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JEE-MAIN EXAMINATION - JANUARY, 2023

(Held On Thursday 24th January, 2023) TIME:9:00 AM to 12: 00 NOON
. - collegebatch.com
Physics
SECTION - A
1. A circular loop of radius r is carrying current I A. The ratio of magnetic field at the center of circular

Sol.

Sol.

Sol.

loop and at a distance r from the center of the loop on its axis is:

(1) 2v2:1 (2) 1:3V2 (3) 1:v2 (4) 3v2:2
1
. . pol
Magnetic field at centre of coil B, = e
T
I 2
on the axis atx =r = B, =Ly
2r* +x2 )"
2
B, = poIr .
2(r2 +r2) :
_ M,
P 202421
Bl
— =22
=22

2

The weight of a body at the surface of earth is 18 N. The weight of the body at an altitude of 3200 km
above the earth's surface is (given, radius of earth R, = 6400 km ):

(1)8N (2) 49N (3)9.8N (4) 19.6 N
1
Weight on earth surface W =mg =18 N

GM

Above earth surface = W, =m >
(R+h)

h=3200 km=R/2

W, =m GM2 =W, :img
3R 9
2
4
W, = x18= W, =8N
Two long straight wires P and Q carrying equal current 10 A each were kept parallel to each other at

5 cm distance. Magnitude of magnetic force experienced by 10 cm length of wire P is F; - If distance
between wires is halved and currents on them are doubled, force F, on 10 cm length of wire P will be:

F. F.
oF (2)8F, (3)10F, @E
2
F= Bl 1, —~F= uolzg

2mr 2mr

2

£ =10 cm (Both) = FocI—
r

2( 5
B (V22 R 1L g
E (21) 5| F 8 2

2
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4. Given below are two statements :
Statement I : The temperature of a gas is —73°C. When the gas is heated to 527°C, the root mean
square speed of the molecules is doubled.
Statement II : The product of pressure and volume of an ideal gas will be equal to translational kinetic
energy of the molecules.
In the light of the above statements, choose the correct answer from the options given below:
(1) Statement I is false but Statement II is true
(2) Both Statement I and Statement II are false
(3) Statement I is true but Statement II is false
(4) Both Statement I and Statement II are true
Sol. 3
Statements-1

V. € JT = Vimg, &€ \273-73
Vi, € N273+527

Vims /200
— ==V, =2V, (True)
Vims, 800 2 !

Statements-2

Translation K.E. = %nRT = %PV (False)

5. The maximum vertical height to which a man can throw a ball is 136 m. The maximum horizontal
distance upto which he can throw the same ball is:
(1) 272 m (2) 68 m (3) 192 m (4) 136 m

Sol. 1

2
Max vertical height H = ;— =136m
g
2

Max horizontal distance R = ~— => R = 2 x 136 =272m
g

6. Given below are two statements :
Statement I : If the Brewster's angle for the light propagating from air to glass is 6y, then the

Brewster's angle for the light propagating from glass to air is g — 0p

Statement II : The Brewster's angle for the light propagating from glass to air is tan‘l(ug) where g is
the refractive index of glass.

In the light of the above statements, choose the correct answer from the options given below:

(1) Both Statement I and Statement II are false

(2) Statement I is true but Statement II is false

(3) Statement I is false but Statement II is true

(4) Both Statement I and Statement II are true
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Sol. 2

air air

Glass

Glass

-

He True

+r=

Da-----

For glass to air

1

1

air !
'r

1

1
iB

Glass

u, siniy =1'sinr

. T
I'+1B=E

. . . 1 . 11
W, siniy =cosi, = tani, =— = 1p =tan™ | —
ug MB

7. A 100 m long wire having cross-sectional area 6.25 x 10~* m? and Young's modulus is 101°Nm~2 is
subjected to a load of 250 N, then the elongation in the wire will be:
(1)4x10"3m (2) 6.25x 1073 m (3)6.25x 107°m (4)4x10"*m

Sol. 1

Stress =y strain = E— A—é
Y A Y

:ﬂ:Af 250x100

AE = 10 —4
yA 10° x6.25x10

Al=4x10°m

8. If two charges q; and q. are separated with distance 'd' and placed in a medium of dielectric constant
K. What will be the equivalent distance between charges in air for the same electrostatic force?

(1) 2dvk (2) 1.5dVk (3) dvk (4) kd



Sol.

Sol.

10.

Sol.

11.
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3

For same force

q,9, 9,9, /K
= —>TIr= d
4ng kd®  4ner’

Consider the following radioactive decay process

218 @ B S 2 2 s y R
84A /Al /Az - IA3 IA4 IA5 IA()

The mass number and the atomic number of A4 are given by:
(1) 210 and 84 (2) 210 and 82 (3) 211 and 80 (4) 210 and 80
4

218 o 214 i 214 y 214 o 210 i 210 v 210
84 A > 82 Al 83 Az 783 A3 81 A4 80 As > 80 A6

From the photoelectric effect experiment, following observations are made. Identify which of these
are correct.

A. The stopping potential depends only on the work function of the metal.

B. The saturation current increases as the intensity of incident light increases.

C. The maximum kinetic energy of a photo electron depends on the intensity of the incident light.

D. Photoelectric effect can be explained using wave theory of light.

Choose the correct answer from the options given below:

(1) A, C, D only (2) B, Conly (3) Bonly (4) A, B, D only
3
v, = V=% and  both)

(§]

Intensity T current T
KkEmax =hv —¢

Photoelectric effect is not explained by wave theory

Given below are two statements:

Statement I: An elevator can go up or down with uniform speed when its weight is balanced with the
tension of its cable.

Statement II: Force exerted by the floor of an elevator on the foot of a person standing on it is more
than his/her weight when the elevator goes down with increasing speed.

In the light of the above statements, choose the correct answer from the options given below:

(1) Both Statement I and Statement II are true

(2) Statement I is false but Statement II is true

(3) Statement I is true but Statement II is false

(4) Both Statement I and Statement II are false
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3

Statement-1

When force balance it can move with uniform velocity (Uniform speed) True
Statement-2

Elevator going down with increasing speed means its acceleration is downwards
mg — N = ma (on person)

N=mg—-ma (False)

1 g of a liquid is converted to vapour at 3 x 10° Pa pressure. If 10% of the heat supplied is used for
increasing the volume by 1600 cm? during this phase change, then the increase in internal energy in
the process will be:

(1) 432000 ] (2) 4320] (3) 4800 ] (4) 4.32 x 108 ]

2

10% of AQ = PAV (W/D by gas)

%:3x105(1600x106)

AQ =48001]
Using first law of the thermodynamics
AQ=Au+W
AQ 9
AQ=Au+ —=Au=—A
Q 10 10 Q

Au = %x 4800 = Au=4320J
As shown in the figure, a network of resistors is connected to a battery of 24 V with an internal

resistance of 3Q. The currents through the resistors R, and Ry are I, and I respectively. The values of

I, and 5 are:

R, =2Q R =5Q

(24 V, 3Q)
(M, =:Aandls =3 A (2)1, == AandI5 =2 A
3L, =%Aandls == A @1, =% Aandls =2 A
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Ri=2Q R4=20Q

R>=2Q Rs=5Q

24V, 3Q)

205
R, =3+142+ ==

+2=R,, =120

24
Current from battery 1= Y =1=2A

I4+15:2A

2
LQO=1(5) > =4l = 1, = ZA L =§A

14. A modulating signal is a square wave, as shown in the figure.

T , —

m(t) 0 1
volts

B t(s)

If the carrier wave is given as c(t) = 2sin(8mxt) volts, the modulation index is:
1 1 1
(5 (2) 7 (3)1 (4)3
Sol. 2

Modulation index p = %

15. A conducting circular loop of radius 1—2 cm is placed perpendicular to a uniform magnetic field of 0.5 T.

=
The magnetic field is decreased to zero in 0.5 s at a steady rate. The induced emf in the circular loop
at 0.25 s is:
(1) emf = 1mV (2) emf = 5mV (3) emf = 100mV (4) emf = 10mV

Sol. 4



™ collegebatch.con

emf—_ ¢ _, . _—dBA)
dt dt
e A8 oo (2B
dt At
i ﬂxlof2 2 0.5
mR’B Jn '
At 0.5

e =1072 volt =10 m volt

16. In E and K represent electric field and propagation vectors of the EM waves in vacuum, then

magnetic field vector is given by :

(o - angular frequency):

_ — — _ 1.,— —
(1) o(ExK) (2) o(KxE) (3) KxE 1) g(KxE)
Sol. 4
E&k-2i
C
B
E
L
B=1Lx
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17. Match List I with List II:

LIST1 LIST II
Planck's constant (h) I IMIL2T?
Stopping potential (Vs)| IL [M! L! T!j
[Work function () IL M L2 T
D. Momentum (p) V. L[M1 R A‘I]J

ofw[»

Choose the correct answer from the options given below:

(1) A-1, B-I11, C-1V, D-II (2) A-I11, B-I, C-II, D-IV

(3) A-II, B-IV, C-III, D-I (4) A-IIL, B-IV, C-1, D-II
Sol. 4

E
(A) Planck’s constant h = —
\

MILZT—Z
(h1= % =[h]=[M'TT"]
(B) Stopping potential V = w
q

ML'T?
[v]=

=[v]=[MLT A"]

(C) Work function = [ML>T?]
(D) Momentum [P] = [MLT]

18.  Atravelling wave is described by the equation
y(x,t) = [0.05sin(8x — 4t)|m

The velocity of the wave is : [all the quantities are in SI unit]

(1) 8ms™?! (2) 4 ms™! (3) 0.5 ms™?! (4) 2ms™t
Sol. 3
y = 0.05 sin(8x — 4t)
V=9:>V=i:>V=l m/s
k 8 2

19.  As per given figure, a weightless pulley P is attached on a double inclined frictionless surfaces. The

tension in the string (massless) will be (if g = 10 m/s?)

4 Kg

U™

(1) (4V3+ 1N (2) 4(V3+ 1N (3) (4V3 - 1N (4)4(V3 - 1N
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Sol. 2

g
T-==1a (2
5 (2)

2\/§g—T=4(T—§j:>5T=(2\/§+2)g

T=?(2\/§+2):>T=4(\/§+1)N

20. Given below are two statements: one is labelled as Assertion A and the other is labelled as Reason R
Assertion A: Photodiodes are preferably operated in reverse bias condition for light intensity
measurement.

Reason : The current in the forward bias is more than the current in the reverse bias for ap —n
junction diode.

In the light of the above statements, choose the correct answer from the options given below:

(1) Ais true but R is false

(2) A is false but R is true

(3) Both A and R are true and R is the correct explanation of A

(4) Both A and R are true but R is NOT the correct explanation of A

Sol. 4
Photodiode works in reverse bias and its is used as a intensity detector . (True)

Forward bias current is more as compaired to reverse bias current (True)

10
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SECTION - B

21.  Vectors ai + bj + k and 2i — 3j + 4k are perpendicular to each other when 3a + 2b = 7, the ratio of a
tobis 32—5 The value of x is

Sol. 1
ai+bj+k is L to (Zf—3j+4ﬁ)
AB=0= 2a-3b-4=0
2a—-3b=-+4
Given 3a+2b=7

=142 01122y
b b

22.  Assume that protons and neutrons have equal masses. Mass of a nucleon is 1.6 X 10727 kg and radius

of nucleus is 1.5 x 10~*> A/3 m. The approximate ratio of the nuclear density and water density is n x
1013, The value of n is

Sol. 11
_ A(m)
Nucleus
i R’
3
3 Am
Pn="= 3

47 by
1.5x107"” A3

P 3 (16)x107
pyw 4m (1.5 x10* x10°

Py q11x10m
Pu

23.  Ahollow cylindrical conductor has length of 3.14 m, while its inner and outer diameters are 4 mm and

8 mm respectively. The resistance of the conductor is n x 1073Q. If the resistivity of the material is
2.4 x 10~8Qm. The value of n is
Sol. 2

¢ ¢
=p—3R=%
n(r - 1)
2.4x10°x3.14
R= 2 2 —6
(4> —2%)x10
R=2x10°Q

11
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A stream of a positively charged particles having im =2x 1011k£g and velocity ¥, = 3 X 10’im/s is

deflected by an electric field 1.8jkV/m. The electric field exists in a region of 10 cm along x direction.

Due to the electric field, the deflection of the charge particles in the y direction is mm

/=vot

2
1qE( ¢
2m\v,

2
1
y:%(2><10”)(1.8><103)( 0 j

3x10’

y =2 mm

I

E= 1.83 kv/m

As shown in the figure, a combination of a thin plano concave lens and a thin plano convex lens is
used to image an object placed at infinity. The radius of curvature of both the lenses is 30 cm and
refraction index of the material for both the lenses is 1.75. Both the lenses are placed at distance of
40 cm from each other. Due to the combination, the image of the object is formed at distance = ___cm,

from concave lens.

12
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Sol. 120
Magnitude of focal length of both lens
f:izf: = f=40 cm
w1 1.75-1

f=-40cm f=+40 cm

Concave lens will form image at its focus for convex lens 1 1.1 = ot 1
v u f v =80 +40

V=+80cm

From concave lens distance of image of d = 80 + 40

d =120 cm

26. Solid sphere A is rotating about an axis PQ. If the radius of the sphere is 5 cm then its radius of

gyration about PQ will be vx cm. The value of x is

A

<2
|
<—— 10cm —=

Q
Sol. 110
IpQ =lem + md?

mk’ =§mR2 +md> = k= /%(5)2 +(10)

k=110 cm

27.  Ablockof amass 2 kg is attached with two identical springs of spring constant 20 N/m each. The block
is placed on a frictionless surface and the ends of the springs are attached to rigid supports (see figure).
When the mass is displaced from its equilibrium position, it executes a simple harmonic motion. The

time period of oscillation is % in SI unit. The value of x is

13
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28.

Sol.

29.

Sol.

30.

Sol.
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Y
g
A hole is drilled in a metal sheet. At 27°C, the diameter of hole is 5 cm. When the sheet is heated to
177°C, the change in the diameter of hole is d X 1073 cm. The value of d will be if
coefficient of linear expansion of the metal is 1.6 x 107>/ °C.
12
AD =D o« AT

AD=5x1.6x 107 x (177 -27)
AD=12 %103 cm

In the circuit shown in the figure, the ratio of the quality factor and the band width is S.
1002
AN
2300 @ = 27uF
IO —
3.0H
10
Q=+ \ﬁ & bandwidth = &
RYC L
_Q _rt
Bandwidth R*\C
3 3
= — X |—mM
100 27x10°
=10
A spherical body of mass 2 kg starting from rest acquires a kinetic energy of 10000 J at the end of 5t
second. The force acted on the body is N.
40
Impulse = AP

FAT =P -0 = FAT =2mk
F(5) =/2x2x10000
F=40N
14



Chemistry

SECTION - A

31. "A'and ' B ' formed in the following set of reactions are:
(1) ()
3) “)

Sol. 2
OH

OH
HABr @

CH,OH CH,Br

OH
N + CHsBr
HBr [:i:] ’
OH

O-H

O-CHs

™ collegebatch.con

32.  Decreasing order of the hydrogen bonding in following forms of water is correctly represented by

A.Liquid water

B. Ice

C. Impure water

Choose the correct answer from the options given below:

(DB>A>C (2)A>B>C (3)A=B>C

4 C>B>A

15
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Sol. 1
ice > liquid water > impure water
OR
ice > H>O liq. > impure H>O

Hydrogen bond o

Temp

33.  Increasing order of stability of the resonance structures is:

Choose the correct answer from the options given below:
(1) D,C,A,B (2)D,C,B,A 3)C,D,A,B 4 4. CD,BA
Sol. Bonus

O+
= OHC 2 _
H/\/\/\NHZ < \_/\/\NH2< OHC\/\/\ <

(B)
(fve on O) (Back bonding) (A)
@
/9\/\/ N
OHC 2
(D)
more covalent bond and (+M)
Final correct order C<B<A<D
34. 'R ' formed in the following sequence of reactions is:
I
k NaCN EtOH . (1) 2MeMgBr
p> - Qs R’
HOAc H 0=y major product
Cl
(1) 2)
on

3) Me V€ (4)

Cl
16
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Sol. 2
0 (ln- c|)H
CH: NaCN C-CN C
CH
a’ a” 3 cl CHs
EtOH
H+
yer
3
C/ ?H ﬁ
\ _ (i) 2MeMgBr cl:—c—ocsz
Cl C—CHs S H.O"
OH CHs

35. The primary and secondary valencies of cobalt respectively in [CO(NH3)5C1C1C12 are:

(1)3 and 6 (2)2and 6 (3)3and 5 (4)2 and 8
Sol. 1
[CO(NH3;)sCl]Cl2
36.  An ammoniacal metal salt solution gives a brilliant red precipitate on addition of dimethylglyoxime.
The metal ion is:
(1) Co?* (2) Ni?* (3) Fe?* 4) Cu**
Sol. 2
NiClb+NH4OH+dmg — Rosy red ppt
[Ni(dmg)]
37. Reaction of BeO with ammonia and hydrogen fluoride gives A which on thermal decomposition gives BeF,
and NH, F. Whatis'A'?
(1) (NH,),BeF, (2) H;NBeF; (3) (NH,)Be;, Fg (4) (NH,)BeF;
Sol. 1

(NHa4)2 BeF4 —2— BeF>+NH4F

38. Match List I with List 1T

LISTI LIST II

A. | Reverberatory furnace | I Pig Iron
B. | Electrolytic cell 1I. Aluminum
C. | Blast furnace II. | Silicon

D. | Zone Refining furnace | IV. | Copper

Choose the correct answer from the options given below:
(1) A-1V, B-II1, C-1, D-III (2) A-1, B-III, C-II, D-IV

(3) A-111, B-1V, C-1, D-1I (4) A-1, B-1v, C-11, D-1II 17
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Sol. 1
Reverberatory furnance — Cr
Electrolysis cell - Ar
Blast furnance — Pig iron
Zone refining furnance — silicon

39, Match List I with List II

LISTI LIST I
A. | Chlorophyll L. Na,CO3
B. | Sodaash IL. CaSO0,

C. | Dentistry, Ornamental work | III. | Mg?*

D. | Used in white washing IV. | Ca(OH),
Choose the correct answer from the options given below:
(1) A-11, B-1, C-III, D-IV (2) A-111, B-1, C-11, D-IV
(3) A-11, B-111, C-1V, D-1 (4) A-111, B-1V, C-1, D-II
Sol. 2
Chlrophyl — Mg?*
Sodaash — Na,COs
Destistry &
ornamental work — CaSO4
White washing —Ca(OH);
40. In the following given reaction, ' A ' is
-
C=CH,
+ HB _— A
J major product
(M )
3) “4)

18



™ collegebatch.con

Sol. 3
?H3 CH;
C=CH;
\> H+ + CH3 @
—> EE—
Rearrangment
ring expansion
Br n
Br-
%
Methyl shift
41. It is observed that characteristic X-ray spectra of elements show regularity. When frequency to the power " n "

i.e. v™ of X-rays emitted is plotted against atomic number " Z ", following graph is obtained.

The value of "n " is

()3 2)2 (3)1 4)3
Sol. 4

vz

vz

n=1/2

42. Given below are two statements:
Statement I : Noradrenaline is a neurotransmitter.
Statement II : Low level of noradrenaline is not the cause of depression in human.
In the light of the above statements, choose the correct answer from the options given below
(1) Statement I is correct but Statement II is incorrect
(2) Both Statement I and Statement II are correct
(3) Both Statement I and Statement II are incorrect
(4) Statement I is incorrect but Statement II is correct

Sol. 1

Fact
43. Which of the Phosphorus oxoacid can create silver mirror from AgNO3 solution?

(1) (HPO3), (2) HyP,0, (3) H,P,05 (4) H,P,0,
Sol. 3

Silver mirror test can gives by p™, p™! ox acid
+3

H,P,O0,+Ag,0 — Ag

Silver mirror

19
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Compound (X) undergoes following sequence of reactions to give the Lactone (Y).

OH O
(i) HCHO, KOH

Compound (X) M—% Lactone (Y)
(iii) IISO H.C

CH;
Compound (X) is

H-} Y — ‘Hj_ ‘H"_ H‘]_ ‘H
0 (2)_(|(_c__c_co

OH
3) “4)

CH,OH

CHs |
CH 3
Neg cHo+HCHO Ao S NG cpo ——

CH3/ CH3/

KCN

CH,OH CH,OH
CHs | _COOH CHs_ | _OH
Nccn <O Necn

7 Nomu cu?l Nen

cyano hydrine

HiC
CH;

Lactone

Order of Covalent bond;

A. KF > KI; LiF > KF B. KF < KI; LiF > KF

C. SnCl, > SnCl,; CuCl > NaCl D. LiF > KF; CuCl < NaCl

E. KF < KI; CuCl > NacCl

Choose the correct answer from the options given below:

(1) C, E only (2) B, C, E only(3) A, B only (4) B, C only
2

20
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Smallsizeof + veion ) .
. . )movecovalent according to fajan'srule
longersize of — ve ion

46. Which of the following is true about freons?
(1) These are radicals of chlorine and chlorine monoxide
(2) These are chemicals causing skin cancer
(3) These are chlorofluorocarbon compounds
(4) All radicals are called freons
Sol. 3
Freons — chlorofluorocarbon compounds

47. In the depression of freezing point experiment
A. Vapour pressure of the solution is less than that of pure solvent
B. Vapour pressure of the solution is more than that of pure solvent
C. Only solute molecules solidify at the freezing point
D. Only solvent molecules solidify at the freezing point
Choose the most appropriate answer from the options given below:

(1) A and C only (2) A only (3) A and D only (4) B and C only

Sol. 3
On adding non-volatile solute to pure solvent, depression in freezing point and lowering in vapour pressure
occurs.

48. Statement I : For colloidal particles, the values of colligative properties are of small order as compared to

values shown by true solutions at same concentration.
Statement II : For colloidal particles, the potential difference between the fixed layer and the diffused layer of
same charges is called the electrokinetic potential or zeta potential.
In the light of the above statements, choose the correct answer from the options given below
(1) Options 1. Statement I is false but Statement II is true
(2) Statement I is true but Statement II is false
(3) Both Statement I and Statement II are true
(4) Both Statement I and Statement II are false
Sol. 2
These layers should be of opposite charges

49. Assertion A : Hydrolysis of an alkyl chloride is a slow reaction but in the presence of Nal, the rate of the
hydrolysis increases.
Reason R : [7is a good nucleophile as well as a good leaving group.
In the light of the above statements, choose the correct answer from the options given below
(1) A is false but R is true
(2) A is true but R is false
(3) Both A and R are true but R is NOT the correct explanation of A
(4) Both A and R are true and R is the correct explanation of A
Sol. 3
The rate of hydrolysis of alkyl chloride improves because of better Nucleophilicity of I".

50. The magnetic moment of a transition metal compound has been calculated to be 3.87 B.M. The metal ion is
(1) Cr2* (2) Ti** (3) vt (4) Mn?*
Sol. 3
n(n+2)=3.87

n =3 =no. of unpaired ¢~
Cr*" = [Ar] 3d*
Tr?" = [Ar] 3d°
V* =[Ar] 3d°
21



51.

Sol.

52.

Sol.

53.

Mn*" = [Ar] 3d°

SECTION - B

When Feg 930 is heated in presence of oxygen, it converts to Fe,03. The number of correct statement/s from

the following is

Molecular weight

A. The equivalent weight of Fe; 930 is

0.79

™ collegebatch.con

B. The number of moles of Fe?* and Fe3* in 1 mole of Fej 430 is 0.79 and 0.14 respectively
C. Fe 930 is metal deficient with lattice comprising of cubic closed packed arrangement of 0%~ ions
D. The % composition of Fe?* and Fe3* in Fe( 930 is 85% and 15% respectively

4

Feo,930

2x+(0.93-x)3 =2

-x+3%0.93=2

x =0.79

0.79 = no. of Fe*" ion

0.14 = no. of Fe*" ion

nf=0.79

Molecular weight

0.79

Equivalent wt =

Due to presence of Fe*" in FeO lattice, Metal deficiency occurs.

% Composition :- Fe*" ions = 0.79 x100
0.93
85%
0.14 <100
93

15%

Fe* ion =

The number of correct statement/s from the following is

A. Larger the activation energy, smaller is the value of the rate constant.

B. The higher is the activation energy, higher is the value of the temperature coefficient.
C. At lower temperatures, increase in temperature causes more change in the value of k than at higher

temperature

D. A plot of In kvv% is a straight line with slope equal to — %

4

K= Ae—Ea/RT

Here, Ea '

InK = InA -Ea/RT

slope of InK vs 1/T =-Ea/R

The higher is the activation energy, higher is the value of the temperature coefficient.

For independent processes at 300 K

Process | AH/Kk] mol™! | AS/J K1
—25 —80

B —22 40

C 25 —50

D 22 20

22



Sol.

54.

Sol.

55.

Sol.

The number of non-spontaneous processes from the following is
2

For process A

AG = -25x10°-300(-80)
=-25000+24000

=-1000 = AG<O0 spontaneous

For process B

AG = -22x10°-300(40)
=-22000-12000 = AG<O0 spontaneous
For process C

AG = 25x10°-300 (-50)
=25000+15000=40000 J

AG>0 = Non-spontaneous

For process D

AG = 22x10°-300(20)

AG>0 = Non-spontaneous.

™ collegebatch.con

5 g of NaOH was dissolved in deionized water to prepare a 450 mL stock solution. What volume (in mL ) of

this solution would be required to prepare 500 mL of 0.1M solution?
Given: Molar Mass of Na, O and H is 23,16 and 1 g mol~? respectively

180
Molarity of stock solution

= w x1000
450

50 10
4x45 36

MiVi =MV,

10 x V=0.1x500
36

5036

\Y% =180 ml

If wavelength of the first line of the Paschen series of hydrogen atom is 720 nm, then the wavelength of the

second line of this series is nm. (Nearest integer)
492

Paschen series :-

z=1

I line :- 453

1 7
756"R(IZZ) (1)

1 line > 5 > 3

U _rxn [L_L
=Rx(1) (32 52)

A

1 16

— =R | — 2

2 ®(35) @

Equation (2) + equation (1)
7 25

- =X
720 144 16
A =492.18
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56. Uracil is a base present in RNA with the following structure. % of N in uracil is
O

NH

N O
|
H
Sol. 25
O
Il

C
H\ C/ \N—H

[
c—N"
it |

H
Moleculer formula of uracil
= C4N2H40z

% of N = %xloo 5%

57. The dissociation constant of acetic acid is x X 107>, When 25 mL of 0.2MCH;COONa solution is mixed with
25 mL of 0.02MCH5; COOH solution, the pH of the resultant solution is found to be equal to 5 . The value of x
is

Sol. 10
Ka.=xx107
CH3COOH — 0.02 M & 25 ml
CH3;COONa — 0.2 M and 25 ml

p=4
K.=10%*=10x10"
Hence x =10

58. Number of moles of AgCl formed in the following reaction is
Cl

= AgNO,
———— > (A) + X AgCl |

H

Cl

€l
Sol. 2

24
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€)
Cl

Cl Cl(4)
(1)

Cl

)
After treat with AgNOs, CI™ remove and possible carbocation will form
Position 1 : Vinyllic carbocation forms, unstable, So not possible
Position 2 : sp® hybridised carbocation is unstable, so not possible
Position 3 : Forms 2° carbocation which will be in conjugation with ring
Position 4 : 3° stable carbocation will form.

59. The d-electronic configuration of [CoCl,]?™ in tetrahedral crystal field is e™t}. Sum of "m" and "number of
unpaired electrons" is
Sol.
CO" — 3d’
| [ | ] e
nnnnn<
]2
orbital g

60. At 298 K, a 1 litre solution containing 10mmol of Cr,0%~ and 100mmol of Cr3* shows a pH of 3.0.

Given: Cr,02” > Cr¥*; E* = 1.330 Vand 22255 = 0.059 V

The potential for the half cell reaction is x X 1073 V. The value of x is
Sol. 917

14H* Cr,0% +6e” — 2Cr**+7H,0

_ 2303RT (e T

E=E° g - -

& fenor ]
pH=3
[H']=10"3

0.059 107

E=1.330- lo

6 ¢ 10*2(10*‘2)
E=0917
=917x1073
x=917

25



61.

Sol.

62.

Sol.

63.
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Mathematics
SECTION - A
Leti=i—j—2k#=20+j—k¢v-W=2and ¥ xw =u + A0. Then i - w is equal to
(1) 2 @); 3)1 @ -2
3)

t—0

1 1 1 \sin?t
lim <1sin2 t + 2sin?t 4 .-+ 4 nsin? t) is equal to

(1) n2 (2) 222 3)n (4)n+n
3

t—0

1 1 1 sin” t
It [1Sinzt+2sinzt F o +nsinzt]

1 1
= 1t n||— +|= S +
t—0 n n
0
=n-[0+0+...+1]

=[n]

Let a be a root of the equation (a — ¢)x?> + (b —a)x + (c— b) =0

a’> a 1
where a, b, ¢ are distinct real numbers such that the matrix [ 1 1 1‘
a b c
.. (a—c)? (b—a)? (c-b)?
is singular. Then, the value of -0 T e T a0
(1) 12 (2)9 (33 (4) 6
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Sol. (3
(@a-c)x*+(b-a)x+(c-b)=0 (a#c)
is one root & other root is | —b ...(1)
a—c

o’ a |1
now |1 1 1] is singular
b

a C

a’ o 1
=1 1 ll=0=d)(c-b)—a(c—a)+(b—-a)=0
b

a C

= a’(c-b)+ta(a-c)+(b-a)=0

satisfied by or |o = E:Z l2)

Now,ifa=1thenVa=b=c

5 (a-¢) _ ¥(a-¢f
(b—a)(c=b) (a=b)(b-c)(c-a)

_ 3(a—b)(b-c)(c—a)
(a—b)(b-c)(c—a)

=3
[if A+B+C=0 = A3+B+C? =3ABC |

64. The area enclosed by the curves y? + 4x = 4and y — 2x = 2is:

OF @)% 3% @@=
Sol. (1)

y*+4x =4 & y=2+2x

Py =4(1-%) L:y=2(1+x%)

Now

2r4(Lo1]=4
Y (2 j

vy +2y-8=0
v+ 4) (-2 =0

required Area A=

27
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65. Letp,q€ Rand (1 —+/3i)2°° =2"(p+iq),i =+v—1Thenp+ q + q? and p — q + g? are roots of the
equation
Mx?—4x—-1=0 (2)x2—4x+1=0 (3)x?>+4x—-1=0 Wx*+4x+1=0

Sol.  (2)

(1 - ﬁi)zoo =2"(p+iq)
—r 200
= 2% cis(?) =2"(p+iq)
— 220 [cis(— 2030“jj =2"(p+iq)

=2 cis(—66n - Z?TC]] =(p+iq)

= 2_cis[%ﬂz(p+iq)
[ESTRVEY

=2 7—7}=(p+iq)

= p=-1,q=—3
Now
a=p+q+q2=2—\/§
B=p-q+q=2+13
req. quad is x> —4x +1=0

66. Let N denote the number that turns up when a fair die is rolled. If the probability that the system of
equations
x+y+z=1
2x +Ny+2z=2
3x+3y+Nz=3
has unique solution is S, then the sum of value of k and all possible values of N is
(1) 21 (2)18 (3) 20 (4)19
Sol. (3)
for unique solu.
A#0
1 1 1
2 N 2/=#0
3 3 N
= (N2—6)— (2N —6) + (6—3N) #0
=>N2-5N+6%0
=>N=3 & N=2

4 k
Hence N can be {1, 4, 5, 6} Fav case : g:g: k=4 Sum =

28



67.

Sol.

68.
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For three positive integers p, q, 1, xP?® =y = zP*T and r = pq + 1 such that 3,3log, x, 3log, y,

7log, z are in A.P. with common difference % Thenr — p — q is equal to

(1)-6 (2) 12 (3)6 (4) 2
€))
XP9 =y =P & r=pq+1

3, 3logy, 3log;, 7log; are in A.P.
Now
1 7 7
3logl =3+—=—=1log} =—
By 2 2 By 6
6 —

v ()

4
310g§=3+1=4:>10g§z§

X

=zt . )
3 9 19
Tlog? =3+===—=log’ =—

Bx 2 2 Ex 14
M=x> . 3)
Now

6 9p2r
P T x4

2 6 9

=—qr = —
pPq 7q 14P

s, )
pPq q 14P

96
r=pq+1 =2y

Pd a 147
=>r=—r+1
- =7 -3
Now
r-p—q
=7-2-3

The relation R = {(a, b):gcd(a,b) = 1,2a # b,a,b € Z}is:
(1) reflexive but not symmetric

(2) transitive but not reflexive

(3) symmetric but not transitive

(4) neither symmetric nor transitive
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69.

Sol.

70.

“4)

gcd(a,b)=1, 2a#b

reflexive ged (a, a)=a Not possible
symmetric gcd (b,a)=1&2a#b Not possible
transitive (a,b)=(2,3) gcd{a,b}=1, 2a=b

(b,c)=(3,4) gcd{c,d}=1, 2a=c
(a,c)=(2,4) gcd{2,4}=2, 2a=c
Not possible

™ collegebatch.con

Let PQR be a triangle. The points A, B and C are on the sides QR, RP and PQ respectively such that

%_E—E—l Area (APQR) .
AR~ BP cQ 2 Then Area (AABC) equal to
(1) 4 (2)3 (3)

()

APQR = %‘;xﬁ‘
APQR= faxb+bxeexal
rxp 4(1_'><I_))

1 —_ -
— +——=+—pxr
21 9 9 9p

(4) 2

Let y = y(x) be the solution of the differential equation x3dy + (xy — 1)dx = 0,x > 0,y G) =3 —e.

Then y(1) is equal to
(1)1 (2) e 3)3

(4)2-e

30
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Sol. (1)

-1
Now y(I)=2+—ce
e

=
71. If A and B are two non-zero n X n matrics such that A + B = A? B, then
(1)A?=1lorB =1 (2) A2B =1 (3)AB =1 (4) A2B = BA?
Sol.  (4)
A2+B=AB (D)

A2-AB+B=0
A2-AB(I1-B)=-1
(I-A)(1-B)=1

So,

(I- A% & (I1-B) are inverses of each other
So

(I-B)(I- A% =1
I-B-A’+BA’=1

BA2=B + A2 Q)
So, from (1) & (2)

A’B = BA?
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72.  The equation x? — 4x + [x] + 3 = x[x], where [x] denotes the greatest integer function, has :

(1) a unique solution in (—oo, 1) (2) no solution
(3) exactly two solutions in (—oo, ) (4) a unique solution in (—oo, )
Sol. (4

x?—4x +[x]+3 =x[x]
x2—4x+3=(x-1)[x]
x-DE=-3)=x-1DI[x]
x=1| or x—3=[x]
x—[x]=3
{xj=3

73.  Let atangent to the curve y? = 24x meet the curve xy = 2 at the points A and B. Then the mid points
of such line segments AB lie on a parabola with the

(1) Length of latus rectum % (2) directrix4x = —3
(3) length of latus rectum 2 (4) directrix4x = 3
Sol. (4)
cr:y’=24x & C 1 xy =2
C
A Ci
Mo~
B
AB: [Tangent to parabola at p(t)]
ty = x + 6t (D
AB: [chord with given mid point of hyperbola]
T=5S,
Xy
—+==2 (2
1T 2
from (1) & (2)
1t s
T°1 0
h k
~h=kt= 3¢’

h=-3— = =-3x
9 y

f(LR) =13 & directrix is |x =

A w
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74.

Sol.

75¢

Sol.

76.

Let Q be the sample space and A € Q be an event.

Given below are two statements :
(S1): IfP(A) =0,thenA =0
(S2): If P(A) = 1, then 4 = Q
Then

(1) both (S1) and (S2) are true
(2) only (S1) is true

(3) only (S2) is true

(4) both (S1) and (S2) are false
4)

Let Q =10, 1]

Let A — selecting %

then, P (A)=0but A # ¢
1
B=A°=[0,1]— 1=
o {3}

PB)=1
but B = Q
Ans =4

The value of Y22, 22C, 23C, is

(1) **Cy3 (2) *5Cy3
(3) **Cy; (4) *°Cyy
2
2

22Cr ] 23Cr
r=0

2
_ zzzcr 23Cr

r=0

™ collegebatch.con

The distance of the point (—1,9, —16) from the plane 2x + 3y — z = 5 measured parallel to the line

x+4 2— z-3.
—_ = =Y = —1S

3 4 12
(1) 31 (2) 13v2
(3) 20v2 (4) 26
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Sol.

77

Sol.

(C))

A (-1,9.-16)

[/

x+1:y—9:z+16:t

3 —4 12
B: (3t—1,9—4t, 12t — 16) lies on plane
23t—1)+3(9—-4t)—(12t—16)=5
—18t—2+27+16=5
—18t+25+16=5

~18t =36 =
B: (51,8 &  A:(-1,9-16)
I(AB) = \36 +64+576 = /676 =[26]

tan™! (;g) + sec™! < /i:ﬁ) is equal to :
W3 (27 37
1)

L 1+3 +sec_l( 8+4\/§J

tan —_————
6+ 3\/5

i

Las:

=tan”' (L +sec
NE)

L1 2
=tan — [+sec —
NE) 3
T T T
=4+ —=|—
6 6 |[3

™ collegebatch.con
/
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Sol.

79-
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Let f(x) = {xzsm () x=o0
0 ,x=0
Thenatx =0
(1) f is continuous but not differentiable
(2) f and f’ both are continuous
(3) f' is continuous but not differentiable

(4) f is continuous but f’ is not continuous

(C))

0 x=0

— cont. of f(x) atx =0

LHL= It hsin——=0
h—0 (—h)

RHL = It h*sin ! =0 ;continuous at x =0
h—0 (—h)

£(0)=0

— Diff. of f(x) at x =0

hzsin(hj—o |
RHD= dt ————~—=dt h sinE=0

h—0 h h—0
h?sin (_h) -0 )
LHD= dt ————<——=dt h sin—=0
h—0 —~h h—0 h
Hence f(x) is diff. at x =0
Now diff. f(s) atx=0

f'(x) _ 2x sin(ij +x° cos(i)(;—zlJ x#0
L 0 x=0
f'(x): 2xsin(%j—cos(%} x#0
L 0 x=0
hence f'(x) limit ossicilate at x =0
hence f'(x) is D.C. at
The compound statement (~ (P AQ)) V ((~ P) AQ) = ((~ P) A (~ Q)) is equivalent to
WEQve @) ((~P)VQ)A(~Q)
B)(~Pve @D ((~PIVOA(~QVP)
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Sol. (4
(~(prq)v(~prg))>~pr~q

P g

(1+2+4)+2=4
(1+2+4) =4 =~(1+2+4)+4
=3+4

Ans.

80. The distance of the point (7, —3, —4) from the plane passing through the points (2, -3,1),(—1,1,—2)
and (3,—4,2) is :
(15 (2)4 (3)5v2 (4) 4v2

Sol.  (3)

R(7I '31 _4)

ce

ik
n,=ABxDC=[3 -4 3|=<1,0,—1>
-1 1 -1

Equation of plane P: Ix-2)+0(y+3)—(z-1)=0
P: x—z—-1=0
7+4-1
d(RM)= =52
=[5
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Sol.

82.

Sol.

SECTION - B
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Let A € R and let the equation E be |x|? — 2|x| + |2 — 3| = 0. Then the largest element in the set S =

{x + A: x is an integer solution of E} is

5
Ix|" —2[x|+[r-3|=0

X" =20 =} 3]

LHS =-1<[x|" -2[x|<o
RHS -r-3|<0
Now LHS = RHS only when

0<A-3<1 & x e[-2,2]

-1<A-3<1
2<A<4

Let a tangent to the curve 9x? + 16y? = 144 intersect the coordinate axes at the points A and B.

Then, the minimum length of the line segment AB is

7

2 2
S A
16 9
Elipse

Let P = (4cos0,3sin0)
Tp: X cos0+Lsin0=1
4 3

A: (0, 3cosecO), B : (4secH, 0)
{(AB)= \/16sec2 0+9cosec’0

=\/16+9+(4tan9—300t6)2 +24

SR
N
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83.
Sol.

84.
Sol.

85.
Sol.

L,:b=<6,1,-8>
q=<3,-2,0>

=<4,6,—-12>

s.f.
=<2,3,-6> (s.£)

(b-3).

pxq|
[p>q|

(4i+ 2}—1412).(2f+3j—61;)‘

- J4+9+36 ‘

8+6+84| |98
= |———|=|—{=l14
49 ‘ ‘7 4]

N

Suppose ¥2923r22023¢C = 2023 x a x 22922, Then the value of « is
(1012)

n

S,
r=0

n

n
z 2 n—lC
= r B —1

r=0 r

n

_ nz((r—l)"" C_ + ‘HCH)

r=1

=n) (n-1)"?C_,+n> "'C_,
r=2 r=1

=n(n- 1)[2“’2 J + n[Z“’l]

=2023 - 2022 22921 + 2(23.22%022

= 2023 - 2221 [2022 + 2]

=2023- 2221 . 2024

=2023 - 1012 - 222 = ¢ =1012

(COS X)2023

8 2 )
The value of — [ 2 )77 1 (cos 77 X 1S
)
2023
8 I (cosx)
I=—|2 dx
T IO (sin x)2023 + (cosx)2023
JKI&A
1= 3 7 14x
T 0
8
n=2I51=2
T
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zZ+8 .
— =8 equal to
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86. The number of 9 digit numbers, that can be formed using all the digits of the number 123412341 so
that the even digits occupy only even places, is
Sol.  (60)

4 even place can be occupied by 4 even digits

4:
No of always= —— =6

2121
Odd place can be occupied by 5 odd digits
5!
No of always = — =10
312!
Total no. =6x10=060

87. A boy needs to select five courses from 12 available courses, out of which 5 courses are language
courses. If he can choose at most two language courses, then the number of ways he can choose five

courses is
Sol. (546)
12 course
5 Language 5 Other

(0 language + 5 other) + (1 Language + 4 other) + (2 Language + 3 other)
=50, T¢c, +5¢-T¢, +5¢, e,

=21+175+350
=546

88. The 4™ term of GP is 500 and its common ratio is % m € N. Let S,, denote the sum of the first n

terms of this GP. If Sy > S + 1 and S; < S¢ + %, then the number of possible values of m is
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Sol. (12)

3
T,=500 = a (l) =500 =a=500 m°

m

n n-1
I-r I-r

Sp— Sp1 =500 m*™®
Now S¢—Ss>1 =500m2>1 ... (1)

1 1
&S7-Ss< —= 500m’< —..(2)

from(1) m? <500

3 10<m<22
from(2) m’ >1000

Number of possible values of mis =12

2 2
89. Let C be the largest circle centred at (2,0) and inscribed in the ellipse % + 31/—6 =1.

If (1, @) lies on C, then 10a? is equal to
Sol.  (118)

2.0y ) A(6.0)

o

2
XY . 242
E: —+Z=1&C:(x-2)*+y*=r’
36 16 ( yry
For largest circle r is maximum
P (6cos 0, 4sin 0)

Nbp: 6 x secO — 4 y cosecO = 20 pass (2, 0)

12 secO =20 = cosO = %

Now P: [6x§,4xij:>P: (E’E
5 5 5°5

40



90.
Sol.

-5

J64+256 85 8

5 5 5
C:_(X—2)2+y2—65—4
Now (1, a) lies on C

4
=>(1-2P+a2= 6?

4

5

a? = 55—9 = 10a?=118

The value of 12f03 |x% — 3x + 2|dx is
(22)

1=12 [[|x*=3x +2]dx

1=12 [|(x-2)(x~1)| dx

=12 I;(xz —3X+2)+I12—(X2 —3»x+2)+_.‘23(x2 —3x+2)}

=12 l—§+2 - z—2+2 + 2_1_5_’_2
3 2 3 2 32

=12 §+l+§
6 6 6

_ 12111

6
=22
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JEE-MAIN EXAMINATION - JANUARY, 2023

(Held On Thursday 24th January, 2023) TIME:3:00 PM to 6:00 PM

Physics
SECTION - A

1. Given below are two statements: one is labelled as Assertion A and the other is labelled as Reason R.
Assertion A: A pendulum clock when taken to Mount Everest becomes fast.
Reason: The value of g (acceleration due to gravity) is less at Mount Everest than its value on the
surface of earth.
In the light of the above statements, choose the most appropriate answer from the options given below
(1) Both A and R are correct but R is NOT the correct explanation of A
(2) A is correct but R is not correct
(3) Both A and R are correct and R is the correct explanation of A
(4) A is not correct but R is correct

Sol. 4

V4
TZZTC\/:
g

TOCL

N

on Everest g decreases, so T increases, so moves slow.

2. The frequency (v) of an oscillating liquid drop may depend upon radius (r) of the drop, density (p) of
liquid and the surface tension (s) of the liquid as : v = r2pPs®. The values of a, b and c respectively are

S T 5 YRR £ R
Sol. 3

f o rp’se

T =[] ML ] [MT2]

Tfl _ La73b’ Mb+c T72C

c=%
b+c=o0...... (2)
=%
a-3b=o0..... (3)
-3
= b —_ —
a=3 >
3. Given below are two statements:

Statement I : Acceleration due to earth's gravity decreases as you go "up' or 'down' from earth's surface.
Statement II : Acceleration due to earth's gravity is same at a height 'h' and depth 'd' from earth's
surface, it h = d.

In the light of above statements, choose the most appropriate answer form the options given below
(1) Both Statement I and Statement II are incorrect

(2) Statement I is incorrect but statement II is correct

(3) Both Statement I and II are correct

(4) Statement I is correct but statement II is incorrect

e

h=2
2

Sol.
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Sol.

Sol.

Sol.
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A long solenoid is formed by winding 70 turns cm™. If 2.0 A current flows, then the magnetic field

produced inside the solenoid is (o =4mx107 TmA™)

(1) 88 x104T (2) 352x1074T (3)176 x1074 T (4) 1232 x1074T
3

B =p,ni

- 4x%x10’7x70x100><2

=176 x 10

The electric potential at the centre of two concentric half rings of radii R, and R,, having same linear
charge density 1 is :

3 B
i ’;"’ R 43 z
5 I'l k] n" ,""_ ‘ " )
+H o+ Y/ R (Y
0
A A 2 A
(1) — (2) — (3) = (4) —
2g, 4e, €, €,
1
K kq
V. =—q, +—2
¢ 121 ql RZ
1 ATR 1 ATR,
= x + x
4ne, R, 4mg, R,
-
2g,

If the distance of the earth from Sun is 1.5 x 10® km. Then the distance of an imaginary planet from
Sun, if its period of revolution is 2.83 years is :
(1) 6 x 10° km (2) 3 x 10° km (3) 3 x 107 km (4) 6 x 107 km

)

2« R?
2
[ ]3
2
( J3 1.5%10°
2.83 R

R =1.5x10°x (2.83)§

2
1.5x10°x (1.41x2)

1.5 x 106 x (2\/5)§
2

1.5 x 106 x (J§)5
3 x10° KM
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7. A photon is emitted in transition from n = 4 to n = 1 level in hydrogen atom. The corresponding
wavelength for this transition is (given, h = 4 X 10™%%eVs ) :
(1) 99.3 nm (2) 941 nm (3) 974 nm (4) 94.1 nm
Sol. 4
AE=E,-E,
he

—=-0.85-(-13.6
" 5-(-13.6)

4%x107" x3%x10" nm

— =12.
K(nm) S 75
- 1200 nm
12.75
= 94.1 nm
8. A cell of emf 90 V is connected across series combination of two resistors each of 100() resistance. A

voltmeter of resistance 4001} is used to measure the potential difference across each resistor. The
reading of the voltmeter will be:

(1oov (2)45V (3)80vVv (4)40V
Sol. =2
400 400
100 100
I
CTAY
as Resistance are same so equal division of potential.
90
. — =45V
5 45

9. If two vectors P = { 4+ 2mj + mk and Q = 4 — 2] + mk are perpendicular to each other. Then, the
value of m will be:
(1) -1 (2)3 (3)2 (4)1
Sol. 3
P.Q =0
4%x1+2mx—-2+m2=0
m2-4m-+4=0
(m-2)2=0
m=2

10. The electric field and magnetic field components of an electromagnetic wave going through vacuum
is described by
E, = Egsin(kz — wt)
B, = Bysin(kz — wt)
Then the correct relation between E, and B, is given by
(1) E By = wk (2) Eo = kB, (3) kE, = wB, (4) wEo = kBg
Sol. 3
by theory of EM wave
E, )

— =V =—

B, K
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11. The logic gate equivalent to the given circuit diagram is :

(1) NAND (2) OR (3) AND (4) NOR
Sol. 1
by truth table
A |B. |V,
o |o 1
o |1 1
1 0 1
1 1 0
NAND gate
12.  Let y; be the ratio of molar specific heat at constant pressure and molar specific heat at constant

volume of a monoatomic gas and y, be the similar ratio of diatomic gas. Considering the diatomic gas
molecule as a rigid rotator, the ratio, 1’/—1 is:
2
25 35 21 27
(1) 1 (2) > (3) 25 (4) 35
Sol. 1

5

L

_2s
21

W[ w | wn

13.  When a beam of white light is allowed to pass through convex lens parallel to principal axis, the
different colours of light converge at different point on the principle axis after refraction. This is called:
(1) Spherical aberration (2) Polarisation
(3) Chromatic aberration (4) Scattering

Sol. Theory : Colors are due to chromatic aberration.

14. A metallic rod of length ' L ' is rotated with an angular speed of ' w ' normal to a uniform magnetic
field ' B ' about an axis passing through one end of rod as shown in figure. The induced emf will be:

(1) %BLZw (2) %Bszw (3)% B2 Lw 4) %BLZw
Sol. 4

€

L
IBmxdx
0

N | =
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An a-particle, a proton and an electron have the same kinetic energy. Which one of the following is
correct in case of their de-Broglie wavelength:

(1) 2y <1, <24 2 A =4, =12, 3)Ag >4, > 4, D Ag >, <2

1

A= oL

J2mkE JE

l’l’la>1’1’lp>1’1’1c

LA <A, <A,

Given below are two statements: one is labelled as Assertion A and the other is labelled as Reason
Assertion A : Steel is used in the construction of buildings and bridges.

Reason R : Steel is more elastic and its elastic limit is high.

In the light of above statements, choose the most appropriate answer from the options given below
(1) Both A and R are correct and R is the correct explanation of A

(2) Both A and R are correct but R is NOT the correct explanation of A

(3) Ais correct but R is not correct

(4) A is not correct but R is correct

1

Steel is more elastic.

In an Isothermal change, the change in pressure and volume of a gas can be represented for three
different temperature; T; > T, > T, as:

T Bl T
. N \
@ \ (2) \
‘ v v
P Tsz T, o
p 2
T3
%
(3) 4)
\' v
3
PV = nRT const.
PAT, T,

X
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Match List I with List IT
LISTI LISTII
A. | AM Broadcast L. 88 — 108MHz
B. | FM Broadcast II. 540 — 1600kHz
C. | Television III 3.7 — 4.2GHz
D. | Satellite Communication | IV. | 54MHz — 890MHz

Choose the correct answer from the options given below:
(1) A-11, B-1, C-1V, D-III (2) A-1, B-III, C-II, D-IV
(3) A-IV, B-IIL, C-1, D-II (4) A-IL, B-III, C-I, D-IV

1
by concept of AM & FM freq. range

A body of mass 200 g is tied to a spring of spring constant 12.5 N/m, while the other end of spring is
fixed at point O. If the body moves about O in a circular path on a smooth horizontal surface with
constant angular speed 5rad/s. Then the ratio of extension in the spring to its natural length will be :
(1) 2:5 (2)1:1 (3)2:3 (4)1:2

3

0000

<+ lop+m —»
kx = mo’ (£, +x)

k {
_2:_0+1
mo X
12.5 L,
=241
0.2x25 X
125 L l,
50 X
3_6L
2 X
X _ 2
14 3

The velocity time graph of a body moving in a straight line is shown in figure.
8 —

A 6
4
v (ms™1) _(f 3 y 3 3 T
-4 - | S—
-6 -
— tme (s)——
The ratio of displacement to distance travelled by the body in time 0 to 10 s is :
(D 1:1 (2)1:2 (3)1:3 (4) 1:4
3
disp. = area
=8x2+(4x4)-2%x4-2x4
=32-16
=16
distance = 32 + 16
= 48
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SECTION - B

21. A body of mass 1 kg begins to move under the action of a time dependent force F = (ti + 3tZ)N,
where { and j are the unit vectors along x and y axis. The power developed by above force, at the time
t = 2s, will be w.

