f21 (g = 10 ms?)

1B 1603 O NERE LY
¢ 16 3 ¢ 16 3

(© Dzﬁ, f=ﬂN (D) Ezﬁl f=@N
4 16 3 4 16 3
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Sol.

D
mg%cos 60° =R, (I-x)

1
mg— = =R, (I-x

mgl 2
:>Tg=§(|—X)

= 31 =8l-8x

h 3V3

1 16

R, =R, (given)
R,cos30°=f

=

R
?1+R2:mg

2
R, :Emg:R2

f = R,cos30°

16

5

Note : Considering the reaction force to be Normal reaction only.

A parallel beam of light is incident from air at angle o on the side PQ
of a right angled triangular prism of refractive index n - /2. Light

undergoes total internal reflection in the prism at the face PR when
a has a minimum value of 45°. The angle 6 of the prism is

(B) 22.5°

(D) 45°

(A) 15°
(C) 30°

9 A A TS B Yh FAR fBRU-YS (parallel beam) & FHSIU Bsia fUs9 (right angled
triangular prism), RSTI®T TETTD 1 = 2 8 S PQ T W o DIV MURIT BRI 8 | 516 o BT FAqH A 45°
2 a1y &1 fisH @t PR |dg W yof &idRe wRrad (total internal reflection) 81aT 2 | fSH &1 107 0

BIT?

(A) 15° (B) 22.5°

P

N

(C)R30° (D) 45°
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Sol.

A

a3,

1
sin @, = NA
1sin45° = [ sinr
5> = sinr r = 30°
6 + 120° + 45° = 180°
6 + 165° = 180°
6 = 180° - 165° = 15°

A conducting loop in the shape of a right angled isosceles triangle of height 10 cm is kept, such
that the 90° vertex is very close to an infinitely long conducting wire (see the figure). The wire is
electrically insulated from the loop. The hypotenuse of the triangle is parallel to the wire. The
current in the triangular loop is in counterclockwise direction and increased at a constant rate of

10 Ast. Which of the following statement(s) is (are) true?

T FHGIUNYT BT Tddbd Ba & Hars 10 cm 8 T 39! &1 YollY F94 2 | 39 ha &1 g9 fdg @
AT TS B ATABIT AR B 9gd Aol 39 A8 W @1 T B & 107 &7 ool Arerasiy R & FHFER & (S
fop ferar & <wrian w1 B) AR de $al U ¥R 9 fAgaRidl 8 | Breproiy v d g1 amrEd fwn H v @ &) 10
Ast 31 gedt B | F=folRad § & SH9ar/399 $99 99 8/ ?

10cm 900

(A) The induced current in the wire is in opposite direction to the current along the hypotenuse.
(A) IR & IRT ®of & a1 & oo fzm & g

(B) There is a repulsive force between the wire and the loop.
(B) ®< U9 AR & #eF Ufadhyl 9o B |

(C) The magnitude of induced emf in the wire is [%) volt

(C) IR & S~ emf &1 IR (”—nojvolt 2

. |
(D) If the loop is rotated at a constant angular speed about the wire, an additional emf of [70)

volt is induced in the wire.
(D) 3T B 1 UHHAM SV 10 | IR & 31e IR gAIT Sl @ 99 aR | (%Oj volt gRHr %1 1faR emf

yRa 8l g |
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Sol. B,C

i =10 A/sec™?
(2xdx) 10cm| I I

$dx

e = 0.1 [ﬂj _ Mo
! T dt T
—& &
M= di = di,
dt dt
If we consider
di, _ di,
dt ~ dt
= Mo

2
Y
Net force between the loop and the wire is repulsive

in

7. A length-scale (¢) depends on the permittivity (¢) of a dielectric material. Boltzman constant (k;),
the absolute temperature (T), the number per unit volume (n) of certain charged particles and
the charge (q) carried by each of the particles. Which of the following expression(s) for ¢ is(are)
dimensionally correct?

T dd1s A1 (£) B iR, wRifded uatef & wRIfdedis (&) decoa Rerie (k,), A d19 (T), U a3
FHB SMIRIT SO B F&1 (n) (FAT &) TAT & YD B & 399 (q) W Bl 8 | £ B forg F=iferRad § | 981
foirar aren S/ B g3 2 /E?

nqz kBT qz qz
R = OIS C B ) © -\e )
B,D

(6) = M1 L3 T4 A2
[K.T] = [E] = [M'L?T2]
n=[L3]

q=[A'T]

Sol.
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8.

Sol.

Two loudspeakers M and N are located 20 m apart and emit sound at frequencies 118 Hz an 121
Hz, respectively. A car is initially at a point P, 1800 m away from the midpoint Q of the line MN
and moves towards Q constantly at 60 km/hr along the perpendicular bisector of MN. It crosses
Q and eventually reaches a point R, 1800 m away from Q, Let v(t) represent the beat frequency
measured by a person sitting in the car at time t. Let v,, v, and v, be the beat frequencies
measured at locations P, Q and R, respectively. The speed of sound in air is 330 ms. Which of the
following statement(s) is (are) true regarding the sound heard by the person?

g1 e did? M Td N Sl fb T 8RR & 20 m &1 g8 WR &, %9 118 Hz Ud 121 Hz & & Iafid &
g, fag P Y@ MN & gfavreis @i W Rerd & d2n MN & 77 fdg Q 9 1800 m @1 §8l W & | T& &R fag P
9 fdg Q @ % 60 km/hr &1 Rfd 71 | F=1 IR Bl 2 | PR Q fIg B UR R fddTedl fdg R & 3M
=il Sl 8, Siel fawg R fag Q 9 1800 m &1 g8 W g | R ¥ doT JAfdd A9d t W faxds — amafd v(t) Argd
21 fag P, QR W fade — amafd wwen v, v, v, | @l &1 a1 # 7fd 330 ms & | R # 93 A gr1 G-l
T @ & 9R # FEfRad § 9 /DAY HUH I 8/87

v(t)

P

R

>

(A) The plot below represents schematically the variation of beat frequency with time
(B) The plot below represents schematically the variation of beat frequency with time
(C) v, + v, =2v

(D) The rate of thange in beat frequency is maximum when the car passes through Q
(A) T femmn o erErfs fawe — smafd &1 ¥9a @ | uRads &) agazen &l gwfar 2 |

(B) i fewmn oi@nfos favue — omafd &1 99a @& A1 uRad+ @) <jeaRel &l SNadl 2 |

(C) v, + v = 2v,

(D) 919 &R Q fag @1 UR &=t ® a1 fawig — mafd @) &3 # ifdwad uRad= grar 2|

A,C,D
Vo \ / Vo
AR
I' ‘\
l’l “\
:" X Y
‘\
X
; 1800 m
ll' “\
K Y
I’ “
l' LY
! Y
‘\
:'l A
\
M SN
y \
4 Q 5
N 5
f=118"Hz 20im s
121 Hz
t‘ ,'
v, = 221 - 218 = 3 Hz
S .
180¢'m
\‘ ," Vo
A ,
Vo 60 km/hr
y N
P
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Sol.

V+V V+V
fp=f Oj & f :f( Oj
1P 1[ v » =0 v

V-V V-V

& le:fl( voj & sz:fz( voj
So,

vp =fp —fip

Vg =for —fir

Vp+ Vg = (fZP +f2R) _(flP +f1R)

=f,(2) - f (2)

=2(f,-f)

=2vQ
v, + v, = 2v

P R

o

A plano-convex lens is made of a material of refractive index n. When a small object is placed 30
cm away in front of the curved surface of the lens, an image of double the size of the object is
produced. Due to reflection from the convex surface of the lens, another faint image observed at
a distance of 10 cm away from the lens. Which of the following statement(s) is(are) true?

U FHAA — S o & Y1 Bl AUAIP N g | S1d U VISl G Pl o dPUE $ A 30 cm B g W
Gd & Al 9 A DI G A8 BT AT I9a71 § | Il T R b HRY o F 10 cm Pl g9 R Th
efor gfafews ft g9 8 | F=forRad & 9 drF/@H9 doF I 27

(A) The refractive index of the lens is 2.5

(A) <9 &1 adid 2.5 8|

(B) The radius of curvature of the convex surface is 45 cm

(B) I3t U P ashar 3oa1 45 cm B |

(C) The faint image is erect and real

(C) &fior ufdfem arafas ga e 2|

(D) The focal length of the lens is 20 cm

(D) i @1 BrHd g3 20 cm B |

A,D

For reflection

/]

1 _1 1
fn = 10 30
=f =15cm =R =30cm
For lens

é/‘ convex mirror

d E\llovcm

\Y
m=—2=U:>v=24=60cm
1 1 1 1 1 1
V—G_+f2:>f2—§+%:>f2—20cm

1 1
N
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1 1
:>2—0=(n—1) 30
:>n=5+1
=>n=25

10. Highly excited states for hydrogen-like atoms (also called Rydberg states) with nucles charge Ze
are defined by their principal quantum number n, where n>>1. Which of the following statement(s)
is(are) true?

Ze TSGR 1A & BESIo &) dRE & URATY] Bl fdes IR raven (R Rgart sraxen #t wgd 8) &1 S9D
q& BHicH 3d n (n>>1) ¥ aR9Ia fdar S 2| FeafeRed 3 | I9«l /3199 d2F §9 8/87°

(A) Relative change in the radii of two consecutive orbitals does not depend on Z.

(A) |1 HHFTT Hell &) Foar @1 mufed *iaR (Relative change)Z & SWR fAWR &1 ot 1

(B) Relative change in the radii of two consecutive orbitals varies as 1/n.

(B) 1 AR ®ell o1 f3oar &1 MIfdid iR 1/n & Fw=urd &I 2 |

(C) Relative change in the energy of two consecutive orbitals varies as 1/n3.

(C) 1 HANTA Hem & Hoil b1 AT AR 1/n3 & FHHU il 2 |

(D) Relative change in the angular momenta of two consecutive orbitals varies as 1/n.

(D) &1 AN Hedl & BIvfiy FIT BT ARG faR 1/n & 9= & 2 |

Sol. A,B,D
orbital :

Ar :
& i relative change

. dependent on n.

Relative change = A?E

o1 1
_(h+1?
1
n?

n-n*>-1-2n n?

e B

n*(n+1) 1
-(1+2n)
(n+1)
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11.

11.

Sol.

1+2n
N’ +1+2n

1 2n
= +
N+1+2n n?>+1+2n
Doesn’t match with 'C’
_nh

" 2n

L

Relative change = ATL _n-h-1) 1

n n

A transparent slab of thickness d has a refractive index n(z) that increases with z. Here z is the
vertical distance inside the slab, measured from the top. The slab is placed between two media
with uniform refractive indices n, and n, (>n,), as shown in the figure. ray of light is incident with
angle 8, from medium 1 and emerges in medium 2 with refraction angle 6. with a lateral
displacement I.

n = constant

l n(2)
zZ

n, = constant ——i 2

<+—ao—»

Which of the following statement(s) is(are) true?

(A) ¢ is independent of n, (B) ¢ is dependent on n(z)

(C) n, sin 6, = n, sin 6, (D) n, sin 6, = (n, - n,) sing,

'd" HieE B UP IRSY] Ug B AUYTdid n(z) &1 74 z 96 I 9edl 2 | T&f z IS & 3r<x SN dqg I Ard TN
TR g9 B | Ug Pl & HeFH & G @1 T & b g wEE (uniform) sfuddie n, g n,(>n,) 8, S|
@1 s # gt wAn | gl n, SR n, ReR (constant) & | YTl &1 U fhvoT A1Eqd 1 | Ug R 6, I 3 3Tdferd
g don \regd 2 H ke favenmus (lateral displacement) | 1 sgadie @Iv1 0, R Ay Rl & |

n = constant

l n(2)
Y4

n, = constant — =i 2

<+—ao—»

frferRad § Q@ PI9T/PHY $UF 9 8/87?

(A) £ &1 A9 n, R fiR 78 @var 21 (B) ¢ &1 9 n(z) R ¥R &am 2|
(C) n,sin 6, = n, sin 6, (D) n, sin 6, = (n, — n,) sing,
A,B,C

(A) I'is independent of n..

(B) | is dependent on n (z) as the lateral displacement varies as z varies.
(C) This is always true

n, sin 6, = n, sin 6,
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12,

Sol.

13.

13.

Sol.

An incandesecent bulb has a thin filament of tungstgen that is heated to high temperature by
passing an electric current. The hot filament emits black - body radiation. The filament is
observed to break up at random location after a sufficiently long time of operation due to
non - uniform evaporation of tungsten from the filament. If the bulb is powered at constant
voltage, Which of the following statement(s) is(are) true?

U AUEIS ded & o] bl [IEd ORI S YAl ¥ Ied dUHM W IRA BRA W SIREA =g Hiwrel fAfhRor
(black-body radiation) S &1 81 I8 <@ AT & & &4 99 & YAM & 918 IR ] H AFAN
BV & R =g B A SR I < Ol g | AR ged b1 fAgd e e Rer dieear w & W B Al
fferRad § | S99/ DI $AFT T 8/8 ?

(A) The temperature distribution over the filament is uniform

(A) T W Y &1 faaer v 9= 2 |

(B) The resistance over small sections of the filament decreases with time

(B) A= & BIT RN &1 URRIY F9I & 1 6 81l 8

(C) The filament emits more light at higher band of frequencies before it breaks up

(C) T ¥ usd a=] S=a rrad ueel (high frequency band) &1 U Ugd ¥ WIET ScAfoid ddl ©

(D) The filament consumes less electrical power towards the ends of the life of the bulb

(D) T=g AU Y & IR AT H HH fIgqd aRh &1 T &vat 2 |

C,D

As the temperature increases, A decreases. So frequency of radiation increases with increase in

temperature and resistance increases. So current decreases and hence power consumed (P = Vi)
decreases (V is constant given)

The position vector ¢ of a particle of mass m is given by the following equation f(t) = at®i + pt?j,

where o = 10/3 ms=3, 3 = 5ms2and m = 0.1 kg. Att = 1 s, which of the following statement (s)
is (are) true about the particle?