Sol. 100

2 2

v={tdti+3[t>dt]
Jrdti+3]e ]
0 0

22, A convex lens of refractive index 1.5 and focal length 18 cm in air is immersed in water. The change
in focal length of the lens will be cm

(Given refractive index of water = %)
Sol. 54

1 2
E_(l 5—1)E (D
1.5 2
= ?—1 - (2)
3
Div eq. by eq. 2
f 0.5x8
18 1
f=72cm
change = 72 -18
=54
23. The energy released per fission of nucleus of 24°X is 200MeV. The energy released if all the atoms in
120 g of pure 24°X undergo fissionis__ x 102°MeV (Given N, = 6 x 10%3)
Sol. 6

no. of atoms = 2x6><1023
240

=3 X 1023
Energy rebased = 200 x 3 x 1023
=6 x 10%

24. A uniform solid cylinder with radius R and length L has moment of inertia I;, about the axis of the
cylinder. A concentric solid cylinder of radius R’ = gand length L' = %is carved out of the original

cylinder. If I, is the moment of inertia of the carved out portion of the cylinder then j—l =
2

(Both I; and I, are about the axis of the cylinder)
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Sol. 32
MR?
I =
2
R* L
mass = pr—.—
42
M
m, :E
I m,R; MR’
: 2 8x4x2
Il

L

25.  Aparallel plate capacitor with air between the plate has a capacitance of 15pF. The separation between
the plate becomes twice and the space between them is filled with a medium of dielectric constant 3.5.

Then the capacitance becomes %pF . The value of x is
Sol. 105
Ag
d
Co KAg,

0

C=

26. A single turn current loop in the shape of a right angle triangle with sides 5 cm, 12 cm, 13 cm is
carrying a current of 2 A. The loop is in a uniform magnetic field of magnitude 0.75 T whose direction
is parallel to the current in the 13 cm side of the loop. The magnitude of the magnetic force on the

5 cm side will be % N. The value of x is
Sol. 9

N
90+6

12 cm

Force on 5 cm length = i jd? xB

ix (ij x0.75 % sin(90 + 9)
100

2><i><0.75><cose
100

10 g75x 2o X

X U. X = —
100 13 130
= x=9
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27. A mass m attached to free end of a spring executes SHM with a period of 1 s. If the mass is increased
by 3 kg the period of oscillation increases by one second, the value of mass m is kg.
Sol. 1

|
N
—~
N
~

(2) + (1)

m+3

— |~

m

m+3:4

m
4dm=m+3
m = 1 kg.

28. Ifacopper wire is stretched to increase its length by 20%. The percentage increase in resistance of the
wire is %
Sol. 44
Length becomes = 1.2 times
0'=1.24
R'=n’R
= (12)'R
=144 R
AR =0.44R

%xloo % = 44%

29. Three identical resistors with resistance R = 120 and two identical inductors with self inductance L
= 5mH are connected to an ideal battery with emf of 12 V as shown in figure. The current through the

battery long after the switch has been closed will be A.
L R
TR L —
R
J\JV\N\_
R L
A OO000™
|| )
I I
2V k
Sol. 3
Short all inductor
Req_ = E = % = 4Q
12
I=—==3A
2 3
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30. A Spherical ball of radius 1 mm and density 10.5 g/cc is dropped in glycerine of coefficient of viscosity
9.8 poise and density 1.5 g/cc. Viscous force on the ball when it attains constant velocity is 3696 X
107* N. The value of x is (Given, g = 9.8 m/s? and & = %)

Sol. 7

2r’g(o,—p,)
a

n

V; =

2x107°x9.8x(10.5-1.5)x10’
9.8x0.1x9

2 x1072m/s
F=6mxrVr

22
6><7><9.8><0.1><1073 x18x107>

= 3696 x 1077
=7
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Chemistry

SECTION - A
Identify the correct statements about alkali metals.
A. The order of standard reduction potential (M™ | M) for alkali metal ions is Na > Rb > Li.
Csl is highly soluble in water.
Lithium carbonate is highly stable to heat.

Potassium dissolved in concentrated liquid ammonia is blue in colour and paramagnetic.

m o o w

All the alkali metal hydrides are ionic solids.
Choose the correct answer from the options given below:
(1) C and E only (2) A, B and E only 3) A,B,Donly (4)A and E only

4

(1) These standard potentionals of

Element | Li Na Rb

SRP -3.237 | -2.898 | -3.079

(i1) All the alkali metal hydrides are ionic solids with high M.P.

Given below are two statements, one is labelled as Assertion A and the other is labelled as Reason R

Assertion A: Beryllium has less negative value of reduction potential compared to the other alkaline
earth metals.

Reason : Beryllium has large hydration energy due to small size of Be?* but relatively large value of
atomization enthalpy

In the light of the above statements, choose the most appropriate answer from the options given below
(1) A is not correct but R is correct

(2) A is correct but R is not correct
(3) Both A and R are correct and R is the correct explanation of A

(4) Both A and R are correct but R is NOT the correct explanation of A
3

Be has least negative SRP value. Value in alkaline earth metal group as it has high hydration enthalpy
and high enthalpy of atomization.
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A student has studied the decomposition of a gas AB; at 25°C. He obtained the following data.

p(mmHg) 50 | 100 | 200 | 400

relative ty/,( s) 4 2 1 0.5

The order of the reaction is

(1) 0 (zero) (2)0.5 3)1 (4)2
4

tls oc (Co)' ™

C(th), \P,

4 (50)" N
= _ | :>2 _
2 100 2
9 (2)n71
n=2
K,Cr, 0, paper acidified with dilute H,SO, turns green when exposed to
(1) Carbon dioxide (2) Sulphur trioxide (3) Sulphur dioxide (4) Hydrogen sulphide
3

K,CryO5 +2H" +S0, — 2Cr™+3S0;2 + H,0
(green)

Which will undergo deprotonation most readily in basic medium?

a
0 0
Me0” : SoMe
b
c
(1) c only (2) only (3) Bothaandc (4) b only
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Sol. 2

Il Il
order of —-m effect=— C — CH; > - C — OCHj;

Q 0 Q 9

H3C

N o

strong —m effect of both ketone

(&

36. The hybridization and magnetic behaviour of cobalt ion in [Co(NH3)¢]3* complex, respectively is
(1) d?sp? and paramagnetic(2) sp® d? and diamagnetic
(3) d®sp® and diamagnetic (4) sp® d? and paramagnetic

Sol. 3
[Co(NH,),]”
Co” —>[Ar]3d°4S’
NH, — SFL, Pairing of e

W b

(3d) 4s 4p

hybridisation d’sp’

p=0

diamagnetic
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Given below are two statements:
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(8]
Statement I : HZN\ /\/‘\ under Clemmensen reduction conditions will give HOOC /\/\
O

0

Statement I1 : 7/\/\ under Wolff-Kishner reduction condition will give 7/\/\

Cl

Cl

In the light of the above statements, choose the correct answer from the options given below:

(1) Statement I is false but Statement II is true
(2) Statement I is true but Statement II is false
(3) Both Statement I and Statement II are true
(4) Both Statement I and Statement II are false
2

HO,
HoN: Zn—Hg/HCI \/\/\
? \/\/l\ Clementon 0O

Reduction

HzN NH,/OH~ \
7/\/\ wolff—kishner 7/\/\

reduction

Which of the following cannot be explained by crystal field theory?
(1) The order of spectrochemical series

(2) Stability of metal complexes

(3) Magnetic properties of transition metal complexes

(4) Colour of metal complexes

1

Crystal field theory introduce spectrochemical series based upon the experimental value of A but can’t
explain it’s order. While other three points are explained by CFT. Specially when the CFSE increases

thermodynamic stability of the comples increases.

The number of s-electrons present in an ion with 55 protons in its unipositive state is

(1) 8 (2) 10 (3)9 4) 12
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2

Cs(ss) =15%,25%,2p°,35%,3p°, 45, 3d'%, 4p°, 557, 4d'*, 5p°

no. of s-electron = 10

Which one amongst the following are good oxidizing agents?
(A) Sm?*(B) Ce?*(C) Ce** (D) Tb**
Choose the most appropriate answer from the options given below:

(1) D only (2) C only (3) Cand D only (4) A and B only

3

Ce™ & Tb** are good oxidizing agent.

Choose the correct representation of conductometric titration of benzoic acid vs sodium hydroxide.

N

Conductance
N
Conductance

VNaoH — Vaaolr —

1

C H,COOH + NaOH —> C,H,COONa +H,0

when weak acid C;H;COOH titrated against strong base NaOH in the beginning the conductance Inc.

slowly and after equivalent point it increase rapidly.
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42. Match List I with List II

LIST I LIST 1T

Type Name

A. | Antifertility drug | L Norethindrone
B. | Tranquilizer II. Meprobomate
C. | Antihistamine I | Seldane

D. | Antibiotic IV. | Ampicillin

Choose the correct answer from the options given below:

(1) A-L, B-111, C-1I, D-1V (2) A-1V, B-111, C-1I, D-1
(3) A-L, B-11, C-III, D-1IV (4A-11, B-1, C-11I, D-1V
Sol. 3

LIST I LISTII

Type Name

A. | Antifertility drug | L Norethindrone

B. | Tranquilizer IL. Meprobomate

C. | Antihistamine IIT | Seldane

D. | Antibiotic IV. | Ampicillin

43. Find out the major products from the following reaction
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OH Hg(OAc)2, H,O g( BH3, THf N <

NaBH4 H>O,/OH™ \OH
(A)

Given below are two statements, one is labelled as Assertion A and the other is labelled as Reason R
Assertion : Benzene is more stable than hypothetical cyclohexatriene

Reason : The delocalized 7 electron cloud is attracted more strongly by nuclei of carbon atoms.
In the light of the above statements, choose the correct answer from the options given below:
(1) Both A and R are correct and R is the correct explanation of A

(2) Both A and R are correct but R is NOT the correct explanation of A

(3) A is false but R is true

(4) A is true but R is false

1

Both A and R are correct and R is the correct explanation of A

In which of the following reactions the hydrogen peroxide acts as a reducing agent?

(1) PbS + 4H,0, - PbSO, + 4H,0(2) Mn?* + H,0, —» Mn** + 20H~

(3) HOCI + H,0, - H30" + CI~ + 0,(4) 2Fe?* + H,0, — 2Fe3* + 20H"

3

HOCI + H2(|)2 - H30" + CI~ + 0, hydrogen peroxide acts as a reducing agent
|

Given below are two statements:

Statement I : Pure Aniline and other arylamines are usually colourless.

Statement II : Arylamines get coloured on storage due to atmospheric reduction

In the light of the above statements, choose the most appropriate answer from the options given below:
(1) Both Statement I and Statement II are incorrect

(2) Statement I is incorrect but Statement II is correct

(3) Statement I is correct but Statement II is incorrect

(4) Both Statement I and Statement II are correct
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Correct statement is:

(1) An average human being consumes nearly 15 times more air than food
(2) An average human being consumes 100 times more air than food

(3) An average human being consumes equal amount of food and air

(4) An average human being consumes more food than air

1

An average human being requires. hearly 12 —15 times more air than the food.

What is the number of unpaired electron(s) in the highest occupied molecular orbital of the following
species : Ny; NJ; 0,; 032

(1)2,1,0,1 (2)0,1,0,1 (3)0,1,0,1 4)2,1,2,1

2

sk

*
Nr=06 5,6 7,06 5,0_ 5,1 =T Ne
e B T ) ) )

2
no. of e present in Homo =0
* *

N' =¢o ,0 7,0 9,0 9,7 =T ,C
2 15271827 2527 2527 2px? T 2py? 2P

no. of unpaired e~ present in HOMO =1

* *
O,=6 5,6 »,0_5,0_+5,0 , 7T =T , ¥ =n*
27 P52 1527 T 0s2 U052 T op 2 Topx? T 2py? T 2pxd 2py!
no. of unpaired e” present in HOMO =2
% *k
0"=6 5,6 »,6_5,6_ 1,0 ,TC =T ,m* =7*
2 182182 2827 0827 T ops2 opx? T 2py?’ T 2pxd 2py0

no. of unpaired e present in HOMO = 1

The metal which is extracted by oxidation and subsequent reduction from its ore is:
(1) Ag (2) Fe (3)Cu (4) Al
1

4Ag(s)+8CN (aq)+2H,0(aq) +O,(g) — 4[Ag(CN), ], +40H (aq)

2[Ag(CN), ], +Zn(s) —> 2Ag(s) +[Zn(CN) A2

(aq)

59



50.

Sol.

51.

Sol.

52.

Sol.

™ collegebatch.con

Choose the correct colour of the product for the following reaction.

(1) White (2) Red (3) Blue (4) Yellow
2
Red
Section: B
Following figure shows spectrum of an ideal black body at four different temperatures. The number of

correct statement/s from the following is

Tl

Energy distribution —

Wavelength —»
AT, >T,>T,>T,
B. The black body consists of particles performing simple harmonic motion.

C. The peak of the spectrum shifts to shorter wavelength as temperature increases.

T, T, T
D. =+ = -2 =2 % constant
V1 U2 U3

E. The given spectrum could be explained using quantisation of energy.
2
AT, >T;:>T,>Ty
(C) The peak of the spectrum shift to shorter wavelength of temp. Inc.
The number of units, which are used to express concentration of solutions from the following is
Mass percent, Mole, Mole fraction, Molarity, ppm, Molality
5
Conc. Express in — mass percentage

— mole fraction

— molarity

— PPM

— molality
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The number of statement/s which are the characteristics of physisorption is

A. It is highly specific in nature

B. Enthalpy of adsorption is high

C. It decreases with increase in temperature

D. It results into unimolecular layer

E. No activation energy is needed

2

(C) It decreases with increase in temperature

(E) No activation energy is needed

Sum of 7 - bonds present in peroxodisulphuric acid and pyrosulphuric acid is:

8

Peroxodisulphuric acid (H2S205)
9

HO—S—O—O—%—OH

Il I
@) O

Pyrosulphuric acid (H2S207)

P 0

HO-S-0 —-S-OH
I Il
0] O
7t bond =4

total tbond=4+4=28

If the pKa of lactic acid is 5, then the pH of 0.005M calcium lactate solution at 25°C is
x107! (Nearest integer)

H

Lactic acid Cll; —C — COOIl

(l)ll
85
Ca(Lac), ——>Ca™ +2lac”
5%107 5107 102 M

Salt of strong base weak acid salt

1 1
H=7+ —pka+ —logc
p 2p 2 g

:7+l><5+110g1072
2 2

=74+25-1=8.5

=85x 107!
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The total pressure observed by mixing two liquids A and B is 350 mmHg when their mole fractions
are 0.7 and 0.3 respectively. The total pressure become 410 mmHg if the mole fractions are changed
to 0.2 and 0.8 respectively for A and B. The vapour pressure of pure A is mm Hg. (Nearest
integer) Consider the liquids and solutions behave ideally.

314

XaPS +X,,PS =P,
0.7P; +0.3P5 =350
0.2P +0.8P3 =410
. Py =314torr

The number of statement/s, which are correct with respect to the compression of carbon dioxide from

point (a) in the Andrews isotherm from the following is

Pressure —

Pl e

Volume —

A. Carbon dioxide remains as a gas upto point (b)
B. Liquid carbon dioxide appears at point (c)
C. Liquid and gaseous carbon dioxide coexist between points (b) and (c)

D. As the volume decreases from (b) to (c¢), the amount of liquid decreases

pt \\/v Critical

Isotherm

At

(a) > CO; exist as gas

(b) — liquefaction of CO> starts

(c) — liquefaction ends

(d) » CO; exist as liquid

Between (b) & (¢) — liquid and gaseous CO> co-exist.

As volume changes from (b) to (c) gas decreases and liquid increases.
(A), (C) > Correct

62



58.

Sol.

59.

Sol.

60.

Sol.

™ collegebatch.con

Maximum number of isomeric monochloro derivatives which can be obtained from 2, 2, 5, 5

tetramethylhexane by chlorination is

3
C C C
| | Cla/hv | |
C—ﬁl—C—C—le—CHC—C'—C—C—(lZ—C—CI
C C C C
_|._
C C
| *
C- C| -C- (|3 - (li -C
C Cl ¢
(R +S)
Total number of tripeptides possible by mixing of valine and proline is
8

(1) P—P-P 2)v-v-v. 3)P-Vv-v. (4 V-P-V  (5)V-V-P  (6) V-P-P

(7)P-V-P  (8) P-P-V

One mole of an ideal monoatomic gas is subjected to changes as shown in the graph. The magnitude
of the work done (by the system or on the system) is J (nearest integer)

1.0

Pressure (bar) —

6

[>II — Isobaric

IT — III — Isochoric

IIT - I — Isothermal

W, =-1[40-20]=—-20Litatm

Wi =0

v
W,y ; =2.303nRt log 72
1

= 2.303PV10g&
Vi

=2.303(1x20)log2
=2.303x20x0.3010=13.818
W total =— 20 + 13.818 = (- 6.182 lit alm) = 6.182 lit alm
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Mathematics
SECTION - A
61. If, f(x)=x3—x*f'(1)+xf"(2)—1f"(3),x R then
(D) (D) + £(2) + £(3) = £(0) (2) 2f(0) — (1) + £(3) ={(2)
(3) 3f(1) + £(2) = f(3) 4) f(3) — (2) = f(1)

Sol. 2

fx)=x>-x> (1) +x '(2) - " (3)

fx)=x—ax’*+bx—c

f(x) =3x>—2ax+b

f'(x) = 6x —2a

f"(x)=6

f"3)=6

f(1)=3-2a+b=a=3a=b+3

f'2)=12—-2a=b=2a=12-Db
a=3,b=6

f"3)=6=c

fx)=x>-3x>+6x—6

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

f(1)=-2 f(3)=12

62.  If the system of equations
X+2y+3z2=3
4x+3y—4z=4
8x+4y—-Az=9+p

has infinitely many solutions, then the ordered pair (A p) is equal to :

o575  oFF-3) oE-3)  @EI)
Sol. 3

Planes are not parallel

(X +2y +3z2-3) +a(4x + 3y —-4z-4)

=8Xx+4y-22-9-u=0

l+4a=2+3a=3—4a=—3—4a

8 4 A -9-pn

(i)1+4a=4+6a
-3
2

a=
9

-2

.. 2 3+6
i) —2=222
(i) 4 A
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63.

Sol.

64.

Sol.

“A=—x2
-5
=12
5
(iii) > -4
8 9—n
5 3-6
8§ -9-n
24
9_p=——=
=75
45424
5
_21
H=5

2x

If, thenf(x)= 2 —x < B, then f(—) + f(5==) + -+ f(

22x 4 o’ 2023 2023
(1) 1011 (2) 2010 (3) 1010
1
4X
f =
) 4% +2
4
x 4 2
fl-x)=—4 - =
(1-x) jg+2 44245 244%
4X

f(x) + f(1-x) = 1

™ collegebatch.con

2022\ .
—) is equal to
2023

(4) 2011

Let d = 4i+ 3]+ 5k and § =i+ 2j—4k. Let B, be parallel to @ and f, be perpendicular to d. If § =

B, + B,, then the value of 56, - (i +j + k) is
(1) 7 ()9 ()6
1

(4)11
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65.

Sol.

_[ 4+6-20 J(4,3,5)

(J16+9+25 ) 50
—-10

_5_0(4’315)

= —4,-3,-5

B1:( )

5
Bl +Bz_ = (1’2;_4)

B, =(1+ﬂ,2+§,—4+1j
5 5

1
Bz = (25_37_3j
55

5B, =(9,13,-15)
258y +(1L,1,1)=9+13-15
=7

™ collegebatch.con

Let y = y(x) be the solution of the differential equation (x? — 3y?)dx + 3xydy = 0,y(1) = 1.

Then 6y2(e) is equal to

(1) 2e?
1

(x* = 3y?)dx + 3xydy = 0

g_3y2_X2
dx  3xy

y =vVx

dv 3v’x*-x*
X—=t———

v+
3vX

dv 3v®-1
X— =
dx 3V

V+

2
Xd_y:3V _l_Vj__l
dx 3V 3v
3vdv = S
X

2

3v

2

3y
2x

=-Inx+C

T =-Inx+C [y(1)=1]

(4)Ze?
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66.

Sol.

67.

Sol.

c=3
2
2
3y :§lne =lnx
ox? 2

~.3y” =3x"Ine-2x*Inx

x=¢e 3y?=3e’lne - 2¢e’ne

=e¢? Ine
6y = 2¢?

™ collegebatch.con

The locus of the mid points of the chords of the circle C;: (x — 4)? + (y — 5)? = 4 which subtend an

2

angle 0, at the centre of the circle C,, is a circle of radius r;. If 6; = 2,63 == and r} = r3 +r3, then 0,

is equal to
OF 23
2

(4.5)
240
N
r, = 2c0s30°
r, = 2¢0s60°

3=r22+1:>r2=J§

2c0s0 = 2, 9:2

T
0, ==
2

3

32 OF:

The number of real solutions of the equation 3(){2 +i2j—2[x+lj+5 =0, is
X

(1) 0 2)3
1

O

3t2-2t—1=0
32 -3t+t—1=0
Gt+1)(t-1)=0

X

(3)4 42
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68.

Sol.

69.

Sol.

70.

Sol.
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Let A be a 3 x 3 matrix such that |adj(adj(adjA))| = 12* Then |A™*adjA| is equal to
(1) V6 2) 2V3 3) 12 ) 1
2
ladj(adj adjA)| = [a[") =12*
AP = (12)*

1

A=(2)2

~|AT -adi(A) =|A7!|x[adjA|

3V3
48

4
fﬂ V9—-4x2
2

dx is equal to

(1) 2x ()2 (3)2 )2
1
w %
48J- dx :ﬁs. _1{2_)(} 4
33 9—4x° 2
4
5 ¥
a1 B g L]
—24{sm 2 si \E}
_24[5—5}271
3 4

The number of square matrices of order 5 with entries form the set {0, 1}, such that the sum of all the
elements in each row is 1 and the sum of all the elements in each column is also 1, is

(1) 125 (2) 225 (3) 150 (4) 120

4

_:—>5C1 x4C1 x3C x2Ci x 'y

_ _mm_

SCIxC1x3C I x2Cix ¢y
=120
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71.  If (30C1 )2 +2(3°C2 )2 +3(3°C3 )2 +....+30(3°C30 )2 =%3!2then ais equal to :

(1) 30 ) 10 (3) 60 4) 15
Sol. 4

C} +2C5 +3C3...+30C3,

S=0C} +1C? +...+30C3,

S =30C3, +29C3 +...+0C]

28=30[ G5 +C] +..+C3, |

. |
S=15x 0y, =20 o 15

(301)*

72. Let the plane containing the line of intersection of the planes P1:x + A+ 4)y +z=1 and P2:2x + y +
z = 2 pass through the points (0,1,0) and (1,0,1). Then the distance of the point (2A,A, —A) from the

plane P2 is
(1) 4v6 (2) 3V6 (3) 5V6 (4) 2v6
Sol. 2
[x + (A +4)y + z—1] + p[2x+y + z— 2] =0
(0,1,0)
H+t4-1)+yu-1]1=0
A—p=-3

(1,0,1) (i) 1+ p[1] =0=p=-1,1=-4
. point (—8,4,4);2x +y+z—-2=0
d:‘—16—4+4—2‘:£:3\/g

V6 V6

73.  Let f(x) be a funciton such that f(x+y)=f(x)-f(y) forall x,y € N. Iff(1)=3 and Zf(k) =3279,
k=1
then the value of n is

(19 ()6 (3)8 47
Sol. 4
f(x +y) = f(x).f(y), x,yeN
f(2) = 32
3"
f(3) =33 3% =3279
3"~ 1=1093x2
3"-1=2186
3"=2187
n="7
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74.

Sol.

75.

Sol.
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Let the six numbers ay, a, a3, as, as,ag, be in A.P. and a; + a; = 10. If the mean of these six numbers

. 19 . . . .
is > and their variance is 0®, then 80° is equal to :

(1) 210 (2) 220 (3) 200 (4) 105
1
at(a+2d)=10=>a+d=5 (1)
E[2a+5d] 19
Mean = =—
2a+5d=19 -.(2)
from (1) and (2)

3d=9=d=3;a=2
2
o2 = EX_(xy

n

2245748 4112 +147 4170 (19
6 2
_ 699361

6 4
233 361

2 4
862=932-722=210

The equations of the sides AB and AC of a triangle ABC are (A\+ 1)x+Ay =4 and AXx+ (1 - )y +A=0
respectively. Its vertex A is on the y - axis and its orthocentre is (1,2). The length of the tangent from
the point C to the part of the parabola y? = 6x in the first quadrant is :

(1) 4 (2) 2 (3) V6 (4) 2v2

4

O+ 1)(1-2)X + A(1-1)y = 4(1-1)
22X + AM1-L)y = A2

(1-22 —A2)X = 4 —41+22

(1 - 202)x = 4 — 4% + 22
70



76.

Sol.

(pv(prq)

X=0=>A=2

AB:3x+2y=4
A(O,2)
AC:2x-y+2=0

CH_LAB

K2

3b-6=2a-2 Also 2a-b+2=0
3b—-2a=4 b=2a+2
6at6=2a+4 C(—%,l]
4da=-2
a=_—1,b=1
2
y? = 6x
d P

(Gt+ 1)(t-1)=0
t=1

P[%Jj .'.d:\/(%+%j2+(3—1)2

=J4+4 =22

™ collegebatch.con

Let p and q be two statements. Then ~ (p A (p =~ q)) is equivalent to

2)pv(PA(~q) 3)(~p)vq 4)pv((~p)AQ)
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77.

Sol.

78.

Sol.
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PA(P=~q) P->q
PA(~Pv~q)

.. Its negation will be
~Pv[PAq]
~[~PVP]a[-Pvq]

= ~Pvq

The set of all values of a for which lim,_,([x — 5] — [2x + 2]) = 0, where [x] denotes the greatest
integer less than or equal to « is equal to

(1) [=7.5,—6.5) (2) [=7.5,—6.5] (3) (=7.5,—6.5] (4) (—=7.5,-6.5)

4

lim ([x]—S—[2X]—2) =0

X—>0

lim ([x] —[Zx]) =7

X—>a

[a]-[20]=7
Ifa=-7.5 [-7.5]=-8
[-15]=-15 —8+15=7
Ifa =-6.5 [-6.5]=-7 -7+ 13 =6
[-13] = -13
ae(-7.5, -6.5)

If the foot of the perpendicular drawn from (1,9,7) to the line passing through the point (3,2,1) and
parallel to the planes x + 2y +z = 0 and 3y — z = 3 is (a,B,v), then a + B + vy is equal to

()3 21 ) -1 (OR
4
n, =(1,2,1)a, =(0,3,-1)
i)k
P={1 2 1|=i(-5)-j(-1)+k(3)
0 3 -1
=(-5,1,3)
line : —3_y_—2:z—l:x
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79.

Sol.

80.

Sol.

(1.9.7)

H———» (-5.1.3)
(35X 2+A,1+3%)

2-51). -5+ (-7).1+(326).3=0

250, —10+2—-7+91—-18=0

35L=35

r=1

.. Point is (-2,3,4)

atpB+y=5

™ collegebatch.con

The number of integers, greater than 7000 that can be formed, using the digits 3,5,6,7,8 without

repetition, is

(1) 168 (2) 220 (3) 120
1
C-1 o o0 0 0o

2x4x3%x2 =48

C-2 55 digit nos) = %

1+sin2—”+icosé 3
The value of (%) S

1+sm?—|cos?

(1) -3(/3-1)
1

(2) -3 (1-V3) 3)3(1-V3)

T 21

2 9
_95-4n _S_Tc
18 18

50 .. 5m
1+cos—+isin—
18 18

= S0 .. 5w
14+cos— —isin—
18
3
Sn
2cos’ on +2i sins—n.cosS—Tc 36
_ 36 3 36 €
S
2 cos? ST 2isin ST cos ST e"%
36 36 36
(5 5m
2T
:e(lsj :e(ﬁj
St . i
cos—n+1s1ns—Tc =—ﬁ+l
6 6 2 2

(4) 48

OEEED
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SECTION B
81.  If the shortest distance between the lines %@ = %E = # and XT_A = %E = @ is 6 , then the square

of sum of all possible values of A is
Sol. 384

P(—/6,6,6) Q(2.2v6,-216)

0, =(234)  0,=(3,45)

A

i)k
moxi, =2 3 4/=i(-1)-j(-2)+k(-1)
3 45
=(-1,2,-1)
i @.(_1’2’_1) _(k+\/€,\/g,—3\/g)o(—l,2,—l)
TR N
:—X—J€+2\/€+3\/3|:6
Eo
:‘—k+4J€‘:6\/€
) r+afo=6J6 ) r-4J6=6V6
A=-26 r=104/6
~(8V6 )2 = 384

82. Three urns A, B and C contain 4 red, 6 black; 5 red, 5 black; and A red, 4 black balls respectively. One
of the urns is selected at random and a ball is drawn. If the ball drawn is red and the probability that it
is drawn from urn C is 0.4 then the square of the length of the side of the largest equilateral triangle,
inscribed in the parabola y? = Ax with one vertex at the vertex of the parabola, is

Sol. 432

4R 5R 4R
6B 5B 4B
A B C
LIV
P(Red from C)= 3 A+4

1 » 1 4 15
_—t—e— 4 ——
3 A+4 310 310
A

A+4
ro9
74_7
A+4 10

74



10M 4

e QS
10A+9(A+4) 10

= 100A =401 + 36\ +144

24) = 144
A=6
at®,2at
30°
\
m=2=-1
t B
t= 23
P(12a,44§a)

(Side)? = 144a° + 48a?

= 192x2 =432
4

83. LetS ={6 € [0,2m): tan(mcos 0) + tan(msin B) = 0}.

Th in”| 0 E)’ 1t
en  sin ( +7 | is equal to

Oes
Sol. 2
tan(mcos0) = tan [—nsin 6]

ncosO=nn — sSind (nel)

C0sO + sinf =n

ne[—\/i,\/i] ne{-1,0,1}

i 1 i
0—= |=— 0——1=0
cos( j Nk cos( j ,

6—E=2mniE,O—E:2mn +Z ,
4 4 4 2

9:2mﬂ:+£, 9=2m71:+3—n,
2 4

0=2mn,

Sl L

cos(@—zjz
4
G—E:Zmrci3—n

0=2mn+n

6=2m7t—E
2
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-1 -1

sin[€)+2j—L L ——
4) 272°2°\2

.'.Zsinz(e+§):%+%+/f+%+%:2 Ans.

13+23+33+---up tonterms 9 .
84. If [5+253 7 uptonterms — 5 then the value of n is
Sol. 5
2
n(n+1)
)
Zr(2r+1)
n’ (n+1)2
- 4
2n(n+1)(2n+1) . n(n+1)
6 2
n(n+1) n(n+1)
4 4 9
= = ==
2+l 17 (4n+5) 5
3 2 6
3(n+1)n 9
= =
2(4n+5) 5

= 50’ + 5n=24n + 30
=50 -19n-30=0
5n>—25n+6n-30=0
Gn+6)(n-5)=0

n=>5

™ collegebatch.con

85.  Let the sum of the coefficients of the first three terms in the expansion of (x - Xiz)n,x #0.ne N, be

376. Then the coefficient of x* is
Sol. 405
"Cy— "C,- 3+°C,-3?

1-3n+ @:376

2 —6n+9n>—9n="752
9n?—-15n-750=0
3n’-5n-250=0

3n? - 30n+25n—250=0
Bn+25)(n-10)=0
n=10
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L (-3Y
Tr+1 = IOCr(X)IO (Tj

X
x!03r=x*=3r=6
r=2

LT, =1, x 32 = 109

x9 =405

86.  The equations of the sides AB, BC and CA of a triangle ABC are : 2x +y = 0,x + py = 21a,(a # 0)

and x — y = 3 respectively. Let P(2,a) be the centroid of A ABC. Then (BC)? is equal to
Sol. 122

A(1.-2)

B(a. 2a) x+Py=2la C(p+3, B)
%Mzz _2O‘g2+B=a
at+tp=2 2a+pB=3a+2
—20+2-a=3a+2
o=-a
put 'B'in BC
o—2pa=2la
o.(1 -2p)=2la 2p—1=21
p=11
put'C'in BC
B+3+11B=2la
2la+ 12 +3=0
alsofp=2-a Solving aa=-3,B =5
- BC = V122
BC?=122
87. Leta=i+2j+Akb=31—5j-Akd-¢=72b-¢+43=0,3x¢=bxCc. Then |3-b] is equal to

Sol. 8
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c=X [—2, 7, 2%] = (—2X, 7x,2kx)

now, a.c=-2x+14x+2A*x=7

22X+ 12x =7 (1)
b-T = —6x —35x — 2A2x =?
—41x—2k2X:§ (2

by adding (1) + (2)

—29)(:_—29:>x:l
2 2

A+ 6=7 =i=1

[a-b[=[3-10-27|=|-§

88.  The minimum number of elements that must be added to the relation R = {(a, b), (b, c), (b,d)} on the

set {a, b, c, d} so that it is an equivalence relation, is

Sol. 13
a |b|c |d
a |1 |v |8 |9
b |5 |2 |V |V
c |[10]6 |3 |11
d [12]7 |13 |4

1,2, 3, 4 — for reflexive

5, 6,7 — for symmetric

8,9,10,11, 12, 13 — for transitive

89. If the area of the region bounded by the curves y2 — 2y = —x,x + y = 0 is A, then 8 A is equal to
Sol. 36

y-2y+1=-—x+1 x+y=0

(y=1)* = <(x-1) X+1+y+1=0

y? = —4Ax xty+2=0

y=y-1

x=x—1

Y=

Xt+ty=-2

—X
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90.

Sol.

y=y+2
V-y-2=0
y2)(y+DH=0
y=2,y=-1

l(0,2)
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Let f be a differentiable function defined on [Og] such that f(x) > 0 and

f(x) + J f(t)y/T— (log, f(©))2dt = e, vx € [0,%]. Then (6loge f(E))Z is equal to

£1(x)+£(x)-\1-log? £(x) =0
% =—y\[1-log’y
f(0)=¢

dy
yyl-log’y
logy=t
ldy =dt
y

dt

J1-¢2
Sin"!(t)=—=x+C
Sin"'[logy] = =x + C

= —dx

=—dx
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x=0 Sin()=C= g

log(y) = smG-XJ

=il 7)) = o5y
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JEE-MAIN EXAMINATION — JANUARY, 2g§3i23 collegenatch.con

(Held On Thursday 25th January, 2023)

TIME:9:00 AMto12:00 NOON

Physics
SECTION - A
1. Match List [ with List II

List I List II
A. Surface tension | I. kgm™!s7?!
B. Pressure II. kgms™?
C. Viscosity III. kgm™* s72
D. Impulse IV. kgs™2

Choose the correct answer from the options given below:

(1) A-I1, B-1, C-IT, D-IV
(3) A-III, B-1V, C-I, D-1I
Sol. 2
. F M 1
Surface tension (S) = T —>kgs—2.— —>Kgs?
Impulse (J) = J.th —->N-S

—Kgms™.S

— Kgms™!
F
Pressure (P) = " — Kgms?, m~
— Kgms!s?

F
Viscocity (1) = ——

(2) A-1V, B-IIT, C-1, D-II
(4) A-IV, B-IIT, C-1I, D-1

6mnrv
k -2
N &54
m.ms
—kgm's!
2. The ratio of the density of oxygen nucleus ( 3°0) and helium nucleus (4He) is
(1) 4:1 (2) 2:1(3) 1: 1(4) 8: 1
Sol. 3
M 4 )
p=— and V=—mr' whenr= R A"
v 3
. p —_— M
inRgA
3
M
poc —
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3. The root mean square velocity of molecules of gas is
(1) Inversely proportional to square root of temperature < \/;)

(2) Proportional to square of temperature (T?)
(3) Proportional to temperature (T)
(4) Proportional to square root of temperature (vT)

Sol. 4
v - 3RT
MO
SV o \/f
4. Match List [ with List II
List | List 11
(Current configuration) (Magnitude of Magnetic Field
at point O)
) L By=2ol[r4g
A. AN > drr
1 1
I
‘ T
B / Y/ ?( ) 4 r
\ E r
4
/,.-j . B, = f)i’i[x -1]
£ ,0 i
e % i :
I
o
pr / |\Y — ﬁi r+1
D. 1 r/ I} . B“ o [ ]
Choose the correct answer from the options given below :
(1) A-II1, B-1, C-1V, D-II (2) A-IL, B-I11, C-1V, D-1II
(3) A-IIL, B-1V, C-1, D-II (4) A-I1, B-I, C-1V, D-III
Sol. 1

(A) B= “_lez_“_ol
4nr 2r

_ E(l_lj
2r\ m
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pl
= (1=
27‘(:1‘( ) ©
- “—(n—l) ®
r

(B) B=“—°I><TE+H—OI><2
I
=P i) 0
4mr

© B=Hl oMl
4nr 4nr

I
Moy @
4nr

o B="0
4r

5. A message signal of frequency 5kHz is used to modulate a carrier signal of frequency 2MHz. The bandwidth

for amplitude modulation is:

(1) 20 kHz (2) SkHz (3) 10kHz (4) 2.5kHz
Sol. 3
Bandwidth = 2 x highest of base band frequency
=2x5=10kHZ
6. An object of mass 8 kg hanging from one end of a uniform rod CD of mass 2 kg and length 1m pivoted at its

end C on a vertical walls as shown in figure. It is supported by a cable AB such that the system is in equilibrium.
The tension in the cable is:
(Take g = 10 m/s?)

(1)90 N (2)30N (3)300N (4) 240N
Sol. 3

The rod is in equilibrium. So, net torque about any point will be zero.

1. =0

Mg x 50 + 80 x 100 = Tsin30° x 30
83
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20 x 50 + 80 x 100:% x 60
T= 200 _ 300 N
3
&
A 1 Tsin30°
f 30°0™
o}’ i =
1 To0e : o
> |
.50 i
1 60cm 40cm
Wall /] e -
p 8kg i
7. Given below are two statements : one is labelled as Assertion A and the other is labelled as Reason R

Assertion A: Photodiodes are used in forward bias usually for measuring the light intensity.
Reason R: For a p-n junction diode, at applied voltage
V the current in the forward bias is more than the current in the reverse bias for |V,| > +V >
|Vy| where V, is the threshold voltage and V, is the breakdown voltage.
In the light of the above statements, choose the correct answer from the options given below
(1) Both A and R are true and R is correct explanation A
(2) Ais false but R is true
(3) Both A and R are true but R is NOT the correct explanation A
(4) A is true but R is false
Sol. 2

Photo diodes are not used in forward bias.

8. In an LC oscillator, if values of inductance and capacitance become twice and eight times, respectively, then
the resonant frequency of oscillator becomes x times its initial resonant frequency w,. The value of x is:
(14 (2)1/16 (3) 16 (4) %
Sol. 4
1
0= ——

JLC
o _ |LC, _\/ZL.SC 4
®, \LC, LC

W, =—=—
P4 4
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9, A uniform metallic wire carries a current 2A, when 3.4 V battery is connected across it. The mass of uniform
metallic wires is 8.92 x 107 kg density is 8.92 x 10° kg/m?® and resistivity is 1.7 x 10 Q — m. The length of
wire is:

(Hl1=10m (2)I =100 m 3)l=5m (4)1=68m
Sol. 1
Q=i 0

|
" 3.4v

Given, 1=2A
v=34v
v=iR

v 34

R=—=—=1.7Q
1 2

mass  8.92x 107

— = 3 m’ =10"°m’
Density 8.92x10

volume =

= Ar=10°m’ (i)

—=10" (i)

eq(i)
eq(ii)
7?=10%

/=10m

10. A car travels a distance of ' x  with speed v, and then same distance ' x ' with speed v, in the same direction.
The average speed of the car is:

() o2 @55 @)y Ok

v1+v; v1+v; 2(v1+v3)
Sol. 1

_ total Distance
Total Time

avg
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Sol.

12.

Sol.

2x

X X
7+7
Vl V2

_ 2vv,

vV, +V,
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A car is moving with a constant speed of 20 m/s in a circular horizontal track of radius 40m. A bob is suspended

from the roof of the car by a massless string. The angle made by the string with the vertical will be: (Take g =

10 m/s?)
(1) 3 (2) 5

3

Tcos6=mg (i)

mv

Tsin® = il
R _ (i)

eq(i) cos® gR
eq(ii) sin®  v?
v 400

tan0=—= =
Rg 40x10

0="
4

) <

A bowl filled with very hot soup cools from 98°C to 86°C in 2 minutes when the room temperature is 22°C.

How long it will take to cool from 75°C to 69°C?

(1) 1 minute (2) 1.4 minutes (3) 0.5 minute

2
According to NLC,
de
o
%:K(%;%—zzj
=6=K(92-22)=Kx70
6

=K= o (i)

ko

(4) 2 minutes
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Now, 2= 0 [*D_»
o, 700 2

6
= —x(72-22
20¢ )

6x70
t, =
6x50
7 =1.4min
5
13. A solenoid of 1200 turns is wound uniformly in a single layer on a glass tube 2m long and 0.2m in diameter.
The magnetic intensity at the center of the solenoid when a current of 2A flows through it is?
(1) 2.4 x 103 Am™ (2)12x103Am™!
(3)24%x103Am™! (4)1Am™
Sol. 2

B = ponl and n=$=600

Magnetic field intensity H = B - 600 x2=1200=1.2x10* Am!
Ho

14. In Young's double slits experiment, the position of 5 bright fringe from the central maximum is Scm. The
distance between slits and screen is Im and wavelength of used monochromatic light is 600 nm. The separation
between the slits is:

(1) 48um (2)36um (3)12um (4) 60um

Sol. 4
5p=35cm
=pB=1cm

}\‘_D:

lem= m

1
100
=d=600x 107 x 100 X 1
=60x10°m
=60 um

15. An electromagnetic wave is transporting energy in the negative z direction. At a certain point and certain time
the direction of electric field of the wave is along positive y direction. What will be the direction of the magnetic
field of the wave at the point and instant?

(1) Negative direction of y (2) Positive direction of z

(3) Positive direction of x (4) Negative direction of x
Sol. 3

B Lr E and Direction of propagation is given by

ExB.

3 xi=—k
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Sol.

17.

Sol.

18.

Sol.
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A parallel plate capacitor has plate area 40 cm? and plates separation 2mm. The space between the plates is
filled with a dielectric medium of a thickness 1 mm and dielectric constant 5. The capacitance of the system is:

(1) 24¢, F )& F )& F (4) 10¢, F
2
A G,
Ci= 8; ~ G
A | _»40 cm’
Cz =K %o = Kso
d N
Ceq CC, _CyxKC, _KC, s
C +C, [K+Dg, K+1

_ 5xg,x40x10™*

1x10° x6 Imm Imm

10
= —¢,F
3 0

Assume that the earth is a solid sphere of uniform density and a tunnel is dug along its diameter throughout the
earth. It is found that when a particle is released in this tunnel, it executes a simple harmonic motion. The mass
of the particle is 100 g. The time period of the motion of the particle will be (approximately)

(Take g = 10 m s~2,radius of earth = 6400 km )

(1) 12 hours (2) 1 hour 40 minutes

(3) 24 hours (4) 1 hour 24 minutes

4

Inside earth, force is given byF = — GMemx

R3

GM,
RS

And go(on surface of earth) =

m
o F =9,
Re

sa=-2x

Re
om B
Re
:T=21TE=21T /%:103:2><3.13><8><10256c=5024sec=1.4hr
0

T = 1.4 hr = 1 hr 24 minutes

Electron beam used in an electron microscope, when accelerated by a voltage of 20kV,hasade—
Broglie wavelength of A,. If the voltage is increased to 40kV, then the de-Broglie wavelength associated with
the electron beam would be:

(1) 340(2) 2(3) 22(4) 94

3
A_E_ h _ h
p 2mK 2meV
1
=>la—=
VvV
A V;
=1 _ (22
Az Vi
Ao 40
=>== [—= 2
Az 20 e
4o
=>/12=\/_7
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19. A Carnot engine with efficiency 50% takes heat from a source at 600 K. In order to increase the efficiency to
70%, keeping the temperature of sink same, the new temperature of the source will be :
(1)300K (2) 900 K (3) 1000 K (4) 360 K
Sol. 3
— Ty
n=1-2

0.5=1—%:TL=(1—0.5)><600K=300K
300

Now 0.7 =1 —=—
T:

2

300 _ _ 300

=037, =2=1000K
T, 0.3
20. T is the time period of simple pendulum on the earth’s surface. Its time Period becomes x T when taken to a
height R (equal to earth’s radius) above the earth’s surface. Then, the value of x will be:
1 1
1)4 2)2 3) — 4) —
) ) @) 7 ) 2
Sol. 2

T =2n / !
geff

GM __ GM _ go
And geff above earth’s surface= (R+h)2 T 4R2 T 4

SECTION - B

21. A uniform electric field of 10 N/C is created between two parallel charged pates (as shown in figure). An
electron enters the field symmetrically between the plates with a kinetic energy 0.5¢V. The length of each pate
is 10 cm. The angle (0) of deviation of the path of electron as it comes out of the field is (in degree).

>
FFFFFFF 4+ /_/H

Sol.  45°

«— 10cm ——
Force due to electric field is given by F = qE
89



22.

Sol.

23.

Sol.

™ collegebatch.con

~F=¢eE
eE
Sa=—
m
The electron will take a parabolic path i.e., projectile motion.

Here, s, = 10cm = 0.1m

Now vy, = u, +a,t
eE _ 0.1 ..
=>vy—0+;><u—————(u)

X

1 1
Also KE = - mv? = > mu?

mu?2 =2xKE =2x0.5e =e——— —(iii)

NPT _v_y_g E i_O.leE_O.leE_ _
From eq (i),(ii) and (iii), tanf = e e X T e = 01x10=1
> tanf =1
o @ =450

The wavelength of the radiation emitted is A when an electron jumps from the second excited state to
the first excited state of hydrogen atom. If the electron jumps from the third excited state to the second

. - . . 20 .
orbit of the hydrogen atom, the wavelength of the radiation emitted will be =2, . The value of x is
X

27

’ . . 1
Bohr’s energy is given by E = —13.6 x = for hydrogen atom.
And E = %

st s hc _ l _ l _ i _____ .
For 1% condition, o 13.6 (4 9) =13.6 X O]

nd oL hc _ 1 1) _ 3 .
For 2™ condition, - =136 (Z - E) =136X—————- (ii)

Dividing equation (i) by (ii),
A_ 5, 16_20
Ao 36 3 27

As shown in the figure, in an experiment to determine Young's modulus of a wire, the extension-load curve is
plotted. The curve is a straight line passing through the origin and makes an angle of 45° with the load axis. The
length of wire is 62.8cm and its diameter is 4 mm. The Young’s modulus is found to be x x 10* Nm™.

The value of x is

5
From graph, tan45° = %

>Z=1-———()

. . Fl l F l
Also, Young’s modulus is givenby Y = —=-x—=-x1
AAL A Al A
1 _ 628x1072
T mx4x1076

~Y = =5x%x10* Nm™?

A
~x=15
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25.
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Icm is the moment of inertia of a circular disc about an axis (CM)passing through its center and
perpendicular. To the plane of disc. 155 is it' s moment of inertia about an axis AB perpendicular
to plane and parallel to axis CM at a distance §R from center.

Where R is the radius of the disc. The ratio of 1,5 and Iy is x: 9.

The value of x is

M D
17
I __ MR?
M=,
MR? 2 \2 MR? 4MR? 17MR?
IAB=—+M(_R) =—+ =
2 3 2 9 18

. Iag 17
As per question, == = —
perq *Iem

9
.'.x:17

An object of mass ‘m’ initially at rest on a smooth horizontal plane starts moving under the action of force F =
2N. In the process of its linear motion, the angle 0 (as shown in figure) between the direction of force and

horizontal varies as 6 = kx, where k is constant and x is the distance covered by the object from the initial

positon. The expression of kinetic energy of the object will be E = Esin 0, The value of nis

F
/7.
—_— e— —_—

Smooth horizontal surface

\

2
/,'}/ T FsinO il
? /Aie Fcoso
i 7
mg
F, = 2coskx

F, = 2sinkx —mg
According to Work Energy Theorem, AK = AW
Taking motion only along horizontal direction(X) i.e., linear motion as mentioned in question, AK = fox E, dx

K: — K; = fOxZCOSkx dx =
Hence K; = 0, Kf =

sn=2

2sinkx

2sinkx
k

91



™ collegebatch.con

26. An LCR series circuit of capacitance 62.5nF and resistance of 5002, is connected to an A.C. source of frequency
2.0kHz. For maximum value of amplitude of current in circuit, the value of inductance is mH.
Take % = 10)
Sol. 100
At maximum current, there will be condition of resonance.
1
SO, w = ﬁ
> =L 1 H = 0.1H = 100mH

W2C  4XmZx4x106x62.5x10~2

27. The distance between two consecutive points with phase difference of 60° in a wave of frequency
500 Hz is 6.0 m. The velocity with which wave is traveling is km/s
Sol. 18
Ap =2 Ax
T 21
= g 7 X 6
= A=36m

Now v = fA =500 x 36 m/s = 18000 m/s = 18km/s

28. In the given circuit, the equivalent resistance between the terminal A and B is Q.
2
A 30 2Q 4Q
¢ B Prmm—(m—“ININT NN VA

(R

T~

[
VAN
o

| L
I
WA

602 4Q

Sol. 10
Due to short circuit, 3 resistances get vanished from the circuit.

The circuit is
3Q 20

A AAMAAA AAMAAA

YYVVYY VYYVVY

AAAAAA
YYYVYY
3

B e AWy
6Q2
R,y =3+3+1=10Q
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29, If P =3i++3j+2kand § = 4i + v3j + 2.5k then, The unit vector in the direction of P x @ is %(\/?i +j-
2v/3k). The value of x is

Sol. 4
Let C = P x § = 3v/3k — 7.5] — 4V3k + 2.5vV3 + 8f — 2v/3i

1

= - (V3i+] - 2v3k)

2
IC]=-V3+T+12=:x4=2

2 C =% =231+ ]—2v3k)

lcl 4

DY

30. A ray of light is incident from air on a glass plate having thickness 3 cm and refractive index ~/2 . The angle
of incidence of a ray is equal to the critical angle for glass-air interface. The lateral displacement of the ray when
it passes through the plate is x 1072 ¢cm. (given sin 15° = 0.26)

Sol.

) 1 0
= = = 4
sinc=—z=c¢ 5
Using Snell’s law on 1% surface, sinc = V2 sinr
9
. 1
ﬁsmr=5=>r=300

d = tsecr x sin(c — 1) = V3 X % x 0.26 = 0.52cm = 52 x 10~ %2cm
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Chemistry

SECTION - A

31. In the cumene to phenol preparation in presence of air, the intermediate is
O

Of )kCH3
(1) (2) (3) 4)

Sol. 3
O-OH
OH
0O
0 H®/H, O "
2 2 > + /\
Cumene Phenol acetone
hydroperoxide
32.  The compound which will have the lowest rate towards nucleophilic aromatic substitution on
treatment with OH™is
(1 (2) (3) (4)
Sol. 3

Rate of nucleophilic aromatic substitution decrease by e~ withdrawing group

—-NO:. of meta shows -I effect which is less dominating than -M
33. Match List I with List IT

LIST I LIST II
Elements | Colour imparted to the
flame
K I Brick Red

Ca II. Violet

Sr III Apple Green

olo|=|»

Ba IV. Crimson Red

Choose the correct answer from the options given below:
(1) A-I1, B-I, C-III, D-IV (2) A-IL, B-1, C-IV, D-III
(3) A-IV, B-IIL, C-II, D-I (4) A-IL, B-1V, C-I, D-III
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Sol.