(A) The velocity © is given by © = (10 +10j) ms™

(B) The angular momentum [ with respect to the origin is given by [ =—(5/3)k Nms
(C) The force E is given by F = (i + 2j)N

(D) The torque § with respect to the origin is given by F = —(20/3)k Nm

m S@FE & Te U1 &1 Rufd—afee ¢ e @Hiaxv & & 11 2 f(t) = at®i + pt?j, R o = 10/3 ms3,
B=5ms2Ttdm=0.1kge| I t=1swR, F=flea § & d¥A1/P9 HU7 93 8/87?
(A) I & A G = (10} + 10)) ms ¥ |

(B) qa fag & fd o | &1 w19 [ = —(5/3)k Nm s ¥

(C)ad &1 a9 F = (i +2j)N I

(D) 7e1 fa=g & frd gofd &1 719 7 = —(20/3)k Nm 2|

ABD

r(t) = ot?i +pt]

Given, a = 10/3 m/s3, B=5m/s?, m=0.1kg; att=1s

v =037 +2ptj

v = (10i + 10j)
dv ~ A
g = a = 6ot + 2p]

F =ma = 0.1 [6ati +2p]]
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14.

Sol.

15.

= 2?+']:

m(rF x V)

6]

T =-5 k Nms

LU

T=rx
= (at’i + pt2j) X M (6ati + 2pt])
=m (2uptk - 6apt3k)

20~
= —Kk
3 Nm

The isotope [*B having a mass 12.014u undergoues p - decay to ;*C,;* C has an excited state of

the nucleus (;*C*) at 4.041 MeV above its ground state. If [°B decays to ;°C*, the maximum

kinetic energy of the B - particle in units of MeV is
(1u = 931.5 MeV/c?, where c is the speed of light in vacuum).

TR (isotope) 2B e g@mM 12.014 u &, el & (B-decay) @1 Ufhar @ C # uRafdd &1 Sir
2| 2C # v AT SR sraeern (§°C7) o o § 4.041 MeV &R Bl 21| 3R 2B & g

L2C" % uRafdd grar & a1 §ier o1 Bl fADaH e Soii (MeV @1 | §) @ g ?

(1 u = 931.5 MeV/c)T J&l ¢ faid # g&Te @ a7 |
9

12 3 2 * 0
SB ! GC -l-_lﬁ

4.041MeV
Suppose B~ has (KE) =k

Total energy releaserglix'AE = 931 (Am) MeV
Mass defect, Am = (12.014 - 12) 931.5
= 13.04 MeV

Now, AE = 4.041 + K

K = AE - 4.041 = 9 MeV

Two inductors L, (inductance 1 mH, internal resistance 3 Q) and L, (inductance 2 ml internal
resistance 4Q), and a resistor R (resistance 12Q) are all connected in parallel across a 5V battery.
The circuit is switched on at time t = 0. The ratio of the maximum the minimum current (I_._/
I_.) drawn from the battery is

&1 U&T (Inductors) L, T2 L, &1 URebed %A 1 mH Ud 2 mH g, Td 3fidR® iR e 3Q 4Q 2| 89 a1
YRl den U gfoRigsd R, st iRy 12 Q 8, 9 &1 Th 5V &1 ¢ 9 99 | Sirs fear mar g aRuer

B WY t = 0 R =A1el fbar Srar 8 | 97§ frepell rfSrbed vd =g GRisi b1 srgurd (I /1) & e ?
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16.

Sol.

Min. currentisatt =0

i = 15 A
Max. current is att - o
S N R
R ~ 3 4 7 12
30
40
120
3
™ 5 O
1
Imax=?0A
ImX
a =EX£=8

Consider two solid sphere P and Q each of density 8 gm cm=3 and diameters 1 cm and 0.5 cm,
respectively. Sphere P is dropped into a liquid of density 0.8 gm cm= and viscosity n = 3 poiseulles.
Sphere Q is dropped into a liquid of density 1.6 gm cm=3 and viscosity n = 2 poiseulles. The ratio
of the terminal velocities of P and Q is

8 gm cm= g9 dret &1 319 Ml P a2 Q &1 & %A% 1 ¢cm Td 0.5 cm & | Tl P &1 0.8 gm cm3
g-d U9 n = 3 poiseulles M@ (viscosity) et Th dvad § R e 8 @R Ml Q &1 1.6 gm cm3
gcd Td n = 2 poiseulles M@ (viscosity) dTel §E a3el # R Sfr@r g | el P g Q & 3ifds a9 &1

U FAT BT ?
3

p= 8 g/cm’ = p,
R,=1cm;R,=0.5cm

Applying :
2r°
Vi = 57(% —p)g

=] »0.8g/cm’ =pg

—— 1 = 2 poise
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17.

Sol.

18.

Sol.

-3 -3
v, =2, 107107 g 5 .8).10°x10
) 3
-3 -3
v, =2,107x107x0.25g_4 6,102« 10
279 2
7.2
Vi 3 3
v, 6.4
8

A metal is heated in a furnace where a sensor is kept above the metal surface to read the power
radiated (P) by the metal. The sensor has a scale that displays log,(P/P,) where P is a constant.
When the metal surface is at a temperature of 487 °C, the sensor shows a value 1. Assume that
the emissivity of the metallic surface ramins constant. What is the value displayed by the sensor
when the temperature of the metal surface is raised to 2767°C?

T U1g BT 9SSl H TRA A gY S9! fAfhwor 2t (P) &l o7 & SR & gY Udh Wdad (sensor) ¥ Ued ¥ |
Haed BT Y9 log, (P/P,) 1 Uedl 2, Il P, Ve ReRis | 514 €1g &1 A9 487 °C & 1 HISH &I 4o+
18| A9 o & a1 @) 9d8 & ScAiddl ReR 2 | €1 @1 a8 &1 agAF 2767 °C 06 9™ W Hdad &l
s+ g1 BT P

9
P

log, P, =1

=P, = 2P,

P o T

P _(3040) .,

P =760 ) =*

=P, =P, (4)* = (4)* 2P,

P, 2°P,
= log, P, = log, P, =9

A hydrogen atom in its ground state is irradiated by light of wavelength 970A. Taking hc/e =
1.237 x 10-° eV m and the ground state energy of hydrogen atom as - 13.6 eV, the nhumber
number of lines present in the emission spectrum is.

T BISSISTH URATY] Bl S feias aravern § 970 A avwed drel yabrer 9y fbar S 8 | 98 W he/e =
1.237 x 106 eV m T BESIoi URATY & <IAaH faRel Bl SHult —13.6 eV 3 | Ifsid AMEden (emission
spectrum) # YW B HEAT R B ?

6

Wavelength = 970 A

n=4 -0.85
n=3 -1.51
n=2 -3.4
12.75
n=1—Y -13.6
_ 12375 =12.75 eV
970

Now we known that :
The energy gap corresponding to the given wavelenght is same as forn=4ton = 1.

Now for spectral lines = n(n2— 1)
= M = 6 Lines

2
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19. The increasing order of atomic radii of the following group 13 elements is
(A)Al<Ga<In<Tl (B) Ga< Al<In<TIl
(OAl>In< Ga<TIl (D)Al<Ga<Tl<In
f=feiRad w9z (group) 13 & Tl @1 dedl g5 AT Rl &1 %4 ©
(A)Al<Ga<In<Tl (B) Ga< Al<In<TIl
(OAl>In< Ga<Tl (D)Al<Ga <Tl<In

Sol. B
Al = 143 pm
Ga = 135 pm
In =167 pm
Tl =170 pm

20. Among [Ni(Co),], [NiCl,]>, [Co(NH,),CI,]CI, Na,[CoF,]**, Na,O, and CsO,, the total number of
paramagnetic compounds is
(A) 2 (B) 3 (C) 4 (D) 5
[Ni(Co),], [NiCl,]>, [Co(NH,),Cl,]CI, Na,[CoF,]**, Na,O, dair CsO, # siggw1a (paramagnetic) Al
B [l AT B
(A) 2 (B) 3 (C) 4 (D) 5

Sol. B
[NiCl,]> = Ni** = 3d®4s°
Na,[CoF] = 3d°® 4s°

4s _ 4d 4p
HpEEENEEE
o
CsO, = sp3d?
Cs*.0,” = superoxised as per M.I.

21. On complete hydrogenation, natural rubber produces
(A) ethylene-propylene copolymer (B) vulcanised rubber
(C) polypropylene (D) polybutylene
quf BESISIGRU TR UTHTdd eR 37 IATad el g 2
(A) TRENH-UIfUele Hgagad (B) gep-ildd (vulcanised) TaR
(C) dfeifief= (D) dfel=gfeet=

Sol. A
n(CH,=CH,) + n(CH,-CH=CH,)

Ethylene Propylene
|:—CH2—CH2—(|:H—CH2—j|
CH, N
Polyethylene-Polypropylene
22. One mole of an ideal gas at 300 K in thermal contact with surroundings expands isothermally

from 1.0 L to 2.0 L against a constant pressure of 3.0 atm. In this process, the change in entropy
of surroundings (As_, ) inJ Ktis
(A) 5.763 (B) 1.013 (C) -1.013 (D) -5.763
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(Page # 17)

Sol.

23.

Sol.

% e I &1 Udh Al 300 K )R gRae (surroundings) & A1 &1 999d  (thermal contact) # \Hdd™
Jave H 3.0 atm & ReR @ W 1.0 L ¥ 2.0 L I yaiRd =idr & | 59 fshar § aRJer & o=y § uRacd+

(As,.,) I K | o, a1 g ?
(A) 5.763 (B) 1.013 (C) -1.013 (D) -5.763
C
AE = q=w
0 = q — |PAV|
0 =q - (3 x1) atm
q =3 atm L
ps o Qovs _ x[3atm()] 3 litatm
e 300 " 300 kel

-3
= 300 x 101.3 J/kel

= -1.013 J/kel
P is the probability of finding the 1s electron of hydrogen atom in a spherical shell of infinitesimal

thickness, dr, at a distance r from the nucleus. The volume of this shell is 4rr?dr. The qualitative
sketch of the dependence of P or ris:

(A) (B) (©) (D)

(6] r 0] r 0] r 0] r

BISRIo WRATY] & 1S Soldgi= & A1f¥d ¥ r g8l W U < G&d HIcTs, dr, & el HIe § U S &1 9iiidsar
(probability) P | $9 ®I &I AFAA 4nr2dr 2| P AT r R FHRAT &1 o @1 8

P P P
P
(A) (B) () (D)
o] r o} r 0 r 0 r
B
[}
(o] r

r=0,4n2dr =20
No. of radial modes = n—-/-1
=1-0-1=0
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24.

Sol.

25.

Sol.

26.

Sol.

27.

The reagent(s) that can selectively precipitate S~ from a mixture of S> and SO,?" in aqueous
solution is(are)

(A) CuCl, (B) BaCl, (C) Pb(OOCCH,), (D) Na,[Fe(CN),NO]

AWHRS (reagent) W1 S2- da1 SO, & M1 § S P RUMHAS (selectively) faary gRI STeilg e &
Th PR Ahdl (Ahd) &/

(A) CuCl, (B) BaCl, (C) Pb(OOCCH,), (D) Na,[Fe(CN),NO]
A
CuCl, S, CuS (black ppt.)

CuSO, is not a ppt.

A plot of the number of neutrons (N) against the number of protons(P) of stable nucleus exhibits
upward deviation from linearity for atomic humber, Z > 20. For an unstable nucleus having N/P
ratio less than 1, the possible mode(s) of decay is(are)

(A) p-decay (B emission) (B) orbital or K-electron capture

(C) neutron emission (D) B+ -decay(positron emission)

Tt AR & S B G (N) fGwg dieHi @ §=1 (P) &1 el WA $HAih, Z > 20 & ford WRaawar
A FEE! fage ualRid #3ar 2 | Ue SRR A% & ford RSradr N/P Jguid 1 A &9 2, &9 &1 94a ()
8/8

(A) Bera (B SoIA) (B) ®efig 21erar K-geldeid Uugvl (capture)
(C) REH I (D) B+ -era(difvig= SAoi)
B, D

According to theory

Positive Tollen's test is observed for
H._O
CHO oh 0
(A) HNZ (B) ©/ © Ph/\( (7 Ph/\)J\ph

H
fr=aferRad § & 9T (Br9) fdden IaRIAS (Positive) 2fad wRietor (Tollen's test) fewmar (k) & (2)?

H

o)
CHO OH
Ph Q
O QIS LN S
0
H

A, B, C

H. _O
CHO OH on
L™ Ay
H o)

The correct statement(s) about the following reaction sequence is(are):

Cumene (C,H,,) M O, —>P CHCI/NaOH o o (major) + R(minor)
(if) H50

NaOH
Q hcher S

(A) R is steam volatile

(B) Q gives dark violet coloration with 1 % aqueous FeCl, solution
(C) S gives yellow precipitate with 2,4-dinitrophenylhydrazine
(D) S gives dark violet coloration with 1 % aqueous FeCl, solution
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fereforRad s aifepa & Gafda 98 seF 8/8

T (Cumene) (C,H,,) _(D0; (P _ CHClyNaOH | Q (g=a) + R(3n)
(ii) H0"

NaOH
Q hcher S

(A) R 99 arwrefiel (steam volatile) B |

(B) 1 % STeird FeCl, fderas & el Q 84 S+ <91 <l 8 |

(C) 2,4-S=Ee I iergssi™ (dinitrophenylhydrazine) @ e S diell 3rdeiud <dl &
(D) 1 % e FeCl, fAe@s & |1 S 87§71 91 <l 8

Sol. B,C
CH CH,
“en” OH
D0 ﬁ P) __CHClyNaOH
(i) H0" CH; - C - CH, © (P) (Q) (major)
OH
+ R(minor)
CHO

OCH,-Ph

OH
CHO NaOH CHO
a
Q) ~PhcH,Br

28. The crystalline form of borax has
(A) Tetranuclear [B,0,(OH),]*" unit
(B) All boron atoms in the same plane
(C) Equal number of sp? and sp3 hybridized boron atoms
(D) One terminal hydroxide per boron atom
dRa (borax) @ foReely ®U H
(A) =@ [B,0,(OH),]* T&® (unit) 8|
(B) ¥ dRfF WA Ud & Il H g
(C) sp? @2 sp? WaRd (hybridized) IR WRAMRI &1 Hwd1 FAM 2 |
(D) ufd IR TRHAIY] W Ud A< (terminal) FEgIaEe 2 |
Sol. ACD
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29.

Sol.

30.

Sol.

31.