34.

Sol.

35-

Sol.

2

Flame Test.

Metals Colour of flame test
K Violet

Ca Brick Red

Sr Crimson Red

Ba Apple Green

Which of the following conformations will be the most stable ?
\ Me H

i Me
H Me H_ I/i\ JH
S Q{;)/ i f
2O \
_ /
H H H/&f/\'ﬂ flg// Vg
H (2) Me (3) .
H
.

Me

oy

"

(1)
2

. ‘
N

Te
Anti position highly stable (bulky group maximum distance)

@collegebqtch.com

The variation of the rate of an enzyme catalyzed reaction with substrate concentration is correctly

represented by graph
(a) b)
8|\
5
Ay ™
(@) ) O Substrate Concentration
(1) (b) (2) (a) (3) (d) ) ()
4
Fact base.
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36. Given below are two statements : one is labelled as Assertion A and the other is labelled as Reason R

Assertion A : Acetal / Ketal is stable in basic medium.
Reason R : The high leaving tendency of alkoxide ion gives the stability to acetal/ ketal in basic
medium.
In the light of the above statements, choose the correct answer from the options given below :
(1) Ais true but R is false
(2) A is false but R is true
(3) Both A and R are true but R is NOT the correct explanation of A
(4) Both A and R are true and R is the correct explanation of A
Sol. 1
Acetal and ketals are basically ether hence they must be stable in basic medium but should break down
in acidic medium.
Hence assertion is correct.
Alkoxide ion (RO") is not considered a good leaving group hence reason must be false.

37. A cubic solid is made up of two elements X and Y. Atoms of X are present on every alternate corner
and one at the center of cube. Y is at % rd of the total faces. The empirical formula of the compound is

(1) XYz5 (2) X3 Y15 (3) Xz5Y (4) Xy5Y,
Sol. 4
Number of X-atom per unit cell = 1+ 4 xé = %
Number of Y-atoms per unit cell = 2x % =1
.. Empirical formula of the solid is X,Y,.
38. Match the List-I with List-II
List-I List-II
Cations Group reagents

A - Pb?*,Cu?* | i) H, S gas in presence of dilute HCI

B - AI3*,Fe3* | ii) (NH,),CO; in presence of NH,OH

C - Co%*, Ni?* | iii) NH,OH in presence of NH,CI

D - Ba?*,Ca?* | iv) H, Sin presence of NH,OH

Correct match is -

(1) A —>iii,B—1i,C—>iv,D —ii
(2)A—>i,B—-iii,C—-ii,D »iv
(3)A—-iv,B—-iiC—iii,D-i
(4)A - i,B—-iii,C > iv,D - ii

Sol. 4
Cations Group No. Group reagents
Pb**, Cu* 11 H,S + HCI
AP, Fe** I NH4Cl1 + NH4OH
Co**, Ni** v NH4OH + H2S
Ba’*, Ca®* A% NH4OH , NaxCOs
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Which of the following statements is incorrect for antibiotics?

(1) An antibiotic must be a product of metabolism.

(2) An antibiotic should promote the growth or survival of microorganisms.

(3) An antibiotic is a synthetic substance produced as a structural analogue of naturally occurring
antibiotic.

(4) An antibiotic should be effective in low concentrations.

2

Antibiotic kill or inhibit the growth of microorganism

The correct order in aqueous medium of basic strength in case of methyl substituted amines is :

(1) Me; N > Me,NH > MeNH, > NH,

(2) Me,NH > MeNH, > Me; N > NH,

(3) Me,NH > Me; N > MeNH, > NH;

(4) NH; > Me; N > MeNH, > Me,NH

2

In aqueous medium basic strength is dependent on electron density on nitrogen as well as solvation

of cation formed after accepting H'.After considering all these factors overall basic strength order is
Me,NH > MeNH, > Me; N > NH,

'25 volume' hydrogen peroxide means

(1) 1 L marketed solution contains 25 g of H,0,.

(2) 1 L marketed solution contains 75 g of H,0,.

(3) 1 L marketed solution contains 250 g of H,0,.
(4) 100 mL marketed solution contains 25 g of H,0,.
2

25VH,0,means : 1 lit of H,0, on decomposition give 25 lit of O,(g) at STP.
2H,0,(£) — 2H,0(0) +0,(g)

2 2 mole
22.4

25
mole —_—
\ 224

Mass of H,0, = 2;;245 %34 =75.89gram.

The radius of the 2™ orbit of Li2* is x. The expected radius of the 3" orbit of Be3* is

27 4 9 16
(1) ¥ (2) 3% (3) 2% (4) 7%
1

n2
R=0.529x—

Z

2
T, 20.529XQ:X
Li™" n2 3

2
P =0.520x 80
: 4

Be™ -
r, X (2)°
T
Li n-2 — 3
2
rBeH 3 I.O X(s)
4
x__16
rBe'er n-3 27
27x
(T Doy = Te
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Reaction of thionyl chloride with white phosphorus forms a compound [A], which on hydrolysis gives
[B], a dibasic acid. [A] and [B] are respectively

(1) P,0c and H;PO;  (2) PCl; and HsPO,  (3) POCl; and HsPO, (4) PCl; and H5PO,

4

P4 + 8SOC12 —d 4PC13 + 4802 + 2SzC12

(A)
PC13 + 3H20 —> H3PO3+ 3HCI1
(B)
Inert gases have positive electron gain enthalpy. Its correct order is
(1) He < Kr < Xe < Ne (2) He < Xe < Kr < Ne
(3) He < Ne < Kr < Xe (4) Xe < Kr < Ne < He

2
Positive electron gain enthalpy. of inert gas 1is in order of
Ne > Ar=Kr> Xe > He

Identify the product formed ( and E )
Me

Bry A Sw/HCI B Nat\i():/’HC‘l C H3PO3/H20 D (i) KMnO, /KOH E
273-278K () H,0"
NO,
)
(2)
Me COOH

4)
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Me
Br
Br, SnHCI
. e
NO, NO,

(A)
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Me Me
Br Br
NaNO,
HCI
o, ©
NH, N, Cl

(B)
H,PO, / H,0

COOH

CH3
Br Br
KMng 4 (D)
H
(E)

46. Match items of Row I with those of Row II.

Row 1
CH,OH

H 0
H H

(A) OoH H
OH OH

H OH

CH,0H
O
= OH
OoH H

H

OH

H
OH
® O

HOCH, _o.._ CH,0H

)

H
H O o
(@) OH H
HOCH, _. OH
By  H%c,om
(D) OH H

Correct match is

Row II

(i) a — D — (—)-Fructofuranose,

(i) B — D — (=) — Fructofuranose

(iii) « — D — (—) Glucopyranose,

(iv) B — D — (—)-Glucopyranose
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()A—>1i,B—-ii,C—iiD —iv (2)A - iv,B—-iii,C—>iD —ii
(3) A - iii,B—iv,C »ii,D » I (4) A - iii,B->iV,C—>1i,D —ii
4
CH:OH
H O H
H
OoH H
OH OH
H OH a — D — (=) Glucopyranose
CH,O0H
H O OH
<OH H
OH
OH

B — D — (—)-Glucopyranose
HO ’/O\ CH\OH

HOCH: > OH
H;Hl Ho;;CHIOH
OH H

Which one of the following reactions does not occur during extraction of copper ?

a — D — (—)-Fructofuranose

B — D — (—=) — Fructofuranose

(1) 2Cuy S + 30, — 2Cu,0 + 250, (2) FeO + Si0, — FeSiO4
(3) 2FeS + 30, — 2Fe0 + 250, (4) Ca0 + Si0, — CaSiO,
4

CaO+SiO, — CaSiO,

Impmily Flux Slog

In metallurgy iron will occur not in metallurgy of Cu.

Some reactions of NO, relevant to photochemical smog formation are
NO, sunlight X + Y

lA

B
Identify A, B,X and Y
(1)X=30,Y =NO, A= 03B =0, (2) X =[0],Y =NO,A=0,,B =0,
(3)X=N,0,Y = [0],A = 05, B=NO (4)X =NO,Y = [0],A = 0,, B = N, 05

2

hv X (y)
NO,—/» O + NO

102 (A)

O3 (B)
100
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PhCOOH + PhCH,OH

Q R

The correct sequence of reagents for the preparation of Q and R is :
(1) (A) Cr0,Cl,, H;0%; (ii) Cr,03,770 K, 20 atm; (iii) NaOH; (iv) H;0*
(2) (i) KMnO,, OH ; (11) Mo, 03, A; (iii) NaOH; (1V) H;0%

(3) (1) Cr,04,770 K, 20 atm; (i1) C1‘02C12,H3O+ (1i1) NaOH (iv) H;07
(4) (i) M0,03, A; (11) CrOZClz, H;07%; (iii) NaOH; (iv) H;0*

3
NN, 00y Cr,0, CrO Cl,
770 K
20 atm
Cannizaro
reaction
Conc.
NaOH
COOH CH,-OH COONa

o @ @

Compound A reacts with NH,Cl and forms a compound B. Compound B reacts with H,0 and excess of

CO, to form compound C which on passing through or reaction with saturated NaCl solution forms
sodium hydrogen carbonate.

Compound A, B and C, are respectively.

(1) CaCl,, NHz, NH,HCO, (2) Ca(OH),, NHY, (NH,),C0,
(3) CaCl,, NHP, (NH,),C0, (4) Ca(OH),, NH;, NH,HCO;
4

(A)

Ca(OH), + 2NHCI

| A (B)
2NH;3 + CaCl, + 2H,0

COx+ |H20

Excess

NH4Cl1 + NaHCO; «—NH4HCO; + NaCl
©
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SECTION - B
51. For the first order reaction A — B, the half life is 30 min. The time taken for 75% completion of the
reaction is min. (Nearest integer)
Given :log2 = 0.3010
log3 = 0.4771
log5 = 0.6989
Sol. 60
ts,, = 2t,,, [For 1%t order reaction]
tys, =2x30=60min.
52. How many of the following metal ions have similar value of spin only magnetic moment in gaseous

state?
(Given: Atomic number : V, 23; Cr, 24; Fe, 26; Ni, 28 )
V3+ Cr3+ Fe2+ Ni3+
Sol. 2 (Cr*" & Ni"®)
4s

3d
vie=nl [ [ [

3d 4s
cr=MML T ] [
4s

3d
o' = (]

4s

3d
Ni** = []

53. In sulphur estimation, 0.471 g of an organic compound gave 1.4439 g of barium sulphate.
The percentage of sulphur in the compound is (Nearest Integer)
(Given: Atomic mass Ba: 137u,S: 32u,0:16u )
Sol. 42
Organic compound — BaSO,
Weight = 0.417 g Weight =144 g

Moles BaSO, = % = moles of Sulphur

Weight Sulphur = % x 32 gram

weight of sulphur

%S= %100

weight of organic

1.44%32
:> _—
233%x0.471
46.08
—X
109.743
=41.98~42

%100

100
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54.  The osmotic pressure of solutions of PVC in cyclohexanone at 300 K are plotted on the graph.
The molar mass of PVC is gmol~! (Nearest integer)
L,
C ’ & "
(atmfg L) / Slope = 6x 107
C (L™

(Given : R = 0.083 Latm K™ mol™1)

Sol. 41500

= (¥ )r-<(3)

SR
C M

If we assume graph between % and C
A

7/C slope=0

-
C

Assuming 7 vs C graph
_RT _ 0.083x300
M
0.083x300 830x300
M = =
6x107" 6
= 41,500

Slope =6x10"

55.  The density of a monobasic strong acid (Molar mass 24.2 g/mol ) is 1.21 kg/L. The volume of its
solution required for the complete neutralization of 25 mL of 0.24MNaOH is x 1072 mL (Nearest

integer)
Sol. 12
3
Molarity of acid = 12107 _ 1000 _ 50M
24.2 20
Neutralization reaction :
HA + NaOH — NaA +H,0
M1Vl = szz

[50]xV =[0.24 x25]
V =00.12ml
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56.

Sol.

57.

Sol.

58.

Sol.
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An athlete is given 100 g of glucose (C4H,,04) for energy. This is equivalent to 1800 k] of energy. The
50% of this energy gained is utilized by the athlete for sports activities at the event. In order to avoid
storage of energy, the weight of extra water he would need to perspire is g (Nearest integer)
Assume that there is no other way of consuming stored energy.
Given : The enthalpy of evaporation of water is 45 k] mol ™!
Molar mass of C, H&O are 12,1 and 16 g mol™!
360
C,H,,0, + 60, — 6CO, +6H,0(¥)

100
n——

180

Energy needed to perspire water = 1800 x%

Moles of water evaporated = @ = 20moles

Weight of water evaporated = 20x18
= 360 gram

The number of paramagnetic species from the following is
[Ni(CN),]?~, [Ni(CO),4], [NiCl4]*~
[Fe(CN)6]*~, [Cu(NH3),]**
[Fe(CN)¢]®™ and [Fe(H,0)6]%*

4

(NiCls) 2 —> Ni? — 3d®

ClI'— weak field layered

NN paramagnetic (n-e=2)

(Cu(NH3)4)? - Cu*? — 3d°

IREIRRIERIRE u-e = 1 paramagnetic

(Fe(CN)g) > — Fe™® — 3d°

CN' is strong field ligand so u-e=1

SO paramagnetic
(Fe(H20)s)™? — Fe™ — 3d°
H>O is weak field ligand

LTI || ue=4so paramagnetic

Consider the cell
Pt(s) | Hz(g) (1 atm) | H*(aq, [H*] = 1) || Fe** (aq), Fe** (aq) | Pt(s)
GivenE? =o0.771Vand Ej,,, =0V, T=298K

e3+/FeZ+
If the potential of the cell is 0.712 V, the ratio of concentration of
Fe?* to Fe3* is (Nearest integer)

10
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59.
Sol.

60.

Sol.

Anode = %Hz (g) > H(aq) +¢e

Cathode = Fe*" +e¢ — Fe*"

1
Overallz H, + Fe’" —1 - H" + Fe’"

0.059. [Fe*"] " [H*]

E ,=E° lo ;
[Py, I?

cell cell — 1 g [Fe3+]
[Fe™']

0.712=0.771-0.05910
& [Fe’*]

[Fe’"]

3
e+

lo =1
gF ]
F ]:10

—
g3l
(¢}

W
I
—

™ collegebatch.con

The total number of lone pairs of electrons on oxygen atoms of ozone is

6
Notlp.e inOsis =6

0]
7 .
:O:/ \O

A litre of buffer solution contains 0.1 mole of each of NH; and NH,CI. On the addition of 0.02 mole of
HCI by dissolving gaseous HCIl, the pH of the solution is found to be x 1073 (Nearest integer)

[Given : pK,(NH;3) = 4.745
log2 =0.301
log3 =0.477
T =298K]
9
NH, + NH,CI

0.1mole 0.1mole

NH, + HCI —  NHCI

0.1mole 0.02
0.08 mole -
[NH,CI]

3

= 4.745+log [%J
0.08

Py, = P, +log

= 4.745+ log[%J

= 4.745 + (0.477 — 0.301)

= 4.745 + 0.176

= 4.569

pH=-14—4.569
=9431~9
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61.

Sol.

62.

Sol.

Mathematics

Section A
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The points of intersection of the line ax + by = 0, (a # b) and the circle
x%2 4+ y2 — 2x = 0 are A(a, 0) and B(1, #). The image of the circle with AB as a diameter in the line

x+y+2=0is:
Wx*+y*+3x+3y+4=0
(3)x*+y?—5x—5y+12=0

4

Only possibilities is o =0, p =1
Equation of circle
x-0)x-D+@y-0(y-D=0
XX +y-x-y=0

Image of circle in live x +y+2=0
X+ Y2+ 5x+5y+12=0

(2)x2+y?+3x+5y+8=0
P x*+y>+5x+5y+12=0

The distance of the point (6, —2v2) from the common tangent y = mx + ¢,m > 0, of the curves

x=2y?andx=1+y?is:

O (2)5V3 3)5
4
2 _X
Y73
y2 =x-1
Tangent to y> = X is y = mx + —— (1)
2 8m
VY =x-1isy=m(x1)+
4m
y=mx—m-+ 1 ..(2)
4m
(1) & (2)
— =—m+ L
8m 4m
- 1
4m 8m
m—L:mZ:—:mzL(m>0)
8m 2\2
From (1)

1 1
= X+—=
N RN}
distance from (6 —2«/5)

+2 2+—
‘\/' V2 22 _6+8+1 15
1 3 3
1+—
8

@5
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63.

Sol.

64.

Sol.

Projection of 3a+2b on T is =

Let d, b and ¢ be three non zero vectors such that b - ¢ = 0 and @ x (b X &) = b=c.

If d be a vector such that b - d = @ - b, then (@ X b) - (¢ x d) is equal to

O (2); (3)2
2
¢ (7= _b T
b—(a.bjc=——-—
(a.c) (a )c 573
TT=1ab=a
2 2
b.d=t

™ collegebatch.con

2

@5

The vector d = —i + 2j + k is rotated through a right angle, passing through the y-axis in its way and
the resulting vector is b. Then the projection of 3d@ + v2b on & = 5 + 4f + 3k is :

(1) 2v/3 (2)1 (3) 3v2
3

B=k§+pj
= k(—i+23+l§)+p}'

b=—Ai+ (A +p)j+2k

3=
af" =[o[ = 6=A+(2h+p) +2 ......(1)
wab=0 = A+2(2h+p)+D)(1)=0

= 6L+2u=0

= pu=-3h...... ()
from (1) & (2)

3W2=6

AP=2 = A=1/2

= |,L=J_r3\/5
(3a+2b)

g
_ 3ac+42be

el

(4) Ve
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_18+J§(—6J§)

J50
_ 6 6 32
NEENE

Casel:
18+J§(—6J§)
J50
r=+2 b=—/2i+1242 -3J2j+2k
b=—2i —2j+2k

(ac=-5+8+3=6)

b.c=-5V2-42+32
- 62
= — 2 — ~ A
Case Il : h=—2 b:\/5§+(\/§)j+(—\/§)k
u=32
18+J§(6J§)
50
30 30 6
== ="_ = =32 Ans.
NN A
Complex Number, Easy
65. Letz; =2+3iandz, =3 +4i.ThesetS ={z € C:|z— z|?> — |z — 21> = |z, — z,|*} represents a

Sol.

66.

(1) hyperbola with the length of the transverse axis 7
(2) hyperbola with eccentricity 2
(3) straight line with the sum of its intercepts on the coordinate axes equals —18
(4) straight line with the sum of its intercepts on the coordinate axes equals 14
4
Let z=x+1iy

z—z1=(x-2)+1i(y-3)

|z~ 21 = (x -2)* + (y-3)°

z— 72 =(x-3) +i(y4)

|z~ 2o = (x 3)* + (y4)°

((x-2)" + (y-3)) = (x-3)* +(y4)*) =2

= 2x+2y=14

=x+y=7

straight line with sum of intercept on C.A = 14

The mean and variance of the marks obtained by the students in a test are 10 and 4 respectively.
Later, the marks of one of the students is increased from 8 to 12 . If the new mean of the marks is
10.2, then their new variance is equal to :

(1) 3.96 (2) 4.08 (3) 4.04 (4) 3.92
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Sol.

67.

Sol.

68.

Sol.
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3.96
Let Number of observations is = n

3, 10 3x, 8412
n n

5 > x;=(102)n-4__ (2)
x, =10n (1)

10n=(10.2)n-4
=(2n=4 =
2
Given % —(10)" =4 = >"x, =2080
After Change
> x> =2080 8" +(12)’
=2160

New vanance = & — (;)2
20

2160 )
= ———(10.2
=108 — (10.2)?
=3.96

Let S; and S, be respectively the sets of all a € R — {0} for which the system of linear equations
ax +2ay—3az =1
2a+Dx+ 2a+3)y+(a+1)z=2
Ba+5x+(@+5y+(@+2)z=3

has unique solution and infinitely many solutions. Then

(1) S; is an infinite set and n(S,) = 2 (2)S; =d®and S, = R — {0}
(3) n(S;) = 2 and S, is an infinite set 4)S;=R—-{0}and S, = @
4

a 2a —3a

A=2a+1 2a+3 a+l
3a+5 a+5 a+2
A=a(15a>+31a+36)=0
a=0
A #0 for all a € R — {0}
S =R—{0},S:=®

) 1+2-3+4+5-6+-..+(3n—2)+(3n—1)-3n .
The value of lim,,_, ( ) )73 4
\/2n4+4n+3—\/n4+5n+4

3 3 V2+1
W;E2+1) @) ;5 (3) = (43(2+1)
1
. (1+2+4+5+..+(3n-2)+(3n—1)-3+6+...+3n)
m
n—e \/2n4+4n+3—\/n4+5n+4

Let N =>(3n-2)+(3n-1)-3n

n=l
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3 o %(\ﬁﬂ)AnS.

2(v2-1)

69. Thestatement(pA(~q)) = (= (~q))is
(1) a tautology (2) a contradiction  (3) equivalent to p V q (4) equivalent to (~ p) vV (~ q)
Sol. 1

PA(~q)=>@=>((~9q)

Plq |~q | pA~q | p=>~q |[(pA~q) = (P=>~q)
T|T]|F F F T
TI|F [T T T T
F|T|F F T T
F |[F [T F T T

Tautology

70.  Consider the lines L, and L, given by
: x—1 y—-3 z-2
T
XTe _Yme _Z7S
===
Aline L; having direction ratios 1, —1, —2, intersects L; and L, at the points P and Q respectively.
Then the length of line segment PQ is

(1) 3v2 (2) 4V3 (3)4 (4) 2V6
Sol. 4
(20+1,
A3, 20+2)
L3
Q
(n+2, L

2u+2, 3u+3))

D.R's of PQ are = 2A—p—1, A2p+1, 2A-3p-1)
given D.R's are = (1, -1, -2)

2 —p-1 _ A=2u+1 _ 22 -3p-1

-1 -2
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1.

Sol.

72,

Sol.

Let f(x) = f mdx Iff(3) = —(IOge
(1) log, 19 —log, 20
(3) 5 (log, 19 — log, 17)

4
Let x> =t
2xdx = dt

dt

f(x)zf(m)(m)

s

_ll t+1 AR21 IS
2 +3
1, |x*+1
f(x)=—1 > +C
2 |x“+3
=3

—Z [In17 — In19]

The minimum value of the function f(x) = [ 02 el*~tldtis :

(1) e(e—1) (2)2(e—1) (32
2
Case 1 x<0

= e’xjje‘dt =e " (e2 - 1)

Case 11
(0<x<2) f(x)= jxe""dt + J.ze’(x")dt
=¢" (fe") +e [e']
=e"[fe +1]+e [e fe"]
=—l+e+e*-1
Case 111
x22 f(x)= J‘:e(x’t)dt

(2) log. 17
(4); (log, 17

™ collegebatch.con

—log, 6), then f(4) is equal to
—log, 18
—log, 19)

(4)2e—-1
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e ™ (62 71), x<0—> (e2 71)
f(x)=|e*+e”* -2, 0<x<2—> 2(e-1)

ex(l—e’z), X>2 > (e2 —1)
Minimum value = 2(e—1)

73.  Let M be the maximum value of the product of two positive integers when their sum is 66. Let the
sample space S = {x € Z:x(66 —x) = EM} and the event A = {x € S: x is a multiple of 3}. Then P(A)

is equal to
)% @) < 3= @3
Sol. 4

Let a, b — 2 positive number

a+b > \/E

2
Jab <33
ab<(33)° M = (33)

x(66-x)=2(33)
66x — x> > 605

0 > x*>— 66x + 605
(x=11)(x-55)<0

x € [11,55]
A={12,15,18...54}
Total number in A=15

P(A):%% Ans.

74.  Letx = 2 be alocal minima of the function f(x) = 2x* — 18x2 + 8x + 12, x € (—4,4). If M is local
maximum value of the function f in (—4,4), then M =

(1) 18v6 — 2 (2) 18v6 -2 (3) 12v6 -2 (4) 12v6 -2

2 2 2 2
Sol. 3
fi(x) = 8x> —36x + 8
=4[2x* - 9x + 2]
= 4[(x-2) (2x* + 4x — 1)]

donfs-(-5E o225 |

_I + 1 — I+
T T 1
-2-6 2446 o)
2 2
maximum
4 2
Moo 2O g 2o o244 )
2 2 2
=12J€—3—23
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75.  Let f:(0,1) - R be a function defined by f(x) = 1_;9_90 and g(x) = (f(—x) — f(x)). Consider two
statements
(I) g is an increasing function in (0,1)
(IT) g is one-one in (0,1)

Then,
(1) Both (I) and (II) are true (2) Neither (I) nor (II) is true
(3) Only (I) is true (4) Only (II) is true
Sol. 1
f(x)=—
1-e
g(x) = (f(-x) — f(x))
1
Cl—e® l-e*
e
Cl-et e* -1
(x)= 1+e*
1-¢e*

2e*
(=)
g'(x)>0=>g(x)T
g(x) is one-one

g'(x)=

76. Lety(x) =1 +x)1+x2)A+x*)(1+x8)(1 +x1%).Theny’ —y" atx = —1isequal to:

(1) 976 (2) 944 (3) 464 (4) 496
Sol. 4
f(x):y:(lx)(1+x)(l+x2)(l+X4)(1+X8)(1+x16)
(1-x)

_,_(1=x7) _
f(x)—y— < :>f(—1)—0
(1—x)y=1-x%

differentiate both side

(1—x)y' + y(-1) = —32x°" x=-1=y'=16

differentiate both side
(I=x)y' +y'(-1)y' =-32)(31) x30
Putx=-1
2y"—2y'=-(32) 31)
y'—y' =-(16)(31)
y=y"=496
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77,

Sol.

78.

Sol.

79.

Sol.
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The distance of the point P (4,6, —2) from the line passing through the point (—3,2,3) and parallel to

a line with direction ratios 3,3, —1 is equal to :

() V14 (2)3 (3) V6 (4) 2V3
1
equation of line (4,6,-2)
7=(-3,2,3)+1(3,3,1)
PM .(3,3,-1)=0
— —4,5-)) . -1)= 3.3,
(Br-7,3A-4,5-1).(3,3,-1)=0 (3.3,-1)
= 331 -7)+3(3L4)-1(15-1)=0 M
= 19A=38=A=2

(=3+30.2+30.3-2)
M=(3,8,1)

PM = (1+4+9 =14

1 log,y log,z
Letx,y,z>1and A = [log, x 2 log, z|. Then |adj(adj 42)| is equal to
log,x log,y 3
(1) 28 (2) 4° (3) 6* (4) 2*
1
ladjadjA?| = [A%] UV = AP
| Iy Iz
In Inx
|A| = ln_x 2 ln_z
Iny Iny
Inx Iny
Inz Inz

) Inx Iny Inz

=———|lnx 2lny Inz
InxInylnz

Inx Iny 3lnz

11
1 2
11

WY = =

Al =2
~. |adj(adjA)| = 2% Ans.

If a, is the coefficient of x1°~" in the Binomial expansion of (1 + x)°, then
2
Y103 ( o ) is equal to

ar—1
(1) 5445 (2) 3025 (3) 4895 (4) 1210
4

10 a 2
r=1 Ay
_10-r+1 11-r1

a,_; r r

A

1+ x)10 = 10Cn

= IOCIO—r 1,110-r
— IOCIO—r or = IOCr X10—r
ar = 1°C;
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Sol.
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M=

2
11-
gyl
r=1 r

r(ll—r)2

—_
(=]

M

r=1

Z[H —20r? +121r]

IE@LZ(H)T _22£(10)(161)(21)j+[(10?2(11)}021)
=1210 Ans.

—_
(=]

Let y = y(x) be the solution curve of the differential equation

dy _y :

(1+ xy?(1 +log.x)),x > 0,y(1) = 3. Then y ()

= isequal to :
2dx x , q
X X
(1) 2x3(2+10%ex3)—3 (2) 3x3(1+lo§ex2)—2
X X
(3) 7-3x3(2+loge x2) (4) 5-2x3(2+log, x3)
4)
dy _y 2
—==|1+ 1+1
i x[ xy”~ ( nx)]
dy y_ 3
— ==y (l+Inx
dx x y( )
%ﬂ—l-%:l+lnx (1)
y dx x y
1 2 dy dt
-5 =t 3 1y
y y>dx  dx
From (1)
ld_y t(ljzl—i—lnx
2 dx X
ﬂ+t(£j=2(l+lnx)
dx X

2
IF = e.[;d" 2nx _ 2

t(xz):J.[2(l+lnx)-x2]dx

3
=t-x° :2%+2.[x21nxdx

2 3 3.2
:i—zi+2 Inx-—-2|+C
2 3 9

y

x=1,y=3 :>C=?
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81.

Sol.

82.

Sol.

83.

Sol.

84.
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Section B
5
The constant term in the expansion of (2x + % + 3x2) is
1080
5! " :
_ 0] 2\5
General term . 21‘2!1‘3!(2X) (A) (3x )
' v} 3
L Bl
'L !

r,—7r,+2r, =0
L +1,+1,=5 }
r,=Lr,=1r,=3
Constant term = 1080

For some a,b,c € N, let f(x) = ax —3 and g(x) = x® + c,x € R. If

1/3

(F o) = (52)", then (£ o g)(ac) + (g » F)(b) is equal to
2039
Let f(g(x)) = h(x)
flg(x)) =2x>+7
ax’+c)-3=2x>+7
a=2,b=3,ac=10

c=5 }
g(f(0)(3)=32
f(g(10))=2007
Sum = 2039

Let S = {1,2,3,5,7,10,11}. The number of non-empty subsets of S that have the sum of all elements a
multiple of 3, is
43

No. of element 1 = {3}
No. of element 2 = {(3K + 1), (3k + 2)}
3)3)=9
No. of element 3 = {3k, 3k+1, 3K + 2} =(1)B)A3) =9
={Bk+1),Bk+1),3B3k+1)} =1

— (3K +2), 3k +2), Bk +2)} = 1—11

No. of element 4 = {3k, 3k+1, 3k+1, 3k+1} — 1
= {3k, 3k + 2, 3k+2, 3k+2} — 1
= (3k+1, 3k+2, 3k+2, 3k+1} — *C,x’C,=9
No. of element 5 =9, no. ofelement 6 =1, no. ofelement 7=1
Total = 43.

Let the equation of the plane passing through thelinex -2y —z—-5=0=x+y+3z—-5and
parallel to theline x + y + 2z — 7 = 0 = 2x + 3y + z — 2 be ax + by + cz = 65. Then the distance of
the point (a, b, ¢) from the plane 2x + 2y —z+ 16 =0 is
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Sol.

85.

Sol.

86.

Equation of plane is
(x—-2y-z-5)+b(x+y+3z-5)=0

1+b -2+b -1+3b
1 1 2 |=0
2 3 1
=b=12
Plane is 13x + 10y + 35z =65

Distance From given point is = 9

If the sum of all the solutions of tan™?! (z—x) + cot™? (1; 2) =

1-x2
is equal to
a=2
2
xe(-1, 1) tanl( X2j=2tan1x
1—-x
2
xe(0, 1) cot™' I-x =tan1( 2X2j=2tan'x
2x 1-x
2
xe(-1,0) cot™ I-x =IT+tan"' 2X2 =IT+2tan 'x
2x 1-x
-1 -1, — 7T
xe(0, 1) 2tan'x + 2tan"'x A
tan"'x = —
12
_ -1 gy = T
xe(-1, 0) 2tan'x + IT + 2tan"'x A

4tan”'x = —2r
3
“ix = — T
tanx = é
_—1
A

(z_ﬁ){_ij:a_i

N
Y A

™ collegebatch.con

4

, then o
3

g,—1<x<1,x¢0,isa—

The vertices of a hyperbola H are (+6,0) and its eccentricity is \/z_g Let N be the normal to H at a point

in the first quadrant and parallel to the line v2x + y = 2+/2.

If d is the length of the line segment of N between H and the y-axis then d? is equal to
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Sol. 216

2 2

X y=1

36 9

Equation of normal is

6x cosO + 3y cot =45

M =-2sind = —\2

=T

Equation of normal is

P(asecO, btanO)
P(6+2.3), k(0,15)

d?> =216

«/§X+y=15

™ collegebatch.con

87. Let x and y be distinct integers where 1 < x < 25 and 1 < y < 25. Then, the number of ways of

choosing x and y, such that x + y is divisible by 5 , is

Sol.
X +y=5A
X y No. of ways
SA SA 20
5A+1 5A+4 25
5h+2 5A+3 25
5A+3 51 +2 25
5L +4 5A+1 25
1200

Total Ways = 120

88. LetS= {a: log,(92¢~* + 13) —log, (g 32a—4 4 1) = 2}. Then the maximum

2
value of 8 for which the equation x* — Z(Zaj x+ Y (a+ 1)23 =0 has real roots, is

Sol. 25

20-4
foga| 213 |
3=+
2
9% 413

32“‘43 +1
2

4

aes
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=9**4+13=10.3""* +4
t2—10t+9=0

t=1,9

321174:30’ 32

20—-4=0,2

=a=2,3
x?—2(25)x+258=0
D>0

(2 (257 -4 (25 (B) 2 0
B<25

Bmax = 25

89. It the area enclosed by the parabolas P;: 2y = 5x2 and P,: x2 — y + 6 = 0 is equal to the area
enclosed by P; and y = ax, a > 0, then a3 is equal to
Sol. 600

v

<0 T @0

3*=12=>x*=4

A1=2r(x2+6—§x2jdx
0 2

2
=2j2(6—3ijdx
0 2

¥ = ax

v
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90.

Sol.
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_8 o2y
300 75

-.-i—a3=16 =’ =8x75
75

o’ =600

Let A;, A,, A; be the three A.P. with the same common difference d and having their first terms as
A, A +1, A + 2, respectively. Let a, b, c be the 70,9t 17t terms of A;, A,, As, respectively such that

a 7 1
2b 17 1|+70=0.
c 17 1

If a = 29, then the sum of first 20 terms of an AP whose first term is ¢ — a — b and common
difference is %, is equal to
A+6d 7 1

21(A+1+8d) 17 1]+70=0

A+2+16d 17 1
A=-7,d=6
s c—a—-b=20
o 520=495
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(Held On Thursday 25th January, 2023) TIME:3:00PMto 6:00 PM

Sol.

Sol.

Sol.

Sol.

Physics
SECTION - A

According to law of equipartition of energy the molar specific heat of a diatomic gas at constant
volume where the molecule has one additional vibrational mode is:-

5 9 7 3
(1) ER (2) ER (3) ER 4) ER
3

(degree of freedom)
>f=3+2+2=7
TR
o R_TR
2 2
A wire of length 1 m moving with velocity 8 m/s at right angles to a magnetic field of 2 T. The
magnitude of induced emf, between the ends of wire will be

()20V (2)8V (3)12V (4)16V
4

e =Bl

e=2x8x1

e = 16 volt

The energy levels of an atom is shown in figure.
A B D

1 0.0 eV

2 > —-22eV
3 \ ~-52 eV
4 —-10.0 eV

Which one of these transitions will result in the emission of a photon of wavelength 124.1 nm ?
Given (h = 6.62 X 10~34]s)
(D (2)B (3)C (4)A

1
g oo he 1241 1241,
\ TAE  AE(ev) 10

(nm)

Given below are two statements :

Statement I: Stopping potential in photoelectric effect does not depend on the power of the light
source.

Statement II: For a given metal, the maximum kinetic energy of the photoelectron depends on the
wavelength of the incident light.

In the light of above statements, choose the most appropriate answer from the options given below
(1) Statement I is incorrect but statement II is correct

(2) Statement I is correct but statement II is incorrect

(3) Both Statement I and statement II are correct

(4) Both Statement I and Statement II are incorrect

3

Both statement I and statement II are correct
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The distance travelled by a particle is related to time t as x = 4t2. The velocity of the particleatt =5 s
is:-

(1) 40 ms~t (2) 20 ms™? (3)8ms?! (4) 25 ms™?!
1
V= @ =8t
dt
v=8x5
vV =40m/s
Match List I with List IT
LIST1I LISTII
A. [Young's Modulus (Y) I IML!iTY
B. |Co-efficient of Viscosity (n)| I |IM L2 T’l]
C. |Planck's Constant (h) III. ™M ) g, T‘z]
D. |Work Function (o) IV.ML2 T
Choose the correct answer from the options given below: options
(1) A-1, B-II, C-III, D-1IV (2) A-11, B-I11, C-1IV, D-1
(3) A-L, B-III, C-IV, D-II (4) A-TIL, B-I, C-II, D-IV
4
-2
[Y] = Eg — ML? = MLT-2
A L L
F=6rnrv
F  MLT”
[n]= = =
6nrv L LT
[n]=ML*T™
E 2m-2
[h] = — = % = ML2T—1
f T

Work function (¢) = ML?T-2

Match List I with List IT
LISTI LISTII
A. | Troposphere L Approximate 65 — 75 km over Earth's surface

E- Part of Stratosphere I1. Approximate 300 km over Earth's surface

B
C. | F2-Part of Thermosphere | III. | Approximate 10 km over Earth's surface
D

D- Part of Stratosphere IV. | Approximate 100 km over Earth's surface

Choose the correct answer from the options given below:

(1) A-I11, B-1V, C-II, D-1 (2) A-I11, B-II, C-I, D-IV
(3) A-1, B-1V, C-111, D-II (4) A-1, B-1I, C-1V, D-III
1

By theory
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The light rays from an object have been reflected towards an observer from a standard flat mirror,

the image observed by the observer are:-
A. Real

B. Erect

C. Smaller in size then object

D. Laterally inverted

Choose the most appropriate answer from the options given below:

(1) A, C, and D Only (2) B and D Only
(3) Aand D Only (4) B and C Only
2

By theory

The graph between two temperature scales P and Q is shown in the figure. Between upper fixed point

and lower fixed point there are 150 equal divisions of scale P and 100 divisions on scale Q. The

relationship for conversion between the two scales is given by:-

;;;;;;;;;;; A
|
- l
> |
- :_\IP = 150°
|
3 :
| V
Aty = 100° :
Temperature (°Q)
tp _ to—180 to _ tp—180 tp  tg—40
€y 100 150 (2) 150 100 (3) 180 100
4
100 1_89
to & 100 equals
- -+ |t,
division 150 equals
division
180-30 100-0
t, —30 B t_Q
150 100
t_Q _ t, —30
100 150

to _ tp—30
100 150

4
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Consider a block kept on an inclined plane (inclined at 45° ) as shown in the figure. If the force
required to just push it up the incline is 2 times the force required to just prevent it from sliding down,
the coefficient of friction between the block and inclined plane (u) is equal to :

(1) 0.25 (2) 0.50 (3) 0.60 (4) 0.33

F: = mg sin6 + pmg coso
1 = mg sing5 + pmg cos45
F. = mg sing5 — pymg cos45

1=2F2

Every planet revolves around the sun in an elliptical orbit:-

A. The force acting on a planet is inversely proportional to square of distance from sun.

B. Force acting on planet is inversely proportional to product of the masses of the planet and the sun.
C. The Centripetal force acting on the planet is directed away from the sun.

D. The square of time period of revolution of planet around sun is directly proportional to cube of
semi-major axis of elliptical orbit.

Choose the correct answer from the options given below:

(1) Band C only (2) A and C Only (3) A and D only (4) Cand D only

3
Gmm,
2
r

By kepler’s law T2 o a3

By Newton’s law F =
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For a moving coil galvanometer, the deflection in the coil is 0.05 rad when a current of 10 mA is passed
through it. If the torsional constant of suspension wire is 4.0 x 10~ N m rad ~1, the magnetic field is

0.01 T and the number of turns in the coil is 200 , the area of each turn (in cm? ) is :

(1) 1.0 (2)2.0 (3) 1.5 (4) 0.5
1
0 NBA |
C
A=Y
IBN
B 4x107 x.05
10x107° x0.01x 200
A=10"4m?
=1cm?2
Match List I with List IT
LISTI LISTII
A. | Gauss's Law in Electrostatics | I. $E-di=-— %
B. | Faraday's Law I1. ¢ B-dA=0
¢ B-dl
C. | Gauss's Law in Magnetism III. ) dog
= Holc + Ho €p L
D. | Ampere-Maxwell Law IV. $ E-ds= ei
0
Choose the correct answer from the options given below:
(1) A-IV, B-1, C-II, D-III (2) A-IL, B-IIL, C-IV, D-I
(3) A-III, B-1V, C-1, D-II (4) A-1, B-II, C-III, D-IV
1

Two objects are projected with same velocity 'u' however at different angles @ and g with the

horizontal. If « + § = 90°, the ratio of horizontal range of the first object to the 2 nd object will be:

(1) 2:1 (2)1:2 (3)1:1 (4)4:1
3
1)
\(1
B u’ sin 20
g
u’sin2p  u’sin2(90 -a)
2 = =
g g
u’sin 20
2= — =)y
g
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1. R2 =1:1
15. A particle executes simple harmonic motion between x = —A and x = +A. If time taken by particle to

go from x = 0 to % is 2 s; then time taken by particle in going from x = % toAis

(0D4S (2)1.5S 3)2S (4)3S
Sol. 1
do
0
A
A
2
1
cosf = =—=c0860°
2xA 2
e=6o:E
3
T
¢0=30=g
T
A i
O—»—,t=i=—=2
2 21 12
T
T=29
/3 T 24
— A,tzTC =—=— =4sec
2n/T 6 6

16. Match List I with List IT

LISTI LIST I1
A. Isothermal I. Work done by the gas decreases internal energy
Process
Adiabatic -
B. II. No ch t 1
Process o change in internal energy
C Isochoric I The heat absorbed goes partly to increase internal
' Process energy and partly to do work
D. Isobaric IV. | No work is done on or by the gas
Process

Choose the correct answer from the options given below:

(1) A-1, B-IL, C-IIL, D-IV (2) A-IL, B-1, C-IV, D-III

(3) A-I1, B-I, C-III, D-IV (4) A-1, B-1I, C-1V, D-III
Sol. 2

By theory
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Isonormal > Au=0 A—1II
Adiabatic > AQ = 0, Aw(+) so Au (-) + B> I
Isochoric = AV = 0
AV=0—->Aw=0
Co1v
Isobasic — PAu #0
AV #£0
D> 1III

Statement I: When a Si sample is doped with Boron, it becomes P type and when doped by Arsenic it
becomes N-type semi conductor such that P-type has excess holes and N-type has excess electrons.
Statement II: When such P-type and N-type semi-conductors, are fused to make a junction, a current
will automatically flow which can be detected with an externally connected ammeter.

In the light of above statements, choose the most appropriate answer from the options given below
(1) Both Statement I and statement II are correct

(2) Statement I is incorrect but statement II is correct

(3) Both Statement I and Statement II are incorrect

(4) Statement I is correct but statement II is incorrect

4

By theory

A point charge of 10uC is placed at the origin. At what location on the X-axis should a point charge of
40uC be placed so that the net electric field is zero at x = 2 cm on the X-axis?

(Dx=—-4cm (2)x=6cm (3)x=4cm (4)x=8cm
2
X=2 r

1<—><—>
(0,0)[ 10 pe 40 pc
E1=E2
Kx10 Kx40
(2)2 42
r=4cm

Distance from origin =2 + 4 = 6 cm

The resistance of a wire is 5Q. It's new resistance in ohm if stretched to 5 times of it's original length
will be :

(1) 25 (2) 125 3)5 (4) 625
2
Ruew = n2R

=(5)2x5

=125

A body of mass is taken from earth surface to the height h equal to twice the radius of earth (R,), the
increase in potential energy will be:
( g = acceleration due to gravity on the surface of Earth)

(1) 3mgR, (2) smgR, (3)=mgR, (4)smgR,
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3
B
h
h=2Re A
AU =Up — U,y
_ —-GMm [-GM m
 R+h) _( R, ]

B -GM,m N GM m B 2GM m

R,+2R, R, 3 R

[ e

2 GM
== ;mRe
3 R
2
AU = =§nge

SECTION - B

™ collegebatch.con

Two long parallel wires carrying currents 8 A and 15 A in opposite directions are placed at a distance
of 7 cm from each other. A point P is at equidistant from both the wires such that the lines joining the

point P to the wires are perpendicular to each other. The magnitude of magnetic field at P is X
1076T

(Given:v2 =1-4)

60

27r

2 2
B:‘/Bf+B§ - \/(MLIIJ J{“o_lz

Ho [g2 4152

27nr

-7
_ 4nx107" x17 — 68 x 106

27'5><L><IO’2

NG

=68

2mr
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A spherical drop of liquid splits into 1000 identical spherical drops. If u; is the surface energy of the
original drop and ug is the total surface energy of the resulting drops, the (ignoring evaporation), % =

(E). Then value of x is

X

1

Ur=T4nR2=T 4n (10r)2 =100 x T x 4nr2
4

1000 x — 71’ = ircR3
3 3

R=10r

up 1000 x T x 47r?

u. 100xTx4nr’

1

=10

LX=1

A nucleus disintegrates into two smaller parts, which have their velocities in the ratio 3: 2. The ratio
1

of their nuclear sizes will be (g)g The value of ' x ' is:-

2
O =m; 3v—m:2v

A train blowing a whistle of frequency 320 Hz approaches an observer standing on the platform at a

speed of 66 m/s. The frequency observed by the observer will be (given speed of sound = 330 ms™1)
Hz.

vEV, 330320 330x320
f= 0 = = =400
330-66 264

A body of mass 1 kg collides head on elastically with a stationary body of mass 3 kg. After collision,
the smaller body reverses its direction of motion and moves with a speed of 2 m/s. The initial speed
of the smaller body before collision is ms~?!

4.00

@—> u1 @ Before
0

uz =

<O O

vi=2m/s V2
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Pi = P¢
U+ 0=—-1%x2 + 3V,
W =3V, — 2 ..(D)
I ol )
u, -0
Vo=Uu;— 2 ..(2)

ul=3(U1—2)—2
2U1=8,U1=4

A series LCR circuit is connected to an AC source of 220 V, 50 Hz. The circuit contains a resistance R =
800, an inductor of inductive reactance X;, = 701, and a capacitor of capacitive reactance X = 1301.

The power factor of circuit is lx—o. The value of x is:

8.00

Ccoso = 5 = R
Z RP+(X-X,)

) 80 B 80

JB0)* +(130-70)>  {/(80)’ +(60)’

80 8

cosp= — = —
100 10

x=8

If a solid sphere of mass 5 kg and a disc of mass 4 kg have the same radius. Then the ratio of moment
of inertia of the disc about a tangent in its plane to the moment of inertia of the sphere about its

tangent will be ; The the value of x is

2
Iss = ng2+mR2 = %mR2 = —x5xR? =7R2

W

2 2
Ipise = mR +rnR2 = SmR :§X4XR2=5R2
4 4 4
Iy, SR’ _5
I, 7R® 7
X=5

An object is placed on the principal axis of convex lens of focal length 10 cm as shown. A plane mirror
is placed on the other side of lens at a distance of 20 cm. The image produced by the plane mirror is
5 cm inside the mirror. The distance of the object from the lens is cm

0

\4 20cm N

L

=/ 177777787777777
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U1

15
20cm

177777777§/777777
9]

- forlensv=20-5=15cm

111
vou f
111
15 u 10
11 1 2-3 1
u 15 10 30 30
u=-30

30
A capacitor has capacitance 5uF when it's parallel plates are separated by air medium of thickness d.

A slab of material of dielectric constant 1.5 having area equal to that of plates but thickness g is

inserted between the plates. Capacitance of the capacitor in the presence of slab will be uF.
6

C _EOA_
0= 7 =5
d
2
e (1.5A e A
1 o = 0y o = o :2C
C d 3C,, C d 0
2 2
=3C°X2CO=§X5=6Hf
5C 5

Two cells are connected between points A and B as shown. Cell 1 has emf of 12 V and internal
resistance of 3Q. Cell 2 has emf of 6 V and internal resistance of 6£). An external resistor R of 4() is

connected across A and B. The current flowing through R will be A.
12V
Cell |
3Q
A B
6V 6Q
Cell 2
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ANWWW
R
12v
Cell 1
: :3(2:
A B
6VT60 (o2
12x6-
V=—><6 63 =ﬁ=6volt
6+3 9
req: 6><3=2Q
6+3
MWW\
4
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SECTION - A
When the hydrogen ion concentration [H*]changes by a factor of 1000 , the value of pH of the solution
(1) increases by 2 units (2) increases by 1000 units
(3) decreases by 2 units (4) decreases by 3 units
4

If [H*] — 10’ times
then pH decreases by 3 units.
Find out the major product from the following reaction.

H,SO, (Concentrated)
—_—>

A

OH

H® 1,2—methyl shift _H*
> —_—
@
OH %

Given below are two statements, one is labelled as Assertion A and the other is labelled as Reason R

Assertion A : Carbon forms two important oxides - CO and CO,. CO is neutral whereas CO, is acidic
in nature
Reason R: CO, can combine with water in a limited way to form carbonic acid, while CO is
sparingly soluble in water
In the light of the above statements, choose the most appropriate answer from the options given below
(1) Both A and R are correct but R is NOT the correct explanation of A
(2) A is correct but R is not correct
(3) Both A and R are correct and R is the correct explanation of A
(4) A is not correct but R is correct
3
(1) CO> is acidic as it from carbonic acid
CO, +H,0 — H,CO;,

(i1) CO is almost insoluble in water
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34. Given below are two statements, one is labelled as Assertion A and the other is labelled as Reason R
Assertion A : The alkali metals and their salts impart characteristic colour to reducing flame.
Reason R : Alkali metals can be detected using flame tests.
In the light of the above statements, choose the most appropriate answer from the options given below
(1) A is not correct but R is correct
(2) Both A and R are correct but R is NOT the correct explanation of A
(3) A is correct but R is not correct
(4) Both A and R are correct and R is the correct explanation of A

Sol. 1
The alkali metal and their salts impart characteristic colour to an oxidizing flame. this is because the
heat from the flame excites the outemost orbital electron to a higher energy level : when the excited
electron comes back to the ground state, there is emission of radiation in the visible region.
Alkali metal can therefore, be detected by the respective flame test and can be determined by flame
photometry or atomic absorption spectroscopy.

35.  Potassium dichromate acts as a strong oxidizing agent in acidic solution. During this process, the
oxidation state changes from
(1) +2 to +1 (2) +3 to +1 (3) +6 to +2 (4) +6 to +3

Sol. 4

Cr,0, 2 +14H" + 6 ——>2Cr™ +7H,0

+6 >+3
36.  Match List I with List II
LIST I (Name of LIST II (Uses)
polymer)
A. Glyptal L. Flexible pipes
B. Neoprene II. | Synthetic wool
C. Acrilan I | Paints and Lacquers
D. LDP IV. | Gaskets
Choose the correct answer from the options given below:
(1) A-III, B-1V, C-1, D-1I (2) A-111, B-II, C-1V, D-I
(3) A-I11, B-1, C-1V, D-11 (4) A-111, B-1V, C-II, D-I
Sol. 4

(A) Glyptal — Paints and Lacquers (III)
(B) Neoprene — Gaskets (IV)
(C) Acrilan — Synthetic wool (II)

(D) LDP — Flexible pipes (I)
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37.  Which of the following represents the correct order of metallic character of the given elements ?

(1)Si<Be <Mg<K (2)Be<Si< K< Mg
(3)Be<Si<Mg<K (4) K< Mg <Be <Si
Sol. 1

Si<Be<Mg<K
Si is having Non-metallic character.
38.  Match List I with List II

LISTI LIST 11

A. | Cobalt catalyst | 1. (H, + Cl,) production

B. | Syngas II. | Water gas production

C. | Nickel catalyst | III. [ Coal gasification

D. | Brine solution | IV. | Methanol production

Choose the correct answer from the options given below:

(1) A-1V, B-1, C-11, D-III (2) A-1V, B-111, C-11, D-1
(3) A-1I, B-111, C-1V, D-1 (4) A-1V, B-111, C-I, D-II
Sol. 2

(a) Cobalt catalyst — methanol production.