The compound(s) with TWO lone pairs of electrons on the central atom is(are):

(A) BI‘F5 (B) ClF3 (© XeF, (D) SF,
A1 /AfTel, [ /e S WA & 99 &1 Udid] soldei g™ 8/8

(A) BI‘F5 (B) ClF3 (© XeF, (D) SF,
B, C

CIF, —» 3B.P. + 2L.P.
XeF, — 4B.P. + 2L.P.
According to the Arrhenius equation,
(A) A high activation energy usually implies a fast reaction.
(B) Rate constant increases with increase in temperature. This is due to a greater number of
collisions whose energy exceeds the activation energy.
(C) Higher the magnitude of activation energy, stronger is the temperature dependence of the
rate constant.
(D) The pre-exponential factor is a measure of the rate at which collisions occur, irrespective of
their energy.
IR (Arrhenius) FHIARU & AR
(A) STa |fshaur Sufl (activation energy) \m=Ia: g rfafdsar gemic ® |
(B) AH™ & §¢+ 9 J—ReRri® (Rate constant) 98T g | I8 S Tad™] &) A1 961 & BRI § foITa! Sofl
Afsaer ol F AT 81 A B
(C) Afor Sotl &t 71 RNia S=a 8rfl, I—ReRid & agdE W fRar S & ude anfl |
(D) S Jull R =R &Y 91, 4d =R™i@idl quie (pre-exponential factor) ca@’i @1 &3 (Rate of
collisions) @1 A& ¥ |
B,C, D
K = AefEa/RT
(B) K T
by Increacing temperature rate constant also increases

Ky Ea(T,-Ty) Ky
(C)log ¥ "~ 2.3RT,T, K,

o Ea

(D) Ea -0
K=A
r = K.

The product(s) of the following reaction sequence is(are):

NH,
(i) Acetic anhydride/pyridine
(i) KBrO,/HBr
(i) H,0", heat
(iv) NaNO,/HCI, 273-278 K
(v) Cu/HBr
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Br Br
Br Br Br. Br
Br, Br
(A) (B) (®) (D)
Br Br Br

fferRaa sfdfhar afisa &1 (B) S 8/8

NH,
(i) vfafe® wesseiEs (Acetic anhydride)/ fUR$H (pyridine)
(ii) KBrO./HBr
(iii) H,O", &1
(iv) NaNO,/HCI, 273-278 K
(v) Cu/HBr
Br Br
Br Br Br. Br
Br. Br
(A) (B) (<) (D)
Br Br Br
Sol. B
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NH NHCOCH,

(CH3CO)2°/Pyriden5 @

Acetanilide

l KBr,/HBr
O

|
NH—C—CH,

Br
lH3O®/ heat

NH,

Br

lNaNZ/HCI/O°—5°C

DO
N,CI

Br

lCu/HBr

Br

Br

32. The diffusion coefficient of an ideal gas is proportional to its mean free path and mean speed. The
absolute temperature of an ideal gas is increased 4 times and its pressure is increased 2 times.
As a result, the diffusion coefficient of this gas increases x times. The value of x is.
g 3fesl 49 &1 fawRor qunies (diffusion coefficient) s¥@ A& Had Ut (mean free path) e w4 A
(mean speed) & FHIUII® 2 | T M1Ge 19 &1 WA A9 4 A1 G811 STl © 31 39HT &1 2 A1 9811 Sfrl
g | RvTRa®Y, 39 9 &1 IR U6 X [ 9¢ AT E | X BT A B |

Sol. 4
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33.

Sol.

34.

Sol.

3/2
Diffusion constant o
3/2 3/2
(4T2) _4 (T)P
In the following monobromination reaction, the number of possible chiral products is:
CH,CH,CH,
H‘|‘ Br Br,(1.0 mole) R
CH, 300°C
(1.0 mole)

(enantiomerically pure)

fr=aferRad aafA=eE (monobromination) srfwfdsar # wfad fdver (chiral) SRl @ He&T &
CH,CH,CH
27277 Bry(1.0 He)
H- Br >
CH, 300°C
(1.0 =)
(enantiomerically pure)
(e T gE)
5
CH,CH,CH, CH,CH,CH,
| Br,(1.0 mole) |
Br 2 > Br
: 300°C : A
CH, CH,
(1.0 mole) +
(enantiomerically pure) CH;
Br——H
H——Br
CH,
CH, CH,
| | CH,-CH,-CH,
CH, CH,
H——Br , Br——H + H Br
H——Br © H—f—Br &H.- Br
CH,4 CH,4

The number of geometric isomers possible for the complex [CoL2CI2]_ (L = HzNCH2CH20_) is.

dgd [CoL,ClL] (L = H,NCH,CH,0 ) & &wifdd Safaciia |@eafddl (geometric isomers) &1 W% € |
5
[M(AB),a,]
a a a a a
A a B a A a A A A B
<* <* ow (Ont) (O
B A A B B B B B B A
_/ L/ L/
B A A a a
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35. The mole fraction of a solute in a solution is 0.1. At 298 K, molarity of this solution is the same
as its molality. Density of this solution at 298 K is 2.0 g cm=3. The ratio of the molecular weights

solvent

% fderd &1 va fdera= # Al =1 (mole fraction) 0.1 81 298 K W 39 fdera= &1 Aielkal (molarity) gaa!
Arererd (molality) & w9 2 | 39 e &1 89cd 298 K R 2.0 g cm—=3 2 | faerd qon fadie & 1Rl &

MWsqute .
of the solute and solvent, MW___ |/ s

ﬂqﬂﬁﬁm
I, | Gopare, , Bl

Sol. 9
X,=0.1,M=m,D=2gm/ml

|
0.1 mole 0.9 mole
m=M

0.1x1000 _ 0.1xdx1000
= 0.9xMWgyent  (0.1M; +0.9M,)

0.1x1000 2
= 0.9xM,  (0.1M; +0.9M,)
0.1M, +0.1M,
= 0.9M, -
M, My
1+gw, =2, W, =9
Ml —
9M,

36. In neutral or faintly alkaline solution, 8 moles of permanganate anion quantitatively oxidize
thiosulphate anions to produce X moles of a sulphur containing product. The magnitude of X is.
IS el gfid &g faere (alkaline solution) # 8 #iel WRHTHME UIFA (permanganate anion)
JRIEeh e FUMH! (thiosulphate anions) &1 AETEE ARGV B X Al Aedbx (sulphur) srafde g
I HA 8| X B A3 8 |

Sol. 6
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37.

Sol.

PART - III : MATHEMATICS
SECTION -1

A computer producing factory has only two plants T, and T, produces 20% and plant T, produces
80% of the total computers produced. 7% of computers produced in the factory turn out to be
defective. It is known that
P (computer turns out to be defective given that it is produced in plant T,)
= 10 P (computer turns out to be defective given that it is produced in plant T,),
where P(E) denotes the probability of an event E. A computer produced in the factory is randomly
selected and it does not turn out to be defective. Then the probability that it is produced in plant
T, is

36 47 78 75
(A) 73 (B) 79 () 3 (D) 33
T e (computer) AT #% dael SREM H dael a1 |IF (plant) T, 3R T, 8| g F#Hd ot &1
20% ¥ T, 3R 80% w3 T, Faior &xd & | dREM d [T 7% wwore @rie (defective) Fderd €1 I8
9 8 b
P (V% @R1E Mavetdn & afe a8 faar wan @ 6 |wore w93 T, 4 f[Affa )
= 10 P (A% @R1E Maoedr g afe g8 faar man & f& wwue w33 T,4 [fd 8),
S8l P(E) U& &c1 E &1 Uif¥adl Seiial 2 | dREM § [Affd e S aezear g1 911 8 iR 98 WRI9 781
ewerar 2| a9 Swa w97 T, % [ffa 89 @) mfea 2|

36 47 78 75
(A) 73 (B) 79 © 93 (D) 33
C
7
T1 & T2 P(D) = m
2
20% 80% P(T,) = %
80
P(T2) = 100

P(D/T,) = 10P(D/T,)
P(D) = P(T,) P(D/T,) + P(T,) + P(T,) P(D/T,)

0.07 = 0.2 (10a) + 0.8(w)
0.07 = 200 + 0.8a

0.07 7 1
PIO/T) =e =58 =280 -~ 20

1/4 5D
0.2 G

Exp
0.8 11497 D
T,
39/40 G
39
0.8x>2
_ 31.2
P(T/B) = 0 -
0.2x30 ,0.8x32 6+31.2
740 T 40
_ 312 312 _ 104 _ 52 26 _ 78
T 37.2 © 372 T 124 T 62~ 31~ 93
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1
38. The least value of o e R for which 4ax? to2 1 forallx >0,is

1 1 1
(A) &4 (B) 335 © 55 (D) 5=
I g eR AR T x > 078, T4 4ax2+§21 % foIQ o 1 gATH AH a1 BIIT?

™ g ® 35 © 5 (D) 3¢

32
Sol. C

aeR

4ax2+§21 X >0

4ax3 +1>x
4ox®>x-1

S x-1
4x3

Y
39. LetS = {X € (—ﬁ,ﬁ) P X E Olii} , The sum of all distinct solutions of the equation /3 sec x + cosec

X + 2 (tan x — cot x) = 0 in the set S is equal to

(A) - (8) - (©) 0 (D) =

b N
A1 b S = {X e (-mm):x ¢01i5} g | 9gTed S H WHieRo [3 sec X + cosec X + 2 (tan x - cot x) =

0 & & fa=1 &<l (all distinct solutions) &1 AT (sum) B |

7n

27 5n
: (8) -5 () 0 (o) =

(A) -

Corporate Head Office : Motion Education Pvt. Ltd., 394 - Rajeev Gandhi Nagar, Kota-5 (Raj.)



JEE (MAIN + ADVANCED) Examination (2016) (Code - 3) (Page # 27)

Sol.

40.

Sol.

3 . 1
= - sinx + > COSX = C0S2X

= cos[X - 3) = C0S2X

x—§=2nn:I:2x
+ve -ve
Y
X—§—2XTC+2X 3X—2Xn+§
Y T
X——2Xn—§ 3x-§(6n+1)
Y Y
x-—§(6n+1) x-§(6n+1)
= T = & 7n -5m
37 9’79’ 9
Bl B 7 5n
Sum=-5+ 35+ 5 -5

3 9 9 9

_ -3n+n+7n-5n
a 5

=0

Let —~ <6 < —-=. Suppose a, and B, are the roots of the equation x? - 2xsecé + 1 = 0 and o, and

6 12
B, are the roots of the equation x* + 2xtané + 1 = 0. If o, > B, and a, > B,, then a, + B, equals
(A) 2(seco-tano) (B) 2seco (C) —2tano (D)0
LIRIRGE —%<9<—% 8 | 7 ISR b o, 3TR B, TR0l X2 — 2xsecd + 1 = 0 & Ho (roots) € 3R o, 3R
B, AHDBRUT X2 + 2xtan® + 1 = 0@ Hol €1 AT o, > B, &R a, > B, &, T4 o, + P, BT 7 & |
(A) 2(secO-tano) (B) 2seco (C) —2tano (D)0
C

_ 2secO+v4sec’0 -4
2

X = seco * tand
X = seco + tand
X = secb - tan®
o, = secd — tano
B, = seco + tano

X2+ 2xtan6-1=0

_ -2tan6t+4tan’0 +4
2
X = —tanb * secoO
o, = sech — tano
B, = —sech — tano
seco - tan6 - secO - tano
= —-2tano
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41.

Sol.

42,

Sol.

A debate club consists of 6 girls and 4 boys. A team of 4 members is to be selected from this club
including the selection of a captain ( from among these 4 members ) for the team. If the team
has to include at most one boy, then the number of ways of selecting the team is
(A) 380 (B) 320 (C) 260 (D) 95
T are—fdare e (club) # 6 TSfHAl 3R 4 s ¢ | 39 WE 4 9 U IR 9aY & g1 & foreH acl &
TP R (Sl IR FeRi A) BT g9 A1 Afferd 2| afe g1 H§ 1f¥eaq ga dedl afaferd 8 99 & @I g
S & adbT B R B
(A) 380 (B) 320 (C) 260 (D) 95
A
(°C, + “C, °C,) *C,

6x5 . 4x6x5x%x4

2 3x2

(15 + 80)4
95 x 4 = 380

SECTION - 11

In a triangle XYZ, let x, y, z be the lengths of sides opposite to the angle X, Y, Z respectively , and

S-X_S-y _s-2
4 3 2
(A) area of the triangle XYZ in g./6

2s=x+y+2zIf and area of incircle of the triangle XYZ is &, then

(B) the radius of circumcircle of the triangle XYZ is %\/E

X .Y . Z 4 Lo X+ 3
(© smismismizg (D) sin [Tyjzg
A 5 Ryt XYZ | ol X, Y, Z & 99 &) qotiell & Jwrgdt HH: X, Y, 28 IR 2s =x +y +z2 | AR
S-X_S-y_sS-2Z
4 3 2
(A) Byt XYZ &1 & 9%d 6./ ©

,sﬁ?ﬁgaXYzaﬁsiaéﬁm@fW%%,aa

(B) Prit XYZ & R A1 frow 216

vl W

X .Y . Z 4 L (X+y
Zsin—sins = — sin®| =—~ | =
(C) sinZsinzsing 35 (D) ( > J

A,C,D
S-X_S-y _s-
4 3 2
3s-(x+y+2z)=9\
s =9\

Z:}L

X = 5\
y = 6\
z = 7\

0 | >
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3A% = 8s?
3{s(s-x)(s-y)(s-2)} = 8s?
3{4\k x 3\ x 21} = 8 x 9A

82 =
A2 =1 A=1
(A)  A=.9.432-6V6

B R = 5x6x7 3 35
(B) T 4x6J6 ~ 46

Xy oz (s=x)(s-y)(s-z) _ 4
(C) S|n2+5|n2+sm2 = vz = 3¢
o X+y Z  s(s-2) 3
(D) Sin [ 5 choszz = Xy = g

43. A solution curve of the differential equation (X2 +XY +4X +2y + 4)% -y? =, x > 0 passes through

the point ( 1, 3). Then the solution curve
(A) intersects y = x + 2 exactly at one point  (B) intersects y = x + 2 exactly at two points
(C) intersects y = ( X + 2)? (D) does NOT intersectsy = ( x + 3)2

A fb sradmel FHIwR (x2+xy+4x+2y+4)j—i—y2:0,x>o,wwgazr;ﬁﬁg (1, 3) & T[oRal 8| 99
g T qA%B
(A)y = x + 2@ & & fig w® ufoeefed o=ar 2
(B) y = x + 2 &1 31 a1 fdgail w ufoeefed &xar g
(C)y = ( x + 2)2% ufazsfed &=ar g
(D) y = ( x + 3)?% yfoesfea & &ar ®
Sol. AD

(x2+2xy+4x+2y+4—xy)3—i—y2:0 x>0
dy

((x+2)2+y(x+2))d—xzy2

(x+2)(x+2+y).dy = y*dx

dy _ v’

dx  (x+2)(x+2+Y)

y =v(X+ 2)
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44.