(b) Syngas — coal gasification

(c) Nickel Catalyst — water gas production .

(d) Brine solution — H» + Cl> production.
39. Match List I with List 1T

LIST I (Amines) LIST II (pKy)
A. | Aniline L. 3.25
B. | Ethanamine II. 3.00
C. | N-Ethylethanamine M1 9.38
D. | N. N-Diethylethanamine | IV. 3.29

Choose the correct answer from the options given below:
(1) A-III, B-1V, C-II, D-I (2) A-111, B-11, C-I, D-IV
(3) A-L, B-1V, C-II, D-11T (4) A-111, B-II, C-1V, D-1
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1
Basicity order

Et— NH - Et> Et—I’\T—Et> Et — NH> > Aniline
Et

pKb:3.00, pKb:3.25 pKb:3.29  pKb:9.38

Match List I with List 1T
LISTI LISTII
Isomeric pairs Type of isomers
A. | Propanamine and N-Methylethanamine | I Metamers
B. Hexan-2-one and Hexan-3-one II. | Positional isomers
C. Ethanamide and Hydroxyethanimine III. | Functional isomers
D. o-nitrophenol and p-nitrophenol IV. Tautomers

Choose the correct answer from the options given below:

(1) A-11, B-III, C-1, D-IV (2) A-111, B-1, C-1V, D-1I
(3) A-I11, B-1V, C-1, D-1T (4) A-1V, B-III, C-1, D-1T
2
(A)C-C-C-NH; &C-NH-C-C : functional isomer (III)
(B) /W & /\K/ : Metamer (I)
o

(©) CH; - ﬁ ~NH; & CH;—C=NH : Tautamer (IV)

|

OH

OH OH
NO2
&
(D) : Position isomer (II)
NO2
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41.  What is the mass ratio of ethylene glycol (C,;HgO,, molar mass = 62 g/mol) required for making
500 g of 0.25 molal aqueous solution and 250 mL of 0.25 molal aqueous solution?

(H1:1 2)2:1 3)1:2 “43:1
Sol. 2

Case I

x gm C,HgO, present

0.25 — x/62
5

x1000

00-x
125:(@+0.25jx ........... (1)
62

Case II
y gm C,HgO, is present.

0.25=_Y/62
250-y

x1000

1000
62.5-025y =——
y 62 y

1000
62.5=| — +025]y ... 2
( = )y ()

equation (1) + equation (2)
x_ 125 2
y 625 1

42. Match list I with List 1T

LIST I LIST II
Wavelength of light absorbed in

Coordination entity
nm

A. [[CoCI(NH;)5)*" | 1. B10
B. [[Co(NH3)4*" L. 475
C. [[Co(CN)6)* IIL |535
D. [[CuH,0),1*" |1V [600

Choose the correct answer from the options given below:
(1) A-111, B-I, C-II, D-IV (2) A-1V, B-1, C-I1II, D-1T

(3) A-111, B-1I, C-1, D-1V (4) A-11, B-11I, C-1V, D-1
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Sol. 3
A, Tad
(splitting energy = he )
abs
43. Given below are two statements, one is labelled as Assertion A and the other is labelled as Reason R

Assertion A : Butylated hydroxy anisole when added to butter increases its shelf life.

Reason R : Butylated hydroxy anisole is more reactive towards oxygen than food.

In the light of the above statements, choose the most appropriate answer from the options given below
(1) A is correct but R is not correct

(2) A is not correct but R is correct

(3) Both A and R are correct and R is the correct explanation of A

(4) Both A and R are correct but R is NOT the correct explanation of A

Sol. 3
The molecule BHA = Butylated hydroxyanisole commonly used as food preservatives which normally
acts as antifungal and antiviral BHA reduces the rancidity of oil and fat which halps in retaining the
nutrients (Butter contains saturated fats).

44. The isomeric deuterated bromide with molecular formula C,HgDBr having two chiral carbon atoms is
(1) 2 - Bromo - 2 - deuterobutane
(2) 2 - Bromo-1-deuterobutane
(3) 2 - Bromo - 1 - deutero - 2 - methylpropane
(4) 2 - Bromo —3 — deuterobutane
Sol. 4

D
CH; —'CH —*éH — CH;

Br

2 - Bromo —3 — deuterobutane
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A chloride salt solution acidified with dil. HNOs gives a curdy white precipitate, [A], on addition of
AgNO; - [A] on treatment with NH,OH gives a clear solution, B. A and B are respectively

(1) AgCl&(NH,)[Ag(OH),] (2) AgCl&[Ag(NH3),]Cl
(3) H[AgCl3]&(NH,)[Ag(OH)] (4)H[AgCl;]&[Ag(NH3),]Cl
2
Mcl dil
Chloride Salt + AGNO; ———> AgCl + MNO:s
HNO;3
Curdy
white
PPt
[A]
NH4OH
[Ag(NH3)2]Cl
[B]

Clear Solution

Statement I : Dipole moment is a vector quantity and by convention it is depicted by a small arrow
with tail on the negative centre and head pointing towards the positive centre.

Statement II : The crossed arrow of the dipole moment symbolizes the direction of the shift of charges
in the molecules.

In the light of the above statements, choose the most appropriate answer from the options given below:
(1) Statement I is incorrect but Statement II is correct

(2) Statement I is correct but Statement II is incorrect

(3) Both Statement I and Statement II are incorrect

(4) Both Statement I and Statement II are correct

2

The crossed arrow of the dipole moment symbolizes the direction of the shift of electron density in the
molecules.

139



™ collegebatch.con

47.  'A'in the given reaction is
Sol. 4
COOH
COOH +OH OH o
H | ®
s; M o > ﬁ_H%%C—HHﬁ don
O O-H OH 7<
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48.

Sol.

49.

Sol.

50.

Sol.

™ collegebatch.con

A. Ammonium salts produce haze in atmosphere.

B. Ozone gets produced when atmospheric oxygen reacts with chlorine radicals.

C. Polychlorinated biphenyls act as cleansing solvents.

D. 'Blue baby' syndrome occurs due to the presence of excess of sulphate ions in water.

Choose the correct answer from the options given below:

(1) A and D only (2)A,Band Conly (3) A and C only (4) B and C only
3

(1) Ammonium salt are major component of both atmospheric nitrogen aerosols and wet deposited.

(iii) PCB belongs to a broad family of man-made organic chemicals known. as chlorinated
hydrocarbons.

Given below are two statements:

Statement I : In froth floatation method a rotating paddle agitates the mixture to drive air out of it.
Statement II : Iron pyrites are generally avoided for extraction of iron due to environmental reasons.
In the light of the above statements, choose the correct answer from the options given below:

(1) Statement I is false but Statement Il is true

(2) Both Statement I and Statement II are false

(3) Statement I is true but Statement II is false

(4) Both Statement I and Statement II are true

1

The rotating paddle in the froth flotation process violently agitates the suspension of powdered ore in
water, as well the collectors and froth stablisers, generating frothing.

Which one among the following metals is the weakest reducing agent?
(1) Li 2)K (3)Rb (4) Na
4

Na metals is the weakest Reducing agent.
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S1.

Sol.

S52.

Sol.

53.

Sol.

54.

™ collegebatch.con

Section B
Total number of moles of AgCl precipitated on addition of excess of AgNO; to one mole each of the

following complexes [Co(NH;3),Cl,]Cl, [Ni(H,0)¢]Cl,, [Pt(NH;3),Cl,] and [Pd(NH;3),]Cl, is
5

(i) [Co(NH3)4C1, ] Cl+ AgNO3 —[Co(NH3)4Cl,|" +AgCl

]+2

(i) [Ni(H,0)6 | Cl, + AgNO3 — [Ni(H,0)g |~ +2AgCl

(iii) [Pt(NH3), Cl, ]+ AgNO3 — no AgClmole are ppt

(IV) [Pd(NH3 )4]C12 + AgNO3 —> [Pd(NH3 )4 ]+2 + 2AgCl
Total 5 mole AgCl are formed.

The number of incorrect statement/s from the following is/are

A. Water vapours are adsorbed by anhydrous calcium chloride.

B. There is a decrease in surface energy during adsorption.

C. As the adsorption proceeds, AH becomes more and more negative.
D. Adsorption is accompanied by decrease in entropy of the system.
2

A & C are incorrect

CaCl; absorbs water vapour.

As adsorption proceeds,

AH becomes less negative.

Number of hydrogen atoms per molecule of a hydrocarbon A having 85.8% carbon is (Given: Molar

mass of A = 84 gmol™!)

12

C— 85.8%

H—->142%

mass of H in one molecule = 84 x % ~12

12
No. of H- atoms = T

=12

The number of given orbitals which have electron density along the axis is
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Py.Py.P,.dyy.dyy.d

xy>Yyz>Yxz»

2 2
dz > dX2 -y
Sol. 5

Px, Py, Pz, dzz,dx2 - y2 have Electron density along the axis.

55. 28.0 L of CO, is produced on complete combustion of 16.8 L gaseous mixture of ethene and methane
at 25°C and 1 atm. Heat evolved during the combustion process is kJ.
Given : AH.(CH,) =-900kImol™
AH.(C,H,) = —1400 k] mol™?

Sol. 847

Moles of mixture = & = ﬂ =(0.6866 moles
RT  0.0821x298

Moles of CO, = & =1.144 mole
0.0821x298

CH, +20,——>CO, +2H,0

X X

C,H, +30,—>2CO, +2H,0
(0.6866 —x) 2(0.686—x)
Total CO, produced = 1.144

Xx+2(0.6866 —x)=1.144

x=1.3732-1.144

=0.2292

Moles of CH4 = 0.2292

Moles of C2H4 = 0.6866 — 0.2292
=0.4574

Total Heat produced

= (900 x 0.2292) + (0.4574 x 1400)

=206.28 + 640.36 = 846.64

56.  Pt(s)[Hz(g)(1bar)|[H" (aq)(1M) | M**(aq), M* (aq)|Pt(s)

: . [M* (aq)] a
The E ¢ for the given cell is 0.1115 V at 298 K when M o] 10
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Sol.

57.

Sol.

The value of a is

Given : EOM3*/M* = 0.2V

2.303RT

3

=0.059V
F

Cell Reaction

Hy +M¥* —52HT +M*

E

cell =

0.1115

0.059

2
+ +
o  2303RT [M }[H J
Ecen — log 3T
2F [M”*]

0.059

=0.2- ——logl10*
5 g

Tlogloa =0.0885

a=3

™ collegebatch.con

The number of pairs of the solutions having the same value of the osmotic pressure from the following

is (Assume 100% ionization)

A.0.500 M C,HsOH (aq) and 0.25 M KBr (aq)
B. 0.100 M K, [Fe(CN),] (aq) and 0.100 M FeSO,(NH,),S0, (aq)
C. 0.05 M K,[Fe(CN)¢] (aq) and 0.25 M NacCl (aq)

D. 0.15 M NaCl(aq) and 0.1 M BaCl, (aq)

E. 0.02 M KCI - MgCl, - 6H,0(aq) and 0.05 M KCl(aq)

4
(@)

(b)

(c)

(d)

(1¢)epus0n = 0.5

(ic)p =2x0.25=0.5

osmotic pressure will be same.

@a c)k4[Fe(CN)6] =0.1x5=0.5

@ ©reso, -(NH,),S0, =0.1x5=0.5
osmotic pressure will be same.
(1c), A[Fe(CN)g] = 5x0.05=0.25

(1 0)nac) =0.25%x2=0.5

osmotic pressure will not be same.
(i ©)nacy =0.15x2=0.3

144



S8.

Sol.

(i ©)pacr, =0.1x3=0.3
osmotic pressure will be same.

©) (1 Okemecromyo = 0.02x5=0.1
(i c)gy =0.05x2=0.1

osmotic pressure will be same.

™ collegebatch.con

A first order reaction has the rate constant, = 4.6 X 10~3 s~1. The number of correct statement/s from

the following is/are
Given: log 3 =0.48
A. Reaction completes in 1000 s.

B. The reaction has a half-life of 500 s.

C. The time required for 10% completion is 25 times the time required for 90% completion.

D. The degree of dissociation is equal to (1 - e_kt)
E. The rate and the rate constant have the same unit.
1

k=4.6x10"sec™

for Ist order :-

5= 008 OB 50 65gec,
k 4.6x10™
tcompletion =
x _[Al-[A]

Degree of dissociation (oc) =

[Aly [Alo

_[Al —[Ale ™ _
[Al,

rate and rate constant have different units

_ 1,100
0% 7 g™ 90
1. 100
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59.

Sol.

60.

Sol.

™ collegebatch.con

tiove _ log10—1log9 —0.045

toou log10

Based on the given figure, the number of correct statement/s is/are

Liquid molecule
on the surface

Liquid molecule in
the bulk

A. Surface tension is the outcome of equal attractive and repulsive forces acting on the liquid molecule
in bulk.

B. Surface tension is due to uneven forces acting on the molecules present on the surface.

C. The molecule in the bulk can never come to the liquid surface.

D. The molecules on the surface are responsible for vapours pressure if system is a closed system.
2

B & D option are correct.

Number of compounds giving (i) red colouration with ceric ammonium nitrate and also (ii) positive
iodoform test from the following is

(o]

OH

| )

oH
A~ ©/v
OH
m Oh/
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Mathematics

SECTION - A

61. Let A, VE {A,V} be such that (p = q) A(pVq) is a tautology. Then

(1) A=V,v=V 2)A=V,V= A B)A=AV=YV @HA=AV=A
Sol. (1)

P g9 p->qg pvg (p—a)v(pva)

T T T T T

T F F T T

F T T T T

F F T F T

62. If the four points, whose position vectors are 357 43+ ok , i+ 23—1A< , f2f—j+3f< and 5i— 20(} +4k are
coplanar, then a is equal to

73 107 -73 -107
(1) T 2) 7 (3) 7 4) ETE

Sol. (1)
3i—4j+2k, i+2j—k, —2i—j+3k, 5i-20j+4k
P Q R S
PQ=-2i+6j-3k
QR =-3i-3j+4k
R—S:7f+(1—2oc)]+12
70 0 -0
2 6 -3
3 3 4|=0
7 1-20 1
~2(-3+8a—4)—6(-31)-3(60.-3+21)=0
=3
17

63. The foot of perpendicular of the point (2,0,5) on the line "zi =5 = % is (a,B,y) . Then, which of the
following is NOT correct?
B v_ 3 @ ap _ 4
1) == — 2) ~= = -—= — 4) == —
(1= —s @1=3 (3) %= -8 @)

% 15
Sol. (1)

P(2,0,5)

<2,5,-1>

A\

-
M(2X—1, 1+5X, -\ —1)
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64.

Sol.

65.

PM(2,5,-1)=0
(2A -3, 5A+1, -A—6)-(2,5,-1)=0
4A—6+250+5+1+6=0

__ !
6
Now, a=2( -1 )-1--
3
p=-
S
6

The equations of two sides of a variable triangle are x= 0 and y=3, and its third side is a tangent to parabola

y*=6x. The locus of its circumcentre is:

(1) 4y —18y-3x-18=0 (2) 4y* =18y —3x +18=0
(3) 4y’ —18y+3x +18=0 (4) 4y* +18y +3x +18=0
(©)]
(0,%J t —x+it2
Y 2
0'(h, k)

(6t-3t2’3}

4h :8k—12—%(16k2 — 48k +36)

12h =24k —36 - 16k” + 48k — 36
4y’ —18y+3x+18=0

Let f(x)=2x"+MAeR,neN,and f(4) = 133,(5)255.
Then the sum of all the positive integer divisors of (f(3) — f(2)) is
(1) 60 (2) 59 (3) 61 (4) 58
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Sol.

66.

Sol.

67.

Sol.

68.

Sol.

@
133 = 2(4")+1
255 = 2(5")+A
122 = 2[5"-4"]
5" —4" =61
U

n=3
Now,
f(3) =23+ A
f2) =22y + A
f(3)—f(2)=38=2x19
(2°+2H (19° + 19)
=60

6
Z °'C, is equal to

k=0
(1) SIC4 _ 45C4 (2) 52C3 _ 45C3 (3) 52C4 _ 45C4 (4) 51C3 _ 45C3
3)

51c3+50c3+49c3+48C3+47c3+46c3+45c3

add and subtract * C,

(45C4+45C3)+46C3+47C3+48C3 +49C3+ soc3 +51C3 _45C4 (ncr+ nCH _ n+1cr)

52c4 _ 4 C4
= [C]

Let the function f(x) = 2x> + (2p — 7)x*> + 3(2p — 9)x — 6 have a maxima for some value of x < 0
and a minima for some value of x > 0.Then, the set of all values of p is

(02) o2 e @)
gé)() =2+ (2p—7x*>+3(2p—9)x—6
S

f'(x)=6x>+(4p—14)x+6p—27=0
(x)=6x" +(ap-14) ¢

let a>0 & 3<0
Products of roots <0 = (2)

1 3
Let A= VIO V1o and B = [(1) ?],wherei:\/—l.

-3 1

V0 V10
IfM= ATBA, then the inverse of the matrix AM2°>* AT is

1 0 1 —2023i 1 0 1 20231

(1 [—2023i 1] 2) [0 1 ] 3) [20231 1] “) [0 1 ]
C))
Now, M? = (ATBA)(ATBA) = ATB’A AAT =1
- M2023 — ATBZOZ3A
Let D= AM¥®ZAT = AATB222AAT AAT =1
D — B2023

oww=[15 [ <[22
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Now, B2 _| 1 2023
’ 0 1
ot _[1 2023
|0 1

69. Letd= —i—j+ k &-b= landdax b= i—].Thend — 6b is equal to

(H3(i-j+k @) @i+j-k 3)3(+]j+k @3(i-j-k
Sol. A3)
i ok
éx(éxB):—1 -1 1=i+j+2k
1 -1 0

5—35:?+3‘+2|2
—35:2?+2j+|2
—6b = 4i + 4]+ 2k
Now, é—65=3(?+3+12)

d

. 2 X .
70. The integral 16f1 Soea equal to
(1) 35— log, 4 @)= —log, 4 @)=+ log, 4 (4) 35+ log, 4
Sol. (2)
2
16J' dx :
1x3x4{1+22j
X
Let,1+%:t:>—i3dx=dt
X X
% 2 3.2
472 (t-1 _
_J‘( 2)dt:J‘t 22t—|-1dt
44 t y ot
2
3
:j(l—eriz t
3 t ot
3 1 2
2 3=+ Z
=32 2(1n3-1m3) 3

:>E—2ln2:>2—1n4
6 6

71. Let T and C respectively be the transverse and conjugate axes of the hyperbola
16x?> — y? + 64x + 4y + 44 = 0.Then the area of the region above the parabola x> = y + 4,

below the transverse axis T and on the right of the conjugate axis C is:
44

(1)4\/6+% 2) 46 - (3)4\/6+? (4)4\/3_%
Sol. (1)

16(x* + 4x) — ('~ 4y) + 44 =0

16{(x+2)>4} —(y-2)’+4+44=0

16(x+2)’ - (y-2)’= 16

(x+ 2)2 (y- 2)2

1 16
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72.

Sol.

73.

Sol.

74.

Let N be the sum of the numbers appeared when two fair dice are rolled and let the probability that
N —2, ¥3N, N+ 2 are in geometric progression be %.Then the value of k is

(1)8 2) 16 3)2 4) 4
“4)
3N=N?-4
N> -3N-4=0
N=4
Sum should be equal to 4 so possible outcomes are {(1,3), (2,2), (3,1)}
= Prob = 3.1k
36 12 48
K=4
A T
(1+ |cosx]) oos O0<x<:
If the function f(x) = u , X = 72—[ is continuous at x = ;—t,then 9+ 6log, p+ pé — b
=0 Zox<n
is equal to
(110 (2)2e* + 8 3) 11 4)8

+ lim cot6h
f TC_ — elHooth = y
2 3

£ % | =tim(1+sinh)—>
2 h—0 sinh

o>

= limit DNE (does not exist)

The number of functions f: {1,2,3,4} - {a €: Z|a| < 8} satisfying f(n) + if(n +1)=1,vne{123}is

(D1 (2)4 ()2 4)3 151



Sol.  (2)
£:{1,2,3,4} > {aez:[a|<8}

£(n)+—f(n+1)=1vne{1,2.3}
n

f(n+1)=n(1-f(n))
Putn=1, f£(2)=1-£(1)
Putn=2, f(3)=2(1-f(2))=2f(1)
Putn=3, f(4)=3(1-1(3))=3(1-2f (1))

Now : f(2)=1-1(1)
£(3)=2f(1)
£(4)=3-6f(1)
Take f(1) =0 Take (1) = 1
" _F 0
3 3 2
-3

No. of function = 2

Ans :

75. Let y = y(t) be a solution of the differential equation %+ ay = ye P where,a> 0, > Oandy > 0.
Then tlgg y(t)
(1)is —1 2)is 1 (3) does not exist 4)is 0

Sol. @)

dy +ay=ye ™

dt
L.D.E (Linear differential equation)
LF.= ejmdt =e*

y(eat) :J.,Ye—ﬁt 'eoct .dt
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76.

Sol.

77.

Sol.

limy(t) = lim{ —"—e ™ +c-e'°“}
t—w t—o0 B

a j—
=0+0
= limy(1)=0
Let z be a complex number such that |ZZ_+2ii| = 2,z # —i.Then z lies on the circle of radius 2 and centre
(1) (2.0) (2)(0.2) (3)(0,-2) 4) (0,0)
x+i(y—2)_2
x+i(y+1) B

x? +(y—2)2 =4(x2 +(y+1)2)

3> +4y* +4+8y-y* -4+4y =0
3(x2 +y2)+12y=0

x> +y>+4y =0

C(0,-2)

Let A,B,Cbe 3 x 3 matrices such that A is symmetric and B and C are skew-symmetric.

Consider the statements

(S1) A" B*® — B* A" is symmetric
(82)A%°C" — P A% is symmetric

Then,

(1) Only S2 is true(2) Both S1 and S2 are false
(3) Only S1 is true(4) Both S1 and S2 are true

1)
A=A, B'=-B, C'=—
(Sl) : (A13B26 _ B26A13)T

— (ABBZ())T* (B26A13)T

— (BT)Z() (AT)13 _ (AT)13 (BT)Z()

— (*B)Z() (A)B* (A)13 (*B)Z()

— R26 A13  A13 R26

B"A"-A"B
— *(AB B26* B26 A13)
(S1 — false)

(SZ) : (AZ() CB* C13 A26)T

— (AZ() CB)T* (C13 A26)T

— (CT)13 (AT)Z(’, (AT)Z() (CT)13
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78.

Sol.

79.

Sol.

80.

Sol.

—- C13 A26* A26 (7c)13
— A26 C13 _ C13 A26
(S, > True)

The number of numbers, strictly between 5000 and 10000 can be formed using the digits 1,3,5,7,9
without repetition, is

(1) 12 (2) 120 (3) 72 4)6
3
/ /
/ ‘c, -3
{5,379}

No. of ways = 3.4 x 31 =341 =72

Let f: R — R be a function defined by

f(x) = 1og\/5{\/§( sinx — cos x) + m — 2}, for some m, such that the range of fis [0,2]. Then the value of m is
(O (2)4 3)3 4)2

1)

2 <sinx —cosx <2

= -2 S\/E(sinx —C0sx) <2

:>m—4£x/§(sinx—cosx)+m—2£m

- logf/r%#‘) < logi/g(sinx—cosx)-ﬁ—m—Z} < log?a
U
0
:>log(jna'4) =0
~m=3
The shortest distance between the lines x+ 1= 2y = —12zandx = y+ 2= 6z— 06 is
3 5
(1 2 )2 32 43
(09
x+1_ y_z X_y+2 z-1
T R L R T
2 12 6
_|(b=2)-(pxa)
pxq
a=(~1,0,0), b=(0,-2,1)
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b-a=i-2j+k
ik
pxq=|l l —L
pxd 2 12
1 1 l
6
:A i+i _3 l_i_i +12 1_1
12 12 6 12 2
6 4 2
[pxq|= .7
P 36 16 4 12
(i-2j+k) | L-Te X
d 6 4 2
B 7
12
1 1 7
6 2 26
= :—:2
i A
12 12
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81.

Sol.

82.

Sol.

SECTION - B

25% of the population are smokers. A smoker has 27 times more chances to develop lung cancer than a non

smoker. A person is diagnosed with lung cancer and the probability that this person is a smoker is %, Then the

value of k is.
9

P (smoker ) =

N

P (non smoker ) = %

Probability that a smoker has lung cancer

A5

Probability that a person is smoker when he has lung cancer

T (C}%(CJ
4 S 4 \ NS
27k

30 10

k=9

The remainder when (2023)2%23 is divided by 35 is
7
2023 =289 x 7
2023 is a multiple of 7
n = (2023)*°* is multiple of 7
and (2023223 = (-2)203 = _p(23)lon!
_ 72(5_1)1011
:f2|:5C0510“—5C151010+ """ _1011C10“]

(2023)*** when divided by 5

gives remainder 2
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83.

Sol.

84.

Sol.

If n=(2023)*°* divided by 35=7 x5
n="7k

n—7=7(k-1)—>n 7 is multiple of 7
andn=5m+2

son—7=5m—5 = multiple of 5

so n— 7 is multiple of 35 so when n is divided by 35, reminder = 7

1
Let a € R and let a, B be the roots of the equation x> + 60sx + a = 0

If ot + B4 = =30, then the product of all possible values of a is
(45)

1
oa+p=-60% andaf =a

1
a’+ B = 602-2a

1

at+ B +20°B* =60 4a> — 4a- 602
30 +2a> = 60 + 4a> — 4a\/60
a’ — 2ay/60 +45 =0

Product =45

o . 1 . . . L1 1 .
For the two positive numbers a, b is a, b and g are in a geometric progression, while " 10 and , are in an

arithmetic progression, then 16a + b is equal to

3)
b=
18
20:14_1
a b
b
a=
20b-1
,_ 1 b
18 20b-1

360b2—18b—1=0
360b% — 30b+12b—1=0
(12b—1) (30b+ 1) =0

1 -1 .
b=—, — (rejected
12 30 (rej )

a=—

8
l6a+12b=2+1=3

157



8S. If m and n respectively are the numbers of positive and negative values of q in the interval [—p, p] that satisfy
. 0 90 .
the equation cos 26cos 5 = cos 30cos > then mn is equal to

Sol. 25

2cos 29COS% = 200539005%

56 30
COS— + COS— = COS—— + COS—

2 2 2 2

50 156
cos——cos—=0

2 2

sin50=0 or sin? =0

G:E 2nm
5 5
00,45 2% (30 4
5 5 5 5
m=n=>5
mn =25

x—1 _ y+1 _ z-2 .

86. If the shortest distance between the line joining the points (1,2,3) and (2,3,4),and the line - 5

then 28a’ is equal to

Sol. 18
A(1,2,3) B(2,3,4)
Equation of line AB
x-1 y-2 z-3
11
Given line

x-1 y+1 z-2
2 -1 0

shortest distance = |(52 _;il) . (:52 xby )|
‘ ‘b1 X bz‘ ‘

|(3}—12)-(i+2]—312)|
B JI+4+9
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87. Points P(-3,2),Q(9,10) and (a,4) lie on a circle C with PR as its diameter, The tangents to C at the points Q and
R intersect at the point S. If S lies on the line 2x — ky = 1, then k is equal to

Sel. (3
Equation of circle is

x+3)x-a)+(y-2)(y-4=0

Q(9,10)

R(o,4)

Q lies on it
120-a)+8%x6=0

X +y —10x—-6y-31=0

Equation of Tangent at Q
x9+yl0-5x+9)-3(y+10)-31=0
4x+7y=106 ... (D)
Equation of Tangent at R
x13+y4-5x+13)-3(y+4)-31=0
8&x+y=108 ... 2)

Solution (1) and (2)

(24
2

which lies on 2x — ky =1
k=3

88. Suppose Anil's mother wants to give 5 whole fruits to Anil from a basket of 7 red apples, 5 white apples and 8
oranges. If in the selected 5 fruits, at least 2 oranges, at least one red apple and at least one white apple must be
given, then the number of ways, Anil's mother can offer 5 fruits to Anil is

Sol. 6860
Three cases are possible
IR IW 30+ 2R IW 20 + 1R 2W 20
’c,-’c,-fc,+7C, -’ fe, + ¢, G, B,
= 6860

159



89.

Sol.

90.

Sol.

3 2
If I|loge x|dx = 2loge {n—] , where m and n are coprime natural numbers, then m?> + n?> — 5 is equal to
n e
1

3

20

3
J‘|logc x|dx
1

w |

(-Inx)dx +j(lnx)dx

1

IR Y S

—[xlnx—x]ll +[x1nx—x]f
3

2
= i1n (2j =D [n—]
3 e n e

m=4andn=23
som*+n*-5=16+9-5=20

A triangle is formed by X- axis, Y-axis and the line 3x + 4y = 4y = 60. Then the number of points P(a, b) which

lie strictly inside the triangle, where a is an integer and b is a multiple of a, is

31

3x+4y=60

x=1,4y=57,y=14.2
x=1,y=1,2,3,....... 14 — 14 points
x=2,4y=54,y=13.5
x=2,y=2,4,6,8, 10, 12 — 6 points
x=3,y=3,6,9, 12 — 4 points
x=4,y=4,8 — 2 points
x=5,y=5, 10 > 2 points
Xx=6,y=6— 1 points
x=7,y=7— 1 points

x =8, y=8 — 1 points
x=9,4y=23,y=5.7 X no point
Total points=14+6+4+2+2+1+1+1=31
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JEE-MAIN EXAMINATION - JANUARY, 2%‘:0"999'9“&“‘0"“

(Held On Thursday 29th January, 2023) TIME:9:00 AMto 12: 00 NOON

1.

Sol.

Physics

SECTION - A
Find the mutual inductance in the arrangement, when a small circular loop of wire of radius
'R'is placed inside a large square loop of wire of side (L > R). The loops are coplanar and their centers
coincide :

L
-
L ( B L
.,
L
(1) M = \/Elz:oRZ (Z)M — 2\/3!2101? (3) M= ﬁ;OR (4) M= ZVEiloRZ
Q)
D
< A
2)
1y 1L
> v
A T > B
¢ = MI
¢, = MI,
B1A2 = MI]
Mo BiAy (1)
Il
B — magnetic field due to square frame
A, — Area of circle
Ii —» current in square frame.
B -
B1 =4, BAB
4| Mol gin 450+ sin 45]
24n " 04 T
2 . 45°
Holy (1 1 Mol
B, =2 —r— =22
! nL [\/5 2 nL
M = B/A,
Il
V| 2200 ) nR® 242 R
L 1, L
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The threshold wavelength for photoelectric emission from a material is 5500A. Photoelectrons will be emitted,
when this material is illuminated with monochromatic radiation from a

(A) 75 W infra —red lamp (B) 10 W infra-red lamp
(C) 75 W ultra — violet lamp (D) 10 W ultra-violet lamp
Choose the correct answer from the options given below:
(1) B and C only (2) A and D only
(3) C only (4) C and D Only
“4)
L, =5500A — ¢, = 12400 2.25eV
5500
»=3.6x10"7J
U.V. Rays Visible . LR.
| | I
4000 A

7000 A
5500 A

P.E.E will occur if wavelength of incidence wave is less then threshold wavelength. So u. v. rays will be
useful for emission.
So both U.V. rays lamps can be used.

Match List I with List II:
List T (Physical List IT (Dimensional Formula)
Quantity)

A Pressure gradient | 1. [M° 12 T~?]

B.  Energy density II. M L7t T72]

C Electric Field II1. [M! L2 T7?]

D. Latent heat Iv. [MTL' T3 A™Y]
Choose the correct answer from the options given below:
(1) A-11, B - 111, C-1, D-IV (2) A-11, B-11I, C-1V, D-I
(3) A-II1, B 11, C-1V, D-1 (4) A-1I1, B - 11, C-1, D-IV
(3)
(A) Pressure gradient = Pressure = Force

Length  Areaxlength
-2
= MI;T =[ML”T™]
L"L
22

(B) Energy density = Encrgy = ML 3T =[ML'T?]

Volume L

-2
(C) Electric field = Force MLT- _ [MLT A™]
Charge AT
22
(D) Latent heat = Heat MLT" _ [L*T7]
Mass M

Ans : A-11I1L, B-I1, C-1V, D-1
Ans. : (3)
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4. In a cuboid of dimension 2L x 2L x L, a charge q is placed at the center of the surface 'S ' having area of 412,
The flux through the opposite surface to 'S 'is given by
q q q q
1) — 2) — 3) — 4) —
) 12¢, @ 6¢, ©) 3¢, ) 2g,
Sol.  (2)
< 2L If? Surface —» S

2L 1
®q
L

/
k} S'
When smaller box is considered on the given box then charge ‘q’ will be at center.

So flux from surface S’ = (EJ ! |

g )6 68,
2L < 2L >
/ A
2L
[ ]
q
. v
Ans : (2)
5. A person observes two moving trains, 'A' reaching the station and 'B' leaving the station with equal speed of

30 m/s. If both trains emit sounds with frequency 300 Hz, (Speed of sound: @) approximate difference of
frequencies heard by the person will be:

(1) 55 Hz (2) 80 Hz (3)33 Hz (4) 10 Hz
Sol. (1)

—>30m/s, —>30m/s

fo =300 Hz

V =330 m/sec.

fa= 1, v =300 330 =330Hz
V-V, 330-30

fy =1, v =300 [ﬁJ =275Hz
360

V+V,

Af =f, —f, =330-275=55Hz
Ans. : (1)
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A block of mass m slides down the plane inclined at angle 30° with an acceleration %. The value of

coefficient of kinetic friction will be:

1 3 23 +1 231
1) — 2) — 3 4
()2\5 2) 3 3) “4)
0y
f, =uN
N =mg cos 0
fk=pmgcos o

2 2

. mgsin 6 —umgcos o

m
a=gsin 30° — pg cos 30°

1 3
SRE

2 2

=1-3p

A bicycle tyre is filled with air having pressure of 270 kPa at 27°C. The approximate pressure of the air in the
tyre when the temperature increases to 36° C is

(1) 270 kPa (2) 262 kPa (3) 360 kPa (4) 278 kPa

(C))

PV =nRT

n — const. V = const.

PaT,

Py =270 kpa,

T,=27°C=300K

PZ 2
=== (1
p (M

P, _309
270 KPa 300

1
P, = 103 x 270KPa = 278KPa
100

Option : (4)
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8. A single current carrying loop of wire carrying current I flowing in anticlockwise direction seen from +ve
z direction and lying in xy plane is shown in figure. The plot of j component of magnetic field (By)
atadistance ' a’ (less than radius of the coil) and on yz plane vs z coordinate looks like

(1 2

3) “4)
Sol. (1)

Theory based concept

9. Surface tension of a soap bubble is 2.0 x 10> Nm™'. Work done to increase the radius of soap bubble from 3.5
cm to 7 cm will be:

Take |:TC = 2}
7

(1)9.24 x 10*]J (2)5.76 x 10*]J (3)0.72 x 10*]J (4)18.48 x 10*)
Sol. (4)

T=2.0x10>Nm

rn=35cm, n=7cm

W =TAA x No. of air — liquid surface

W\ =2T.4TC(I‘22 —rlz)
4
W=2x2x107 ><47{49—79}<104
» 3
W=16tx10 X49XZ

W =1847.26 x 10°°
W=1847x10*]J
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Given below are two statements: One is labelled as Assertion A and the other is labelled as Reason R.
Assertion A: If

dQ and dW represent the heat supplied to the system and the work done on the system respectively.
Then according to the first law of thermodynamics dQ = dU — dW.

Reason R: First law of thermodynamics is based on law of conservation of energy.

In the light of the above statements, choose the correct answer from the options given below:

(1) Both A and R are correct and R is the correct explanation of A

(2) A is not correct but R is correct

(3) A is correct but R is not correct

(4) Both A and R are correct but R is not the correct explanation of A

(0))

First law of thermodynamics is based on energy conservation

dQ=dU +dW

Here dW — work done on the system so volume decreases.

So dW — —ve

dQ=dU-dwW

If a radioactive element having half-life of 30 min is undergoing beta decay, the fraction

of radioactive element remains undecayed after 90 min. will be

1 1 1 1
1) — 2) — 3) — 4) —
()8 ()2 ()4 ()16
e))
T =30 min.
t =90 min

t  90min
n=—= :3

T 30min
N (active) = &:N—;’:&

2" 2 8

N_1
N, 8

Two particles of equal mass ‘m’ move in a circle of radius ‘r’ under the action of their mutual gravitational

attraction. The speed of each particle will be :

(1) [ @ [
by 4r

3) S @ |Sm
T 2r
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2

2
mv Gm.m

r (2r)?
V_Q_Gm
r 4r?

G
V= f_m
4r
If the height of transmitting and receiving antennas are 80 m each, the maximum line of sight distance will be:
Given: Earth's radius = 6.4 x 10° m

(1) 28 km (2) 36 km (3) 32 km (4) 64 km

4)
hT=hR=h=80m

d; =+v2Rh and d, =V2R.h

Maximum line of sight = dr + dr
= 2Rh+«/ﬁ
= 2/2Rh =2/2x6.4x10° x80
=264x16x10°

=2 x 8 x4x10°
=64 x 10° = 64 km

A car is moving on a horizontal curved road with radius 50 m. The approximate maximum speed of car will
be, if friction between tyres and road is 0.34. [take g = 10 ms™?]

(1) 17 ms—1 (2) 13 ms! (3) 22.4 ms™! (4)3.4ms™!

2

pn=034,R=50m

V = JuRg =0.34x50x10 =/34x5 =+/170 =13
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15.

Sol.

16.

Sol.

Ratio of thermal energy released in two resistors R and 3R connected in parallel in an electric circuit is :

@)1:1 (3)1:3

(H)y1:27
)
ANV
AATAVATA
3R
|1
|I
Y
2
H=T"Rt=—1t
V = const.
So, HOLL
R
H _3R_3
H, R 1

™ collegebatch.con

4)3:1

A stone is projected at angle 30° to the horizontal. The ratio of kinetic energy of the stone at point of projection

to its kinetic energy at the highest point of flight will be —

(H1:2 2)1:4 3)4:1
C)
A
B Vo cos30°
Vo
OU
A
1
KA :EmVA
1
K, =—mV; (1)
2
Ky :%m(VO c0s30°)°
m_,3 3 )
Ky=—V, —=—mV, . (2
B 2 0 4 8 0 ( )
mV,
K, 2

~
s}
7\
99
¥
Ne—

[SSHINN

“4)4:3
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Which of the following are true?

A. Speed of light in vacuum is dependent on the direction of propagation.

B. Speed of light in a medium is independent of the wavelength of light.

C. The speed of light is independent of the motion of the source.

D. The speed of light in a medium is independent of intensity.

Choose the correct answer from the options given below:

(1) C and D only (2) B and C only (3) A and C only (4) B and D only
1)

velocity of light depends on Refractive index of medium and independent of intensity and source.

In a Young's double slit experiment, two slits are illuminated with a light of wavelength
800 nm. The line joining A4, P is perpendicular to 4,4, as shown in the figure. If the first minimum is
detected at P, the value of slits separation 'a' will be:

Source P
S00 nm
> .y T S .
" ] P
1 g
é ¢ ' - e —
A2 —~ =
—>
D
The distance of screen from slits D = 5 cm
(1) 0.5 mm (2) 0.1 mm (3) 0.4 mm (4) 0.2 mm
C))
Ay R
A (1" minima) (Ej
Az B
< 5 >
B_a
2 2
A
—=a
a
AD=a’
a’=800x10" x5x107"
a’ =4000x107"
a=2x10"
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19. Which one of the following statement is not correct in the case of light emitting diodes?
A. It is a heavily doped p-n junction.
B. It emits light only when it is forward biased.
C. It emits light only when it is reverse biased.
D. The energy of the light emitted is equal to or slightly less than the energy gap of the semiconductor used.
Choose the correct answer from the options given below:

(HA 2)Cand D 3)c 4B
Sol. (3
Light emitting diode only used in forward bias
Option : 3
20. The magnitude of magnetic induction at mid point O due to current arrangement as shown in Fig will be
T '
Al
k—a—3
I B
——— A ® —— — — —
O E D
k—a —
W
¢
(1) Kol (@) tal (3)0 (4) tal
ma 2ma 4ma
Sol. (1)

Magnetic field due to "AB" and "ED" will be zero

magnetic field due to "BC" and "ET" will be equal in amount and direction.
I I I
'B'dueBC =10 = Hoo _Hoo (D
4nr 4 2na

I
'B'duetoTE = 2= ©

ma

I I I
B, atpoint 'O'= Poo y Bom 1B o outward
2ma  2ma) ma

SECTION - B
21. As shown in the figure, three identical polaroids P;, P, and Ps; are placed one after another.
The pass axis of P, and P are inclined at angle of 60° and 90° with respect to axis of P;.

The source S has an intensity of 256 % . The intensity of light at point O is - %
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Sol.  (24)

W

Intensity of source I, =256 —-
m

. . . . I

intensity after passing Py is I, = EO = 128E
intensity after passing P> is I, = I; cos®0

= (128). cos? 60°

w

m2

intensity after passing P3 is Is = I, cos® 0
angle b/w p2 and p3 = 30°

128><l=32
4

So, I, =32c0s”30°=32x E 24E2
4 m
22. A 0.4 kg mass takes 8 s to reach ground when dropped from a certain height ' P ' above surface of earth.

The loss of potential energy in the last second of fall is J.
(Take g = 10 m/s?)

Sol. 3001)
t=0

4 ‘_lu=0
~ t=7sec
A\

hs t=8sec
v O
S=ut+lat2
2

h=0+%.g(8)2 :§x8x8=320m

Distance covered in last second

h1:u+%(2n—1)

10
=0 +7[2(8) —-1]

h, =5[15] =75m
AU, =mghh
AU =0.4x10x75=300J

loss

Ans —300 J
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Two simple harmonic waves having equal amplitudes of 8 cm and equal frequency of 10 Hz are moving
along the same direction. The resultant amplitude isalso 8 cm. The phase difference between the
individual waves is degree.

120

A=A A=A A, =A
Al +A; +2A A cosdp=A2,
A+ A’ +2A%cosp=A’
1+2cos¢=0:>cos¢=—%
¢ =120

A tennis ball is dropped on to the floor from a height of 9.8 m. It rebounds to a height 5.0 m. Ball comes in
contact with the floor for 0.2 s. The average acceleration during contact is ms™>

(Given g = 10 ms™2)

(120m / sec?)

7

O

9.8 m
5m

i_O otV

Vi
v, =2gh =\2x10x9.8 =196

v, =14m/sec

\/2:\/%E

v2:\/2x10><5:10m/sec.
L v v, 10-(-14)
oAt At 0.2

24
a. =—=120m/sec?
0.2

ay

A certain elastic conducting material is stretched into a circular loop. It is placed with its plane perpendicular to
a uniform magnetic field B = 0.8 T. When released the radius of the loop starts shrinking at a constant rate

of 2cms™!. The induced emf in the loop at an instant when the radius of the loop is 10 cm will be mV.
(Given g =10 ms™?)
(10)
X ®
®
X
X ®
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B=0.8T
d
& o rems?
dt
d(BA
emf:d—¢: ( )
dt dt

d , dr
emf =B—rnr° =nB(2r)—
f dt dt

emf =2nBr-(0.02)
=277(0.8)(0.1)x0.02
=32nx107*
=100.48x10"*
=10.048x10"
=10.04mV =~ 10 mV

A solid sphere of mass 2 kg is making pure rolling on a horizontal surface with kinetic energy 2240 ].
The velocity of centre of mass of the sphere will be ms ™!

(40)

Mass =2 kg

K.E=2240]J

1
KE= Emvo +—lw, Rolling

Vo

2240 = —><2><V(2,
10

22400
v, ==———=1600
14

| v, =40 m/sec

A body cools from 60°C to 40°C in 6 minutes. If, temperature of surroundings is 10°C. Then, after the next
6 minutes, its temperature will be °C.
(28)
60°C =——————> 40°C =———>T T,=10°C
6 min 6 min
AT
—=k(T-T,
Lok(T-T)
(60 — 40)
6 min
And(40i13::K[40+1ﬂ—10} (2)
6 min 2
72
20 40
40—T_(40+T—20j

=k[50-10] (1)

2
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20 40x2
40-T 20+T
(20 + T) = (40 — T)4
20+T=160—4T = ST = 140
_ 140

T =28°C

28. In a metre bridge experiment the balance point is obtained if the gaps are closed by 2Q and 3Q. A shunt of XQ
is added to 3Q) resistor to shift the balancing point by 22.5 cm. The value of X is -

Sol. x=2
23
£, 100—¢,
200 - 26, =30,

2Q 3Q0

A > T0-5n

20

30
W WH
é@%

v

»
» €

A
200 =5¢,

Now £,=¢1+22.5
£,=40+22.5=62.5cm

100—/;

29. A point charge q, = 4q, is placed at origin. Another point charge q, = —q, is placed at = 12 cm.
Charge of proton is q,. The proton is placed on x axis so that the electrostatic force on the proton
is zero. In this situation, the position of the proton from the origin is cm.
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24
q, =4q,andqg, =—q,
—
a1 9z Qo
L I @
X=0 X=12cm 1
Null point
Electric field at point A will be zero.
E> Ei1
«——»
A
£ =[E:
kg, g, _ kq,4,
(12+x)° X’
B VR 1)
(12 + x)2 x*
4x? = (12 + x)?
2x = (12 + x)
2x=12+x —-2x=12+x
x =12 -3x =12
12
X =12 cm X=x:—?=—4
. L —>12+12
Position of proton from origin will be
—24cm

A radioactive element ,° X emits two a —articles, one electron and two positrons. The product nucleus is

234

represented by ;Y . The value of P is
87

242 234
92 >( P‘Y

+2,0' + e +2,€°
Using charge conservation:
92=P+22)+(-1)+2(1)

92=P+5

Ans
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Chemistry

SECTION - A

31.  "A" obtained by Ostwald's method involving air oxidation of NH;, upon further air oxidation produces
"B". "B" on hydration forms an oxoacid of Nitrogen along with evolution of "A". The oxoacid also
produces "A" and gives positive brown ring test.

Identify A and B, respectively.

(1) N;03,NO, (2) NO,, N,0, (3) NO3, N,05 (4) NO,NO,
Sol. 4
4 NH;+50, —2— 4NO+6H,0
(A)
2NO+0O; = 2NO,
(B)

32.  Correct statement about smog is:
(1) Classical smog also has high concentration of oxidizing agents
(2) Both NO, and SO, are present in classical smog
(3) NO, is present in classical smog
(4) Photochemical smog has high concentration of oxidizing agents
Sol. 4
Photochemical smog is oxidizing smog. Its high concentration of oxidizing agent like ozone and HNO;

33. The standard electrode potential (M3*/M?*) for V,Cr,Mn& Co are —0.26 V, —0.41V,+1.57 V and
+1.97 V, respectively. The metal ions which can liberate H. from a dilute acid are
(1) Mn?* and Co?*  (2) Cr?* and Co?* (3) V2* and Cr?* (4) V?* and Mn?*
Sol. 3
V*%and Cr*?
The metal ion for which have less value of reduction potential can release H» on reaction with dilute acid.

34. The shortest wavelength of hydrogen atom in Lyman series is A. The longest wavelength in Balmer
series of He™is
361 92 5 51
(1) = (2) = (3) o1 (4) ry
Sol. 2
. 1 1 1
For lymen seriese > — =R x1| —-—
A 1

min

For balmer seriese — L =R x4 iz — iz
;\‘max 2 3

1

kmin 7\’max _ xmax _ %

71 )\’min 7\’ 5R

?\‘max
Amax = %

5

35. The bond dissociation energy is highest for

(1) F, (2) Br, 31 (4) Cl, 176
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Sol. 4
Order of B.D.E in halogen is
(E) CI-C1> Br-Br > F-F > I-1

36. The increasing order of pK, for the following phenols is
(A) 2, 4-Dinitrophenol (B) 4-Nitrophenol
(C) 2, 4,5 — Trimethylphenol (D) Phenol
(E) 3-Chlorophenol
Choose the correct answer from the option given below:

(1) (A), (B), (E), (D), (©) (2) (), (D), (B), (B), (A)
(3) (A), (B), (B), (D), (O (4) (O), (E), (D), (B), (A)
Sol. 1
OH OH OH OH OH
N02 CH3 @
CH;3 Cl
NO; NO» CHs
(A) (B) © (D) (E)
acedic strength oc K,
1
oC P_I<a
OH OH OH OH OH
CH3 NO;
> > > >
CH; Cl
CH; NO, NO»
© (D) (E) (B) (A)

37.  For 1 mol of gas, the plot of pV vs. p is shown below. p is the pressure and V is the volume of the gas

v

p—
What is the value of compressibility factor at point ?

)1+~ @)1-— @) 1+7 @1-7
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2
At point A — low pressure, volume of gas very high
—>V-b=rV

a
(P+Wj(v‘ne$w)—”
(p + &Jv =RT

PV+2_RT
A%

a
+ =
RTV

_a
RTV

1

z=1

Match List I with List IT.

ListI List IT

Antimicrobials Names

(A) Narrow Spectrum Antibiotic | (I) Furacin

(B)  Antiseptic (IT) Sulphur dioxide

(C) Disinfectants (III) Penicillin G

(D) Broad spectrum antibiotic (IV) Chloramphenicol

Choose the correct answer from the options given below:

(1) (A) —11,(B) — I, (C) — IV, (D) — III (2) (A) -1, (B) — 11, (C) — IV, (D) — III
(3) (A) —1I1,(B) — I, (C) — IV, (D) —II (4) (A) 111, (B) — 1, (C) — 11, (D) — IV
4

Narrow Spectrum Antibiotic — Penicillin G (used in pathgens)
Antiseptic — Furacin

Disinfectants — Sulphur dioxide

Broad spectrum antibiotic — Chloramphenicol

During the borax bead test with CuSO,, a blue green colour of the bead was observed in oxidising flame
due to the formation of

(1) CuO (2) Cu(BO,), (3) Cuz B, (4) Cu
2

Blue green colour is due to formation of Cu(BO>)»
CuSOs —2— CuO+S0s
CuO+B20; — Cu(BO»)»
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Which of the following salt solution would coagulate the colloid solution formed when FeCl3 is added
to NaOH solution, at the fastest rate?

(1) 10 mL of 0.1 mol dm™3 Na,SO, (2) 10 mL of 0.2 mol dm3 AlCl,
(3) 10 mL of 0.1 mol dm=3 Cas(PO,)- (4) 10 mL of 0.15 mol dm™3 CaCl,
2

FeCl3+NaOH — Fe(OH)s/OH™
Negative colloidal particle
Positive ion required for coagulation of sol.