[l+ljdv=— dx
\% X+2

Inv+v=-In(x+2)+c

In((x+2).v)+v=c

=c (1, 3)

In3+§=c
3

c=1+In3

Iny + Y __1+In3
X+2

In y =1- y
3 X+2

(A)y =x+2

.'.M[%):O

y=3, x=1

(©) In%:l—(x+2)

(1) -1 S

(D) In(X+3)2 :1_(x+3)2
3 X+2

(x+3) 0¥

:eix+2

2
|

Both solution are negative though it is given x > 0

Consider a pyramid OPQRS located in the first octant (x > 0,y >0,z > 0) with O as origin, and OP

and OR along the x - axis, respectively. The base OPQR of the pyramid is a square with OP = 3.
The point S is directly above the mid- point T of diagonal OQ such that TS = 3. Then

(A) the acute angle between OQ and OS is %

(B) the equation of the plane containing the triangle OQSisx -y =0

3
(C) the length of the perpendicular from P to the plane containing the trianle OQS is E

[15
(D) the perpendicular distance from O to the straight line containing RS is >
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(Page # 31)

Sol.

e SIS, T g=BR (pyramid) OPQRS il HeH 3r<i¥a (first octant) (x> 0,y >0,z > 0) # Rerq 3,

foraH O Hafd=g T2 OP 3R OR ¥ x-3i&T 3R y-3f&] W & | 39 ATHR b1 MR OPQR TH & g o
OP =3¢ fag S & (diagonal)0Q & #eafdg T & &b W 39 UHR & fs TS = 38| @4

(A) OQ 3R 0S & 9 &1 @I % 3
(B) st OQS @1 fdfdse &3+ Tl FHAA B FHIHT X -y = 0 8

(C) P Frger 0QS a siafie 7o ot Tyaeer @ v ) i = 3

(D) O & RS & 3idfdte oxell §3 A YT B oTgaq g3 E%
B,C,D

3
(A) tane=3/—\/§:>\/§ A

S

=

w o x>

[
303
B
(®) 3/2 3/2

S (3/2, 3/2, 3)

(0,3,0)R
=1(9) - j(9) + (0)

~
A~

=i-]
1 1(x - 3/2) - 1(y - 3/2)

3>

0 T 0 >

4 (3/2) 3/4, 0)

x-y =0
() 1 (3,0,0)
3-0 0
dz\_ €
v2 B
(D) o0s =3/2,3/2,3 0
ISM| = oSV
|V 0
'_3/21 3)
9 9
4 Z+9 2 &
\/9+9+9 36
4" 4
OM? = 0S? - SM? M
9 9 ’
= ( Z+Z+9] - (6 )?
9.6
= -6

Il

o
VR
ENINY, |
N—

3 P(31)
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45,

Sol.

46.

Let RS be the diameter of the circle x2 + y2 = 1, where S is the point (1, 0). Let P be a variable
point (other than R and S) on the circle and tangents to the circle at S and P meet at the point Q.
Then normal to the circle at P intersects a line drawn through Q parallel to RS at point E. Then the
locus of E passes through the point(s)

11 11 11 11
wid) el ol el
AMT f RSTT x2 + y2 = 1 &1 &N 8, ofel f Sfg (1, 0) 31 A1 f% P (R 3R S & 1) a0 R U&= fag
2 3R Id W fIgail S8k PR & 1E weian fig Q R A g1 a9 & fag P R aifWer= 99 Y@ &1, &1
Q ¥ ol ® de RS & AAMWR 2, fag E W ufoeefed oxar 2| 99 E &1 faguy 1 fagell &1 Jorar 2

1 1 11 1 1 1 1
wis) el oy el
A,C

E(h,k)

9(1, 1 —.cosej
sin®

P(cos0,sin0)

R S(1, 0)

. . 11—cos€)
Toixcosb+ysind=1=6:|1"gog"
N,:y = (tan 8)x &Lato]|] toRS

1-cos®

L1Y = Sine
K
tanezﬁ
tan 6/2 = K

2.K K
1-K> h
1-y2=2x
y2=1-2x

Letf: R—>R,g: R—>Randh:R — R be differentiable functions such that f(x) = x3 + 3x + 2,
g(f(x)) = x and h(g(g(x))) = x for all x e R. Then

(A)g'(2) = % (B) h'(1) = 666 (C) h(0) = 16 (D) h(g(3)) = 36
A f& f: R>R; g:R—>R3R h:R >R W A@Fheg Head 8 fh I x e R & forw f(x) = x3 + 3x +
2, g(f(x)) = x 3R h(g(g(x))) = x & | 7

(A)g'(2) = % (B) h'(1) = 666 (C) h(0) = 16 (D) h(g(3)) = 36
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Sol.

47.

Sol.

B,C
f(x) =x3+3x + 2

f(0)=2 = g(2)=0
f(-1) = -2 = g(-2) = -1
f(1)=6 = g(6) =1

f(2) = 16 = g(16) = 2

f(3) = 38
f(6) = 111 = g(111) = 6
f(x) = 3x2 + 3

(B) h(g(g(x))) =x
X =16
h(g(2)) = h(0) = 16

(€) h'(g(9(x))) 9'(9(x)) g'(x)=1
x = 111
h'(1) g'(6) g'(111) =1
Lol 1
Wg*111~
h'(1) = 666

f‘
Let f: (0, ») —» R be a differentiable function such that f'(x) = 2—% for all x € (0, «) and f(1)

#1. Then

(A) lim f[ij =1 (B) lim Xf&j =2 (c) lim x*f'(x) = 0 (D) |f(x)| <2forallx  (0,2)

x—0" x—0"

‘TFH]%?f:(O,w)aRWWWQW%%WXe(O,oo)Eﬁ"%Nf'(X)=2—@,3ﬁi’f(l)il

HIEES

. ' 1 . 1 . 2¢1 _

@ imr)t @ ma(l]2 o mArw=0  oxoa b2
A

f (0,00)—>R

f(x)

fr(x)=2-—2

(x)=2-10
dy _,_y

dx X

dy

=Y _Jx—

de X—y
d_y+X:2

dx x
LF= i _
Y.X = J'2xdx
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48.

y.Xx =x?>+C
C
y=X+—
X
. C
y :1_7

® 1@3%1@[”'[3] -1

(€) limx2.f'(x)

x—0*

= lim (2x2 - x.f(x)) =—C

x—0"

(D) Not Bounded

3 -1 2
2 0 «
3 -5

Let P = , where a € R. Suppose Q = [qij] is a matrix such that PQ = kI, where k € R,

k 2
k # 0 and I is the identity matrix of order 3. If g,; = - 3 and det(Q) = k?, then

(A)a=0,k=38 (B)4a -k +8=0
(C) det (P adj(Q)) = 2° (D) det (Q adj(P)) = 213

3 -1 -2

i 05 o | T @ e RE1m o 5 Q = [q,] v T e & 5 PQ = KL Wl k < R,

741 f P =

2
k= 03R {9 aife (order3)mw—cﬁm€q§%|aﬁq23=—gsﬁ?det(Q)= %%‘Ia@

(A)a=0,k=8 (B)da -k +8=0
(C) det (P adj(Q)) = 2° (D) det (Q adj(P)) = 213
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Sol.