Number of cyclic tripeptides formed with 2 amino acids 4 and B is:

15 (2)2 (3) 4 4)3
3
To amine acid
H,N-CH - COOH H,N-CH - COOH
R, R,
(A) (B)

Tripeptide are formed —

N Y

The correct order of hydration enthalpies is

(A)K* (B) Rb* (C) Mg?* (D) Cs*
(E) Ca%*
Choose the correct answer from the options given below:
(WE>C>A>B>D (2)C>A>E>B>D
(2)C>E>A>D>B (4) C>E>A>B>D
4
Order of hydration enthalpy is size order
Li Be Smallest
Na Me
K Ca
Sr
Rh Ba
CS
larger
Mg?>Ca?*>K"*>Rb™>CS*

Chiral complex from the following is:

Here en = ethylene diamine

(1) cis ~[PtCl,(en),]?* (2) trans — [PtCl,(en),]?*
(8) cis — [PtCl;(NH3),] (4) trans — [Co(NH3),Cl,]*
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Sol. 1
&M N
N A
/ B Cl 1’ \ en

44. Identify the correct order for the given property for following compounds.

| 1 NN
(A) Boiling Point: O < 0 < cl

(B) Density:
Br Br

“SBr < ’kn.- < )q[l’?;‘r
(C) Boiling Point:
| < ~Br < /Yf_'l
Br Br

NS A * L

(D) Density:

(E) Boiling Point:
Choose the correct answer from the option given below:

(1) (B), (C) and (D) only (2) (A), (C) and (D) only
(3) (A), (B) and (E) only (4) (A), (C) and (E) only
Sol. 4

(1) B.P. o« Molecular mass
(i) B.P. o polarityT
(ii1) B.P. o .
No.of Branches
45. The magnetic behavior of Li,0,Na,0, and KO,, respectively, are
(1) Paramagnetic, paramagnetic and diamagnetic
(2) diamagnetic, paramagnetic and diamagnetic
(3) paramagnetic, diamagnetic and paramagnetic
(4) diamagnetic, diamagnetic and paramagnetic

Sol. 4
Li,O (O Diamagnetic
Na;O» O Diamagnetic
KO; O, paramagnetic

46. The reaction representing the Mond process for metal refining is
A
(1) ZnO+C—Zn+CO
A
(2) Zr + 21, — Zrl,
A
(3) 2 K[Au(CN),] + Zn — K, [Zn(CN),] + 2Au
A
(4) Ni + 4CO — Ni(C0O),
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Sol. 4
Ni+4c0 2L€ S Ni(co),
Impure vap.
250°C
Ni +4CO
pure

47.  Which of the given compounds can enhance the efficiency of hydrogen storage tank?

(1) Di-isobutylaluminium hydride (2) NaNig
(3) Li/P, (4) SiH,
Sol. 2

Ni can adsorb 800 times more hydrogen then its own volume

48. Match List I with List II.

ListI List IT
Reaction Reagents
(A) Hoffmann Degradation (I) Conc.KOH, A
(B) Clemenson reduction (IT) CHCl3,NaOH/H30®
(C) Cannizaro reaction (III) Br,, NaOH
(D) Reimer-Tiemann Reaction | (IV)Zn — Hg/HCI

Choose the correct answer from the options given below:

(1) (A) =111, (B) =1V, (C) = I, (D) - 1I (2) (A)-11,(B) -1, (C) - III, (D) - IV
(3) (A) -1, (B) -1V, (C) — 11, (D) - 1 (4) (A) —11, (B) — IV, (C) — I, (D) — 11I
Sol. 1

Hoffmann degradation — Brz, NaOH

Clemenson reduction — Zn-Hg/HCI

Cannizaro reaction — Conc. KOH, A
Reimer-Tiemann reaction — CuCl;, NaOH/H;0®

49. The major product ‘P’ for the following sequence of reactions is:

0 0 1) Zn/Hg
P )J\/\/U\N“ HC i 23
Hy, —m8 > ’
. " 2) LiAlH, major product
3) H, 07
(1 (2)
(3) (4)
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Sol. 4
(0] 0] 0]
)l\/\/u\ MOLLL N /\/\)j\
Ph NH» HCI Ph NH:
Clemenson
reduction

50. Compound that will give positive Lassaigne’s test for both nitrogen and halogen is:
(1) NH.OH.HCl (2) CH;NH..HCI (3) NH,Cl (4) N.H,.HCl
Sol. 2
Lassaigne test for both N and X is given by the compound which have C, N as well X atom in compound.

51.  Millimoles of calcium hydroxide required to produce 100 mL of the aqueous solution of pH 12 is x X

10~ L. The value of x is (Nearest integer).
Assume complete dissociation.
Sol. 5
pH=12, pOH=2 [OH =102 N
. N 107
Molarity of Ca(OH),= 5 = 5 =0.005 N
0.005 = milimoles
100
5 _ milimoles
1000 100

= 5x10"" milimoles

52.  Water decomposes at 2300 K

1
H,0(g) » Ha(g) + 502( g)
The percent of water decomposing at 2300 K and 1 bar is (Nearest integer).
Equilibrium constant for the reaction is 2 x 1073 at 2300 K.
Sol. 2

HzO(g)—)Hz(g)+1/202
1—oc oc oc/2

o (oc /2)1/2 i
kp= ————=2x10"

1—oc

OC3/2

2x107° =—— K]

(1)
23/2>< ( 1 0—2)3/2:m3/2
oc=2x1072
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53.

Sol.

54.

Sol.

The sum of bridging carbonyls in W(CO), and Mn,(CO);, is
0

W(CO)s — 0 Bridge CO

(|ZO
CO CO
\W<
co” | Mo
CO
an(CO)lo—)O

(le

CcO CO

Nvin”
71\

CO CoO
CcO CcO
Nvin”

co” | Nco
Co

™ collegebatch.con

Solid Lead nitrate is dissolved in 1 litre of water. The solution was found to boil at 100.15°C. When
0.2 mol of NaCl is added to the resulting solution, it was observed that the solution froze at —0.8°C.
The solubility product of PbCl, formed is x 107° at 298 K. (Nearest integer)

(Given : Ky=0.5 K kgmol™ and K¢ = 1.8 K kg mol~1. Assume molality to be equal to molarity in all

cases.)
13
Let a mole Pb (NO,). be added

Pb(NO3), — Pb>" +2NO3
a a 2a
AT, =0.15=0.5[3a] = a =0.1

Pblam) +2Claq) = PbCly(s)

t=0 0.1 0.2
t=o0 0.1 -x) (0.2 - 2x)
In final solution
ATf:0.8:1.8{0'3+3X+0'2+0'2}
23
= X=-=
27
23 46Y
= Ko =|01-22 [ 02-==| =13x107°
27 27
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Sol.

56.

Sol.

57.
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17mg of a hydrocarbon (M.F. C;yH;¢ ) takes up 8.40 mL of the H, gas measured at 0°C and 760 mm of
Hg. Ozonolysis of the same hydrocarbon yields

The number of double bond/s present in the hydrocarbon is
3

-3
Moles of hydrocarbon = % =1.25x107*

nH, =1x 8.4 =nx0.0821x273
1000

= n= 3.75%10~%

Hydrogen molecule used for 1 molecule of hydrogen is 3

3.75%x107

- =3
1.25%x107%

Consider the following reaction approaching equilibrium at 27°C and 1 atm pressure
ke=103

A+B = C+D
kr=102

The standard Gibb's energy change (A,G%) at 27°Cis (-) KJ mol™

(Nearest integer).

(Given: R=83]JK 'mol *andIn10 = 2.3)

6

3
K, _10°_ o

eq — K_b - W -
AG®=—RT In Keq
~8.3x300 In 10
~8.3x300 x2.3
~5.72x107 J

5.72KJ

The number of molecules or ions from the following, which do not have odd number of electrons

are
(A) NO, (B) ICl; (C) BrF; (D) Clo,
(E)NOZ (F) NO
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Sol. 3
odd e

i

N
At

ICls, BrF; and NO;" do not
have odd number of electron.
Cl
\
d

127

0
T

Odd e absent

N 0

c/ Q\m

F
Ell%r—F

|
F

J’_
O0=N=0
58.  Following chromatogram was developed by adsorption of compound 'A' on a 6 cm TLC glass plate.
Retardation factor of the compound 'A’ is x 1071
_____ 0.5em ______ | 5 Solvent Front
Compiiid A ===p====e== A
> 3.5 em
¢ 0.5 em
Sol. 6
R.— Distance moved by the substance from base line
Distance moved by the solvent from base line
_30em ) 6or6x107!
5.0 cm
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59.

Sol.

60.

Sol.
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For certain chemical reaction X — Y, the rate of formation of product is plotted against the time as
shown in the figure. The number of correct statement/s from the following is

(A) Over all order of this reaction is one

(B) Order of this reaction can't be determined

(C) In region I and III, the reaction is of first and zero order respectively
(D) In region-II, the reaction is of first order

(E) In region-II, the order of reaction is in the range of 0.1 to 0.9.

2

Only option (B) is correctr as order cannot be determined.

Following figure shows dependence of molar conductance of two electrolytes on concentration. Am
is the limiting molar conductivity.

The number of incorrect statement(s) from the following is
(A) A m for electrolyte A is obtained by extrapolation

(B) For electrolyte B, Am vs +/c graph is a straight line with intercept equal to Am
(C) At infinite dilution, the value of degree of dissociation approaches zero for electrolyte B.

(D) Am for any electrolyte A or B can be calculated using A° for individual ions
2
Statement (A) and Statement (C) are incorrect.
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Mathematics
Section A
61.  Let a and 8 be real numbers. Consider a 3 X 3 matrix A such that A2 = 34 + al. If A* = 214 + BI,
then
(H)p=-8 2)p=8 B)a=4 @a=1
Sol. 1
A =3A+al 1)
and A*=21A+pI ... ()

Now A*=A? A’
A*=CBA+al). BA+al) {from (1)}
A*=9A%2+60A + 2l ... 3)

From (2) and (3)

9A% + 6aA + o21=21 A + Bl

putting value of A% from (1)

9(3A + al) + 60A + 021 =21 A + BI

(27 + 6a)A + (9a.+ o?) I=21A + Bl

by comparison

27+6a=21 and Ya+o’=p

= 60=-06 putting o = —1

= a=-1 L Bp=-8

62. Let x = 2 be a root of the equation x? + px + g = 0 and
1 — cos(x? — 4px + q%> + 8q + 16)

,X #E 2
)= (x—2p)* T
0, , X =2p
limx—>2p+ [f(x)]
where [-] denotes greatest integer function, is
(1o 2)-1 (3)2 @1
Sol. 1
_ 2 2
1—cos(x 4px+(?1 +8q+16),x¢2p
f(x) = (x—2p)
0 , X=2p
-+ X =2 is a root of equation x> + px + q =0
L 4+2p+q=0
=2p=—q-4
= d4p*=(q+47>=q*+8q+16 .. (1)

_ 2 _ 2
Now lim f(x)= lim 1=COSX ~4px+4p’)
x—2p* x—2p* (X — Zp)

2
_ lim 1—cos(x 22[2))
2| {(x—-2p)’}
1 . 1-cos6 1
= — o lim =—
2 x—0 eZ 2

. lim [f(x)] = [ﬂ =0

x—2p*

(from (1))
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63.

Sol.

64.

Sol.
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Let B and C be the two points on the line y + x = 0 such that B and C are symmetric with respect to
the origin. Suppose A is a point on y — 2x = 2 such that A ABC is an equilateral triangle. Then, the

area of the A ABC is

O (2)3V3 (3)2V3

4

Since, A lies on perpendicular bisector of BC, whose equation is

y=x . (1)

Now, A is the point of intersection of y=x and y — 2x =2

.. point A, after solvingis ~ A(-2, -2)

A (x,y)
p
(a-a) 60°
B (6) C (73.,21)

Tn AAOC tan60° = - = 0C = 2 (- OA =p}

0C 5
“BC=2x0C=2P

NE)

1
Now, AreaofAABCZEXBCXOA
1 2p p’ .
—X——=Xp=—-—F= Sq. unit
2B B

andp=0A= J4+4=+8=22

2
So, Area of AABC = @ = 8 sq. unit
BB

Consider the following system of equations
ox +2y+z=1

20x +3y+z=1

3xtay+2z=p

for some o, €R. Then which of the following is NOT correct.

(1) It has a solution if @ = —1 and f§ # 2
(2) It has a solution for all @ # —1 and § = 2
(3) It has no solution for « = 3 and for all § # 2

(4) It has no solution for ¢ = —1 and for all § € R

4
a 2 1
w D=2a0 3 1
3 a 2

D=a(6-0)+2(34a)+12a2-9)

@5
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=60— 0o+ 6—8a+20>—-9

D=o>-20-3

for no solution , D =0

= o> -2a—-3=0
(a+1)(a=3)=0

= o=—1,0=3

a 1 1 a 2 1
1land D,=200 3 1
3 B 2 3 a P

DN
)
N
I
)
Q
—

1 2 1 -1 11 -1 2 1
D=1 3 1,D,=|-2 1 1],D,=-2 3 1
B -1 2 3 B 2 3 -1 B
=onlyforp=2,D1=0,D,=0,D3=0

.. It has no solution if a =— 1 and B # 2
ifa =3

B 3 2 3 B 2

= Onlyforp=2,D1=D2=D3=0
= It has no solution for § = 2
.. It has no solution for oo = 3 and for all B # 2

65. Lety = f(x) be the solution of the differential equation y(x + 1)dx — x2dy = 0,y(1) = e. Then
lim,_, o+ f (x) is equal to

()= (2) e? (3)0 4)-
Sol. 3
y(x+ dx-—x2dy=0, y(l)=e
- dy _y(x+1)
dx %

N J-d?yzj‘(xti]dx

1
my =/nx— —+¢C
X

wy(l)=e
L 1=0-1+C=C=2

1
Now, /ny = /nx — —+2
X
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66.

Sol.

67.

Sol.

1
So, limy = limxe2 X =0

x—0* x—>0"

10g(x+1)(x—2)

The domain of f(x) = 7oger—(2213)’ € Ris

(DR —{3} (2) (=L o) —{3}  (3)(2,)—{3}

3

f(x) = lcﬁfxm(x 2)

e (2x+3)

case (1) Xx-2>0=>x>2
X € (2, )

case (ii) x+1>0 and x+1=1
x>—1 , xz0

. x,.(-1,0)u(0,0)
case (iii) x>0 = x¢(0, o)
case (iv) e?™ _(2x+3)=0
= x2-2x+3=0
x=-3)x+1)=#0
= x#3,x#-—1
- from (i) n (i) n (iii)n (iv)
Xt (2, 0) — {3}

™ collegebatch.con

(4) R —{-1,3}

Fifteen football players of a club-team are given 15 T-shirts with their names written on the backside.
If the players pick up the T-shirts randomly, then the probability that at least 3 players pick the correct

T-shirt is

5 1
D+ )<
2

(3)

+CD

(15) 1(14)

15!

. e D + 15CZD(3)
Required probability = 1 —

) 15!
Taking D15y as —
e

14!
Da4yas —
e

13!
Dasyas —
e

4) =
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68.

Sol.

69.

Sol.

15! 14! 15x14 13!
—+15—+ X
We get 1 — e e 2x1 e
15!

=1- 1_|_l+l :1—220.08
e e 2e 2e

™ collegebatch.con

Let [x] denote the greatest integer < x. Consider the function f(x) = max{x?,1 + [x]}. Then the

value of the integral [ 02 f(x)dx is
5+4+/2 4+5v2 1+5v2

()= @)% (32
1
f(x) = Max. {x*, 1+[x]}

1+[x] 0<x<+2
X2 \ﬁ<XS2

Now, f(x) = {
2 2 2
[f()dx = [ (@ +[xDdx + [ x"dx
0 0 NG

1 NI 2
= J.ldx+ '|.2dx+ J.dex

0 1 NG
_ 1 NA 1 342
- (X)o +2(X)1 +§(X )ﬁ

=1+2(\/§—1)+§(8—2\/§)
_ 4\/§+5

3

8+42

(4) =2

For two non-zero complex numbers z; and z,, if Re(z;z,) = 0 and Re(z; + z,) = 0, then which of

the following are possible?

A.Im(z;) > 0 and Im(z,) > 0
B.Im(z;) < 0 and Im(z,) >0
C.Im(z;) > 0and Im(z,) <0
D.Im(z;) < 0and Im(z,) < 0

Choose the correct answer from the options given below:

(1)Band D
3
Re(z,z,)=0 and Re(z, +z,)=0

Let z, =a, +ib, and z, =a, +ib,

(2)Aand B (3)Band C

z,2, =(a,a, -b,b,)+i(a,b, +b,a,)
- Re(z,z,) =aa,-bb, =0
~aa,=bb, ......... (1)

and Re(z, +z,) =0= a, +a,=0

(4)Aand C
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= a,=-a;  ..eee.... (2)
from (1) and (2)
b,b, =-a’ <0

Product of b,b, is Negative.

- Im(z,)and Im(z,) are also of opposite sign.

70.  If the vectors @ = Al + uj + 4k, b = 21+ 4§ — 2k and & = 21 + 3] + k are coplanar and the projection
of 3 on the vector b is V54 units, then the sum of all possible values of A + p is equal to
(Ho (2) 24 3)6 (4) 18
Sol. 2
Vector §:Ki+p}+4f< , B:—23+4i—2f< and E:21+3}+1A<
are coplanar then

A u 4
(abél=0 =|2 4 -2=0
2 3 1
= 10 —2p—-56=0
=>5.-u=28 ... (1)
also projection of a on the b is /54 units. then
a.b=+/54
—2L+4n-8 N
= ———=+54
J24
=20 +4u-8=36
=2\ +4u=44 ... (2)
from (1) and (2)
26 46
A=— and p=—
3 3
P 26-1-46:2:24
3 3

71 Let f(6) =3 (sin*(¥—6)+sin*(3n+6)) —2(1 —sin?20) and S§={6€[0,m]:f'(6) =
— ?} If 48= Ze, then f(B) is equal to

OF E (3)2 @+
Sol. 2

f(6) = 3 (sin‘* (37“— ej+ sin*(37 + e)j- 2(1-sin?26)
= 3(cos4 0+sin* 9) -2cos*26

.2
3(1— sz Zej—z(:osz 20
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3[ 2—sin®20

2

1+cos*20

2

3—cos’20
2

]—Zcos2 20

3

j—Zcos2 20

f(6) =

fl(e) = %cos 20sin20x 2

£1(0) = sind0 = %
0 €[0, n]
46 €0, 4r]

NG

sin40= ——
2

471 57 10w 11w
40=—,>,—, =
3 33
57

"3
i 57 11x
0= —, e iad
3’12 6 ' 12
ESn
3

5t 1ln  4n+5n+10n+11n _30n_5_n

ap=S0=

Oes

12 6 12 12 12 2
51

P

2 2

2 57 1
3—cos (j 3_=
f(p) = f(sg“] t 2

_>
4

72.  If p, q and r three propositions, then which of the following combination of truth values of p, q and r
makes the logical expression {(p V q) A ((~p) Vr)} = ((~q) Vr) false?
(Dp=T,q=T,r=F 2)p=T,q=F,r=T
G)p=F,q=T,r=F 4p=T,q=F,r=F
Sol. 3
(pva)V(~p)Vr) —((~q)Vr)
T > F=F
~(pva((~p)vr)=T ... (1)
(~qvr=F )
=>~q=F,r=F
=q=T
From (1) pvq=T
~pvr=T
nr=F
=>~p=T
= p=F
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~p=F,q=T,r=F

73.  Let A be the area of the region {(x,y) € R%:x% + y? < 21,y? < 4x,x > 1}.

Then = (A 21sin~1 = ) is equal to

V7
(1)2v3 -2 2)V3-3 3)V3-2 (4)2V3 -
Sol. 2
Area of Required Region

A= 2[I2J_dx+jmdx:l

2 21
ke
3/2) | 2 2

=2 4«/§—%}L(21sin‘11+0) (ZISm 3 +3\/_j

J21

A= &/’ 8, 21 ¢ /3-21sin \ﬁ

21 8 I \/§
A= 23 +——-—-21sin —
\/_ 2 3 ( 7}

Now,

;(A ~21sin” ﬁj {\/_ —n—§—2151n (\EJ—zmn*(%ﬂ

—{2«/1— —5-215111-11}

{usingsin‘1 Xx+sin"'y =sin™" {x\/l —y? +yy1-x° }}

i)

74. A light ray emits from the origin making an angle 30° with the positive x-axis. After getting reflected
by the line x + y = 1, if this ray intersects x-axis at @, then the abscissa of Q is

3 2 2 2
O e Q55 O v 45
Sol. 2
Equation of ray is

1
y J§X ........ (1)
Image of 0(0, 0) in the line x + y=1 is lies on reflected ray.
X—O_y—O__2(0+O—1)
11 2
=>M(L,1)
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x+y=l

.. Point of Intersection of lines y = X andx+ y=1lisp(x,y)

NE)
3-43 V3-1
‘{TTJ
Now Reflected Ray is same as line passing through PM.
V3-1_
.. Slope of PM = 2 = E:\E
3-v3_, 1-\3
2
Equation of PM whose slope 1s V3 and passing through M (1, 1).
y-1=B(x-1
y= «/5 X + (—\/§+ 1)
-+ ray, Intersects x-axis at a(x, 0)
y=0
= \/§X=—1(—\/§+1):>\/§X=\/§—1
=>x=1- 1
J3

PB-1 B+l 2
X = X

NG (\/§+1)_3+\/§

.. abscissa of o 1s

2
3+\/§

75.  LetA={(x,y) ER%:y>02x <y <.4— (x—1)2}and
B ={(x,y) ERXR:0 SySmin{Zx, 4—(x—1)2}}.

Then the ratio of the area of A to the area of B is
w+1

(2= 2= (3) = (4) ==

m+1 m+1
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Sol.

3
A=
(1,0) (3,0)
B=
/ (124

4 o p GO
Y=4-(x- 1y
(x— 1Y +y* =2
y =2x

(x—1)*+4x*=4

X2+ 1-2x+4x*=4

5x2-2x-3=0

52 -5x+3x-3=0
Sxx—=1)+3(x—-1)=0

x=1,-3/5

For B : req. area = ar (ADRQ) + ar (RPQ)

— %X1x2+j«/4—(x—1)2dx
o) ]

=1+2sin'1=14+x ... (1)

nr
=——(1+
5 —(1+7)
4
:n; —(1+mn) {wr=2}
A=rn-1 .. (2)
A _x-1
"B m+1l

™ collegebatch.con
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76.

Sol.

77.
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Let 2 # 0 be a real number. Let o, B be the roots of the equation 14x> — 31x + 34 = 0 and oy be the
roots of the equation 35x* — 53x + 4L = 0. Then 3% and 47a are the roots of the equation

(1) 49x2— 245x + 250 = 0
(3) 7x%— 245x +250 =0
1

a
14x2—31x+3x=o<:
p
o
and35x2—53x+4k=0<

Y
Now, one root is common then

s 14e?-3la+30=0 .. (1)
3502 —53a+4r=0 ... (2)
o’ a1

-1240+159L 56A—-1050 343
o> o 1
- = =
35, 491, 343
A
o= 7 {from (ii) and (iii)}
, 351
and o* = ——
343
A% 35\
= — =
49 343
A2 —50=0
Ar(A=5)=0

A=0,A=5 = a=5/7
not possible .. only A =5 possible

Now oipo 3l g3t L 53 4
ow, o+ 14,043 TR TR
5 3 d 4
~B=—-andy=—
2 TS
) ) 3a 4o 10 25
Now equation having roots | —,— |=| —,—
B vy 7 7
x2—§X+2—50=0
7 49

= 49x% -245x +250=0

(2) 7x*+245x —250=0
(4) 49x*+245x + 250 =0

35

Let the tangents at the points A(4, —11) and B(8, —5) on the circle x* + y? — 3x + 10y — 15 = 0,
intersect at the point C. Then the radius of the circle, whose centre is C and the line joining A and B is

its tangent, is equal to

(1) 2V13 ) Vi3 322

2V13
@)=
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Sol.

78.

Sol.

4
Equation of line AB is

y+5= [_gfilj(x—es)

3
Sy +5=J(x-8)P2y+10=3x-24

3x-2y-34=0 ... (1)
Let C be (h, k) then equation of AB

3
hx—l—ky—E xth+5(y+k)—15=0

3 3
x(h— E)+Y(k+5) —Eh+5k— 15=0
Now, by comparing (i) and (ii)
3 3
h_E_k+5__Eh+5k_15

3 -2 -34
after solving centre C is

_(g,28
(h,k)—[& 3)

and radius of circle is

-28

3(8)—2(3j—34‘ 24+2536—34

r= =
Jo+4 ‘ J13

|26 | _2J13

3J13| 3

a .

Let f(x) = x + —— sinx + ——
y)f (¥)dy. Then (a+b) is equal to
(1) 2n(n-2) (2) 21(n+2)
2

ISHE]

f(x)=x+ I(Sinxcosy +cosxsiny)f(y)dy

la o

f(x)=x+ i(cosy f(y)dy)sinx +(siny f(y)dy)cosx)

a .
iven : f(x) =x + sinx +
g () 7_[:2_4_ n2_4

by comparing (1) and (2)

COSX

(3) —n(n-2)

™ collegebatch.con

cosx,x € R be a function which satisfies f(x) = x + fon/z sin(x +

(4) —n(n+2)
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79.

Sol.

2
a
= =Jeosyfy)ey 3)

0

b 2
=|siny f(ydy ... 4)
-4 !

adding (3) and (4)

and

O[3 O |

(siny +cosy)f(ydy ... (5)

a
N

|
o

a+b . i
4 (siny +cosy)f [E —y}iy ....... (6)

Additing (5) and (6)

a+b
-4

2(a+b)
-4

at+b(n
+— —+1
-4\ 2

=atb=-2n(n+2)

[ T
J(siny+cosy)(5+ (siny+cosy)jdy
0

=T

x%42x41

Let f:R — R be a function such that f(x) = o
(1) f(x) is one-one in [1, ) but not in (—oo, )
(2) f(x) is one-one in (—0o0, )

(3) f(x) is many-one in (—o0, —1)

(4) f (x) is many-one in (1, %)

1

. Then

~

-1 1

(x+1) 2x
f)=3F gy
(x) x*+1 x2+1

f(x)=1+

X+
X

Clearly, f(x) is one — one in [1, ]
but not in (-0, )

™ collegebatch.con
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80.

Sol.

81.

Sol.

™ collegebatch.con

Three rotten apples are mixed accidently with seven good apples and four apples are drawn one by one
without replacement. Let the random variable X denote the number of rotten apples. If u and o2
represent mean and variance of X, respectively, then 10(u? + ¢2) is equal to

(1) 250
4

Total Apple = 10, Rotten apple = 3, good apple =7
3
Prob. of rotten apple (p) = —

7
Prob. of good apple (q) = —

(2) 25

0

10
x — Number of rotten apples

herex=0,1,2,3

0
3 7 6 5 1
x=0)="*C | — | x—x—x=—x—==
Px=0)= G, 10j 10 9 8 6
3Y7 6 5
x=1)=1*C | — |[x=—x—x==
px=1) ! 10) 9 8 7
3 2)7 6
x=2)="*C,| —x= |[x=x—=
p(x=2) 210 9} 8 7
3 2 1) 7
x=3)=*C,| —x=x= |[x==
p(x=3) *l10 9 sj 7
Xi 0 1 2 3
po| 35 105 [ 3 |1
210 210 10 30
Now,
1 1 3 1
= X ==x0+=x1+2x—+3x—=—=
u= 2px =0+ 10 730 5
1 3 36 14
do’= Xo-pr =4 —x4+—x9-—=—
and o = 3 P ~H' =5+ 15 25 25
36 14
102+ 6d)=10 | =+ =
W+ ) (25 25)
—10x (2% )210x2
25
=20
Section B

(4) 20

Let the co-ordinates of one vertex of A ABC be A(0,2, ) and the other two vertices lie on the line

x+a _y-1  z+4
5 2

2v21 units, then a? is equal to

9
A (0,2, q)

— For a € Z, if the area of A ABC is 21 sq. units and the line segment BC has length
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82.

Sol.

83.

Sol.

e
L 4

a, 1, -4 B

C(5, 2, 3)
. i j Kk
—2421la 1 oa+4]———|=21
2 £ o 3 N25+4+9

J(2a+5) +(20.+20) +(2a.—5) =+/21/38

1202 + 800 + 450 = 798
1202+ 800 — 398 =0
a=3=0’=9

™ collegebatch.con

Let f:R — R be a differentiable function that satisfies the relation f(x +y) = f(x) + f(y) —

1,Vx,y € R. If f'(0) = 2, then |f(—2)] is equal to

3

Given f(x +y)=1f(x) + f(y) -1 V x,y €IR and (0) =2
Partial differentiate w.r.t x

= P(x+y) P(x)
forx=0
P(y) = P(0) =2

on Integrating
=>fly)=2y+c
fory=0

= f(0)=C
Putx=y=0in(1)

= f(0) = f(0) + f(0)— 1
= f(0)=1

from (3) & (4)

c=1

=>fly)=2y+1
=>f(-2)=-4+1=-3
S fE=2)=3

Suppose f is a function satisfying f(x +y) = f(x) + f(y) for all x,y €N and f(1) =§. If

n(n+1) )

n=1

10

fx+y)=1(x) +1f(y) V x,y e Nand f(1) = é

forx=y=1

f2) = f(1) + f(1) = 2(1)

f(3) = f(2+1) = f(2) + f(1) = 3f(1)

In General

f(n) = nf(1) = —
5

m f X
Z# ~ L then m is equal to
(n+2) 12
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84.

Sol.

8s.

Sol.

S f(n) 1
Z' n(n+1)(n+2) 12

m 1
:>an(n+1)(n+2) 12
1 1 1

= = —
5(Z(n+1)(n+2) 12

N 5
:> —_——— —_—
Z(n+1 n+2j 12

1 1 11 1 1 5
S| === 4] === |t t — =
2 3 3 4 m+1 m+2) 12

1 1 5
= —— =—
2 m+2 12
1 1 5 1
— -_>
m+2 2 12 12
= m=10

™ collegebatch.con

Let the coefficients of three consecutive terms in the binomial expansion of (1 + 2x)™ be in the ratio
2:5: 8. Then the coefficient of the term, which is in the middle of these three terms, is

1120
Letr+ 1, r+2 andr+ 3 be three consecutive terms
"2t 2
nCr+12r+1 _g
r+1 4
> —== ... (1)
n-r 5
Also,
nCr+1 2r+1 5
4Cr+22r+2 _g
r+2 5

. -2
n-r-1 4

on solving (1) & (2), we get

n=8,r=3

Here n = 8 (even)

middle term=r+2=3+2=5

coefficient of Ts = *C,2* =70(16)=1120

Let a4, a,, as, ... be a GP of increasing positive numbers. If the product of fourth and sixth terms is 9
and the sum of fifth and seventh terms is 24 , then a,aq¢ + a,a,a9 + as + a, is equal to

60
Let first term of G.P be a with common ratio r
Given:as.a6=9
as+a7=24
a4 =ar’, as =ar’, ag = ar>, a7 = ar®
as.a6=2ar* =9
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= ar* =3

as=3

a7=24-3=21
=3 L B

aS

3
= r=47,a=—
V7 49

ajag+aragag + as+a7 =aj ao + (ar) (ar’) ag + 24

=aj ay + aj(art)ay + 24
=ajag (1 +as)+24= (ar4)2 (4)+24
=36+24=60

86.  Let the equation of the plane P containing the line x + 10 = S_Ty =zbeax+by+3z=2(a+Db)

and the distance of the plane P from the point (1,27,7) be c¢. Then a? + b? + ¢? is equal to
Sol. 355
Given equation of plane is
ax+by+3z=2(a+b) ... (1)
It containing the line
x—(-10) y-8 z-0
1 -2 1

.. plane (1) must passes through (-10, 8, 0) and parallel to 1, -2, 1
Hence,

a(-10) +8b=2a+2b
= 12a—6b=0 ... (2)
and a-2b+3=0 ... 3)
on solving (2) and (3), we get

b=2,a=1
.. equation of the plane is

x+2y+3z=6 ... 4)
c is perpendicular distance from (1, 27, 7) to the plane (4)

_|1+2x27+3x7-6| | 70 | 1047
243 | V14l 2

Now, a’+b>+c?=1+4+ 7(2)—02%2355

= C

11 11
87.  If the co-efficient of x° in (ax3 + i) and the co-efficient of x° in (ax — L) are equal, then
Bx Bx3
(aB)? is equal to
Sol. 1
1 11
For | ox® + —
Bx
11 3311-r 1 '
Tr+1="C (0x’) —
Bx
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88.

Sol.

89.

Sol.

_ 11 11-rp-r..33-4r
= Co px
Coefficient of x° = " C o' B

_ 1 CBOLSB%

1 11
For | ax— —
Bx

L -1Y
Tr+1 = 11Cr(0(.X)1l (&j

— (_l)r 11C O(‘117r 7rX1174-r
r

coefficient of x * = — "'C,a’p
— 11 C6QSB_6 :11 CsaéB_S
11
C6
= af=- =—
B 11 CS
(ap)’ =1

™ collegebatch.con

Let d, b and & be three non-zero non-coplanar vectors. Let the position vectors of four points 4, B, C
and Dbed—b+¢& Ad —3b+ 42 —ad + 2b — 3¢ and 2d — 4b + 62 respectively. If AB,AC and

AD are coplanar, then A is equal to
2

AB=(13d-3b+4¢)—-(3—-b+¢)
=(\—1)a—2b+3¢
AC=(-3+2b-3¢)—(3a—b+¢)

= —2a+3b-4¢
AD=(23-4b+6¢)—(3-b+¢)
= 3-3b+5¢
For coplanar vectors
A-1 -2 3
-2 3 —4/=0
1 -3 5
=3L-6=0

LA=2

Five digit numbers are formed using the digits 1, 2, 3,5, 7 with repetitions and are written in descending
order with serial numbers. For example, the number 77777 has serial number 1 . Then the serial number

of 35337 1s
1436

Number starting with 7=7+ - =< =

Number starting with 5= 5
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90.

Sol.

Number starting with 37 =371 = <~ =125
¢ T17
5 55
Number starting with 357 = 357$ 7 =25
5 5
Number starting with 355 = 355_ _ =25

Number starting with 3537 = 3537 _ =5
Number starting with 3535 = 3535 _ =5

Number starting with 35337 =1
Total = 1436

Therefore, the serial number of 35337 is 1436

™ collegebatch.con

If all the six digit numbers x;x,X3%4X5xc With 0 < x; < x, < x3 < x4 < x5 < Xg are arranged in the

increasing order, then the sum of the digits in the 72" number is

32

Number of six digit number starting with 1 is 1

As remaining five digits can be selected from 8 digits that are greater than (i.e., 2, 3,4, 5, 6, 7, 8)

Number of six digit number starting with 23

Total =56 + 15="71

Now, 72" number = 245678

. sum of the digits=2+4+5+6+7+8=32
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JEE-MAIN EXAMINATION — JANUARY, 2?%“7’"9‘}]9"30|:Ch-~f°m

(Held On Thursday 29th January, 2023) TIME:3:00PMto 6:00 PM

Physics
SECTION - A

1. Substance A has atomic mass number 16 and half-life of 1 day. Another substance B has atomic mass
number 32 and half life of % day. If both A and B simultaneously start undergo radio activity at the
same time with initial mass 320 g each, how many total atoms of A and B combined would be left after

2 days.
(1) 3.38 x 10%4 (2) 1.69 x 10%* (3) 6.76 x 10%* (4) 6.76 x 1023
Sol. (1)
320
N, ) =——=20 moles
(No), 16
320
N, ). =——=10moles
( O)B 32
N
NA — ( 0 )A — & — 5
2m 4
(No), 10 1
NB: 2n2B = > 2—4:0625

()"
Total N = 5.625 moles
No. of atoms =(N)(N,)
=5.625 x 6.023 x 10% = (3.38 x 10*)

2, For the given logic gates combination, the correct truth table will be
A|B|X A|B|X A|B|X A|B|X
0101 0(0(0 0(0(0 001
Wlol1]o 2)lo|1 |1 3)lo|1 |1 @ lol1]o
1{0]0 1 {0]1 1 {0]1 1 {0]1
1110 1|1 |1 1110 1110
Sol. (3)

X =AB+AB

From Bodean Algebra :

X =AB+AB

The correct truth table will be
Al B]| X

oo
0|1
110
1)1

Q||
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Sol.

Sol.
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The time taken by an object to slide down 45° rough inclined plane is n times as it takes to slide down
a perfectly smooth 45° incline plane. The coefficient of kinetic friction between the object and the
incline plane is:

1 1 1 1
W [1-— (2)1+3 (3)1-— (4) /1_n2
3
Acceleration on the smooth inclined plane
- g
a, =gsinf=—=
1= 8 \/5
Acceleration on the rough inclined plane
. g _Kg
a,=gsinf-pgcosf=—"—-—=(K=p
: K=
Given that:
1
t,=nt, and —at = Eaztg
a]tl - aZti

Heat energy of 184 k] is given to ice of mass 600 g at —12°C. Specific heat of ice is 2222.3 J kg~1C™?
and latent heat of ice in 336 kJkg ™!
A. Final temperature of system will be 0°C.
B. Final temperature of the system will be greater than 0°C.
C. The final system will have a mixture of ice and water in the ratio of 5: 1.
D. The final system will have a mixture of ice and water in the ratio of 1:5.
E. The final system will have water only.
Choose the correct answer from the options given below:
(1) A and D Only (2) A and E Only (3) A and C Only (4) Band D Only
1)
Heat energy given =184KJ =184x10"J
Amount of heat required to raise the temperature
0, =ms, AT =0.6x2222.3x12
=16000.56 ]
Remaining heat 6, =184000-16000.56 = 167999.44 ]
For melting at 0°C heat required = mL¢
=0.6 x 336000
=(201600) J needed
. 100% ice is not melted
Amount of ice melted
167999.44 = m x 336000
m = mass of water = 0.4999 Kg
Mass of ice =0.1001
Ratio = 0.1001 ~1:5
0.4999
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Sol.

Sol.
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Identify the correct statements from the following;:

A. Work done by a man in lifting a bucket out of a well by means of a rope tied to the bucket is negative.
B. Work done by gravitational force in lifting a bucket out of a well by a rope tied to the bucket is
negative.

C. Work done by friction on a body sliding down an inclined plane is positive.

D. Work done by an applied force on a body moving on a rough horizontal plane with uniform velocity
in zero.

E. Work done by the air resistance on an oscillating pendulum in negative.

Choose the correct answer from the options given below:

(1) B,Dand Eonly (2) A and C Only (3) B and D only (4) B and E only

©)

— Work done by a man in lifting a bucket out of a well by means of a rope tied to the bucket is positive

— Work done by friction on a body sliding down an inclined plane is negative

— Work done by a applied force on a body moving on a rough horizontal plane with uniform velocity is positive

A scientist is observing a bacteria through a compound microscope. For better analysis and to improve
its resolving power he should. (Select the best option)
(1) Increase the refractive index of the medium between the object and objective lens
(2) Decrease the diameter of the objective lens
(3) Increase the wave length of the light
(4) Decrease the focal length of the eye piece.
1)
P 2usin®
1.220
utRPT

DY,06l,RP

AT,RPI
R.P is independent of focal length of eye piece

With the help of potentiometer, we can determine the value of emf of a given cell. The sensitivity of
the potentiometer is
(A) directly proportional to the length of the potentiometer wire
(B) directly proportional to the potential gradient of the wire
(C) inversely proportional to the potential gradient of the wire
(D) inversely proportional to the length of the potentiometer wire
Choose the correct option for the above statements:
(1) Aonly (2) Conly (3) A and C only (4) B and D only
3)
If on displacing the jockey slightly from the null point position, the galvanometer shows a large deflection, than
the potentiometer is said to be sensitive. The sensitivity of the potentiometer depends upon the potential gradient
along the wire. The smaller potential gradient greater will be sensitivity.
Sensitivity 1, potential gradient |, length 1
Sensitivity oc length
1

Sensitivity oc _ .
Potential gradient
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Sol.
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™ collegebatch.con

A force acts for 20 s on a body of mass 20 kg, starting from rest, after which the force ceases and then
body describes 50 m in the next 10 s. The value of force will be:
(1) 40N (2)5N (3)20N (4)10N
(0]
20 kg t=20 sec

|__O|—>F [ v A

<«—50m—>

50=Vx10
V=5 ms™!
V=0+ax20
5=ax20

a=—ms
4

Fzma:20xi:5N

The modulation index for an A.M. wave having maximum and minimum peak-to-peak voltages of 14
mV and 6 mV respectively is:

(1) 0.4 (2) 0.6 (3) 0.2 (@) 1.4
1
pu = Modulating index :M
Amax +Amin
_14-6
14+6
=04

Given below are two statements:
Statement I: Electromagnetic waves are not deflected by electric and magnetic field.
Statement II: The amplitude of electric field and the magnetic field in electromagnetic waves are

related to each other as E, = \/’:—7" B,.
0

In the light of the above statements, choose the correct answer from the options given below :
(1) Statement I is true but statement II is false
(2) Both Statement I and Statement II are false
(3) Statement I is false but statement II is true
(4) Both Statement I and Statement II are true
1)

Statement -1  is correct as

EMW are neutral
Statement — II is wrong

1
E, = B,
Ho o
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Sol.

12.

Sol.
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A square loop of area 25 cm? has a resistance of 10Q. The loop is placed in uniform magnetic field of
magnitude 40.0 T. The plane of loop is perpendicular to the magnetic field. The work done in pulling
the loop out of the magnetic field slowly and uniformly in 1.0sec, will be

(1) 1.0x1073] (2)2.5x1073] (3)5x1073] (4)1.0x 1074 ]
@
I=5cm
t=1 sec
0.05

V= T = 0.051’1’1871

- 40x0.05x0.05 _ BLV
10

F=BIL=40x0.010.05=0.02N

W=F¢=0.02x0.05=1x10"]J

=0.01A

For the given figures, choose the correct options:

100 50 mH 0SpF
100 fg13223
[ WA
Sy =
\'--t-"" : (, = \rl
220 V.50 Hz At
220 V, 50 Hz

(a) (b)

(1) At resonance, current in (b) is less than that in (a)
(2) The rms current in circuit (b) can never be larger than that in (a)
(3) The rms current in figure(a) is always equal to that in figure (b)
(4) The rms current in circuit (b) can be larger than that in (a)
()

4080
AAAA

o

(&
220V, 50 Hz
fig (a)

400 50 mH

0.5uF
|_U

S

220V, 50 Hz
fig (a)

Iy =2 = 5.5A
40

rms

Xy is not equal to Xc¢, so rms current
In (b) can never be large than (a)
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13. A fully loaded boeing aircraft has a mass of 5.4 x 10° kg. Its total wing area is 500 m?2. It is in level
flight with a speed of 1080 km/h. If the density of air p is 1.2 kg m~3, the fractional increase in the
speed of the air on the upper surface of the wing relative to the lower surface in percentage will be.

(g = 10 m/s?)
(1) 16 (2) 10 (3)8 (4)6
Sol. (2)
P,A-PA=54x10"xg
6
p,—p =220 158,107
500

1 1
P2+0+Epvj=P1+0+5pr

2

1 1
P,—P ZEP(Vlz —V2)=§p(V1 +V2)(V1 _Vz)

10.8x10° =%><1.2X(V1—V2)><2X3><102

v,—v, =30

im Vs x100=%x100=10%

\%

14. The ratio of de-Broglie wavelength of an « particle and a proton accelerated from rest by the same
potential is im, the value of m is-

(1) 16 (2) 4 (3)2 (4)8
Sol. (@)
_h
}\'a _ \l2maqav
7\’p - L
,/2mpqpv
Ao _ L
r, \8
M=8

15. The time period of a satellite of earth is 24 hours. If the separation between the earth and the satellite
is decreased to one fourth of the previous value, then its new time period will become.

(1) 4 hours (2) 6 hours (3) 3 hours (4) 12 hours
Sol. (3)
T’ <R’
3
TR} (lez_ R
T, R (T, R
4
2
L
T2
TZ
T, =+
64
T,
SIS
8 8
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16.  The electric current in a circular coil of four turns produces a magnetic induction 32 T at its centre.

The coil is unwound and is rewound into a circular coil of single turn, the magnetic induction at the
centre of the coil by the same current will be :

(1)16T (2)2T (3)8T (44T
Sol. (2)
B=H 4
2R
o Bl
2R’
R'=4R
8R
B' 1
B 16
B'=2T

17. A point charge 2 x 1072C is moved from P to S in a uniform electric field of 30NC~! directed along
positive x-axis. If coordinates of P and S are (1,2,0)m and (0,0,0)m respectively, the work done by

electric field will be

(1) 1200 m] (2) —1200 mJ (3) —600 m] (4) 600 m]
Sol.  (3)

W, =qgE.S =2x10"x(-30)

=—0.6) =-600m)

18.  An object moves at a constant speed along a circular path in a horizontal plane with center at the
origin. When the object is at = +2 m, its velocity is —4jm/s.

The object's velocity (v) and acceleration ( a ) at x = —2 m will be
Wv= —4i?,a = —8jm/s? @v= 4??,a = 8f m/s?
(3)v=4j?,a= 81m/s? @)v= —4j?,a=8im/s2
Sol. (3)

2 2
a =" =" —8ms”

r
v =4j
a_=8i

X=—2m
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19.

Sol.

20.

Sol.

21.
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At 300 K the rms speed of oxygen molecules is 2*5 times to that of its average speed in the gas. Then,
(24

the value of a will be
(used = g )

(1) 28 (2) 24 (3) 32 (4) 27
(€))

3RT _\/a+5\/8 RT
M a M

~(=23)

oa=28

The equation of a circle is given by x? + y? = a?, where a is the radius. If the equation is modified to

change the origin other than (0,0), then find out the correct dimensions of A and B in a new equation
2

D (x — At)? + (y - é) = a?. The dimensions of t is given as [T™1].

(DA=[LT],B=[L1T? (2)A=[L"1T"1],B = [LT]

(3)A=[L"T],B=[LT™] AA=[L"T ] B=[LT]

(1)

2
(x—At)2+[y—§j =a’
A=LT!

— is in meter

SECTION -B
A particle of mass 100 g is projected at time t = 0 with a speed 20 ms™! at an angle 45° to the
horizontal as given in the figure. The magnitude of the angular momentum of the particle about the
starting point at time t = 2 s is found to be VK kgm?/s. The value of K is
(Take g = 10 ms™2)

0 X
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Sol. 8oo

t
Use AL= L tdt

L, = '[Oz(mg)(vxt)dt
tZ
—(mgvx)?

2

:(0.1)(10)(10)(\/5)><2?
—202

=+/800

22,  Unpolarised light is incident on the boundary between two dielectric media, whose dielectric
constants are 2.8 (medium —1 ) and 6.8 (medium —2 ), respectively. To satisfy the condition, so that

the reflected and refracted rays are perpendicular to each other, the angle of incidence should be
1

tan~1! (1 + %O)E the value of 6 is

(Given for dielectric media, y. = 1)
Sol. 7

u, =v2.8

n, =+6.8

psini=p, cosi
b _ [68

tani=—==
H, 2.8

23. A particle of mass 250 g executes a simple harmonic motion under a periodic force F = (—25x)N. The

particle attains a maximum speed of 4 m/s during its oscillation. The amplitude of the motion is
cm.

Sol. (40)
F=ma
2
—25x = ﬂa
100
a=-100x
®” =100
®=100
An=4

A=i=0.4m
10

A =40cm
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24.

Sol.

25.

Sol.
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A car is moving on a circular path of radius 600 m such that the magnitudes of the tangential
acceleration and centripetal acceleration are equal. The time taken by the car to complete first quarter
of revolution, if it is moving with an initial speed of 54 km/hr is t(1 — e™™2)s. The value of t is

(40)

dv  v*
dt R
vdv _ v?
dx R
dv v
dx R
PR
157 V 0 R
VX
15 R

v X
—=e

15

v=15eR

I _ 15en
dt

When two resistances R; and R, connected in series and introduced into the left gap of a meter bridge and
a resistance of 100 is introduced into the right gap, a null point is found at 60 cm from left side. When R,
and R, are connected in parallel and introduced into the left gap, a resistance of 3Q is introduced into the
right-gap to get null point at 40 cm from left end. The product of R R, is Q?
(30)
R, +R, 60

10 40
R,+R, =15 .o (1)

RR, 40

(R, +R,)x3 60
R,R, =30
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26. In an experiment of measuring the refractive index of a glass slab using travelling microscope in
physics lab, a student measures real thickness of the glass slab as 5.25 mm and apparent thickness of
the glass slab as 5.00 mm. Travelling microscope has 20 divisions in one cm on main scale and 50
divisions on vernier scale is equal to 49 divisions on main scale. The estimated uncertainty in the
measurement of refractive index of the slab is % x 1073, where x is .
Sol. (41)
h Real depth

H= h_1 - Apparent depth

Least Count = M.S5.D. - V.S5.D

49
=M.S.D.——M.S.D
50

= ( 2049 ) 1sp
50

1
=—M.S.D
50

1 1
=—x-—cm
50 20
1
1000
10

=——mm=0.01lmm
1000

Inp=Inh—Inh
g _ch o
p h h

dh dh'}

du=p| —+—
u u[h -

dh dh'| 5.25/0.01 0.01
du=p| —+—|= +
h h 5.005.25 5.00

cm

= ﬂ x107?
10

27.  Aninductor of inductance 2uH is connected in series with a resistance, a variable capacitor and an AC
source of frequency 7kHz. The value of capacitance for which maximum current is drawn into the

circuit is i F, where the value of x is . (Takem = %)

Sol. (3872)
For Maximum current is drawn

X, =X,
1
oL=—
oC
1
2nflL=——
2nfc
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28.

Sol.

29.

Sol.

1 1
AL Axmix49x10°x2x10°°
1
3872

X =3872
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A null point is found at 200 cm in potentiometer when cell in secondary circuit is shunted by 5Q.
When a resistance of 15Q is used for shunting, null point moves to 300 cm. The internal resistance of

the cell is Q.
5)

. . AV
Potential Gradient = T

E—Ir:(ﬂjx
L

ER _(AV)

R+r L

Ex5 AV

X2 _ 2V 0200 (1)
5+r L

Ex15 AV

22V 3000 (2)
15+r L

=r=5m

For a charged spherical ball, electrostatic potential inside the ball varies with r as V = 2ar? + b. Here,
a and b are constant and r is the distance from the center. The volume charge density inside the ball

is —Aae. The value of 1 is
& = permittivity of the medium

(12)

d
E= LA —4ar
dr
By the Gauss’ theorem
@Ed;A’ — qinside
€
4
px—mr’
Ex4nr’ =
€
E= pr_ —4ar
3¢
p=-12a¢
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30. A metal block of base area 0.20 m? is placed on a table, as shown in figure. A liquid film of thickness
0.25 mm is inserted between the block and the table. The block is pushed by a horizontal force of 0.1 N
and moves with a constant speed. If the viscosity of the liquid is 5.0 x 10~3PI, the speed of block is

x 1073 m/s.
Sol. (25)
Av
Fl=mA—
Fl=na—

0.1=5x107° X0.2Xx —————
0.25x10"

v=0.025ms™"
v=25x10"3ms™
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31.

Sol.

32.

Sol.

33.

Sol.

34.

Sol.

3S.
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Chemistry

SECTION - A
According to MO theory the bond orders for O, 27, CO and NO*respectively, are
(1)1,2 and 3 (2)1,3and 2 (3)2,3and 3 (4)1,3and 3
4
Molecules Total No. of e~ Bond order
05> 18 1
CcoO 14 3
NO™ 14 3

A doctor prescribed the drug Equanil to a patient. The patient was likely to have symptoms of which

disease?

(1) Hyperacidity (2) Anxiety and stress
(3) Depression and hypertension (4) Stomach ulcers

3

Equanil is a tranquiliger, used for treatment of depression and hypertension.

Reaction of propanamide with Br, /KOH(aq) produces :
(1) Propylamine (2) Ethylnitrile(3) Propanenitrile (4) Ethylamine
4
Il
CH;CH>—C-NH, M CH;3;-CH>-NH,+H,O+KBr
Hoffmann’s bromamide reaction

The one giving maximum number of isomeric alkenes on dehydrohalogenation reaction is (excluding

rearrangement)
(1) 2-Bromopropane (2) 2-Bromo-3,3-dimethylpentane
(3) 1-Bromo-2-methylbutane (4) 2-Bromopentane
4
Br
/\/\ HBr o AN AN
2—bromo pentane (Cisttrons)

An indicator ' X' 1s used for studying the effect of variation in concentration of iodide : on the rate of
reaction of iodide ion with H,0, at room temp. The indicator ' X ' forms blue colored complex with
compound ' A ' present in the solution. The indicator ' X' and compound 'A' respectively are

(1) Methyl orange and H,0,

(2) Starch and iodine

(3) Starch and H,0,

(4) Methyl orange and iodine
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Sol. 2
I +H,0, ——1,+H,0

(A)

I, + Starch ——Blue

(Indicator)

36.  The major component of which of the following ore is sulphide based mineral?

(1) Siderite (2) Sphalerite (3) Malachite (4) Calamine
Sol. 2
Zinc blade  Sphalerite - Zns
Siderite - feCOs3
Malachite - CuCO;3-CuCOHlI;
Calamine - ZnCOs3
37. A solution of C,.O5 in amyl alcohol has a colour.
(1) Green (2) Orange-Red (3) Yellow (4) Blue
Sol. 4
Blue
O (|? O
(|)>Cr< |
10 e
(‘)—H Stablize by L.P.
H3C—(\3 —CHs
CH3—CHjs

38. The set of correct statements is :

(1) Manganese exhibits +7 oxidation state in its oxide.

(i1) Ruthenium and Osmium exhibit +8 oxidation in their oxides.

(ii1) Sc shows +4 oxidation state which is oxidizing in nature.

(iv) Cr shows oxidising nature in +6 oxidation state.

(1) (i1) and (iii) (2) (1), (i) and (iv)  (3) (i1), (iii) and (iv) (4) (i) and (iii)
Sol. 2

(i) Mn,0;

(i1) RuO4 & OsOg4

(ii1) Sc (+4) oxidation state not possible in oxidizing nature

(iv) Cr show oxidizing nature in +6 oxidation state
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39. Following tetrapeptide can be represented as

(F,L,D,Y, I Q, P are one letter codes for amino acids)

(1) PLDY (2) FIQY (3) YQLF (4) FLDY
Sol. 4
Hydrolysis of the given tetrapeptide will give the following:
0O
Ph—CHz—(EH—COOH NOH
NH, NH,
(F) L)
(Phenylalanine) (Leucine)
0]
0]
HO\H/\‘)‘\ OH
OH
NH,
O NH, HO
D) (Y)
(Aspartic acid) (Tyrosine)
40. Find out the major product for the following reaction.

CH; H.O"

————— Major Product
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Sol. 4

E

CHs CHs OH Rearragnt
-H>O S

OH OH;
+ \l/—H*
41.
List I List I1
A. van't Hoff factor, i I. Cryoscopic constant
B. k¢ I1. Isotonic solutions
C. Solution with same with same 1 Nommal molar mass
osmotic pressure " Abnormal molar mass
IV. Solutions with same composition of
D. Azeotropes .
vapour above it
Choose the correct answer from the options given below :
(1) A-I, B-1II, C-II, D-IV (2) A-111, B-1, C-1V, D-1I
(3) A-111, B-1, C-II, D-1V (4) A-111, B-1I, C-I, D-1V
Sol. 3

(A) van’t Hoff factor, i

Normal molar mass

1 oy
Abnormal molar mass

(B) kf= Cryoscopic constant
(C) Solutions with same osmotic pressure are known as isotonic solutions.

(D) Solutions with same composition of vapour over them are called Azeotrope.*

42. Correct order of spin only magnetic moment of the following complex ions is:
(Given At.no. Fe: 26, Co0:27)
(1) [FeFg]®~ > [Co(C;04)3]°~ > [CoFe]*~ (2) [FeFg]®~ > [CoFg]*~ > [Co(C;04)5]°~
(3) [Co(C,04)3]%” > [CoFg]*™ > [FeF4]*~ (4) [CoF¢]*™ > [FeF]®™ > [Co(C;04)3]%"
222
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Sol. 2
Complex Central Metal E.C. No. Of unpaired e~ w=+/n(n+2) B.M.
(1) [Fef6]_3 Fe™ 5 3d° - gl egh! S J35Br
(ii) [Cofg ] CO*® 53d° - t,g%M eg!! 4 24 Br
(iii) [Co(C204)5]" | CO™ —3d° - t,g>%2 g0 0 0 Br

43. Match List I with List 1T

List I List IT
A. Elastomeric polymer I. Urea formaldehyde resin
B. Fibre Polymer II. Polystyrene

C. Thermosetting Polymer | III. Polyester

D. Thermoplastic Polymer | IV. Neoprene

Choose the correct answer from the options given below :

(1) A-I1, B-111, C-1, D-IV (2) A-1V, B-IIL, C-I, D-1I
(3) A-1V, B-I, C-IIIL, D-1I (4) A-11, B-1, C-1V, D-1II
Sol. 2

Neoprene : Elastomer
Polyester Fibre
Polstyrene : THermolastic

Urea—Formaldhyde Resin: Thermosetting polymer
44, The concentration of dissolved Oxygen in water for growth of fish should be more than Xppm and

Biochemical Oxygen Demand in clean water should be less than Y ppm.X and Y in ppm are,

respectively.
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Sol. 2

— BOD value of water of water is in the range —3—5 (Less than 5)

— dissolve oxygen in water for growth of wish — Less than (6)

45.  Find out the major products from the following reaction sequence.

0
o MeMgBr
i i ~ 1) NaCN (excess)
&) = - B
2) EtOH, H;0" H,0"
Cl
Sol. 4
2 0
NaCN
—_— C=N
Cl al
] EtOH, H,0*
HO HO

0 0
| MeMgBr
/@? Gk com
M
cl e Cl

l‘%collegebqtch.com
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46.

Sol.

47.

Sol.

48.
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When a hydrocarbon A undergoes combustion in the presence of air, it requirs 9.5 equivalents of

oxygen and produces 3 equivalents of water. What is the molecular formula of A ?
(1) CoHy (2) CgHe (3) CoHe (4) CeHe

2

C.H, -/-[x +2
4

0, ——xCO, + %HZO

Number of equivalents of O> = Number of equivalents of H,O
Number of equivalents of H,O = % =3

y=6

Number of equivalents of O = x + % =9.5

x—/—§=9.5

4
x=95-15=8
CxHy:CSH6

Given below are two statements:

Statement I : Nickel is being used as the catalyst for producing syn gas and edible fats.

Statement II : Silicon forms both electron rich and electron deficient hydrides.

In the light of the above statements, choose the most appropriate answer from the options given below:

(1) Statement I is correct but statement II is incorrect
(2) Both the statements I and II are incorrect

(3) Statement I is incorrect but statement II is correct
(4) Both the statements I and II are correct

1

(i) CH4+H,0—2125 5 CO+3H, (g)

e (2
Ni used as a catalyst
(1) Si neither formed e— deficient hydride nor electron rich species.

Which of the following relations are correct?

(A)AU=q+pAV (B)AG=AH-TAS (C)AS= % (D) AH = AU — AnRT
Choose the most appropriate answer from the options given below:

(1) B and D Only (2) A and B Only

(3) B and C Only (4) C and D Only
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49.

Sol.

3
Only (B) and (C) are correct.
(B)G=H-TS
At constant T
AG =AH - TAS
(A) First law is given by
AU=Q+W

If we apply constant P and reversible work.

AU =Q - PAV
(C) By definition of entropy change

ds = drev.
T

At constant T
AS = Drev.
T

(D)H=U+PV
For ideal gas
H=U+nRT
At constant T
AH = AU + AnRT

Given below are two statements :

™ collegebatch.con

Statement I : The decrease in first ionization enthalpy from B to Al is much larger than that from Al

to Ga.

Statement II : The d orbitals in Ga are completely filled.

In the light of the above statements, choose the most appropriate answer from the options given below

(1) Statement I is incorrect but statement II is correct

(2) Both the statements I and II are correct

(3) Both the statements I and II are incorrect

(4) Statement I is correct but statement II is incorrect

1
B>Tl>Ga>Al>1

Ionisation enthalpy >+ 1 4 | {
801 589 579 577 558

5 31Ga— [Ar]ds?,3d!,4p!

Ga — completely filled d orbital.
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50. Match List I and List 11

List I List II

I. Solvent molecules pass through semi permeable
membrane towards solvent side.

A. Osmosis

II. Movement of charged colloidal particles under the
B. Reverse osmosis influence of applied electric potential towards
oppositely charged electrodes.

III. Solvent molecules pass through semi permeable
membrane towards solution side.

C. Electro osmosis

D. Electrophoresis IV. Dispersion medium moves in an electric field.

Choose the correct answer from the options given below :
(1) A-L B-1II, C-1V, D-1I
(2) A-111, B-1, C-1V, D-1I
(3) A-I11, B-1, C-11, D-IV
(4) A-1, B-111, C-11, D-1V

Sol. 2
(i) Electro osmosis: When movement of colloidal particles is prevented by some suitable means
(porous diaphragm or semi permeable membranes), it is observed that the D.M. begins to move in an
electric field. This phenomenon is termed electrosmosis.
(i1) Solvent molecules pass through semi-permeable membrane towards solvent side is termed as
reverse 0osmosis.
(111) When an electric potential is applied across two platinum electrodes dipping in a colloidal solution,
the colloidal particles move towards move towards one or the other electrode. The movement of
colloidal particles under an applied electric potential is called electrophoresis.
(iv) Solvent molecules pass through semipermeable membrane towards the solution side is termed as
0SMOSIS.

51. Assume that the radius of the first Bohr orbit of hydrogen atom is 0.6A. The radius of the third Bohr
orbit of He™is picometer. (Nearest Integer)

Sol. (270)

r . =270 pm
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S52.

Sol.

53.

Sol.

54.

Sol.

Total number of acidic oxides among

N,0;,NO,, N,0,Cl,0,,S0,,CO0, Ca0, Na,0 and NO is
4

Acidic oxide - N,05,NO,,Cl,07,S0,

The denticity of the ligand present in the Fehling's reagent is
4

0=C—0 0—C=0
o
|
H—(|3 (l)/ \O—?—H
H—C—(I)\ /(I)—C—H
H Cu\H ’
O=C—O/ 0—C=0

Copper tartrate complex
Denticity = 2

The equilibrium constant for the reaction

™ collegebatch.con

Zn(s) + Sn?*(aq) = Zn?*(aq) + Sn(s) is 1 X 10%° at 298 K. The magnitude of standard electrode

potential of Sn/Sn?* if E . =-076Vis
Given : 2228 — 0.059 v

17

Given

Zn(s) + Sn** (ag.) == Zn*' (aq.) + Sn(s)

Kc=1 x 10%
E, ., =-076V

Zn

0.059

Ecell =E cell — o 10g10

0=E_, — —0'259 x20

cell

E'_,=0.59

cell
E cell = ECathode - EAnode
(RP) (RP)

0.59-E°

Sn®*/sn E Zn" /Zn

0.59=E_, . —(-0.76)

Sn%*/Sn
E =0.17

Sn**/Sn

E =17x107

Sn/Sn?*

x 1072 V (Nearest integer).
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55.  The volume of HCI, containing 73 g L1, required to completely neutralise NaOH obtained by reacting
0.69 g of metallic sodium with water, is mL. ( Nearest Integer)
(Given : molar Masses of Na, Cl, O, H, are 23,35.5,16 and 1 g mol~? respectively)

Sol. 15
Mole of Na = % =3x10"

Na + H0 —> NaOH + %HQ

By using POAC
Moles of NaOH =3 x 1072
NaOH reacts with HCI

No. of equivalent of NaOH = No. of equivalent of HCI
3x1072 x1 =2 xV(inL) x1
36.5

V=15%x102L
Volume of HCI = 15 ml.

56.  For conversion of compound A — B, the rate constant of the reaction was found to be
4.6 X 1075 L mol~! s™1. The order of the reaction is
Sol. 2
As unit of rate constant is (conc.)! ™ time!
Putn=2
then L mol ! s

So order of the reaction is 2.

57.  On heating, LiNO3 gives how many compounds among the following?
Li,0,N,, 0,,LiNO,,NO,
Sol. 3

4L1NO3 —> 2L12O + 4N02 + 02
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58.

Sol.

59.

Sol.
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When 0.01 mol of an organic compound containing 60% carbon was burnt completely, 4.4 g of CO,

was produced. The molar mass of compound is gmol ™! (Nearest integer).
200
Let M is the molar mass of the compound (g/mol)

mass of compound = 0.01 M gm

mass of carbon = 0.01 M x 60
100
0.0IM 60
mass of carbon = —— x—
12 100

) 4.4
moles of CO; from combustion = m = moles of carbon

00IM 60 _ 44
12100 44

M:ﬁX@X_U =200 gm/mol
44 60 0.01

At 298 K
N,(g) + 3H,(g) = 2NH;( g),K; = 4 x 10°
N,(g) + 0,(g) = 2NO(g),K, = 1.6 x 1012

1
Ha(g) + 502( g) = H,0(g),K; = 1.0 x 10713

Based on above equilibria, the equilibrium constant of the reaction,

2NH;(g) + 302( g) = 2NO(g) + 3H,0(g) is x 10733 (Nearest integer).
4
Reverse equation (1) So K| = KL] ... (a)
+
Add equation .... (2) K, =K, ....(b)
+
Multiply equation (3) by (3) Kj =k; ....(c)

Add (a), (b) & (¢)

! Ko xKS 16x10% x1x10°™
¢ K, 4x10°

=4 x 103
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60. A metal M forms hexagonal close-packed structure. The total number of voids in 0.02 mol of it is
x 102! (Nearest integer).( Given Ny = 6.02 x 10%3)
Sol.  (36)
One unit cell of hep contains = 18 voids
No. of voids in 0.02 mol of hcp

%x6.02 x10% x0.02

~3.6 x 10*
~36 x 10*
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Mathematics

SECTION - A

61.  The statement B = ((~ A) V B) is equivalent to :

(HhA=> (A< B) 2)A= ((~A) = B)

(3)B=> (A=B) 4)B=((~A)=B)
Sol. 1,3 0r4

B = (~A) VB

~A [ ~AVB | B= (~A) VB

|| B
| ||| =
=3[ =]
CIGIEIE
GGG

A=>B | ~A=>B | B2 A=>B | A= ((~rA)=B) | B= ((~rA)= B)
T T T T T
F T T T T
T T T T T
T F T T T
of +4
62.  The value of the integral f [t6 le]dt is
1t +1
() tan™1 2 —itan‘18+§ () tan‘1%+§tan‘18—g
3) tan‘lg—gtan‘18 +§ (4)tan~12 +§tan‘18—g

Sol.

2t +1

I= dt
L(tﬁﬂj
I tt 41—t 4+t
EC+D(t =2 +1)

- I (t'—t*+ 1)+t
EC+D(t =2 +1)

2 t'—t*+1 t?
:>_|. > T +— dt
HE+D("—t"+1) t°+1

:>j2 1 t+lj .
T+l 30 ()1

2
= [tan"1 t+ % tan™' (t3)}

1
= tan"' 2+ %tan1 (8)—tan"'(1) - % tan~' (1)

= ‘[an’12+l‘[an*18—E—E.l
3 4 43
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63.

Sol.

64.

Sol.
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3n+m
12

= tan ' 2+ %tan1 8 —

= tan”' 2+ltan*1 g_=
3 3

The set of all values of A for which the equation cos? 2x — 2sin* x — 2cos? x = A has a real solution
X, 18

R B T
cOS?2X — 2(#)2 —(1+cos2x) =2

1—cos® 2x —2¢cos 2x
4

= cos22x2[ j—l—cos2x=k
Let cos2x =t

201 —t+2t—2 -2t =21

t2 -3 =2\ v 0<t? <1
t2=21+3

0<2A+3<1

3 <2AL-2

_—3£k£—1
2

VRV

Let R be a relation defined on N as a Rb if 2a + 3b is a multiple of 5,a,b € N.
Then R is

(1) an equivalence relation (2)transitive but not symmetric
(3) not reflexive (4) symmetric but not transitive
Reflexive
Let aeN
aRa = 2a + 3a is a multiple of 5
= 5a which is a multiple of 5
= R is reflexive
Symmetric
Let a,beN
aRb=2a+3b=5\ A eN
bR a=2b+3a=>5A A2 eN
On Adding

(2a+ 3b) + (2b + 3a) = 5(A1 + L)
Sa+5b=5(A1 +A\2)

= Both sides are multiple of 5
= R is symmetric
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Transitive

Leta,b,c € N
aRb=2a+3b=5A...(1)
bRc=2a+3c=5A...(2)
2a+5b+3c =51+ A2)
=(2a+3c)=5(h1 +A2—D)
2a + 3c is divisible by 5

= aRcistrue

= R is transitive

R is Equivalence Relation

65.  Consider a function f: N - R, satisfying
f(1) + 2f(2) + 3f(3) + - + xf(x) = x(x + Df(x);x = 2 with f(1) = 1.

1 1 .
Then f2022) + fa0zs) 1S equal to

(1) 8100 (2) 8400 (3) 8000 (4) 8200
Sol. 1
fH+2f2)+3f3) +....... + xf(x) = x*f(x) + xf(x)
= f(1)+2f(2) +3f(3) + ...... +(x-1) f(x-1) = x* f{x)
x=2 f()=22f2)=>f(2) = i
x=3 f(1)+2f(2) =3*f(3)
—f(3) = l(lﬁj _ 1,
oL 4 9
x=4 f(1)+2f(2) + 3f(3) = 4°f(4)
(i )L _1
= f(4)= (1+2+2j'16 = 1(4) 3
x=5 f(1)+2f(2) + 3f(3) + 4f(4) = 5°f(5)

f(5)=(1+%+l+1] o1 1

N | W
|

2 2)25 225 10
In general fix) = L
2x
1 N 1
£(2022) £(2028)
1 N 1
1 1
2x2022 2x2028
= 2[2022 + 2028]
= 2 x 4050
= 8100

66. Ifi=i+2kb=i+j+kc=71—-3j+4kExb+bxc=0and?-3=0.
Then T - € is equal to
(1) 32 (2) 30 (3) 36 (4) 34
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Sol.

e
X
X ¥
(o ol
X
ol ol
I

ol o —~ = ol
=1
|
ol
N
X
(ond}
Il
(e]

o= = -
> b
= >
ol =
+ > ol
ol o

i+ j+k)+(71—-3j+4k)

£.0 =(2i—8j—k). (7i—3j + 4k)
=14+24-4 =34

Il

Il
o
=
o,

67. The shortest distance between the lines %

(1)5V3 (2) 2V/3 (3)3V3 (4) 43
4

Sol.
x-1 y+8 z-4
2 -7 5
x-1 y-2 z-6
2 1 -3
s, == 2bixb,)

b,b,|

i j k
b,xb,=2 -7 5

2 1 -3
=1i(21-5) — j(-6 —10) + k(2 + 14)

L= =A

L =

i—8j+4k
=1+2j+6k

(o]

16i+ 16j + 16 k

B, xb,|=16(i+ j+K)|
=16x+/3
b—a=(10j+2k)
s, |(10j+2K).16(+ j+k)
1643
_|iego+ 12 12 3
1683 | 3 BB
:%:4@

235



™ collegebatch.con

68.  The plane 2x —y + z = 4 intersects the line segment joining the points A(a, —2,4) and B(2,b, —3) at
the point C in the ratio 2: 1 and the distance of the point C from the origin is v/5. Ifab < 0 and P is the
point (a — b, b, 2b — a) then CP? is equal to

97 17 16 73
HZ @Y 3L @Z
Sol. 2
A(a -2,4) C divides ABin2: 1
C(4+a 2b-2 —6+4j

37 3 73
C(a+4’2b—2’—_2j
3 3 3
C lies in the plane
a+4 2b-2 -2
So2 - +| — |=4
B(2b3) (3)(3j(3j
=2a—-2b=4
a-b=2
0C? = 5 C(b+6,2b—2’—_2]
3 3 3
2 2 2
(22242 s e
3 3 3
= 5b*+4b—1=0 c[é,_—4,_—2j
3’3 3
= 562+ 5b—-b—-1=0 P(a-b,b,2b—a)
= 5bb+1)-1(b+1)=0 2,-1,-3)
2 2 2
— &l cpzz(é—zj +(j+lj [_—2+3j=1—7
5 3 3 3 3
a=1
rab<0
La=1,b=-1

-1

2
69. The value of the integral I X g is equal to

% X
(1) 5 log, 2 (2) mlog, 2 (3) 5log. 2 (4) 7 loge 2
Sol.
1
Letx= -
t
dx = —ldt
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2

-1
N J-cot (t) dt
t

1/2

2l = dx

j- tan”' X +cot™' x
X

21 =nln2
—1=2/n2
2
70. The letters of the word OUGHT are written in all possible ways and these words are arranged as in a
dictionary, in a series. Then the serial number of the word TOUGH is
(1) 84 (2) 79 (3) 89 (4) 86
Sol. 3
GHOTU
The words start from G |4
The words start from H |424x3
The words start from O |4
T
Start form TG 13
TH |§ 6x2
TO
TOG |2 2x2
TOH |2
TOU }
TOUG |1 1
89

71. The set of all values of t € R, for which the matrix
et e '(sint— 2cost) e t(—2sint— cost)
et e '(2sint+cost) e '(sint— 2cost) | is invertible, is
et e ‘cost e tsint
(HR @{kn+ikez} (3)knkez @{@k+1DIkez}
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Sol.

72.

Sol.

@
e’ e'(s—2¢) e'(-2s—c¢)
|Al=le' e '(2s+c) e '(s—2¢)
e e'c e’'s
1 s—2¢c —-2s-c
= =¢'e'e'[l 2s+c s—2c
1 c S
Ri—-Ri-R: & R> — R2—R3
0 —s—3c —-3s-c
=e'l0  2s -2c
1 c S

= e [1(2sc + 6¢* + 65>+ 2sc )]

= e [4sc + 6(c* +5%)] =e (6 + 2sin2t)

»2sin2t € [-2, 2]

se(6+2sin2t) 20 VteR

™ collegebatch.con

The area of the region A = {(X, y):lcosx —sinx| Sy <sinx, 0 <x < g} is

3 4 3 3
(1)V5+2vV2—4.5 D1-Z+% 3 z-5+1 (45 —-2v2 +1
4)
|cosx — sinx|
sinx
cosX
J A = area under the curve
y = sinx & above the curve |cosx — sinx
A =
(1 = 13
tan [E) 4 2
When 0 to T when T to T
4 4 2
|cosx — sinx| = cosx — sinx |cosx — sinx| = sinx — cosx
SINX = COSX — Sinx sinxX = sinX — cOSx
2sinx = cosx cosx =0
T
tanx = — X= =
2
] ( 1 ]
X=tan | —
2
A _ n/4 . . d + w2, .
= St {sinx—(cosx—sinx)} dx L/4 {sinx+(cosx—sinx)} dx
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73.

Sol.

74.

:I 2smx cosx )dx +I cosx dx

= (—2 COs X —sin X)Z:IGJ +(sin X):Z

= [—2 x % —~ %j — {—2 cos[tan"] %) — sin(tan_l %)} +(

= 22 +5+1

= - +2X— 1

\/_\/_\/_\/_J_f

™ collegebatch.con

The number of 3 digit numbers, that are divisible by either 3 or 4 but not divisible by 48, is

(1) 507 (2) 432 (4) 400
(2)
Nos div. by 3
102, 105, 108 ......... 999
AP.a=102 d=3 (=999
n=t72 2227102 g
d 3
Numbers div. by 4
100, 104, 108 ......... 996
AP.a=100 d=4 (=996
6—-100 896
_ 2 +1= 2 +1=224+1=225
4 4
Numbers div. by 12
108, 120, ......... 996
AP.a=108 d=12 (=996
_296-108 888 ari=7s
12 12
Numbers div. by 48
144,192, ......... 960
AP.a=144 d=48 (=960
_0614d 816 =g
12 48
.No. Div. by 354 but not by 48
300 +225-75-18
=450 -18=432
Ifthe lines x—Il = % = ? and ? = y:%z = ? intersect at the point P, then the distance of the point
P from the plane z = a is :
(1) 28 (2) 16 (4) 22
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Sol.

75.

Sol.

1

x—lzy—2zz+3:}L
1 2 1
PA+ 1,20 +2, 1 -3)

& X—a:y+2:z—3:
2 3 1

PQ2u+a,3u—-2,u+3)

Let

u

A+l =2u+a 20+2=3u-2
22+1=2x16+a 2(u+6)+2=3u 2
a=23-32 2u+12 =3u—-4
a=-9 p=16
SLA=22
~.P(23, 46, 19) Planeisz=a
z=-9

The distance of p fromz=-9 is 19 — (-9) =28

A-=3=u+3
A=u+6

™ collegebatch.con

Let y = y(x) be the solution of the differential equation xlog, x Z—z +y =x%log, x, (x > 1).

If y(2) = 2, then y(e) is equal to

1+e? 4+e?

(H @
2

3)

D.E. Q+
dx xlogx

Linear diff. eq" dy
dx

y=x

+py=Q

J. Pdx

If — €
J.#dx
xlogx IOgX — t

ldX:dt

X

=€

1
— eJ‘;dt efl’lt — t

L.F. = /nx

Solution of DE.
y. If= Iq(lﬂ dx+c
y.nx = J.x.(ﬁnx)dx+c
2 2

= /nx. X—énx— X—+C
2 4

Atx=2,y=2
4 4
2/n2 = EfnZ—Z+C = C=1

2 2
yinx = 2 imx-2 41
2 4

2+e?

€)

1+e?
4
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76.

Sol.

Atx=e¢e
2 2

€ €
e)/ne= —Ffne——+1
y(e) 2 2

2

c
e)= —+1
y(e) 2

Let f and g be twice differentiable functions on R such that
f"(x)=g"(x) + 6x
ff)=49'(1)-3=9
f(2)=39(2) =12
Then which of the following is NOT true?
(1) There exists x, € (1,3/2) such that f(x,) = g(x,)
QlIf'x)—gN<6=>-1<x<1
B)If—1 < x <2, then|f(x)—g(x)| <8
g4) 9(=2) —f(=2)=20

Let  F(x)=f{x) - g(x)
Given f'(x)= g"(x)+6x
2
P =gm S,
x=1 f'(1)=g'(1)+3x(1)72+ci
9=3+3+¢
c1=3
f'(x)=g'(x) +3x*+3
3
J00 =8+ 2+ 3x e

x=2 [f(2)=g2)+(2) +3(2)+c
12=4+8+6+c
c2=-06
f'(x)=gx)+x*+3x-6
=x*+3x-6
Option (1)

X0 € (1,%) such that f(x0) = 9(x0)

S 33,3
F(1) = f(1) - g(1) F(zj f(zj g(Zj

=1+3-6=-2 =2 +32)-6
=8+6-6=8
r (2] <o

= At least one root of F(x) = 0 lies in (1,%)

f(x) —g(x)=0
f(x) = g(x)

Uy

™ collegebatch.con
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77.

Sol.

Option (2)

| f'x)—g'X)|<6=>-1<x<1

F'(x)=x>+3x—-6
F'(x) =3x>+3
f'(x)— g'(x)=3x>+3
') —g' <6
3x2+3<6

3x* <x 3

x> <1

= xe(-1,1)

=
=

Option (3)

If-1<x<2 then|f(x)—gXx)| <8

F(x)=x>+3x-6
F(-1)=-1-3-6=-10
F2)=(2)+3(2)-6=28
Option is not true

Option (4)
g(-2)-f(-2)=20
F(-2) = f(-2) - g(-2)
=(2)*+3(-2)-6
-8-6-6=-20

g(-2)-f(-2)=20

™ collegebatch.con

But |f'(x) - g'(x)] <10

If the tangent at a point P on the parabola y? = 3x is parallel to the line x + 2y = 1 and the tangents

2 2
at the points Q and R on the ellipse xT + yT = 1 are perpendicular to the line x — y = 2, then the area

of the triangle PQR is :
()25 ) 35

2
x+2y=1

Xx—y=2

m=1

slope of tangent at Q & R is —1

9
OF= (4) 5vV3
y? =3x
3
Tp:y——%x+:il
2
__x_3
T2
2y +x+3=0 (1)
2 2
E: 2+ ¥ o
4 1
y=—xt(-1)’4+1
y=—xi«/§
x+y=\/§ ...(2) x+y=—\/§

..03)
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78.

Sol.

™ collegebatch.con

Point P : Point Q : Point R:
T-0 XX, W X _ 4y, 4
4 1 1 1 5
yy1=§(x+xl) xx2 +4yy,—4=0 X2=_—4 y=L
2 NERRSENG
- X, 4y, 4
3x-2yy1 +3x1=0 TR
Comparison with (1) X, = 4 y, = B
NG
3 2y, 3x
12 3

yi=-3, x1=3

Area of APQR

[y

o | —
#&dh w

[S—

|

[S—y

S

- &l

U
+

Sl
N—
J’_
W
VR
u]|">
+
u]|">
N—
+
-
|
(NN
+
(O NN
N—
L 1

U
-

1'—|u.>
N/

X
&2 &
1 +
o GIR
wl—l
LU)
5

N[—= N—= N

2

Let d = 41+ 3j and b = 31 — 4j + 5k. If & is a vector such that &- (@ X b) + 25 =0,¢- (1 + j +

k) = 4, and projection of ¢ on @ is 1 , then the projection of ¢ on b equals

) 25 3% @5
2 S

Let ¢=cji+c,j+ck c-(i+j+k)=4

¢.axb cirtextes=4 ...>1)
¢ & G

4 3 0(=-25

3 4 5

= ¢1(15 - 0) — ¢2(20 — 0) + ¢3(-16-9) =25
= 15¢1 —20c2 — 25¢3 =25
=3ci—4c2—5¢c3=-5...(2)
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a.c

Proj. of cona=—=1
Ex

N (41+3j)(c,i+c,j+ck) 1

J16+9
= 4¢1+3c2=5
= 4c1=5-3c

5-3
= o= 22 .03
Eq™. (1) & (3) Eq". (2) & (3)

5-3 _

% +cte3=4 3(5 302]—402—5032—5
5-3ca+4c2+4c3=16 15—-9¢2 — 16¢2 —20c3 =— 20
cot+4de3=11 ...(4) —25¢2 20c3=-35 ...(5)

Eq. (4 & (5)
c2=11—-4c;3 —25¢3 —20c3 =-35
co=11-4x3 —25(11 — 4¢3) — 20c3 =35
=11-12 5(11 — 4cs) +4e3 =7
co=-1 55—-20c3+4c3 =7
—16c3 =—48

5-3c
c1 = 2 - c3=3
- 223D c=2i—j+3k

4
c1=2
Projection of Gonb = %
|(2i-3+3K).3i-4}+5K)|
=
Jo+16+25 |
6+4+15] _ 25 5
SN NN
79. Let S = {w;,w,, .......} be the sample space associated to a random experiment. Let P(w,) =
Pn=t) n > 2. LetA = {2k +31:k,1 € N} and B = {w,,;:n € A}. Then P( B) is equal to
3 1 1 3
M- 2 (€) e 45

Sol. 1
A=1{57,8910,11 ... }
P(W1) + P(W2) + P(W3) + ...... P(Wy) = 1

. P(w).[;

=1
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P(W,)= % P(W,) = %[%] L

 B={Wh:neA}
= {WS, W7; WS, ....... }

™ collegebatch.con

80. Let K be the sum of the coefficients of the odd powers of x in the expansion of (1 + x)°°. Let a be

the middle term in the expansion of (2 + N3

a
then the ordered pair ([, n) is equal to

(1) (50,51) () (50,101) (3) (51,99)
Sol. (2)
_ 1+ 1)”
2

_ 200 100
a="0C,2" x

K = 2%

i

— 200 50
a="C,,,2

200
CoK  2C, 2%

200 50
a Cl0-2

.. _"Cy _ 1200  [100]100
C0c 99101 200
100
101
200C99K :@X24g
a 101

_25><250

101
¢=50,n=101
(¢, n) = (50, 101)

200 200
1 Cogg K
) C[f—Co K

l
== where m and n are odd numbers,

(4) (51,101)
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81.
Sol.

82.

Sol.

™ collegebatch.con

Section B

The total number of 4-digit numbers whose greatest common divisor with 54 is 2 , is
3000
54=2x3

9 1010 5

4 digit even numbers are

4500

4 digit even numbers which are multiple of 3
Are the numbers which are multiple of 6

- 221500

.. The no. which has GCD with 54 us 2 is 4500 — 1500 = 3000

Leta; =b; =1landa, =a,_, +(n—1),b, = b,y +ay,_,Yn =2.1fS =310, z—z and
T =Y8_, —— then27(2S — T) is equal to

n=1 on-17
461

1 2 3 4 8
:?+?+2—2+?+ ............. 7 (1)
bbb b b
% %+%+%+ ............. ;90 +% (Subtract)
%:%+(b22_2b1j+(b32_3b2j+(b42_4b3j+ ...... +(—b1°2;b9j—g%
S b a a, a a, b
E_E'+2—;+2—§+2—j+ ....................... 2790 2—}‘1’

a, a a, b
:>S:b1+5‘+2—§+2—§+ ....................... 2—1‘3—2—13
s=(0,-2 o[ 2424 ]

S (b, b
DE_(E‘_Z—ﬁJ [% a2_§ ........ 3§+%j (Subtract)
S b b a, a 1 2 8
E:j—2—£+(j—2—ﬁ))+(2—2+23+ ............... ?J
_bya (byt2e,) T from ......... (1)
2 2 2 4
b, +2
Now 2s =2(a; + bi) —(%}FT
b, +2
2S — T =2(ai + by) —(“’z—gagj
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83.

Sol.

27(ZS—T):28(a1+b1)—bl°f% ...............

*an—an | =n-1

a—a =1

a—ay=2

a—a=3

ag—ag=8
ag—a=1+2+3+............ +8
a,=36+1=37

al‘ld bn:bnfl =an-1

bio—bi=a; ta;+az+..... + ag

bio—1=1+2+4+7+11+16+22+29+37
bio—1=29
b, =130

(28— T) = 28 x(141)— 120 +2X37
_loz

2
=512-51=461

=2°

™ collegebatch.con

A triangle is formed by the tangents at the point (2,2) on the curves y? = 2x and x? + y2 = 4x, and
the line x + y + 2 = 0. If 7 is the radius of its circumcircle, then 12 is equal to

10
Tangent at y* = 2x

2
T:2=2X+j
y [2

2y=x+2
Tangent at x> + y? = 4x
4><(x+2)
2x+2y= s
2x+2y=2x+4
y=2
4.2) 2.2 y-2
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MPR = — 1
Slope of 1™ Bisector = 1
y—1=1(x+3)
y=x+3+1
y=x+4

1™ Bisector of PQ
x=—1

.. Centre is
y=—1+4=3
-1,3)
Radius: 1= [(~1+4) +(3-2)

=49+1

= 10
=10

84. Letay,ay,....,a, be the roots of the equation x” + 3x° — 13x3 — 15x = 0 and || = |ay| = -+ >

|a,|. Then aya, — asa, + asag is equal to
Sol. 3

a1, o2, ... 07

x'+3x° - 13x* - 15x=0

x(x0 = 3x* = 13x*-15)=0

loti| > Joz| > ... > |o

a0 — oo + oo = ?

a,=0

= x(x’+3x* - 13x>-15)=0

x=0x+3x*-13x>-15=0

=t +32-13t-15=0

= (t-3)t?+6t+5)=0

t=3,t=-5,-1

x=0, x=43, x==+5i, x=+i
%:Jﬁ

(bszﬁ

0, =3

o, =3

os =1

o =—1

a7=0

aio =5, ozos =3, asoe =1
o102 — 0304 t OLs0Le
=5-3+1=3
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8s.

Sol.

86.

Sol.

™ collegebatch.con

Let X ={11,12,13,...,40,41} and Y = {61,62,63, ...,90,91} be the two sets of observations. If X and
y are their respective means and o2 is the variance of all the observations in X U Y, then |X + ¥ — 02|

is equal to
603
i—11+12+ ........ +41 — 61+62+63+....+91
31 Y 31
31 31
—(1+41D —(61+91)
—2 32 5 =2 19256
31 2 31 2
2KV
31+31
41 5 10 5 91 5 60 5
J— + —
:(;;n ;;n j (;;n ;;n j 31x26+76x31 Y
62 62
41><42><83_10><11><21+91><92><183_60><61><121
62

N 7(41x83-55)+61(91x46—-1210)

62
:>7(3403—55)+61(4186—1210)

62
N 7><3348+61><2976_2601
62

= 3306 —2601 =705 = o= =705
S| X+y -0 |=[26 + 76 — 705| = 603
If the equation of the normal to the curve y = % at the point (1, —3) is x — 4y = 13, then the
value of a + b is equal to
-6
(1, =3) is on the curve

l-a I-a
:—:_ = —
(1+b)(1-2) (-D(1+Db)
=3+3b=1-a=a+3b=-2
a=-2-3b
fny =/n(x—a)—In(x+b)—In(x—2)
ldy 1 1 1

ydx_x—a x+b x-2

:_3£1_ 1 1]2_4
- l-a 1+b 1-2

1 1 4 1
= - +1l|=—=—
(1+2+3b 1+b j 12 3

dy
dx
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1 1 1
= —_— =
3(b+1) b+1 3
1-3 2
= =—=
3(b+1) 3
= b+1=3
b=2
=—-2-3b atb
a=-2-3x2 = 8+2

=—2-6=-8 = -6

2 1 1 2
87.  Let A be a symmetric matrix such that |A| = 2 and [3 3 l A— [a Bl
2

If the sum of the diagonal elements of 4 is s, then % is equal to

Sol. 5§
2 1 1 2
A be a symmetric matrix such that |A| =2 and 3/|A=
ZIC
a b )
A= |A|]=ad —b"=2
b d
2 Lia b] 1 2
3 b d |a B
2a+b 2b+d 1 2
3 3 -
3a+¥b 3b+34d| |a B
2a+b=1 2b+d=2
b=1-2a d=2-2b
=2-2(1-2a)
=2-2+4a
ad—b*=2
ada—(1-2a)}=2 Nowa=3a+%b
=4da’—1-4a’+4a=2 =2+§[_—1]
4 212
4a=13 -2-3_6_3
4 4 2
3
a=-—
4
3
b=1-2x> B=3b+>d
-1 3><[_—1]+—><3
2
d=d4x> =3 _32+9=3
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3/ -1
—y 3 4 4
2
15
Bs 2y .
o 9
4
. az—az .
$8. Leta—8—14l,A—{ze(C.m—1}andB—{zE(C.|Z+31|—4}.
Then Y ,canp (Re z — Im z) is equal to
Sol. 14

a=8—-141 A={zec:

=2
2
zZ —Z

:>(z+£)(z—2):>2x-2yi:4xyi

oz =(8-14i)(x +iy)

=8x — 81y + 14xi + 14y

= (8x + 14y) +i(8y — 14x)

az = (8 + 14i) (x — iy)

=8x—8iy +14ix+ 14y

= (8x + 14y) +i(14x — 8y)
w-r

2 -7 -112i
(16y —28x)i »

= 4y-Tx=xy—28

=>4y-Tx—xy+28=0

=>y4-x)-7(x-4)=0

(x—4) (y-7)=0

x=4 y=-7

z=4orz =-Ti

B=|z+31=4

X+ (y-3)=16

0.-3) P4.-3)

(z=4)
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89.

Sol.

90.

Sol.

=(0+4)—(-7-3)
=4+10=14

™ collegebatch.con

A circle with centre (2,3) and radius 4 intersects the line x + y = 3 at the points P and Q. If the
tangents at P and Q intersect at the point S(a, ), then 4a — 7f is equal to

11
(x2)* +(y-3)*=16
X2 +y —4x—-6y—-3=0

let the chord of contact w.r. to the point S(a.,p) is

T=0

ox+Py—-2(x+a)-3(y+p)-3=0

x(—2)+y(B-3)-2a-3-3=0

Comparison withx + y=13

a-2 PB-3 -2a-3B-3
=

o—2=B-3 -33+9="2a-3-3
o—pB=-1 20.=-3-9
-12
B=a+1 a:T
=—6+1=-5 oa=-6
4o — 7B
4(=6) —7(-5)
=-24+35=11

Let {a,} and {b;}, k € N, be two G.P.s with common ratios r; and r, respectively such that a; =
b; =4andr; <r,. Letcy =ay+ by, keN. Ifc, =5and ¢3 = 14—3then Yk — (12a4 + 8b,) is

equal to

9

a; =4 GP 4, 4ry, 41 - -
b1 =4 GP 4, 4r, 41) - -
C=a+bh Ci=a3+b;

13
5 =41 + 4, il 4r] + 4]

%=r1+rz...(l) ;45 =—...(2)

8r12 +3=10r1
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=8> —10r, +3=0

1'123,1‘12l
4 2
I‘zzlrzzi
2 4
o111 <1
1
rl_E
L2
4

> C.= 4 .4
P -1, 1-1,
4 4
1—1 1—é

™ |

4
=8+ 16="24

0 5 3
§:Ck—0236+8b0:324—{é2x4(lj +8x4(§j}
k=1 2 4

24— [12xLygx 2]
8 16
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JEE-MAIN EXAMINATION - JANUARY, 2®collegebc1tch_com

(Held On Thursday 30th January, 2023) TIME :9:00 AM to 12: 00 NOON

Sol.

Sol.

Physics

SECTION - A
The magnetic moments associated with two closely wound circular coils A and B of radiusr, = 10 cm
and rg = 20 cm respectively are equal if : (Where Ny, I, and N, I5 are number of turn and current of

A and B respectively)
(1) 4Nplpa =Nglg  (2) Ny =2 Ng (3) Nalp = 4 Nglg (4) 2 Nl = Nplg
3)

Magnetic moment m = IAN
Magnetic moment of coil A —

m, =1, N,

m, =1,7N, (10) (D)
Magnetic moment of coil B —

m, = I N, nr]

m, = [, N,m(20)’ ...(2)
Now m, =m,

I, 7N, (100) = I,N,7400

I.N, =4I,N,

The figure represents the momentum time (p-t) curve for a particle moving along an axis under the
influence of the force. Identify the regions on the graph where the magnitude of the force is maximum
and minimum respectively ?

If(t;—t) <ty

pA @
@ |
: \®
i 6 bt
(1) cand b (2)band c (3)aand b (4)cand a

0y

Slope of curve P-t will represent the force so
dp
F=—=slope
dt P
Maximum slope — (c)
Minimum slope — (b)
Two isolated metallic solid spheres of radii R and 2R are charged such that both have same charge
density o. The spheres are then connected by a thin conducting wire. If the new charge density of the
bigger sphere is ¢'. The ratio % is :
4 5 5 9
1) — 2) = = -~
(1 3 (2) 3 (3) . (4) )
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Sol.

Sol.

(3)
Q2= c4m(2R)?
Q.= 0c167nR?
Qi=c4nR?
Now
Q Q;

Charge will flow until voltage of both sphere become equal so

c=4mneg,R
Vi =V,
Q_QY = Q' Q)
c, 4neg, R 4mne,(2R)
= 2Q,'=Q," (1)
Q] +Q2 :Q1'+Qz'
U 3 2
020mR? =Q,+ 2 3 = TR (o
2 2 3
., c40mR’
Qz = 3
2
Now G'4n(2R)2:G4O;R
2
o'16mR? :%
c'_40 1 5
c 3 16 6

™ collegebatch.con

A person has been using spectacles of power —1.0 dioptre for distant vision and a separate reading

glass of power 2.0 dioptres. What is the least distance of distinct vision for this person :

(1) 40 cm
4)

Power convex lens =2.0 D
Power of concave lens =-1.0 D

Image Obj @
° °

25cm |
1

(2) 30 cm (3) 10 cm

1
1
1
1
1
1
1
¢ X

x — least distance of distinct vision

(4) 50 cm
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f:%xlOO:SOCm

1 1

1
f v u
11 1 1 1 1

50 (—x) -25 50 25 (—x)
= ﬁ = __1
50 X

=

5. A small object at rest, absorbs a light pulse of power 20 mW and duration 300 ns. Assuming speed
of light as 3 x 108 m/s, the momentum of the object becomes equal to :
(1)3x10v7kgm/s (2)2x10v7kgm/s (3)1x107kgm/s (4)0.5%x107kgm/s
Sol. ()
Power = 20 mw
t =300 nsec

energy absorbed =300x107° x20x107° =6x10°x10"> =6x107"J

ug“mM)Q

Intensity _ Power
C AreaxC

Pressure =

Power
Pressure X Area =

_ Power 20x10~°
Force = =

C 3x10°

F=?><10*”N

FAt = AP (momentum)
?xw*” x300x10” =P, - P,

20107 x100 =P,

2x1077 =P,
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6.

Sol.

Match Column-I with Column-II :

Column-I
(x-t graphs)

Column-II
(v-t graphs)

-

II.

¥l
X
C. | f\_\ I
t

0y

Choose the correct answer from the options given below:

(1) A- 1, B-IL, C-TII, D-IV
(2) A- 11, B-III, C-IV, D-I
(3) A-1, B-III, C-IV, D-1I
(4) A- 11, B-1V, C-III, D-I

“4)
(A) X oct’

(PN AT
B) x =x,e ™

C(li—): =x,e " (—o) =—a(x,e™™)

V =—ax,e ™ B—1IV

© Xxoct = V=const
xo-t = V=—const C—>III

(D) Xt — V=const D—1

™ collegebatch.con

The pressure (P) and temperature (T) relationship of an ideal gas obeys the equation PT? = constant.

The volume expansion coefficient of the gas will be :

O (2) =

(3) 3 T?

@)=
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Sol.

Sol.

Sol.
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C)
PT’ = const.
dV = VydT

1 dv
Y v dT ...(1)
Using PV = nRT and PT? = cont.
nRT

T? = const

VT = V=KT ..(Q2)
Now put in (1)

1 , 3 3
= x3KT’ == = y==
v KT? T Y T

Heat is given to an ideal gas in an isothermal process.
A. Internal energy of the gas will decrease.
B. Internal energy of the gas will increase.
C. Internal energy of the gas will not change.
D. The gas will do positive work.
E. The gas will do negative work.
Choose the correct answer from the options given below :
(1) Cand D only (2) C and E only (3) A and E only (4) B and D only
1)
In isothermal process
AT =0
So AU=0
AQ =+ AU

So heat will be used to do positive work

K

If the gravitational field in the space is given as (— r_Z)‘ Taking the reference point to be at r = 2 cm

with gravitational potential V = 10 J/kg. Find the gravitational potential at r = 3 c¢m in SI unit (Given,
that K = 6Jcm/kg )

(W9 (2) 10 (3) 11 (4) 12

3)

AV = —j Edr
2
3

V(3)-V(2)=- j _r—K.dr

2
2

V(3)-10 :—K(l)

r/,

11

V(3)-10=—6| ———

G 33

V—10=—6[E}=1
6
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10. In a series LR circuit with X; = R, power factor is P;. If a capacitor of capacitance C with X = Xy, is
added to the circuit the power factor becomes P,. The ratio of P; to P, will be :
(1) 1:3 (2)1:2 (3) 1:v2 (4)1:1

Sol. ()

XL

<®

R
Power factor = cos¢ = E

R R R _ 1
= - = =_1
\/xi +R* JRP+rR? V2R 2
XL Xc R

()
A\
A\

R R R
PZZE: 5 ZZE:1
,/(XL—XC) +R
h_1
P, 2

11. As per the given figure, a small ball P slides down the quadrant of a circle and hits the other ball Q of
equal mass which is initially at rest. Neglecting the effect of friction and assume the collision to be
elastic, the velocity of ball Q after collision will be :

(g=10 m/s%)

Mo (2) 4m/s (3)2m/s (4) 0.25m/s
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Sol.

12.

Sol.
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3)
20 cm:

Energy conservation for ‘P’

2

1
mgh =—mV
& 2

V =,/2gh
V =42x%x10%x0.2

Now collision between P and Q is elastic and both have same mass then P will transfer all velocity to then Q.
So velocity Q will be 2 m/sec

A ball of mass 200 g rests on a vertical post of height 20 m. A bullet of mass 10 g, travelling in
horizontal direction, hits the centre of the ball. After collision both travels independently. The ball hits
the ground at a distance 30 m and the bullet at a distance of 120 m from the foot of the post. The value
of initial velocity of the bullet will be (if g = 10 m/s? ) :

(1)360 m/s (2) 400 m/s (3) 60m/s (4) 120 m/s
@
bullet
V2
200 gm O—-. -
Vo — — \\ \\\
bullet N A
10gm \\\ \\\
\\ \\
20 m \ K
\ \
\ \
\ \
\‘ “
before <—30m——>
< 120 m >

Time to reach ground will be same for both

2h ’2><20
t= |—= =2sec
g 10

Range of bullet = 120

0= =

Range of ball = 30
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0-Vie) =
Now apply momentum conservation
P =P

Poai + Pouter = Poanr + Prutier

0
+(—10 jvo = [—200 j(15)+( 1 X 60)
1000 1000 1000
10v, =3000 + 600

v, _3000 |V0 =360m/sec|
10

13.  The output waveform of the given logical circuit for the following inputs A and B as shown below, is

A

Inputs

(1)

(2)

(3)

4)
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Sol. ()

’_L‘
e
Y

A
=
B
y=A+B
A 0 1 1 0 0 1 0
B 0 0 1 1 0 0 1
y 0 1 1 1 0 1 1

14.  The charge flowing in a conductor changes with time as Q(t) = at — ft? + yt3. Where a, f and y are
constants. Minimum value of current is :

CPEES (2 0L 3 o B @p-L
Y 3B 3y 3y
Sol. (3)
Q =oat—pt? +yt*
I=(ii—?=oc—2[3t+3yt2
dI 2B B

Z-0=0-2B+6yt @ (=P_F
dt P+oy 6

o[ B (BY
o = ¢ 2B[3VJ+3Y[3YJ

2 2

3y 3y
2
Imin za_B_
3y

15. Choose the correct relationship between Poisson ratio (o), bulk modulus (K) and modulus of rigidity
(n) of a given solid object :

3K +2 3K -2 6K +2 6K —2
(1) c=22"-1 (2) g=n—<N (3) g=22F-M (4) =271
6K +2n 6K + 21 3K - 21 3K - 21
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Sol.

16.

Sol.

17.
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(2)
Y =2n[l+0]
and Y= 3K[1 - 26]
Now 2n(l+o)=3K(1-20)
2no +2n=3K -6Koc
(2n +6K)o = 3K —2n
c—K-2n
2N+ 6K

Speed of an electron in Bohr’s 7 orbit for Hydrogen atom is 3.6 x 10° m/s. The corresponding speed
of the electron in 3 orbit, in m/s is:

(1) (1.8 x 10°) (2) (3.6 x109) (3) (7.5 x 10°) (4) (8.4 x10°%)
4)

We now

VocE

vs:v;x§=36xufx%=12x7x1w

V, =8.4x10°m/s

A massless square loop, of wire of resistance 10(), supporting a mass of 1 g, hangs vertically with one
of its sides in a uniform magnetic field of 103G, directed outwards in the shaded region. A dc voltage
V is applied to the loop. For what value of V, the magnetic force will exactly balance the weight of the
supporting mass of 1 g ?

(If sides of the loop = 10 cm, g = 10 ms™2)

u)ﬁ;v (2) 100V (3)10V 41V
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Sol. ()
® . ® ®
© 1@ ©
® ® | ®
SRR ARREEE b ;[__

For balancing » 1=10cm,
B=10°G =0.1T,
m=1g
F, A =mg
/B =mg
1
1000

v
(000D = x10

A% 1

100R 100

%:1 = [V=10Volt

-~ A: B .
18.  Electric field in a certain region is given by E = [—21 +— J) . The SI unit of A and B are :
X y

(1)) Nm3C1; Nm2C?  (2) Nm2C*; Nm3C* (3) Nms3C; Nm2C (4) Nmz2C; Nms3C
Sol. (2

-~ A
E="i

B -
i+—

2 3
X

<

. N
Unitof A & —xm?=Nm?’c"
c

Unitof B E><m3 =Nm’c™
c

19. The height of liquid column raised in a capillary tube of certain radius when dipped in liquid A
vertically is, 5 cm. If the tube is dipped in a similar manner in another liquid B of surface tension and
density double the values of liquid A, the height of liquid column raised in liquid B would be m
(1) 0.05 (2) 0.10 (3) 0.20 (4)0.5

Sol. (1)

he 2T cosO

pg

h, =5cm =0.05m
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20.

Sol.

21.