49,

B,C
PQ = KI
Q=K.PpP?
5¢ -10 -
=K|3a -6 -30-4
-10 12 -2
120 +20

(30.+4)8 = 12¢ +20
240 +32 =120+ 20
120 =-12

a=-1

1

Q| =K>.
BT

K3 K2
= = —
120+20 2

k=3 =4

© P

3 2
8 x [%] =2°
©)  |Q.P}

K3
P
29

PP =4>x8

The circle C, : x? + y2 = 3, with centre at O, intersects the parabola x2 = 2y at the point P in the
first quadrant. Let the tangent to the circle C, at P touches other two circles C, and C; at R, and

R;, respectively. Suppose C, and C; have equal radii 2,/3 and centres Q, and Q, respectively, If
Q, and Q; lie on the y-axis, then

(A) Q,Q; = 12 (B) R,R; = 46

(C) area of the triangle OR,R; is g.2 (D) area of the triangle PQ,Q; is 4.2

T C, 1 x2 + y2 = 3 R $=fdg O 8, el x2 = 2y @I oM aguie d fdg P iR ufo=sfed o=ar 2 | 9
f av C; & fd=g P ox Wi= 13 R 3= &1 <l C, 3R C, @l HHen: fawgali R, dl Ry W w3l &_ell 8 | 714
AT b C, 3R C; Tl @1 Broamd o, /3 & avIaR 8 3R Sa g Ha% Q, 3R Q; 81 At Q, 3R Q; y-
g R Rerd €, @9

(A) QQ; = 12 (B) R,R; = 46

(C) B[St OR,R; &1 &3%d 6.2 © (D) B PQ,Q; &1 &3%d 4.2 B
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Sol. A,B,C
Equ. of circles
X2+ (y-a)y=12
Tangent at P
2x+y=3
Solve with circles

3-y > R
W +(y-a)y=12
3y2 - 2y(3 + 2a) + (2a?-15) =0

> X
\J8+y2=3
D=0

a2-6a-27=0
(A) QQ, = . la,-a,| =144 =12

(B) C,(0,9) C,(0, -3)
normal normal
1 1
Y—9=ﬁ(x) y+3=ﬁx

x-2y+9=0 x-2y-3=0 (0,9
On solving R, R, = 4 /g
(©) L7 from (0, 0)on o x+y-3=0

2, 1)
P=.3
1
A= x4f5 x |3 (0, -3)
=42
1
(D) Area=5x12x1=6
SECTION - III
X 2
50. The total number of distinct x € [0, 1] for which Il t o dt=2x-1is
+
0

X tz
& W AT x e [0, 1] R fore [ 7 46 =2X -1 % 9 o e 2
0

Sol. 1
](. 3
g(x) = 7dt-2x+1=0
01+t
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51.

Sol.

52.

Sol.

f(0) = 1
1 2
t
_ 1 _ _
f(1) = £1+t4 -0 ve

<0
= 3 atleast one solution
g (x)<0Vvxel01]
= 3 exactly one solution

Let m be the smallest positive integer such the coefficient of x2 in the expansion (1 + x)2 + (1 +
X)3 + ...+ (1 +x)* + (1 + mx)>%is (3n + 1) >1C; for some positive integer n. The the value of
nis

A 5 m Y| AdH gHd Ond 2 [ B (1 + x)2+ (L +x)3 + .o+ (1 +x)% + (1 + mx)° & fdwr
H x2 &1 Qe (3n + 1) 51C, [ varcas QUi n & g &1 99 n &1 91 B |

5
(1+x)2+@+x)P+..... + (1 + x)* + (1 + mx)>°
coff. x2 =2C, +3C, + ...... + %C, + m23°C, = (3n + 1) >'C,
3C,+3C, + ... + 4°C,
40C3 + 40C2
C, + m2%°C, = (3n + 1) *'C,
50! 50! (3n+1)51
——— + M ——— = oo
31.47! 21.48! 31.(48)
1 m® _ (3n+1)51
3 ' 48  483.48

48 + 3m? = (3n + 1)51
3m2+48 +3n + 1 + 51

m2=n.51+1
m2 =1+ 51.n
m? -1

51

51.n+ 1 =m?
17.3.n+ 1 =m?

n=>5

_ - _Zr ZZS
Let z :1+T‘/§', where j— /-1, andr, s € [1, 2, 3]. Let P={(223 zr} and I be the identity
matrix of order 2. Then the total number of ordered pairs (r, s) for which P2 = - 1 is

. r 2s
AT 5 Z:_1+T*/§" R wiel -1 Sﬁ_\’r,SE{l,z,3}§|Wﬁ7P:|:(;§s) ’

Zr

} 3R I a1 ®Ife (order

2) BT TEAS ITE ¢ | 99 9 99 HfAd ¥ (r, s) s forg P2 = - 18, @) gt | 7|
1

Z=W rrsed{l, 2 3}

P2 = — ]

(_W)r WZS
P= |: w2s (W)r:|
o _ |: W2r +W4s (_l)rwr+25 +Wr+25:| _ |:_1 0:|

(_l)rwr+25 + Wr+25 W4s + W2r 0 _1

= ((F1)r+1)w*2s=0 = W+ wis = — 1
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r=1
S=1 0 w2+ wt=-1
S=2 0 w2+ w8 -1
S=3 0 w2 + wiZzz -1
r=2
S=1 #0
S=2 #0
S=3 =0
r=3
S=1 0 #-1
S=2 0 #-1
S=3 0 -1
= Only one solution (1, 1)

2 .
53. Let a, B € R be such that |lim M

=1. Then 6 equal
x->0 X — SinX (a+B) eq

A % o, e R3A bR 8 fb |imm=

1
M sinx 21 d9 6(o+B) BT HM B

Sol. 7

2 .
apeR h Ln(ﬁx) =1
x—0 oX —SINX

x? {sin (BXJ xﬁx}
h px =1

x—0 aX — Sinx

X3

B [ X3]=1
aX —|X—"—

X

leta=1

x3 x 6
BXEO X3 =1
6B =1
6a+6=6+1=7

X x 1+x

54. The total number of distinct x € R for which 2x 4x2 1+8x?|=10 is
3x 9x? 1+27%°

X x 1+x

T 9 B x e R, S forw 2x 4x? 1+8x% [=10 B, & I @
3x 9x* 1+27x3
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Sol. 2

1 1 1+x3
x32 22 1+233 =10
3 32 1+33%°

11 1 11 1
22 1+x°2 22 2’|=10
3 3 1 3 3 3
X ((1-2)2-3)(3-1)4+x.23(1-2)(2-3)(3-1)=10
= x3(-1) (-1)(2) + 6x° ((-1)(-1)(2)) = 10
x3[—2+12x3]=10
12x5 - 2x3-10=0
6x6 - x3-5=0
6t2-t-5=0
(t-1)(6t+5) =0

X
w

Uy Uy
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