Sol.
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A sinusoidal carrier voltage is amplitude modulated. The resultant amplitude modulated wave has
maximum and minimum amplitude of 120 V and 80 V respectively. The amplitude of each sideband
is:

(D20vV (2) 15V (3)10V (4)5V
3)

V.=V, +V.

120=V,+V,, ...(D)

Vmin :Vc _Vm

80=V, -V _ ...(2)

(D +(@2)

200 =2V, =
Vy =120-100=20 = [V, =20|

vV, 20

= =0.2
Vv, 100

c

Amplitude of side bond = %Ac 0.2 % 10V

SECTION - B
The general displacement of a simple harmonic oscillator is x = Asin wt. Let T be its time period. The

slope of its potential energy (U) - time (t) curve will be maximum when t = % The value of B is

®

x=Asin(ot)

kx?

Potential energy U=

U= %.K.A2 sin® (ot)

du_ka’
dt

.2sin(ot)cos(ot).

dUu oKA®
Slope =—= sin(2mt
P dt 2 ( )

5 Slope will be maximum for sin(th) will maximum
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22, A thin uniform rod of length 2 m, cross sectional area ' A' and density 'd ' is rotated about an axis
passing through the centre and perpendicular to its length with angular velocity w. If value of w in

terms of its rotational kinetic energy E is ’% then value of «a is

Sol.  (3)

D
<—— 2m

§Z 7,

A

density =d
Area=A

mass m=d.A{

m=dA(2)=2Ad ... (1)

E=L 2Ad.(2) o

24
24E 3E
— =0 > o=,—
8Ad Ad
Ans.o.=3

23. A horse rider covers half the distance with 5 m/s speed. The remaining part of the distance was
travelled with speed 10 m/s for half the time and with speed 15 m/s for other half of the time. The

mean speed of the rider averaged over the whole time of motion is § m/s. The value of x is
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As per the given figure, if% = —1 A/s then the value of V,p at this instant will be V.

Sol. (50)
d d
® g T d " ® D
5m/sec B - C
10 m/s 15 m/sec
Avg. speed fromBtoD -V, = 10;15 = Z;m/sec
2 1 2
Now, —=—-+_—
vV, 5 25
2 7 50
_—_jvag -
vV, 25 7
Ans. x=50
24.
I=2A
ol (40 J V_.A
L=6H R=120
|t oB
E=12V
Sol. (30)
L=6H 121
U << A
Y
* I I_ oB
12v

[=2A

™ collegebatch.con

—> Kinematics

—> difficult
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25.

Sol.

ﬂ =-1A/sec
dt

di
Vo —IR-L—-12=V,

V, -2(12)+6(1)-12=V,
V,—V,=24+12-6=24+6=30

Ans. 30

™ collegebatch.con

A point source of light is placed at the centre of curvature of a hemispherical surface. The source emits
a power of 24 W. The radius of curvature of hemisphere is 10 cm and the inner surface is completely

reflecting. The force on the hemisphere due to the light falling on it is 108N

(C))

6=0°
. 2l
Presses due reflecting surface = —
C

Net force =% Area  ............ (1)

Power Power

Now |= >

Area 41r

From F = %x Projected Area

2 Power )
=—X X Tr

t
"“tc 4nr?

2x24

,1et:—8:4><10_8
3x10° x4
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26.

Sol.

In the following circuit, the magnitude of current I, is A.

24}

ANL\

L

e

(1.5)
2Q B

A4 A
ih
210 2V

D —/lvg\;—g—h— A(x)

5V 4
310
VW ov
20 C
Let at junction A — voltage = x
Va=x
Vp = y
Ve=0
VB = 2

At junction ‘A’
x—2+x—0+x+5—y:0

1 1 1
3x—y+3=0 ...(D)
At junction ‘D’
y—0+y—2+y—x—5=0

2 2 1
4y -2x=12
2y—x=6 ...(2)
From (1) and (2)
x=0; y=3
So curent through 2V cell is
3
2

I= =15A

@collegebqtch.com
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27.  Inascrew gauge, there are 100 divisions on the circular scale and the main scale moves by 0.5 mm on
a complete rotation of the circular scale. The zero of circular scale lies 6 divisions below the line of
graduation when two studs are brought in contact with each other. When a wire is placed between the
studs, 4 linear scale divisions are clearly visible while 46" division the circular scale coincide with the

reference line. The diameter of the wire is x 1072 mm
Sol. (220
Pitch = 0.5 mm
Lc = pitth _0Smm_ . 60smm
circular division 100

Zero error =6 x L.C. =6 x (0.005) mm
Reading = main linear scale reading + n(L.C.) — zero error
= 4(0.5mm) + 46 (0.005) — 6(0.005)
=2 mm + 40 x 0.005 mm
200

=2mm+ —— mm
1000

=2.2 mm
Rading = 220 x 102 mm

28. In Young's double slit experiment, two slits S; and S, are ' d ' distance apart and the separation from
slits to screen is D (as shown in figure). Now if two transparent slabs of equal thickness 0.1 mm but
refractive index 1.51 and 1.55 are introduced in the path of beam (1 = 4000A) from S; and S,
respectively. The central bright fringe spot will shift by number of fringes.

Screen

Sol.  (10)
| 4P
S| l
g
t
—
Sz l
15}
p, =1.51 t=0.Imm
p, =1.55 L =4000A

Shifting central maxima
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Ax =[S,P+(p, —1)t |- [S,P+(u, ~)t]
0=(SP=S,P)+(u, =)t = (u, -t

yd
023"'(“1 _Mz)t

d
(Hz _Ml)t = YS
(1.55-1.51)(0.1mm) = yx%
%(0.04x0.1)><10*3 =y ..(D)
Now

Fringe width = B= XTD

No. of fringes shifted = Y — 4x10° _ 10
B 4000A

Ans. 10

29. A capacitor of capacitance 900uF is charged by a 100 V battery. The capacitor is disconnected from
the battery and connected to another uncharged identical capacitor such that one plate of uncharged
capacitor connected to positive plate and another plate of uncharged capacitor connected to negative
plate of the charged capacitor. The loss of energy in this process is measured as x X 10~ 2 J. The value
of x is

Sol. (225)

C=900pF

1
100pF
Q=900 x 100 puC
Q=9x%x102C ...(1)
Now

1 C,.C
- 1 2 (Vl_vz)z
2C +C,
CxC  100-0y?
C

AU =

1

= X
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=g><100><100
4

:¥x10_6x104

= 2 =2.25J
4

AU = 225x1072]]

30. In an experiment for estimating the value of focal length of converging mirror, image of an object
placed at 40 cm from the pole of the mirror is formed at distance 120 cm from the pole of the mirror.
These distances are measured with a modified scale in which there are 20 small divisions in 1 cm. The

value of error in measurement of focal length of the mirror is iK cm. The value of K is

Sol. 32
11

1
f v u
f'=v'+u"
(-=Df2df = (=) v3dv —udu
df dv du
1 1 1
—_—_——
£ (-120) -40
1_1+3 _ 4 =
f (=120) -120
Put value of f, du, dvin (1)
df 0.05 0.05
= +
(30)>  (120)> (40)°

dv=du= lg_gn =0.05cm (given)

1

df=icm so |K=32
32

272



31.

Sol.

32.

Sol.

33

Sol.

34.

Sol.
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Chemistry

SECTION - A
Lithium aluminium hydride can be prepared from the reaction of
(1) LiH and AI(OH); (2) LiH and Al,Clg
(3) LiCl and Al,H, (4) LiCl, Al and H,,

2
8 LiH+ALCls — 2 LiAlH4+6 LiCl

Amongst the following compounds, which one is an antacid?

(1) Terfenadine (2) Meprobamate (3) Brompheniramine (4) Ranitidine
4

Ranitidine is an antacid it is an antihistamine and decrease the reaction of gastric juice in stomach

Given below are two statements : one is labelled as Assertion (A) and the other is labelled as Reason
(R).

Assertion (A) : In expensive scientific instruments, silica gel is kept in watch-glasses or in
semipermeable membrane bags.

Reason (R) : Silica gel adsorbs moisture from air via adsorption, thus protects the instrument from
water corrosion (rusting) and / or prevents malfunctioning.

In the light of the above statements, choose the correct answer from the options given below :

(1) Both (A) and (R) are true but (R) is not the correct explanation of (A)

(2) (A) is false but (R) is true

(3) Both (A) and (R) are true and (R) is the correct explanation of (A)

(4) (A) is true but (R) is false

3
Theory based

Match List I with List IT

Choose the correct answer from the options given below:

(1)A-TV,B-TI,C-1I,D -1 (2)A-IL,B-1V,C-1,D-1III
(3)A-1V,B-1I,C-1,D-1III (4)A-1,B-III,C-IV,D-1I
3

37 (K) s-block
78 (pt) d-block
52 (Te) p-block
65 (Tb) f-block
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35-

Sol.

36.

Sol.
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What is the correct order of acidity of the protons marked A-D in the given compounds ?

Hp, CO,H¢
Hy
e
1
(1) Hc > Hp > Hp > Hp (2)Hp > Hc > Hg > Hy
(3) Hc > Hp > Hg > Hy (4) Hc > Hp > Hp > Hp
4
R.S both side o
H C—_OHc R.S and equal contributing
D
HA
O S-Ve charge
RS HB on sp hybrisised
—%—OH — —%—Oe
O
Equal contributing and resonance stablize
So order He>Hp>Ha>Hg

Which of the following compounds would give the following set of qualitative analysis?

(i) Fehling's Test : Positive

(ii) Na fusion extract upon treatment with sodium nitroprusside gives a blood red colour but not
prussian blue.

(€)) (2)
(3) 4)
4

fehling test gives positive result for aliphatic aldehyde While sodium nitroprasside gives blood red
color with S and N.

So Na+N+C+S — NaSCN (Sodium thiocyanate)

SCN+Fe3+ — [Fe(SCN)]2* Ferric thiocyanate (Blood red color)

Confims presence of N and S
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37. The major products ' A' and ' B', respectively, are

e
Cold H,SO,
‘Ale———H,C-C=C ‘B’
H,S0, 3 = 80°C
CHy  CH, CH,
CH,~C=CH-C-CH; & CH,—C-CHy
(1) CH, OSO,H
CH, (|:H3 CH,
HC-C-CHy & CH;-CeCH-C-CH,
(2) OSO;H CH3
CH, CH, CH,
HiC-CCH & CHy CH- CHCH, HCCH,
(3) OSO;H
CH, CH, CH,
CHy~CH~CH,CH, ~CH~CHy & H;C~C~CH,
( 4) OSO;H
Sol. 2
CH3; CH; CH;s
Cold | H>SO4 | CHs
CH—C—CH; <5<~ CH;j—C=CH:; —S7~>CH;— C—CH=CH
| H,SO4 80°C | N\
CH;3
SOsH CH;

38. During the qualitative analysis of SO%~ using dilute H,SO,, SO, gas is evolved which turns K,Cr,0,
solution (acidified with dilute H,SO, ) :
(1) green (2) blue (3) red (4) black
Sol. 1
Na,S0,+HCIl — NaCl+H.0+S0,T
K.Cr.0,+H.S04+S0., — K.SO,+Cr.(S0,);+H-0
green

39. Inthe wet tests for identification of various cations by precipitation, which transition element cation
doesn't belong to group IV in qualitative inorganic analysis ?
(1) Ni%* (2) Zn?* (3) Co?* (4) Fe3*
sol. 4
Zn+2, CO*2, Ni+2, IVth group
Fe*s = I1I*d group

40. For OF, molecule consider the following :
A. Number of lone pairs on oxygen is 2. B. FOF angle is less than 104.5°.
C. Oxidation state of O is —2. D. Molecule is bent ' V' shaped.
E. Molecular geometry is linear.
correct options are:
(1) A, C, D only (2) C, D, E only (3) A, B, D only (4) B, E, A only
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Sol.

41.

Sol.

42.

Sol.
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0)

7 TN

2 l.pe in ‘O’
bond angle 102°
bent/V shape

Caprolactam when heated at high temperature in presence of water, gives
(1) Nylon 6, 6 (2) Nylon 6 (3) Teflon (4) Dacron

Ct {2NI |2
"HCI,
B, CHCl,
Aq.KOH

CH,—NHCH,

" AN cHCl,
' | Ag.KOH
.
y CH,OTs
p.” | .
Choose the correct answer from the options given below :
(DAand D (2) Only B (3)Band C (4)Aand B
4
CH,—Br CH,NC
AgCNE
CH,—NH; CHLoNC

CHCl3

Aq. KOﬁ
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43. Formation of photochemical smog involves the following reaction in which A, B and C are respectively.
N0, 5 A+B
ii.B+0, - C
iii. A+ C > NO, + 0,
Choose the correct answer from the options given below:
(1) 0,N,0&NO (2) 0,NO&NO3 (3) NO, 0&05 (4) N, 0,&05
Sol. 3

NO,—Y S NO + 0
(A) (B)

loz

O3
©

44. Given below are two statements : one is labelled as Assertion (A) and the other is labelled as Reason
(R).
Assertion (A) : Ketoses give Seliwanoff's test faster than Aldoses.
Reason (R) : Ketoses undergo f-elimination followed by formation of furfural.
In the light of the above statements, choose the correct answer from the options given below :
(1) (A) is false but (R) is true
(2) (A) is true but (R) is false
(3) Both (A) and (R) are true but (R) is not the correct explanation of (A)
(4) Both (A) and (R) are true and (R) is the correct explanation of (A)
Sol. 2
Seliwanoff’s test — Test to differentiate for ketose and aldose.
In this keto hexose are more rapidly dehydrated to form 5-hydroxy methyl furfural when heated in
acidic medium which on condensation with resorcinol, as result brown red colored complex is formed.

45. Match List I with List IT

LISTI LIST II
(molecules/ions) (No. of lone pairs of e"on
central atom)
A. IF , I Three
B. ICI, I1. One
C. | XeF, TIL. Two
D. XeF, IV. Zero

Choose the correct answer from the options given below:

(1)A-I,B-II,C-IV,D-1 (2)A-1L,B-1,C-1IV, D-III
(3)A-1V,B-1,C-IL,D-1II (4)A-TV,B-1II,C- I, D -1
Sol. 4

Molecule L.pe” of C.M.

IF, 0

ICI, 2

XeFﬁ 1

XeF, 3
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Sol.

47.

Sol.

48.

Sol.

49.
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To inhibit the growth of tumours, identify the compounds used from the following :

A.EDTA B. Coordination Compounds of Pt

C. D - Penicillamine D. Cis - Platin

Choose the correct answer from the option given below:

(1) Band D Only (2) C and D Only (3) A and C Only (4) A and B Only
1

Cis plating

Cl\ o /NH3

c” “NH;

is used as Anticancer agent

The alkaline earth metal sulphate(s) which are readily soluble in water is/are :

A. BeSO, B. MgSO, C. CaSO, D. SrS0,
E. BaSO,

Choose the correct answer from the options given below :

(1) Bonly (2) Aand B (3)BandC (4) A only
2

BeSO, & MgSO, are soluble in water
CaS0, is partially soluble
SrSO, & BaSQ, is insoluble

Which of the following is correct order of ligand field strength ?
(1) CO < en < NH; < C,0%™ < S? (2) NH; < en < CO < S?~ < (C,0%”
(3)S?~ < (C,03” <NH3 < en < CO (4) S~ < NH;3 < en < CO < C,07%

order of ligand strength
S2< C,0; <NH;<en<CO

Match List I with List IT
LISTI LISTII
a Cl,
A. ~)\\ //J.\ I. [Fittig reaction
[ h\ Nil o \ o
+CH,Cl —>» ( }
L, O
N N
Cl

e \ \\'urt_z Fittig
Bla (’\ +2N \/',/ \.'\ 7 e - reaction
, ) S T W )
N

SN’ = /
o | S 4
N, a
J\_ Finkelstein
& {./‘\ Cu,Cl, Y a5 : reaction
— h

/ N 3 2

\\,/ \v//

v Sandmeyer
" jreaction

D. [C;H5C1 + Nal — C,HsI + NaCl

Choose the correct answer from the options given below:

(DA-I,B-I,C-1V,D-III
(3)A-IILB-1I,C-1IV,D -1

(2)A-TV,B-I,C-II[, D -1
(4)A-I,B-1,C-II,D-1IV
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Sol. 1
Cl CHs
(A) +CHCl; Nay, @ Wurtz fittig reaction
Cl
(B) +2Na —> fittig rxn
CHS)

N2Cl

Cl
(C) % @ +N, sandmeyer rxn

(D) C.H;Cl+Nal — C,H;I+NaCl Finkelstein rxn

50. In the extraction of copper, its sulphide ore is heated in a reverberatory furnace after mixing with
silica to:
(1) remove FeO as FeSiO4
(2) decrease the temperature needed for roasting of Cu, S
(3) separate CuO as CuSiO;
(4) remove calcium as CaSiO5
Sol. 1
The copper ore contains iron, it is mixed with silica before heating in reverberatory furnace, feO of
slags off as FeSiO;
FeO+Si0, — FeSiO,

SECTION - B

51. 600 mL of 0.01MHCI is mixed with 400 mL of 0.01MH,S0O,. The pH of the mixture is
x 1072, (Nearest integer)

[Given log2 2 = 0.30

log3 = 0.48

log5 = 0.69

log7 = 0.84

log11 = 1.04]
Sol. 186

(600x0.01)+(400%0.01x2)

H~+ mix =
(] 1000

LIRS
1000

pH = -log(14x1073)

= 3-log 2-log 7

= 3-0.30-0.84

pH=1.86
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52. The energy of one mole of photons of radiation of frequency 2 x 1012 Hz in J mol™ is . (Nearest
integer)
[Given : h = 6.626 x 1073%]s
N, = 6.022 x 1023 mol™1]
Sol. 789
Ephoton=6.626x10734x2x1012x6.023%1023
=79.81x10

=798.1~ 798

53. Consider the cell
Pt(s)|H,( g 1 atm)|H" (aq, 1M)||Fe** (aq), Fe** (aq) | Pt(s)
When the potential of the cell is 0.712 V at 298 K, the ratio [Fe?*]/[Fe3*] is (Nearest integer)
Given : Fe3* + e~ = Fe?*,E9Fe3*, Fe?" | Pt = 0.771

2.303RT
—F - 0.06 vV

Sol. 10
Cell reaction :-
H.+2Fe3* — 2H++2Fe2*

2+ 2 + 2
_ 2.303RT log[Fe ] [Ij ]
2F I:Feh]

0.712 = 0.771-0.03 log(x)2

Ece]l = 0.771

O'Osglog(x)2 =0.059
log x =1

F 2+

il

CH

54. The number of electrons involved in the reduction of permanganate to manganese dioxide in acidic
medium is
Sol. 3

4H*+MnO; +3¢- - MnO,+2H,0

55. A 300 mL bottle of soft drink has 0.2MCO, dissolved in it. Assuming CO, behaves as an ideal gas, the

volume of the dissolved CO, at STP is mL. (Nearest integer)
Given : At STP, molar volume of an ideal gas is 22.7 L mol ™!
Sol. 1362

Mole of dissolved CO. = 0.2x300=60 mmol
V., =60x1073x22.7

co,

= 1362 ml
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56. A trisubstituted compound 'A', C;,H;,0, gives neutral FeCl; test positive. Treatment of compound
'A' with NaOH and CH;Br gives C;,H;,0,, with hydroiodic acid gives methyl iodide and with hot conc.
NaOH gives a compound B, C;,H;,0,. Compound 'A' also decolorises alkaline KMnO,. The number of
7 bond/s present in the compound ' A" is

Sol. 4

57.  If compound A reacts with B following first order kinetics with rate constant 2.011 x 1073 s™1, The
time taken by A (in seconds) to reduce from 7 g to 2 g will be (Nearest Integer)
[log5 = 0.698,log 7 = 0.845,log 2 = 0.301]
Sol. 623
For Ist order:-
t=-————f3x2303xbgz
2.011x1 2
2303 (0.845-0.301)
- 2.011x10°
=622.9 =623

58. A solution containing 2 g of a non-volatile solute in 20 g of water boils at 373.52 K. The molecular

mass of the solute is g mol™. (Nearest integer)
Given, water boils at 373 K, Ky, for water = 0.52 K kg mol !
Sol. 100

ATy =373.52-373=0.52
ATy = iKpm i=1

0.52= QSZXZ/X
20

x1000

x = 100 gm/mol
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Sol.

60.

Sol.
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When 2 litre of ideal gas expands isothermally into vacuum to a total volume of 6 litre, the change in

internal energy is J. (Nearest integer)
o

AU =0

process is Isothermal

Some amount of dichloromethane (CH,Cl,) is added to 671.141 mL of chloroform (CHCl;) to prepare
2.6 x 1073M solution of CH,Cl,(DCM). The concentration of DCM is ppm (by mass).

Given : atomic mass : C = 12

H=1

Cl =35.5

density of CHCl; = 1.49 g cm™3
148.322

Molar mass = 12+2+71

= 85

mmoles of DCM = 671.141x2.6x1073
mass of solution = 1.49x671.141

671.141x2.6x107° x85x107> y
1.49x671.141

PPM = 10°

148.322
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Sol.

62.
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Mathematics

SECTION - A

A straight line cuts off the intercepts OA = a and OB = b on the positive directions of x-axis and y

axis respectively. If the perpendicular from origin O to this line makes an angle of E with positive

direction of y-axis and the area of A OAB is 93—8 /3, then a? — b? is equal to:

392

196

(1) = (2) = (3)98 (4) 196
1
\A y-axis
B
b e
P /3 n/6 L
v
In AAOB
n OB b
tan—=— =—
6 OA a
1 b
= —=—
3 a
=la=+/3b

. area of triangle AOAB= 3 ab= 3

V398

2 B

, 98

=—x2

=

=b

a’—b’=196—

1

196 588-196

3 3

=la’-b’

EZ

x\3

The minimum number of elements that must be added to the relation R={(a, b), (b, ¢)} on the set

{a, b, ¢} so that is becomes symmetric and transitive is :

(13

)4

()3 (4)7
283
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Sol.

63.

Sol.

64.

Sol.
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4

R ={(a,b),(b,c)}

For symmetric relation (b, a), (c, b) must be added in R

For transitive relation (a, ¢), (a, a), (b, b), (c, ¢), (c, a) must be added in R
So, minimum number of element = 7

If an unbiased die, marked with —2, —1,0,1,2,3 on its faces, is thrown five times, then the probability

that the product of the outcomes is positive, is :

881 27 440 521
M 7055 2) 2e8 (€) Bveren (C Bovers

4
Unbiased die. Marked with -2, 1,0, 1,2, 3
Product of outcomes is positive if
All time get positive number, 3 time positive and 2 time negative, 1 time positive and 4 time negative.
5 3 2 4
P (Product of the outcomes is positive) = sc, [Ej +°C, [éj (Zj +°C, (éj(%j
6 6 6 6\ 6

All positive 3positive, 2 negative 1positive, 4 negative

3 10x3x2* 5x3x2*
= —=+ +

6 6’ 6°
_ 1563 521
6 2592

If 3, b, ¢ are three non-zero vectors and 1 is a unit vector perpendicular to ¢ such thata = ab — 1, (a#
0)and b - & = 12, then |¢ X (3 X b)| is equal to :

(1)9 ) 15 3) 6 @) 12

4

d=ob—10,b.c=12

cx(axb)=(ch)a-(ca)b

cx(axb)=12a—(ca)b (1)
a=ab-n

éa—adb—cn

2)

Equation (2) put in equation (1)
cx(axb)=12a-12ab

[ox (axb)|=12]a - ab] [-+a—ab=—n then|a —ab|=1]

= \Ex(éxf))‘:lz
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65.

Sol.

66.

Sol.

Among the statements :

SH((pvg=>r)e (p=>r)

(82) ((pvq) =1) = ((p=>1V(q=r1))
(1) only (S2) is a tautology
(3) neither ( S1) nor (S2) is a tautology

3

S:((pva)=>r1)e(@=r1)

(pvq=r
(~pA~q@vr

o

T T R R
R

F

Si is not a tautology

So = ((I)\/(l):>r)<:>

=By I s e s B e B B B Blle =)
m 4 = 4 = ™ 49 4 <

S, is not a tautology
So, neither S; nor S; is a tautology.

o B I B I B B

T

r
T
F
T
F
T
F
F

T

R B T R R

T

e T e B o I e B |

(p=1)v(g=1)
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(2) only (S1) is a tautology
(4) both (S1) and (S2) are tautologies

~pvr ((pvg=r)e

T
T
T
T
T
T
F
T

(p=r)

pva=r p=1v@=1 (pvey=>r)e(p=>rv(g@=r)

T

e I B v B B 5

T

T

= =3 3 4 43 3 7

=4 4 94 = 94 49 43

If P(h, k) be a point on the parabola x = 4y?, which is nearest to the point Q(0,33), then the distance

of P from the directrix of the parabola y? = 4(x + y) is equal to :
(3)8

(1)2
2

Equation of normal of the parabola x =4y

At a point P(

+tx—g+—t
Y 16

16

t? 2t

16°16

(4) 4
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.- Normal pass through Q(0,33) then

33:£+i
8 16
=t +2t—528=0
= (t—8)(t> +8+166)=0
=>t=8
Point P is (4, 1)
Given parabola is y?> =4(x +y)
vy’ —4y =4x
(y=2)" =4(x+1)

directrixisx+1=—1

Distance of P(4, 1) from the directrix x =2 is 6.

67. Lety=x+2,4y =3x+6 and 3y = 4x + 1 be three tangent lines to the circle (x —h)* + (y —
k)2 =r2.
Then h + k is equal to :
(1) 5(1 ++/2) (2) 5v2 (3)6 4)5

Sol. 4

(57) 3y=4x+1 (2,3)
< z >

»

In centre of triangle is (h, k)

(5(=2)+2x T2 +5x5 3x(T\2)+0x5+7x5
5+5+742 ' 5+5+742

(142415 2132 +35

_[10+7J5’10+7J§J

142 +15 +21J§+35
10+72 10472

3542450 5(74/2 +10)
k: = :5
72410 742+10

=lhtk=3

So, h+k=

h+
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68.  The number of points on the curve y = 54x> — 135x* — 70x3 + 180x? + 210x at which the normal
lines are parallel to x + 90y + 2 = 0 is :

(14 2)2 3)0 4)3
Sol. 1

Given curve i y = 54x° —135x* — 70x*> +180x> + 210x

dy

. =270x"* —540x> —210x> +360x +210

.- Normal is parallel to x + 90y +2 =0
Then tangentis L' tox+90y+2=0

Then (270x* —540x* —210x? +360x +210)(;—(D =-1
270x* —540x* —210x* +360x +120 =0

=0x*—18x* —7x* +12x+4=0
=x-DE-2)Bx+1)(3x+2)=0

2

x=1,2,-1,-2
373

Number of points are 4

2

69. Ifan = m, then a;t+a,+ ...+ ax is equal to:
52 49 50 51
M 2 €) wm Do
Sol. 3
. -2
giventhat a, =————
4n" —16n+15
25 _2

a, +a,+a;+...a, zgm
_; (2n-3)(2n-5)

25 1 1
_;[211—3_(211—5)]

1 1

1 -3

1 1
+___

1 -1
1 1

3 1

_3+47 50
141 141
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70. If tan 15° + — -+ : -+ tan 195° = 2a, then the value of (a + l) is
tan75 tan 105 a
(1)2 )4 —2V3 (3)5—-2V3 (4) 4
Sol. 4
tan15°+ ! +tan195°=2a

+
tan75° tanl105°

= tan15°+ +tan15°=2a

cot15°_cot15°
= tanl5°+tan15°—tan15°+tan15°=2a
=2tanl5°=2a

=a=tanl5°

a+l =tan15°+
a tan15°

=tan15%°+cot15°

=2-B+2+

:>a+l=4
a

71.  If the solution of the equation log, cotx+4log,,  tanx—=1,x € (o,gj, is sin* [u+\/§ ]’ where a
2

and [} are integers, then o + f3 is equal to :
(15 ()6 (34 3
Sol. 3

log, . cotx+4log, tanx=1x¢€ (0, gj

sin x

=log COX L 4lo 1

COSX - sinx
S

mx COsSX
=1-log,, sinx +4—4log,, cosx =1
=4=log,,, sinx+4log,  cosx

Let log, sinx =t
4
=4=t+ ?

=t> —4t+4=0
=(t—2)>=0

=>t=2

=log,,sinx =2

=> sin X = cos® X

= sinx =1 —sin’x

= sin’x+sinx—1=0
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72.

Sol.

1+
j— sinx:ﬁ
2
= sinx:_1+\/§,_1_\/§ + xel0,Z| then 15
2 2 2 2
. -1+
:>x=s1n"l( 2\/§J

- a=-1,p=5 then

Let the system of linear equations
x+y+kz=2

2x+3y—z=1

3x+4y+2z=Kk

have infinitely many solutions. Then the system
k+Dx+2k—-1Dy=7

(Zk+1Dx+ (k+5)y =10

has:

™ collegebatch.con

not possible

(1) infinitely many solutions (2) unique solution satisfyingx —y = 1

(3) unique solution satisfyingx +y = 1 (4) no solution

3

xty+kz=2

2x+3y—z=1

3x+4y+2z=k

Have Infinitely many solution then
1 1 k

2 3 -1|=0

3 4 2

110)—1(7) +k(8—9) =0
=10-7-k=0

= [k=3]

Fork =3

4x +5y=7
7x+ 8y =10

has unique solution and solution is (-2, 3).

Hence solution is unique and satisfying x +y =1
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Sol.

74.

Sol.
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The line 1; passes through the point (2,6,2) and is perpendicular to the plane 2x +y — 2z = 10.
X+1 y+4 Z .

Then the shortest distance between the line 1; and the line — = ;=38
13 19

= @2 (3)7 )9

9

Xx-2 y-6 z-2

equation of /; is
1 -2

Let 12 is X_—i_l:y—M:E
2 -3 2

Point on /1 is a = (2, 6, 2), direction p=<2,1,-2>

Point on > is b = (1, —4, 0) direction q=<2,-3,2>

Shortest distance between /1 and /> = w
|pxq]
i j k
pxq=[2 1 -2/=i(-4)-j®)+k(-8)
2 -3 2
_[(3.10,2)(—4,-8,-8)|
JI6+64+64 |
_‘—12—80—16
J144
= @
12

=9
Shortest distance between the lines is 9.

LetA = (r; 2),d — |A| # 0 and |A — d(AdjA)| = 0. Then

(1)1 +d? =m? + g2 (2)1+d? = (m + q)?
B A+d)?=m?+q? 4) (1 +d)? = (m+q)?
4

m n
AZ{ },d=|A|=mqnp
P q

A —d(Adj. A) = E? ﬂ— d{ 1 _n}

_|m-dq n+dn

ptpd q-dm
|A—d(Adj A)| = (m —dq)(q —dm) — (n +dn)(p + pd) =0
= mq — m*d — dg? + d*qm = np(1+d)?

= (mq — m%d — dg* + d’qm) = (mq — d)(1 + d)?
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= mq — m?d — dg? + d’qm = mq + mqd*+ 2mqd — d (1 + d)?
= d(1+d)? = m?d + dg® + 2mqd
=[(+d)? = (m+q)?

75.  If [t] denotes the greatest integer < t, then the value of @ f 12X26[X]+[X3]dX is

(Hed—1 2)e’ —1 B)ed—e 4)e’—e
Sol. 3

2
3(e — 1)2 J‘Xze[x]+[x3] dx
€ 1

Let = Jz‘xze[xHx‘] dx
1
2
[= J‘Xze1+[x3] dx dx

1

2
3
=1I= e.l.xze[x]dx
1

Letx’=t
3x? dx = dt
8

e
I[=—|e"dt
!

= = Eﬁedwjezdwi@dw ..... +J8'e7dt
3 2 3 7

1

:>I=E[e+ez+e3+ ..... +e7]
3
7_
1= elee —1)
3 e—1

2
3(e—1) J’Xze[x]+[x3] dx = -1 e’ (e’ -1
e 1 e 3 e—1

Therefore

2

3(e -1 3

( )IXZG[X]HX ldx =¥ _ e
€ 1

76. Let a unit vector OP make angles a, 8,y with the positive directions of the co-ordinate axes 0X, OY, 0Z
respectively, where 3 € (O, g) If OP is perpendicular to the plane through points (1,2,3), (2,3,4) and
(1,5,7), then which one of the following is true ?

s g g u
(1) o € (o,;) andy € (0,5) ) a € (0,5) andy € (;,1‘[)

DacEmmve(En)  @acnmre(o)
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Sol. 3

.- OP makes angle o, B, y with positive directions of the co-ordinate axes then cos? o + cos®  + cos?

v=1.
Point on planes are a(1, 2, 3), b(2, 3, 4) and c(1, 5, 7).
v ab =<1, 1, 1>

ac =<0,3, 4>

normal vector of plane =

() e —)
WO = >
A o= /]S

= (1) - j(4) + k3)
=<1,-4,3>

.. ) ) 1 4 3
direction cosine of normal is = <i + + >

L. ) — 1 4 3
then direction cosine of op is <— ’ .
J26 26 26

T

0,—

(Be(,zJ
H En d e En
ence Oe % and vy %

77.  The coefficient of x3°% in (1 + x)%%0 + x(1 + x)*%? + x?(1 + x)*® + --- ... x%%0 is :
(1) 5%°Cz00 (2) > Cz00 (3) *'Cs02 (4) °%°C501
Sol. 2

X 501 .
:(1+X)500 li(l_FXj :|

X

1+x

(1 + X)SOO(XSOI _ (1 + X)SOI)

-1
1 + 501
(1) (x + XJ
— (1+X)501 _ XSO]

Coeftficient of x*°! in above expression is *°'Cso1 or ! Caqo.
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78.

Sol.

Let the solution curve y = y(x) of the differential equation

dy 3x°tan~1(x%) {){3—tan‘1 X

dy 3x'tan X7, — 9

i A e
4+ 1-m

e (55) @ e (335)

4

dy) 3x’tan’'(x’) x’ —tan'x’
ol et A 2X exp | ——

above equation is linear differential equation.
3x’tan™ (x3 )
,[ 6,32
IF =e (1+x7)
_J‘ 3x%x3tan”! (xs)

_ e (H’Xé )3/2

Let tan '(x*) = t then

2.
3x7-dx = dt
1+ x°

dt

__[ ttant

=e \}Htanzt

ttant
_J' an dt
sect

—I tsin tdt
= e
— e—[—tcost+sint]
— tcostt-sint
=€

tan”! x3 x3

LF.= edm ¥iv

Solution is

-1 .3 3 {X3 —tan”! X3] tan x> —x3
tan  x X
T 6 [
y e ,Hxﬁ ,Hxﬁ J — J.2X e 1+x e 1+x° dX

tan 'x> - x3

y|le e J=j2xdx =xt+c

above eq. is passing through (0, 0) thenc =0

1,3

x’—tan”! x
y:X2e 1+x°
Put x = 1 then
.
)= e = et
4-n
=y(l)= ex
y(1) p[4\/5]

(3) exp (’:—;;)
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3
5 } pass through the origin. Then y(1) is equal to :

(4) exp (1_7;)
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15
79.  If the coefficient of x1° in the expansion of (ax3 + ) is equal to the coefficient of x5 in the

bx1/3
15
expansion of (axl/ 3 — #) , where a and b are positive real numbers, then for each such ordered pair
(a,b):
(l)ab=3 (2)ab=1 (3)a=b (4)a=3b
Sol. 2

15
aX3 -+ L
bX1/3

general term is Ty = °C; (ax®)15 " (_b 11/3J
X

15~ a’" 45-3 I
:>TI‘+1: CrTX 71‘_5

For coefficient of x'° = 45 — 3r — g =15

30=19¢
3
r=9
Coefficient of x'Pis =1Coa’ b ... (1)

15
-+ general term of | ax"? — 1
bx’

3

o = 15C; (ax!3)!5T (b—_lj

X
For coefficient of x 1° = B-or_ 3r=-15
151 9r=—45
=60=10r
r=6
Coefficient of x P is = °Cga’ b® ... (2)

-+ both coefficient are equal then
15Cy 26 b0 = 15Cg a2 b6
=a’b?=2a’b?®
=ab’=1
=
80.  Suppose f:R — (0,00) be a differentiable function such that 5f(x +y) = f(x) - f(y), Vx,y € R. If
f(3) = 320, then ¥;>_,f(n) is equal to :

(1) 6875 (2) 6525 (3) 6825 (4) 6575
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Sol.

81.

Sol.

3

f:R— (0, )

5 fxty) = f(x) - f(y)

Put x =3, y =0 then

51(3) = 1(3) f(0)

=

Putx=1,y=1then 5f(2)=1X1)
Putx=1,y=2then 5{(3)=1f(1)f(2)

5 x 320 = sz(n:zo
— f(2) =80
Putx=2,y=2then 5 f(4)=1(2)f(2)

8080 _ 1280

f(4) =

Putx=2,y=3then 5{(5)=1(2): f(2)

80 x 320

f(5) = = 5120

S Fy=0) + f(1) + ... + f(5)

n=0

=5+20+80+320+ 1280+ 5120
=5(1+22+2%+20+ 28+ 210
= 6825

Section B
1+iz

Letz=1+iandzl=_(1 s
Z(1-Z2)+—

Then % arg(z,) is equal to

9
z=1+i, z=1—i, iz=1+i
7= 1+iz

2—z)+ 1
Z

1+z
Z1=
z—277)+—

™ collegebatch.con
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82.

Sol.

— 20+2), (1-3i)
(1+3i) (1-3i1)
71— —2(5 — 51)
10
z1=—1+i

1
arg. (z1) = m—tan™! (Ij

Z1

I
a
I

12
soarg (z1) = ;X %ﬁ =9

™ collegebatch.con

If A; < A, are two values of A such that the angle between the planes P;:T- (31 — 5] + k) = 7 and

P:t- (A +7—3k) =9issin™? (Zsﬁ), then the square of the length of perpendicular from the point

(3814, 102,, 2) to the plane P; is

315s
Plane Pi:1.(31 —53+ k=17
Py: f.()ﬁ+}—3k):9

angle between plane is same as angle between their normal.

angle between normal 6 then
(3,-5,10(1,1,-3)
JO+25+ 1WA +1+9
3n-5-3

S5 10
0 =sin’! (é} then

Cos 6 =

Cos 6 =

from equation (1)
3-8
J35VAZ 410

Gr-8)° 1
35V +10) 25
=503r- 8)*=7 (A +10)

wn | —

= 5 (902 — 48 A+64) = TA2 + 70

= 382 - 240 A+ 250 =0
= 1922 - 120 A+ 125=0

:>7L:5,2—5
19
=2 =5
19

(1)
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83.

Sol.

Point (38 A1, 10 A2, 2) = (50, 50, 2)

distance of (50, 50, 2) from plane P; is

i 3x50-5x50+2 7|
Jor25+1 |
i 150 - 250 +2 - 7|
B
d= 10
35
d=3 3

™ collegebatch.con

Let a be the area of the larger region bounded by the curve y? = 8x and the lines y = x and x = 2,

which lies in the first quadrant. Then the value of 3a is equal to

22
8

area (o) = J(Z\E\/— - x)dx

A

2

P 8
[zﬁ% X X_}

=¥[8X2\5—2\/§]—30

Il

|
U8}
e

v
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84.

Sol.

n®((zn)H+(2n-1)(n!)
(nH((2n)H

Let Yoro

equal to
26

Let Z n’((2n)!) + 2n — 1)n!
70 (n!)((2n)!)

n=0
&nt-1+1
(0 —1)!
o (n+1) i
n=2(n_2)! w1 (n-1)!

1
(n—1)!

§<n DTN —2)' 2 —1>'

S, =e+3e+e=>5¢e

(M—2)+3 &
o2 &

S _i(Zn—l)n!
> & n!(2n)!

T & (2n)!
> 1 > 1
=Z(2n D! = (2n)!

_(1 11 ) [ 11 )
Sl=t=F=+. || +=+—+...
1 31 5! 21 41

|

|
—_

[

|

|

|

1
S, +5S, =5e——=ae+E+c
e e

Compare both side
a=5b=-1,c=0
a’-b+c=25+1+0=26

ae+ +c,

™ collegebatch.con

where a,b,c € Z and e=Zf1°=0$ Then a2 —b+c is
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8s.

Sol.

86.

Sol.

™ collegebatch.con

If the equation of the plane passing through the point (1,1,2) and perpendicular to the line x — 3y +
2z—1=0=4x—y+zis Ax+ By + Cz = 1, then 140(C — B + A) is equal to
15
givelineisx —3y+2z—1=0=4x-y+z
i ok
Direction of line a={1 -3 2| = i(-1)—j(-7)+k(11)
4 -1 1

=  a=<-1711>
. Lineis 1" to the plane then direction of line is parallel to normal of plane.
n=<-1,7,11>

Equation of plane is
—1x-D+7(y=1)+11(z—2)=0
—X+T7y+11z+1-7-22=0

= —XxX+7y+11z=28
7 11
= ——X+—y+—2z=1
28 28 28
ae L g T o 1l
28 28 28
140(C—B+A)=140(£—l—iJ
28 28 28

_ 140x3
28

=15

Number of 4-digit numbers (the repeation of digits is allowed) which are made using the digits 1, 2, 3
and 5 , and are divisible by 15, is equal to
21

HENE

Last digit must be 5 and sum of digits is divisible by 3 for divisible by 15

Remaining 3 digits | Arrange

(1,1,2) 3! 3
2

(]‘7 37 3) 2:3
2

(1,5.1) 3,
2

(29 29 3) 2:3
2

(2,3,5) 31=6

(3.5.5) 3,
2

Total numbers =21
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87. Letf'(x)=>— xeR-{Z}

2x+3’ 2
For n > 2, define f"(x) = f! of f*"1(x)

IfF5(x) = 222 ged(a,b) = 1, then a + b is equal to
Sol. 3125

f%xy=F0f%xy=F[

3 3x+2) 49
\2x+3)

2(3x+2j+3
2x+3

_I9x+6+4x+6

 6X+4+6xX49

13x+12
12x+13

fP(x)=f"o f*(x)
:fl(l3x+12j
12x +13
3 13x+12 )
C\12x+13
) 13x+12 L3
12x+13
_ 39x+36+24x +26
26x +24 +36x +39
£ (x) = 63x + 62

62X+ 63

63x + 62)
62x + 63

3 63x +62 )
62x +63

2 63—X+@ +2
62x 63

313x+312

312x+313

313x+312j
312x+313

3x+2j
2x+3

£2(x) =

f%X):F(

£4(x) =

f%xy=P(
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88.

Sol.

89.

3[313x+312j+2

312x+313

) 313x+312 3
312x+313

£(x)
~-a=1563,b=1562

_ 1563x +1562
1562x +1563

™ collegebatch.con

The mean and variance of 7 observations are 8 and 16 respectively. If one observation 14 is omitted

and a and b are respectively mean and variance of remaining 6 observation, then a + 3b — 5 is equal

to
37
;
Z X
Mean of 7 observations = %

= > x; =7x8=56

7
i=1

2

. >X:
Variance = 1
n

- (x)?

x2 = 7(16 + 64) = 560

If 14 is removed then

ixi -14

Mean = a:i:IT:>6a=56—14
=a=7

,

D> xi—-(14)y
Variance = b =MT—49
= 6b =560 — 196 — 294
= 6b =70
= 3b=35

a+t3b-5=7+35-5=37

Let S ={1,2,3,4,5,6}. Then the number of one-one functions f:S = P(S), where P(S) denote the

power set of S, such that f(n) € f(m) where n < m is
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Sol.

3240

Case—1

f(6) = S i.e. 1 option

f(5) = any 5 element subset A of S i.e. °C, =6 options
f(4) = any 4 element subset B of A i.e. °C, = 5options
f(3) = any 3 element subset C of Bi.e. *C, =4 options

f(2) = any 2 element subset D of C i.e. *C, =3 options

f(1) = any 1 element subset E of D or empty subset i.e. 3 options

Total function = 6x5x4x3x2x3=1080
Case - 11
f(6) =S
f(5) = any 4 element subset A of S i.e. °C, =15 options
f(4) = any 3 element subset B of A i.e. *C, =4 options
f(3) = any 2 element subset C of B i.e. *C, =2 options

f(2) = any 1 element subset D of C i.e. >C, =2 options
f(1) = empty subset i.e. 1 options

Total function = 15x4x3x2x1=360
Case — IIT
f(6)=S
f(5) = any 5 element subset A of S i.e. °C, =6 options
f(4) = any 3 element subset B of A i.e. >C; =10 options
f(3) = any 2 element subset C of B i.e. *C, =3 options

f(2) = any 1 element subset D of C i.e. >C, =2 options
f(1) = empty subset i.e. 1 options

Total function = 6x10x3x2x1=360
Case -1V
f(6)=S
f(5) = any 5 element subset A of S i.e. °C, =6 options
f(4) = any 4 element subset B of A i.e. C, = Soptions
f(3) = any 2 element subset C of Bi.e. *C, =6 options

f(2) = any 1 element subset D of C i.e. >C, =2 options
f(1) = empty subset i.e. 1 options
Total function = 6x5%6x2x1=360

™ collegebatch.con
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Case-V
f(6) =S
f(5) = any 5 element subset A of S i.e. °C, =6 options
f(4) = any 4 element subset B of A i.e. °C, = Soptions
f(3) = any 3 element subset C of Bi.e. *C, =4 options
f(2) = any 1 element subset D of C i.e. °C, =3 options
f(1) = empty subset i.e. 1 options

Total function = 6x5x4x3x1=360
Case - VI
f(6) = any 5 element subset A of S i.e. °C, =6 options
f(5) = any 4 element subset B of A i.e. C, = Soptions
f(4) = any 3 element subset C of Bi.e. *C, =4 options
f(3) = any 2 element subset D of C i.e. *C, =3 options
f(2) = any 1 element subset E of D i.e. *C, =2 options
f(1) = empty subset i.e. 1 options

Total function = 6x5x4x3x2x1=720

Total number of such functions = 1080 + (4x 360) +720 = 3240

x t3
0 t6+1

90. limZf

x—0 x*

Sol. 12
. 487 ¢ 0
llm—4J6— = (—j form
=oxt ot +1 (0
Using L Hopital Rule

X3

dt is equal to

48x —,
= lim—2X*+1
x—0 4X3

48
m 3
x>0 4(x° +1)
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JEE-MAIN EXAMINATION - JANUARY, 2023

(Held On Thursday 30th January, 2023) TIME:3:00PMto 6:00 PM

Sol.

Sol.

Physics
SECTION - A

A current carrying rectangular loop PQRS is made of uniform wire. The length PR = QS = 5 cm and
= RS = 100 cm. If ammeter current reading changes from I to 21, the ratio of magnetic forces per unit
length on the wire PQ due to wire RS in the two cases respectively (f7,: f73) is:

(1) 1:2 (2) 1:3 (3)1:4 (4) 1:5
3)
Foc LI,

F 1

1

E, 4
Ans. (3)

The output Y for the inputs A and B of circuit is given by

A

T } Y = Output
Input :D)— :DD—

: >

Truth table of the shown circuit is:

(1) (2)
(3) 4)
3
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Sol. (2)

Sol.
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Given below are two statements: one is labelled as Assertion A and the other is labelled as Reason R
Assertion A: Efficiency of a reversible heat engine will be highest at —273°C temperature of cold
reservoir.

Reason R: The efficiency of Carnot's engine depends not only on temperature of cold reservoir but it

depends on the temperature of hot reservoir too and is given as n = ( - %)
1

In the light of the above statements, choose the correct answer from the options given below
(1) Both A and R are true but R is NOT the correct explanation of A

(2) Both A and R are true and R is the correct explanation of A

(3) Ais false but R is true

(4) Aistrue but R is false

n=1- T _ LT

TH TH
Efficiently of Carnot’s engine will be highest at - 2739 = 0K
Ans. (2)

As shown in the figure, a point charge Q is placed at the centre of conducting spherical shell of inner radius
a and outer radius b. The electric field due to charge Q in three different regions I, IT and III is given by:
(Lr<all:a<r<b,II:r > b)

(W) E =0,E;=0,E;=0 (2)E; =0,E; =0,E;; #0
(3)E; #0,E; =0,E;; #0 (4 E #0,E;=0,E;=0
Sol. (3)

Electric field inside material of conductor is zero

Ans. (3)
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5. The equivalent resistance between A and B is

130 (2)50 320 @20
Sol. @4
20
1202

—— 1.602 240 1—o
—VV\—ANN\——

VW A——
602
VWA —
20

1 1 1 1 1 1
— ==t —+—+—+—
R 2 12 4 6 2

eq

_18_3

12 2

Ry= = Q

w | o

Ans. (4)

6. A vehicle travels 4 km with speed of 3 km/h and another 4 km with sped of 5 km/h, then its average
speed is
(1) 3.50 km/h (2) 4.25 km/h (3) 4.00 km/h (4) 3.75 km/h
Sol. ()

2
_——t—=—
V. 35 15

15
Va = ? =3.75 km hr!

Ans. (4)
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Sol.

Sol.
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In the given circuit, rms value of current (/,,,,5) through the resistor R is:

X,=2000Q Xe=1000Q
— s —| s
R=100Q
©
Vems =200 V2 V
(1) 2V2A (2)2A (3)20A (4); A

(2)
Z= \/Rz +(X, -X,)

z= \/(100)2 +(200-100)°
Z=1002 ©

rms — Vrms = 200\/5 =2A
Z 10042

A point source of 100 W emits light with 5% efficiency. At a distance of 5 m from the source, the
intensity produced by the electric field component is:

1w 1w 1w 1w
(1) Tz (2) SommZ (3) TonmZ (4) TonmZ

C))

A block of v/3 kg is attached to a string whose other end is attached to the wall. An unknown force F is
applied so that the string makes an angle of 30° with the wall. The tension T is: (Given g = 10 ms™2)

(1) 20N (2) 10N (3) 15N (4) 25N
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Sol. (1)

AN T cos 30°

F =Tsin 30°
\/gg =T cos 30°

F
tan 30°= —=g

N

1 F

NERIRNEY:

F=10N

T= _F =10x2
sin30°

T=10x2=20N

Ans: (1)

10. Match List I with List IT:

List 1 List I1

A. Attenuation I. Combination of a receiver and
transmitter.

B. Transducer II. process of retrieval of information
from the carrier wave at receiver

C. Demodulation III. converts one form of energy into
another

D. Repeater IV. Loss of strength of a signal while
propogating through a medium.

Choose the correct answer from the options given below:

(1) A-1V, B-III, C-1, D-II (2) A-1, B-II, C-III, D-IV

(3) A-1V, B-III, C-I1, D-I (4) A-I1, B-III, C-IV, D-I
Sol. (3)

Theory

11. An electron accelerated through a potential difference V; has a de-Broglie wavelength of 2. When the

potential is changed to V,, its de-Broglie wavelength increases by 50%. The value of (%

2) is equal to
(3 (2); (3)4 4)2
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Sol. ()
2
KE = P_
2m
p =l
A
G
eVl = 7\'—
2m
[is)
eV, = L5
2m
& =(1.5)?%= 2
v, 4
Ans: (4)

12. A flask contains hydrogen and oxygen in the ratio of 2:1 by mass at temperature 27°C. The ratio of
average kinetic energy per molecule of hydrogen and oxygen respectively is:

(12:1 (2)1:1 (3)1:4 44:1
Sol. (2

Average kinetic energy per molecule = %KT

Ratio =

—_ | —

13.  Asshown in the figure, a current of 2 A flowing in an equilateral triangle of side 4v/3 cm. The magnetic
field at the centroid O of the triangle is

(Neglect the effect of earth's magnetic field)

(1)1.4vV3x107°T (2)4V3x107*T (3)3V3x1075T (4)V3x107*T
Sol. (3

dtan 60° =2 \f3

d=2cm
B=3 H—OI sin 60°
2nd
_ 3x2x10*7x2X£
2x1072 2
B=33x10°T
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14. Anobject is allowed to fall from a height R above the earth, where R is the radius of earth. Its velocity
when it strikes the earth's surface, ignoring air resistance, will be

(1) V2R @) [£ (3) 2,/3R (4) V3R
Sol. ()

Use work energy theorem

AKE = w,

1

Emv2 -0 =-[uf- ui]

1 5 GMm [ GMm
—mv2=- |- - -
2 R 2R

V= /G_M
R
V= JgR (GM =gR?

15.  Match List I with List II:

ListI List I

Torque I. kgm™1s72

Energy density II. kgms™!

Pressure gradient | III. kgm™ s~2

S|1Q|%|”

Impulse IV. kgm? s™2

Choose the correct answer from the options given below:
(DA-1IV,B—LC—-1II,D—1I (2)A-1V,B-1II,C-L,D-1I
(3)A—1V,B—1,C—1II,D —III (4)A—1,B—1V,C—1III,D — II
Sol. (1)

Torque =N —-m
= kg iZ m

S€C
_ kg m’

SGC2

. N-m N
Energy Density = =
m m

€

. Pressure F
Pressure gradient = =
length A —length

= kg m=2 sec™?

Impulse = AP =kgm—s'
P g 310
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16. Given below are two statements: one is labelled as Assertion A and the other is labelled as Reason R
Assertion A: The nuclear density of nuclides i° B, $Li, 3¢Fe, 2INe and 23°Bi can be arranged as
PBi > Phe > PRe > PE > P
Reason R: The radius R of nucleus is related to its mass number 4 as R = R,AY/3, where R, is a
constant.
In the light of the above statements, choose the correct answer from the options given below
(1) Ais false but R is true
(2) Ais true but R is false
(3) Both A and R are true but R is NOT the correct explanation of A
(4) Both A and R are true and R is the correct explanation of A

Sol. (1)

Nuclear density is independent of A
Ans: (1)

17. A force is applied to a steel wire 'A’, rigidly clamped at one end. As a result elongation in the wire is
0.2 mm. If same force is applied to another steel wire 'B' of double the length and a diameter 2.4 times
that of the wire 'A’, the elongation in the wire ' B ' will be (wires having uniform circular cross sections)

(1) 6.06 x 102 mm (2) 2.77 x 1072 mm
(3) 3.0 x 1072 mm (4) 6.9 x 1072 mm
Sol. 4
K/
AA/L
- YAA!
!
AALY [ AAL
é 1 - E 2

Al _A L
ALA, L
(a0, 1 2

02 24x24 1
(M)2 =6.9 x 1072 mm
Ans: (4)

18. A thin prism, P, with an angle 6t and made of glass of refractive index 1.54 is combined with another
prism P, made from glass of refractive index 1.72 to produce dispersion without average deviation.
The angle of prism P, is
(1) 1.3° (2) 6° (3) 4.5° (4) 7.8°
Sol. A3)
81 =8, [For no deviation]
6(1.54 - 1)=A(1.72 - 1)

A= 18 4.5°
4
Ans: (3)
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19.

Sol.

20.

Sol.

21.
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A machine gun of mass 10 kg fires 20 g bullets at the rate of 180 bullets per minute with a speed of
100 m s~ each. The recoil velocity of the gun is

(1) 1.5m/s (2) 0.6 m/s (3) 2.5 m/s (4) 0.02m/s
(2)
20 x 1073 x 180 x100=10V
60
V=0.6ms"
Ans: (2)

For a simple harmonic motion in a mass spring system shown, the surface is frictionless. When the
mass of the block is 1 kg, the angular frequency is w,. When the mass block is 2 kg the angular
frequency is w,. The ratio w,/w; is

(1) 1/v2 (2) V2 (3) 2 (4)1/2
0))

,k
(D: R
m
o, _ &_ﬁ
o, m, 2

Ans: (1)

SECTION - B

A uniform disc of mass 0.5 kg and radius r is projected with velocity 18 m/s at t = 0 s on a rough
horizontal surface. It starts off with a purely sliding motion at t = 0 s. After 2 s it acquires a purely
rolling motion (see figure). The total kinetic energy of the disc after 2 s will be J (given,
coefficient of friction is 0.3 and g = 10 m/s? ).

m

. > 18 m/s . =N

EX T EAEEEEEETEEEFEEEETERLTETFE
=0 t=2s
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Sol. 54)
a=—umg=-3
v=u-+at
v=18-3x2=12ms"!

2 2
KE= Smy+ L[ 2 |[Y
2 22 \r

KE = EmV2
4

KE=3x18=541]
Ans: (54)

22,  Ifthe potential difference between B and D is zero, the value of x is %Q. The value of n is

Sol. )

X
E: x+1
3 X
2 1
g_x+1
x=05= 1

2

n=2
Ans: (2)

23. A stone tied to 180 cm long string at its end is making 28 revolutions in horizontal circle in every

6ms'2 . The value of x

minute. The magnitude of acceleration of stone is
X

22
(Take = 7)
Sol. (125

a= ot

2
32(28x2nj x1.8
60
1936x1.8 1936
= ms

225 125
X =125
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24. A radioactive nucleus decays by two different process. The half life of the first process is 5 minutes
and that of the second process is 30 s. The effective half-life of the nucleus is calculated to be % s. The

value of « is

Sol. (300)
A

N A
dN
E =—(M TN
7\4eq27\.1+7\42
1t 111
t 300 30 300
%
t, = ﬂ S€C
ARET!
Ans: (300)

25. A faulty thermometer reads 5°C in melting ice and 95°C in stream. The correct temperature on

absolute scale will be K when the faulty thermometer reads 41°C.
Sol. (313)
41°-5° R -0
ns: =
95°-5° 100-0
R =40°C
R=313K

26. In an ac generator, a rectangular coil of 100 turns each having area 14 x 1072 m? is rotated at
360rev/min about an axis perpendicular to a uniform magnetic field of magnitude 3.0 T. The
maximum value of the emf produced will be V.

[Take = 2]
7

Sol.  (1584)
Eumax = NABo

2
— 100x14x10 2x3x 220X 2T

=1584V
Ans: (1584)
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27.  Abody of mass 2 kg is initially at rest. It starts moving unidirectionally under the influence of a source
of constant power P. Its displacement in 4 s is %azx/ﬁm. The value of a will be

Sol. )

1
—mv‘- =pt
5 p
V: @
\/m
dx _ [ope
dt m
jdx::/zgjdﬁn
m
4
o= 2[4
m 0

x=%meE
c=4
Ans: (4)

28.  Asshown in figure, a cuboid lies in a region with electric field = 2x27 — 4y} + 6k N/C. The magnitude
of charge within the cuboid is n €, C.

The value of n is (if dimension of cuboid is 1 X 2 x 3 m3).
<A
(0,0,3)
W)
QY (0.2,0)
- > Y
(1,0,0)
5
Sol. (12)
b =—8%3+2%6
=—12
¢ — qinside
net EO
(inside = — 12 €
Ans: (12)
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29. In a Young's double slit experiment, the intensities at two points, for the path differences % and % 1
being the wavelength of light used) are I; and I, respectively. If I, denotes the intensity produced by
each one of the individual slits, then Illﬂ =

0
Sol. (3

1 =41, cos® ¢
2

27
AP = —x AX
¢ A

I] = 410 COS2 %: 21()

12 = 410 COS2 2?71: = I()

:>11+12:3

0

Ans: (3)

30. The velocity of a particle executing SHM varies with displacement (x) as 4v? = 50 — x2. The time
period of oscillations is gs. The value of x is

22
[Take = —]
7

Sol. (88)

4v?> =50 -x>

V= %\/SO—XZ
1

(1) = —
2

T= 2n =4n= 88
®

x =88

Ans: (88)
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Chemistry

SECTION - A

31.  The Cl — Co — Cl bond angle values in a fac- [Co(NH3);Cl;] complex is/are:

(1) 90°

(2) 90°&120°

(3) 180°

(4) 90°&180°
Sol. 1

a5 a
CO (90°)

7 1N¢q

H:N H;N

32. The correct order of pK, values for the following compounds is:

(1)c>a>d>b
2)b>a>d>c
B)b>d>a>c
4Ha>b>c>d
Sol. 3

Acidic strength o« (—M, -H, — 1)
. 1

(+M,+H,+1I)

OH OH OH
N NO2
/' \

(-M) (+H)

OH

(+M)

PKa o strength

Acidic
A order of acidic strength: ¢c>a>d>b

Order of PKa:c<a<d<b
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33.

Sol.

34.

Sol.

3S.
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Given below are two statements:

Statement I : During Electrolytic refining, the pure metal is made to act as anode and its impure metallic
form is used as cathode.

Statement II : During the Hall-Heroult electrolysis process, purified Al,05 is mixed with Na3;AlFg to
lower the melting point of the mixture.

In the light of the above statements, choose the most appropriate answer from the options given below:
(1) Statement I is correct but Statement Il is incorrect

(2) Both Statement I and Statement II are incorrect

(3) Both Statement I and Statement II are correct

(4) Statement I is incorrect but Statement II is correct

4

Mixture of CaF, & Na3AlFs decreasing the M.P. of Al,Os.

In electrolytic definning, pure metal is always deposited at the cathode

Match List I with List II:

(1) A-1V, B-1, C-11I, D-1I

(2) A-111, B-1V, C-I, D-1I

(3) A-111, B-1, C-1V, D-1I

(4) A-11, B-1, C-III, D-1V

2

A. CHCI; + CsHsNHz — Distillation (III)

B. CsHis + CsHi2 — fractional distillation (IV)

C. CeHsNH> — H»>O — Steam distillation (I)

D. Organic compound in HO — Differential extraction (II)

1 L,0.02M solution of [Co(NH3)sSO,]Br is mixed with 1 L,0.02M solution of [Co(NH3)sBr]SO,.
The resulting solution is divided into two equal parts (X) and treated with excess of AgNO5 solution
and BaCl, solution respectively as shown below:

1 L solution (X) + AgNOs solution (excess) > Y

1 L Solution (X)+BacCl; solution (excess) — Z

The number of moles of Y and Z respectively are

(1) 0.02, 0.01 (2) 0.01, 0.01

(3) 0.01, 0.02 (4) 0.02, 0.02
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Sol.
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2

Co(NH,), S0, } Br+ AgNO, — AgBr i

0.01mol excess 0.01mol

0.02mol excess 0.01mol

Co(NH,), Br} SO, +BaCl, — BaSO, {

Decreasing order towards SN 1 reaction for the following compounds is:

(l)a>c>d>b
2)b>d>c>a
B)a>b>c>d
4)d>b>c>a
2

Cl Cl Cl Cl
NO; OMe Cl

(M) (+M) )

b>d>c>a

Which of the following reaction is correct?
A

A
(2) 2LiNO; — 2NaNO, + 0,
(3) 2LiNO; — 2Li + 2NO, + 0,

A
(4) 4LiNO; — 2Li,0 + 4NO, + O,
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39.

Sol.

40.

Sol.

41.

Sol.
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4
4 LiNO3; —2— 2 L0 + 4 NO»+O>

Boric acid is solid, whereas BF5 is gas at room emperature because of

(1) Strong van der Waal's interaction in Boric acid

(2) Strong covalent bond in BF;

(3) Strong ionic bond in Boric acid

(4) Strong hydrogen bond in Boric acid

4

Due to strong hydrogen bonding present in boric acid, boric acid present in solid form.

Given below are two statements: One is labelled as Assertion A and the other is labelled as Reason R.
Assertion A: Antihistamines do not affect the secretion of acid in stomach.

Reason : Antiallergic and antacid drugs work on different receptors.

In the light of the above statements, choose the correct answer from the options given below:

(1) A is false but R is true

(2) Both A and R are true but R is not the correct explanation of A

(3) Both A and R are true and R is the correct explanation of A

(4) A is true but R is false

3

Formulae for Nessler's reagent is:
(1) Hgl,

(2) K Hgl,

(3) KHgl;

(4) KHg,I,

2

Nessler’s reagent

KoHgls + KOH

Given below are two statements: One is labelled as Assertion A and the other is labelled as Reason R.
O

Assertion A: M can be easily reduced using Zn-Hg/HCl to )OH\/\

OH
Reason R: Zn — Hg/HCl is used to reduce carbonyl group to —CH, — group.
In the light of the above statements, choose the correct answer from the options given below:
(1) A is true but R is false
(2) Both A and R are true and R is the correct explanation of A
(3) A is false but R is true
(4) Both A and R are true but R is not the correct explanation of A
2
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Maximum number of electrons that can be accommodated in shell with n=4

(1) 16 (2) 32 (C)72
2

Max e~ that can be accommodated in shell = 2n?
(n=4)

2(4)2=32

The wave function (W) of 2 s is given by

__1 1\/2 r -r/2a
V=i (a) (2-)e
At r = ry, radial node is formed. Thus, 1y in terms of a,

() 1o =4a,

@)1=
(3)ro=ag
(4) 1o = 2a,
4
Atnode vy, =0
2- D=9
a4
ro = 2ao
X) (Y)

(D) 50

In the above conversion of compound (X) to product (Y), the sequence of reagents to be used will be:

(1) (i) Bry(aq) (ii) LiAIH, (iii) H;0*

(2) (i) Bry, Fe (ii) Fe, H* (iii) LiAIH,

(3) (i) Fe, H™ (ii) Br,, (aq) (iii) HNO, (iv) H5PO,

(4) (i) Fe,H* (i) Bry (aq)  (iii) HNO, (iv) CuBr
3

CHs CH; C
@ Fe/HCl @ Br, (as.) )@ HNO,
Br Br Br
NO> NH;

H;
NH,

CH; CH;

HsPo»

Br Br Br
N:Cl
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Match List I with List II:
List I (Complexes) List IT (Hybridisation)
A. [Ni(CO),] L sp?
B. [Cu(NH3)4]** I1. dsp?
C. [Fe(NH3)e]** I11. spd?
D. [Fe(H20)6)*" IV. d*sp?

(1) A-L, B-II, C-IV, D-III
(2) A-11, B-I, C-1I, D-1V
(3) A-I1, B-I, C-IV, D-III
(4) A-1, B-11, C-1II, D-1V

1
Complex Hyloridisation
(A) Ni(CO)4 sp
(B) [Cu(NH3)4] " dsp?
(C) [Fe(NHs)s] d’sp’
(D) [Fe(H20)6] sp*d®

The most stable carbocation for the following is:

a b c d
(1)a (2)c (3)d (4)b
3

Chlorides of which metal are soluble in organic solvents:

(HK (2) Be (3) Mg (4) Ca

2

Due to smaller size, Be*?. will show more polarising power, hence, Be will have maximum covalent
character & most soluble in organic solvent.
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48. KMnOs4 oxidises I in acidic and neutral/faintly alkaline solution, respectively, to
(1) 10; &10;
2) L, &10,
3) 1, &I,
4) 10; &1,
Sol. 2
2 KMnO4+10I" + 16H" — 2Mn"+8H20+51,
neutral/faintly alkaline sol".

2 MnO, +I'+H20 — 2 MnO>+20H +10;

49.  Bond dissociation energy of "E-H" bond of the “H,E " hydrides of group 16 elements (given below),
follows order.
A.0
B.S
C. Se
D. Te
Choose the correct from the options given below:
() B>A>C>D
2)A>B>D>C
3)A>B>C>D
4HD>C>B>A
Sol. 3
H>O > H,S > H,Se > HyTe

50. The water quality of a pond was analysed and its BOD was found to be 4. The pond has
(1) Highly polluted water
(2) Slightly polluted water
(3) Water has high amount of fluoride compounds
(4) Very clean water
Sol. 4
Clean water have BOD value less than 5 ppm while highly polluted water have. BOD value of 17 ppm

or more.
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SECTION B

51.  Number of compounds from the following which will not dissolve in cold NaHCO5; and NaOH

solutions but will dissolve in hot NaOH solution is

Sol. 3

52. 1 mole of ideal gas is allowed to expand reversibly and adiabatically from a temperature of 27°C. The
work done is 3 k] mol™1. The final temperature of the gas is K (Nearest integer). Given Cy =
20 J mol ' K

Sol. 150
q=0

AU =W =nCvAT

=1x20 x[T2-300] =-3000
=T>-300=-150
=T,=150K

53. A short peptide on complete hydrolysis produces 3 moles of glycine (G), two moles of leucine (L) and
two moles of valine (V) per mole of peptide. The number of peptide linkages in it are
Sol. 6

54. Lead storage battery contains 38% by weight solution of H,SO,. The van't Hoff factor is 2.67 at this
concentration. The temperature in Kelvin at which the solution in the battery will freeze is  (Nearest
integer). Given K; = 1.8 K kg mol ™!

Sol. 243
AT¢=1i-kf-m
m = 38,1000

_ X —
98 62
1000
62

AT;=2.67 x 1.8x 35,
98

AT¢=30.05
FP.=273-30=243 K
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Sol.

56.

Sol.

57.

Sol.

The strength of 50 volume solution of hydrogen peroxide is
(Nearest integer).

Given:

Molar mass of H,0, is 34 g mol™?

Molar volume of gas at STP = 22.7 L.

150

Volume Strength
11.35

Strength (g/lit) = Molarity < mol. Wt

50
11.35

Molarity =

x 34 == 150 gm/lit

The electrode potential of the following half cell at 298 K
X|X2*(0.001M) || Y?*(0.01M)|Y is
Given: Eg“lx =-236V

0
E

Y+2\Y
E0Y2+1Y = 10.36V
2.303RT
———=0.06V

F

275

X + y+2 N y + X+2
E° Cell = E°cathode — E°Anode

E°Cell =0.36 - (-2.36) =2.72 V

+2
Ecen=2.72 — ? log X

+2

Ecen =2.72 — ——= log ——

=2.72+0.03=2.75V
=275%x 102V

™ collegebatch.con

g/L

X 1072 V (Nearest integer).

An organic compound undergoes first order decomposition. If the time taken for the 60%

decomposition is 540 s, then the time required for 90% decomposition will be is

integer).
Given: In10 = 2.3;log2 = 0.3

1350

s. (Nearest
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_ 2.3031 100

o
540 8 40

K= &XOA

540

_ 2.303x540. 100
= ——log—
2.303%x0.4 10

too = 1350

58.  Consider the following equation:
250,(g) + 0,(g) = 2S03(g),AH = =190 K]
The number of factors which will increase the yield of SO; at equilibrium from the following is
A. Increasing temperature
B. Increasing pressure
C. Adding more SO,
D. Adding more O,
E. Addition of catalyst
Sol. 3
The yield of SOs3 at equilibrium will be due to:
B. Increasing pressure
C. Adding more SO»
D. Adding more O>

59.  Iron oxide FeO, crystallises in a cubic lattice with a unit cell edge length of 5.0A. If density of the FeO
in the crystal is 4.0 g cm™3, then the number of FeO units present per unit cell is  (Nearest
integer)

Given: Molar mass of Fe and O is 56 and 16 g mol~? respectively. Ny = 6.0 X 1023 mol~!

Sol. 4

d= zx M
N0><a3
4= zx72
6x10” x125x107*
Z=4.166 = 4
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60. The graph of log% vs log p for an adsorption process is a straight line inclined at an angle of 45° with

intercept equal to 0.6020. The mass of gas adsorbed per unit mass of adsorbent at the pressure of

0.4 atm is x 1071 (Nearest integer)
Given: log2 = 0.3010
Sol. 16

Slope =tan 45° =1
logK = 0.6020 = log 4

2 =404)1=16 x10"
m
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Mathematics

SECTION - A

A vector V in the first octant is inclined to the x-axis at 60°, to the y-axis at 45 and to the z-axis at an
acute angle. If a plane passing through the points (v/2,—1,1) and (a, b, c), is normal to V, then

(DV2a+b+c=1 2 a+V2b+c=1
(3)a+b++v2c=1 #HV2a-b+c=1
2
cosa =cos 60 cosf3 =cos45
1 1
f=— =
2 2
I>+m’+n’ =1
= Lo ntoi-s-lt
4 4
1
n=—
2

1 14 1-
Direction of vis L1+ L%+ 1t
irection of ¥is 21+ i+

Equation of plane through (/2 , -1, 1) & Normlato ¥ is

1 1
E(X_\/E)+$

It passes through (a,b,c)
(a_ﬁ)+ﬁ(b+1)+(c_1):o
= a+\/§b+c=ﬁ—\/§+l
=

Let a,b,c > 1,a3,b3 and c3 be in A.P., and log, b,log.a and logy, ¢ be in G.P. If the sum of first 20
a—8b+c . .
is —444, then abc is

(y+1)+%(z—1)=0

. a+4b+c . .
terms of an A.P., whose first term is — and the common difference is 0

equal to:
(1= (2) 216 (3) 343 4=
2

If log, b,log_a,log, c — G.P.
(logC a)2 =log, bxlog, ¢
(logc a)2 =log, c
: 1

log a

= (log,a)

= (log, a)3 =1
= log .a=1
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Ifa’b’c® > AP

2b’ =a’+¢’

Ifa=c

=

For AP

A:a+4a+a D:a—8a+a
3 10

A=2a D=_—3a
5

So0 = ?{2 x2a+ (20— 1)(%)}

:10[4a—&}
5

=10{—ﬁ}=444
5
L 44dxs
37x10

= [abc=6x6x6=216]

Leta; = 1,a,,a3,ay, ... be consecutive natural numbers.

Then tan™! ( . ) + tan~! ( : ) + -+, +tan™? (;) is equal to
1+ajap 1+ajzasz 1+azp21a2022

(1) cot™1(2022) — } ) } — cot™1(2022)
(3) tan™*(2022) — (4) 7 — tan™(2022)
,=la,,a,,....a, be consecative natural numbers.

a
-1 1 1 1 -1 1
tan + tan + ol +tan | ——M8M8M8M8
l+aa, l+a,a, 142,505,850
y 1
g =tan | ——
1+ K(K+1)
4 K+1-K
=tan | ———
1+K(K+1)
=tan” (K+1)—tan™ K
T,=tan"'2—tan"'l

T, =tan'3—tan"'2
T,=tan'4—tan'3
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T,,, = tan ™' (2022) —tan™' (2021)
On adding

ST, =tan'(2022)—tan'(1)

2021 T
DT, =tan"'(2022) - "

n=]

64. LetA€R3=Ai+2]—3kb=1—2A+2k
If (G+b) X (@xb)) x (3—b) = 81 — 40§ — 24k, then |A@ + b) x (@ — b)|? is equal to
(1) 132 (2)136 (3) 140 (4) 144
Sol. 3
((5+B)x(ax13))x(a43)—:8?—40}—2412
:>(§x(5x6)+5x(5x5))x(5—5)
- ((5-B)a—(5-5)6+(5-B)a—(B-a)B)x(a—B)
= 0—(a-b)@xb)—a’*(bxa)+0—b*(@xb)— (a-b)bxa =8i—40j—24k
= (a’ —b’)(@xb)=8i—40j—24k
(27 +4+9)—(1+27 +4))(axb)

8(5><B):8(§—5}—312)

~ A A

i k
A 2 -3[=i-5j-3k
1 -» 2
i(4-30)— 2L +3)+k(-A* —2)=i—-5j—3k

=  4-3n=1 2L+3=5 A2-2=-3
3=3 A2 =1
A=1 r=1

[0+ B)x (@~ b)| =|@+ b)x (@~ b)|
= ‘—5><l;+5><§‘2:‘2(§x6)‘2=4(1+25+9)=14()
65.  Let q be the maximum integral value of p in [0,10] for which the roots of the equation x* — px +
Zp = 0 are rational. Then the area of the region {(x,y):0 <y < (x—q)%,0<x<q}is

125

(1) 243 (2) 164 3= (4) 25
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Sol. 1
5
X’ —px+=p=0
p 4p

Roots are rational
D = A perfect square

5
p* 4P
p?> —5p = A perfect square

forp=0,p=35,p =9 the D is a perfect square
. maximum integral of p is 9.

{(x,y):0<y<(x-9,0<x <9}

NG

o 9, 0)

9
Area = _[(x —9)*dx

0

_ -9 }
3

(0-9)

0

= 0-

9x9x9
=
3
=243

66. Let f, g and h be the real valued functions defined on R as

X <%0 sin(x + 1) - —1

oy —, X#* —
fx) =9 x| 8x) =1 (x+1)

1) X = O 1, X = _1

and h(x) = 2[x] — f(x), where [X] is the greatest integer < x.
Then the value of limy_,; g(h(x— 1)) is
(1) -1 2)0 (3) sin(1) 41

Sol. 4
LHL

lim g(h(=3) 5>0
lim g(-2+1)
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Sol.

68.

=g-1)=1

RHL

lim g(h(3))

lim g(2x0-1)

lim g (-1)

lim g (h(x-1)=1
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Let S be the set of all values of a; for which the mean deviation about the mean of 100 consecutive

positive integers a;, a,, as, .... a9 1S 25 . Then S is

()N 2) ¢ (3) {99}
1
Let a,=n a,=n+l1 a,=n+2 ...

n+(n+D+n+2)+....n+99

X =

100
100%x99
100n + 99
100 2
Mean deviation about the mean
1 _
—Z|xi—x|
100
1 (99 97 95 97 99
= —| 4+ =+ =+ +—4+=
100(2 2 2 2 2)
2 (99 97 95
= —| —+—+—+....... 50terms
100(2 2 2 j
ixlx(m)?:M:%
100 2 100
It is 25 irrespective of the value of
s.neN
= |S=N

For a, B € R, suppose the system of linear equations

X—y+z=5

2x+2y+az=28

3x—y+4z=

has infinitely many solutions. Then a and 3 are the roots of
(Hx*+14x+24=0 (2)x* +18x+56 =0
(3)x?*—18x+56 =10 (4)x*—10x+16=0

(4) {9}
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3

I -1 1

2 2 a|=0
3 -1 4

18+a)+1(8—3a)+1(-2—-6)=0
= 8+a+8-30—-8=0
—20.=-8
a=4
Di1=0

5 -1 1
= 8 2 4{=0

B -1 4
5@8+4)+1(32—-4p)+1(-8-2p)=0
60+32-43-8-2B=0
= —-6=-84
=14

Equation having roots as o &3

Ix2 —18x + 56 =0|

Let 3 and b be two vectors, Let [3] = 1,|b| = 4and 3 - b = 2. If ¢ = (23 X b) — 3b, then the value of
b-¢is

(1) —24 (2) —84 (3) —48 (4)—60

3 2 3
If the functions f(x) = X? + 2bx + % and g(x) = X? + ax + bx?,a # 2b have a common extreme

point, then a + 2b + 7 is equal to:
(1> 23 (3)4 (4)6

4

f'(x)=x"+2b+ax=0
g'(x)=x"+a+2bx=0

x =1 is the common root
1+2b+a=0
2b+ta+1+6=6

2b+a+7=6
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IfP is a 3 X 3 real matrix such that PT = aP + (a — 1)I, where a > 1, then

(1) |AdjP| =~ (2) |AdjP| = 1
(3) P is a singular matrix (4) |AdjP| > 1
2

(P") =aP"(a-1)1
P=a(@P+@-D)+(@-1I
=a’P+(a’ —a)l+(a-1I
=a’P+(@°—a+a-1)I
P=a’P+(a’ -1l = P=(1-a’)=(a’-1I
|AdiP|=|P|" =(-1)?
=1

The number of ways of selecting two numbers a and b,a € {2,4,6, ....,100} and b € {1,3,5, ....

such that 2 is the remainder when a + b is divided by 23 is

(1) 268 (2) 108 (3) 54 (4) 186
2
a+b=25, at+tb=71 at+tb=117 at+b=163
a b a b a b a b
2 23 2 69 18 99 64 99
4 21 4 67 20 97 66 97
24 1 70 1 100 17 100 63
12 cases 35 cases 42 cases 19 cases
Total ways =12 + 35 +42 +19

=108

lim 3{4 + (2 + %)2 + (2 +§)2 + -+ (3 - %)2} is equal to

n—-oo n

(1) 12 2= (3)0 4) 19

99}
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:>[(2+x)311)
=(2+1)’ ~(2+0)’
—27-8=19

Let A be a point on the x-axis. Common tangents are drawn from A to the curves x? + y? = 8 and
y? = 16x. If one of these tangents touches the two curves at Q and R, then (QR)? is equal to

(1) 81 )72 (3) 76 (4) 64
2
R
Q
A
y* =16x circle
Tangent X’ +y> =8

4
y=mx+— Tagent

m
y=mx+2241+m’
LN N

m

16
—2=8+8m2
m

8m' +8m’ =16

m* +m? =2

m>=1,-2

Let m=1

m>1

Sy=x+4

Point of tangecy at parabola

4 8
(zim)
m”- m

a(4,8)
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75.

Sol.

Point of tangency at circle
eq" at tangent at R(x,,y, )

is

XX, +yy, =8
Comparison with
X—y+4=0
_Y.__8

1 -1 4
X, =—2 y,=2
R(-2,2)

Now QR? = /(4+2) +(8-2)

QR* =72

™ collegebatch.con

If a plane passes through the points (—1,k, 0),(2,k,—1),(1,1,2) and is parallel to the line % =

2y+1 _ z+1
2

7 @7

2

Eq"of plane

x—2 y—-k 3+1

1-2 1-k 2+1|=0

-1-2 k-k 0+1
x—=2 y—-k 3+1

=|-1 1-k 3 |=0
-3 0 1

(x=2)(1-k—0)—(y—k)(-1+9)+(3+1)(0+3-3k)=0
= (1—k)x—8y+(3—3k)z—2+2k+8k+3—-3k=0
(1-K)x—8y+(3-3K)z+7K+1=0

Plane is parallel to the line L:
~(1-k)1-8.1+(3-3K)(-1)=0

—1-k-8-3+3k=0
k=10
k=5

k* +1
(k=1)(k-2)

2541 26 13
(5-1)(5-2) 4x3 6

= —» then the value of

(4)=
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76.

Sol.

77.

Sol.

The range of the function f(x) = V3 — x + V2 + x is:

(1) [2V2,V11] (2) [V5,V13] (3) [V2,V7]

\J3-x - 2+X
=>3—-Xx=2+X
=2x=1

X=7
f(%jz\k—% +\j2+%

5 5 5
=,[=+,|—=2,/—=+10
(325

Range = [\/g, \/E]

(x2 +3y?

The solution of the differential equation & = —
3x2+y?

dx

Xy
(x+y)?

(1) logelx +yl -

2xy
(x+y)?

(3) loge [x+y| —

xdv x> +3v’X’
dx 3 +vA
dv 1+3v?
dx  3+v0
Xd_v:_1+3v2+3v+v3
dx 3+V°
I 3+v? dx

1+3v2 +3v+V3 X

(2) loge [x+y| +

(4) loge [x+y| +

™ collegebatch.con

(4) [V5,V10]

),y(D) =0

2xy

Gy = 0

Xy

(x+y)2

337



dv=—Inx+C

3

J‘ 3+V°
(1+v)
Let v+1l=t
dv=dt
3+(t-1)
t—sdt:—lnx+c

t?—2t+4
= [Lo2 g

2 4
:>Int+———2=—lnx+C
t 2t

-1
2
:>In(x+1j — 4

2
X Vi1 2(V+1)
X X

y+x)  2x 2%
=In + — > =—Inx+c

X y+X (x+y)

=Inx+y|+
L

:>In|x+y|+ 2 —=C
(x+y)

(x+y-x)=C

™ collegebatch.con

78.  The parabolas : ax? + 2bx+cy = 0 and dx? + 2ex + fy = 0 intersect on the line y=1. If
a, b, c,d,e, fare positive real numbers and a, b, c are in G.P., then

(1)d, e, fare in G.P.

(3)d, e, farein A.P.

Sol. 2
at y=1, Both curve intersect

ax’ +2bx+c=0
= 2
dx” +2ex+f=0

Given a, b, ¢ are in G.P

=D=4b’ —4ac=0 for the first equation

= Both the Root are equal

" sum of the roots = —2E
a

b
oa+o=-2—
a

oo
o | o

o

} Common Root

) )

e
IBI

o=

(I B

are in A.P.

are in G.P.
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79.

Sol.

80.

Sol.

™ collegebatch.con

o=——
a

It satisfies the second equation also

2
d(—E) +2e(—9]+f=0
d a

2
d(b—zj—@ﬁzo

a a
d(a—fj—ZeEJrf:O
a a
d_2eb f_,
a ac c
9_2e2b+£=0
a b c
:>ZE=9 i:>9,E,£areinAP
b a c abc

Consider the following statements:
P : I have fever
Q: I will not take medicine

R : 1 will take rest.
The statement "If I have fever, then I will take medicine and I will take rest" is equivalent to:

(D) (~P) v~ QA ((~P)VR) 2)PVQA((~P)VR)
) (~P) v~ QA ((~ P)V~R) 4 (Pv~QA(PV~R)
1

P—(~QAR)

~PV(~QAR)

=((~P)V(~Q)A((~P)WR)

x = (8V3+13) and y = (7V2 + 9)°. If [t] denotes the greatest integer < t, then

(1) [x] is odd but [y] is even (2) [x] + [y] is even

(3) [x] and [y] are both odd (4) [x] is even but [y] is odd
2

Let x=1, +f,

(8\/§+13)13 =1, +1,
(83 -13) " =1, (let)
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81.

Sol.

On Subtaction

(8%+13)” —(8%—13)” =I+f —f'
z[ NG )12}13+ =c,(8V3 )w 13°

+————]=1+0
--I=Even Number
[x]=Even
similarly,

Let Y=hth

(7\/§+9)9 =l, +f,
(7\/5—9)9 =f

On Subtaction

(7J§+9)9 (72 —9)9 =1 +f, —f*

2[9c1(7\/5)8.9+ 9c3(7ﬁ)7 9? ———}=I2 +0

l, =Even

[X] + [y] =Even + Even

=Even

SECTION - B

™ collegebatch.con

Let a line L pass through the point P(2,3,1) and be parallel tothe line x + 3y —2z—2=0=x—y +
2z. If the distance of L from the point (5,3,8) is a, then 3a? is equal to

158
The Direction ratio of line

i
1 3 -2
1 -1 2

Equation of line L

= 4i-4j-4k

M

Q (5,3, 8)

Xx-2 y-3 z-1
1 -1
Let M(L +2, -4 +3, -4+ 1)

=(ad)

DR’sof MQis<A+2-5,-A+3-3,-A+1-8>

K i6-2)-i2+2)+K(-1-3)
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82.

Sol.

83.

Sol.
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<A=3,-A.-A>T7T>
-~ LLMQ
>A-3)(DH)+NEDH+H (-7 (1) =0
=>A-3+A+A+7=0

:>3%=—4:>k=—§

~ M —£+2,+—4+3,é+1 = EEZ
3 3 3 333

MQ=a

st (5-2] (32452

=3 @-I—E-i-@ :ﬂ=158
9 9 9 9

A bag contains six balls of different colours. Two balls are drawn in succession with replacement. The
probability that both the balls are of the same colour is p. Next four balls are drawn in succession with
replacement and the probability that exactly three balls are of the same colour is q. If p: @ = m:n,
where m and n are coprime, then m + n is equal to

14

p= %

q= (6C1.l.l.l.§j£=ix4=i
6 6 66)3 216 54

p 1/6 9

q 5/54 5

m=9

n=>5

Let P(a;,b;) and Q(ay, b,) be two distinct points on a circle with center C(v/2,v/3). Let O be the
origin and OC be perpendicular to both CP and CQ.

If the area of the triangle OCP is \/%_5, then a2 + a3 + b? + b3 is equal to
24

Q(a,, b,)

P(a,, b

|

OCis L' to both CP & CQ
341



= PQ is a Diameter

Area of AOCP = g

GCPxOC:@

2 2

CP x \2+3=4/35

CP = \/7 = radius = \/7
Now OP? = OC? + PC?
a’+bi=2+3+7=12
Similarly
0Q*=0C? + CQ?
a’+bi=2+3+7=12

. 2 2 2 2
. aj+a;+b;+b; =24

™ collegebatch.con

84.  Let A be the area of the region {(x,y):y = x2%,y = (1 — x)?,y < 2x(1 — x)}. Then 540 A is equal to

Sol. 25
A
y=x"
173172 é/3\ >
x2= (1 -x)? X2 =2x — 2x?
xX*=1+x>-2x 3x!=2x
1
X= = x(3x-2)=0
2
2
x=0, =
3
Required Area
1
i
A =
1
3

(1-x)? + 2x — 2x?
1 +x%—2x=2x—2x°

=3x*—4x+1=0

=3x* 3x—-x+1=0

= 3x(x-1)-1(x-1)=0

{(ZX—ZXZ)—(l—X)Z}dX-l-j‘((ZX—ZXZ)—XZ)dX
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8s.

Sol.

86.

Sol.

3 1/2

121 1)(1 21 8 4 8) (1 1
S|t — || =t — | - — || ===
(4 3’8 8.3) (9 327 27.3} (9 27) [4 8)

1 1 6 4 8 1
+

1
3 RN

= {xz—zlwt%} +(x*-x*)3
1

1 3 10 3 —27+216-240+81 297-267

= -t =
24 9 27 24 24x27 24x27
540 A =540 x 30 =
24x27

The 8™ common term of the series

S;=3+7+114+15+ 19+ ..
S,=1+6+11+16+ 21+ ---.
1S
151
8™ common term of the series
S1i=3+7+11+15+19+.........
So=1+6+11+16+21+.........
First common term =11
common diff of the AP of common terms
=L.C.M of {4, 5}
=20
.. AP
11, 31, 51,
Tg=11+(8-1)20
=11+ 140
Ts =151

™ collegebatch.con

Let A ={1,2,3,5,8,9}. Then the number of possible functions f: A — A such that f(m - n) = f(m) -

f(n) for every m,n € A with m - n € A is equal to

LHL RHL

EBE)I g(H(1-h-1)) Llirol g(H1+h-1))
lim g(2(~1)~f(—h)) lim g(H(h))

Lilr(} g[—Z—ﬁ] = lhlng g(2(0)+(h))
- g(—Z—‘le g(0-1)

= 2(-1)=+1 =1

lhlirol g(Hx-1)=1
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87. If [/sec2x — 1dx = alog,

+ constant, then 8 — a is equal to

cos2x+ (B + \[cos 2x(1 + cos%x)

Sol. 1

I= j\/SCCZX —1dx

1—
. J‘ fﬂdx
Cc0oS 2X

J- 2 sin X

\J2 cos*x—
Let \/Ecosx:t
—Jasinx dx =dt
= J

ln‘t+\/t' ‘+c
—ln‘\/icosx+\/2<:os x—1‘+c
:>_?1ln (x/zcostr\/cost)z

+C

-1
= Tln 2c0s” X +c0s 2X + 2+/2 cos x+/cos 2x‘+c

:>_?lln 1+ c0os 2X + c0os 2X + 2+/2+/cos 2x x 1+(:205x ‘e

:>71n 2COS2X+1+2\/0052X(1+COSZX)‘+C

-1 1 '
= —In cos2x+5\/c0s2x(1+0052x)‘+c

88. If the value of real number a > 0 for which x? — 5ax+ 1 = 0 and x> —ax — 5 = 0 have a common
real root is \/%_B then 3 is equal to

Sol. 13
x*—5ax+1=0
x*—ax-5=0
-+ o+
—4ax+6=0
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6
X = —=—(common root)
4a 2a

2
(ij _Sa(in:o
2a 2a
= 9-30a%+4a>=0
= 262’ =9
a’= 2 a=— -3
26 V26 2B

B=13

89. 50" root of a number x is 12 and 50™ root of another number y is 18 . Then the remainder obtained
on dividing (x +y) by 25 is

Sol. 23

1

1
x50 =12 y* =18
Remainder when x + y is division by 25.
x =12% y =18
x+y=12%+18%
— 650 (250 4 350)
— (5 4 1)50 ((22)25 4 (32)25)
= (250 + 1) ((5-1)*° + (10-1)*)
=250+ 1) (25 (A2 +A3)-2)
=25 +1)(25K-2)
= 25h1 . 25K — 501 + 25K -2
= 25n; -2
= 25n; +23
Remainder = 23

90. The number of seven digits odd numbers, that can be formed using all the seven digits 1,2,2,2,3,3,5 is

Sol. 240
The no. of 7 digit odd Numbers that can be formed using
1,2,2,2,3,3,5
1116 _ 720 _¢
Bz 12
3 l6 720 _ 120
3 6
5] 16 _720_.,
B2 12
=240
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JEE-MAIN EXAMINATION — JANUARY, 2wcouegebc‘td‘-com

(Held On Thursday 31st January, 2023) TIME :9:00 AM to 12: 00 NOON

Sol.

Sol.

Sol.

Physics

SECTION - A

The maximum potential energy of a block executing simple harmonic motion is 25 J. A is amplitude
of oscillation. At A/2, the kinetic energy of the block is :

(1) 18.75] (2)9.75] (3)37.5] (4)12.5]
@

. 1
Total Energy in SHM, E= Emo)zA2 =25]

A 1
at—,U=PE =—mw’x’
2 2

1 L(AY
U=—mw'| —
2 2

k+U=E

1 1
k="mw’A*|1-=
2 4

3
k:25x2=1&7m

The drift velocity of electrons for a conductor connected in an electrical circuit is V4. The conductor in
now replaced by another conductor with same material and same length but double the area of cross
section. The applied voltage remains same. The new drift velocity of electrons will be

(1) Vg (2)32 (3)2 Vg (4)2
)

v:Isz(p—’j
A

A—2A

I—>21I

I=Anev,
I

V,oc—

The initial speed of a projectile fired from ground is u. At the highest point during its motion, the
speed of projectile is ?u. The time of flight of the projectile is :
2u u <ﬁu u
@ @), (3)7 (4)2
C))
At highest point -

G
2

ucosO=

g g 346
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Sol.

Sol.

Sol.

Sol.
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The correct relation between y = z—” and temperature T is :
4

0 1 1
(1) yaT (2) yaT B yaz (4) ya—
0y

C
y= C—” , Independent on T

\

The effect of increase in temperature on the number of electrons in conduction band (n.) and
resistance of a semiconductor will be as:

(1) Both n, and resistance increase (2) Both n, and resistance decrease
(3) n, decreases, resistance increases (4) n. increases, resistance decreases
)

In semi conductors,
TT,n, in Conduction Band increases

TTRY

The amplitude of 15sin(10007t) is modulated by 10sin(4nt) signal. The amplitude modulated signal
contains frequency (ies) of
A. 500 Hz B.2Hz C. 250 Hz D. 498 Hz E. 502 Hz
Choose the correct answer from the options given below:
(1) A Only (2) B Only (3) A and B Only (4) A, D and E Only
0)
10007
.= 2n

an
f,=—=2Hz
2n

=500Hz

Upper side Band, USB=f_+f_

USB =502HZ

LSB =f —
Lower side Band, Je=1n

LSB =498Hz

Two polaroide A and B are placed in such a way that the pass-axis of polaroids are perpendicular to
each other. Now, another polaroid C is placed between 4 and B bisecting angle between them. If

intensity of unpolarized light is I, then intensity of transmitted light after passing through polaroid B
will be:

I Io Io
W7 (2) 7 (3) Zero (4) 2
4)

After A, I= I—
2
IO 2 Io
After C, I=—"cos" 45 =—=
2 4
IO 2 o Io
After B, I=—"cos" 45 ==
4 8
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8.

Sol.

Sol.
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As shown in figure, a 70 kg garden roller is pushed with a force of F = 200 N at an angle of 30° with

horizontal. The normal reaction on the roller is
(Giveng = 10 m s™2)

Y ;- I g, VS
B Vo &
P \
f300~ }
i s i -
b /‘
, .‘/
., _\-—- -‘-/_._/
(1) 800V2 N (2) 200V3 N (3) 600 N
4)
FBD of Sphere =
F sin30°
. °
Fcos30 Mg
<
N

N= Mg + Fsin30°
N= 700 +200 sin30°
N= 800 N

(4) 800 N

If 1000 droplets of water of surface tension 0.07 N/m, having same radius 1 mm each, combine to

from a single drop. In the process the released surface energy is-
22

(Take = 7)

(1) 8.8 x 1073

(2)

V.=V,

(2) 7.92 x 107*] (3)7.92x107°]

4 5 4
1000x —mr” =—nR
3 3

R=10r
E=U,-U,

= 1000(T>< 4nr? ) —Tx4nR?

(4)9.68x 107%]

348



10.

Sol.

11.

Sol.

12.

Sol.
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E= 4nT(1ooo xr? — 100r2)

22 6
E=4><7><0.07><900><10

E=7.92x107")

The pressure of a gas changes linearly with volume from A to B as shown in figure. If no heat is
supplied to or extracted from the gas then change in the internal energy of the gas will be

(1)-4.5J (2) zero (3)4.5] (4)6]
C
W = Area of PV Graph

1
Wz—zx[50+10]><103 x150x10°°

W =-4.5)

Q=AU+W
0=AU—-4.5
=AU=4.5)

Given below are two statements: One is labelled as Assertion A and the other is labelled as Reason R
Assertion A: The beam of electrons show wave nature and exhibit interference and diffraction.
Reason R: Davisson Germer Experimentally verified the wave nature of electrons.

In the light of the above statements, choose the most appropriate answer from the options given
below:

(1) Both A and R are correct and R is the correct explanation of A

(2) A is not correct but R is correct

(3) A is correct but R is not correct

(4) Both A and R are correct but R is Not the correct explanation of A

1

Theoritical

A free neutron decays into a proton but a free proton does not decay into neutron. This is because
(1) proton is a charged particle

(2) neutron is an uncharged particle

(3) neutron is a composite particle made of a proton and an electron

(4) neutron has larger rest mass than proton

C)

Rest mass of neutron is greater than proton. 349



13.

Sol.

14.

Sol.

15.

Sol.
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Spherical insulating ball and a spherical metallic ball of same size and mass are dropped from the
same height. Choose the correct statement out of the following Assume negligible air friction}

(1) Insulating ball will reach the earth's surface earlier than the metal ball

(2) Metal ball will reach the earth's surface earlier than the insulating ball

(3) Both will reach the earth's surface simultaneously.

(4) Time taken by them to reach the earth's surface will be independent of the properties of their
materials

1)

In Conductor, A portion of the Gravitational Potential Energy goes into generating eddy current.

If R, X}, and X represent resistance, inductive reactance and capacitive reactance. Then which of the
following is dimensionless :
_R_ _R_ XL
(1) XLXc (2) \/)TXC (3) R Xc (4) RXL XC
(2)
R,X_,X. have same unit i.e. ohm

R oh

m ) .
- — Dimensionless
\j X Xc \/0 hm?

100 balls each of mass m moving with speed v simultaneously strike a wall normally and reflected
back with same speed, in time t sec. The total force exerted by the balls on the wall is

OB (2) 200mut (3) == (4) =
)

/
@ |,
v<_<::> /

/

Change in momentum,

|Ap|=2mV

Average force,

27
Fag =N—
Frp= 1oo(zmTVj

_200mV
t

avg
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16.  If a source of electromagnetic radiation having power 15 kW produces 10® photons per second, the
radiation belongs to a part of spectrum is.
(Take Planck constanth = 6 x 10734Js)
(1) Micro waves (2) Ultraviolet rays  (3) Gamma rays (4) Radio waves

Sol. ()

N(th
P:_ _
t\ A

-34 8
15x10° =1016><6><10 x3x10

A

A=1.2x10"m
A =0.0012A°

Corresponds to Gamma rays

17.  Which of the following correctly represents the variation of electric potential (V) of a charged spherical
conductor of radius (R) with radial distance (r) from the center?

(1) (2)
(3) (4)
Sol. (1)
Q Vin:k?Q—>Constant
, ka1

out

r r

<>

r—
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18. A bar magnet with a magnetic moment 5.0Am? is placed in parallel position relative to a magnetic
field of 0.4 T. The amount of required work done in turning the magnet from parallel to antiparallel
position relative to the field direction is .

(1] (2) 4] (3)2] (4) zero

Sol. (2)

W =MB(cos 6, —cosb, )

W= MB(cos 0" —cos180° )

W =2MB
W=2x5x0.4
Ww=4)

19.  Ata certain depth "d " below surface of earth, value of acceleration due to gravity becomes four times
that of its value at a height 3R above earth surface. Where R is Radius of earth (Take R = 6400 km ).
The depth d is equal to
(1) 4800 km (2) 2560 km (3) 640 km (4) 5260 km

Sol. (A)
Given

20. A rod with circular cross-section area 2 cm? and length 40 cm is wound uniformly with 400 turns of
an insulated wire. If a current of 0.4 A flows in the wire windings, the total magnetic flux produced
inside windings is 4 x 10~® Wb. The relative permeability of the rod is
(Given : Permeability of vacuum py = 4w X 107'NA™2)

OF (2) 125 (3) 125 @
Sol. (1)

NTA Ans. (3)

Magnetic field in the Solenoid,

B=pounl

Magnetic flux, ¢=N(BA)

O=N(Hou,nlA)
400
4rx10° :400[4n><107uy xaxo.4xzx1o4‘j

! =u x8x107°
40

100 5
uf =
320 16
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SECTION - B
21.  In a medium the speed of light wave decreases to 0.2 times to its speed in free space The ratio of
relative permittivity to the refractive index of the medium is x: 1. The value of x is (Given speed of

light in free space = 3 X 108 m s~ and for the given medium y, = 1)
Sol. (5)

n=——=5
.2c
n=.\ue,
g, =n*=25
g, 25 5
n 5 1

22, A solid sphere of mass 1 kg rolls without slipping on a plane surface. Its kinetic energy is 7 x 1073 J.
The speed of the centre of mass of the sphere is cms™!
Sol. (10)

On Rolling,

1 1
KE==MV?*+=Iw*
2 2

2
1 1(2
KE=—MV2+—(—MR2](KJ
2 2\5 R
7
KE=—MV?>=7x10"
10
v?=10"
V=10"m/s
V=10cm/s

23.  Alift of mass M = 500 kg is descending with speed of 2 ms™~1. Its supporting cable begins to slip thus

allowing it to fall with a constant acceleration of 2 ms~2. The kinetic energy of the lift at the end of fall
through to a distance of 6 m will be KJ.
Sol. (7)

Acceleration is constant,
v’ =u’+2as

v? =22 +2(2)(6)

vi=28

1Mv2 =1x500x28
2 2

KE=7kJ
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24.

Sol.

25.

Sol.

26.

Sol.
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In the figure given below, a block of mass M = 490 g placed on a frictionless table is connected with
two springs having same spring constant (K = 2 N m™1). If the block is horizontally displaced through
"X ' m then the number of complete oscillations it will make in 147 seconds will be

=~ L~
3 z
N B
e M L~
NP « E
\W%—/W\—/
! L~
3 Z
§ Esk
(20)
T=2n m
keq
m
T=2n,/—
2k
0.49
T=2
2x2

14
in 14rn sec,—n =20
0.7m

An inductor of 0.5mH, a capacitor of 20uF and resistance of 20(Q2 are connected in series with a 220 V

ac source. If the current is in phase with the emf, the amplitude of current of the circuit is vx A. The
value of x is-

(242)
Current is in phase with EMF. Hence, Circuit is at Resonance.
V.. 220
~R 0
I =11A

I =\21_ =242A

The speed of a swimmer is 4 km h™! in still water. If the swimmer makes his strokes normal to the
flow of river of width 1 km, he reaches a point 750 m down the stream on the opposite bank. The speed

of the river water is kmh~1.

) 750 m

Drift=uT Ve
750 1 V

——kM=ux—hr s
1000 4 S

u=3km/hr
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27.  For hydrogen atom, 1; and 1, are the wavelengths corresponding to the transitions 1 and 2
respectively as shown in figure. The ratio of A; and 4, is % The value of x is

Excited states

(]
bt

" Ground
n=1 - state
Sol.  (27)
L G
A 1?3
9
A, =—
' 8R
S NS
A, 1 2°
4
A, =—
* 3R
M_27
A, 32
28. Two identical cells, when connected either in parallel or in series gives same current in an external
resistance 5Q. The internal resistance of each cell will be Q.
Sol.  (5)
E

N

5Q
50 ()

r(E E
Eeq =—| —+— |=E, Eeq =2F
2\r r

E 2E
h="7 " 2r+5
5+
I=1I
2r+5 =2 5+£
2
r =5Q
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Expression for an electric field is given by E = 4000xzi%. The electric flux through the cube of side

20 cm when placed in electric field (as shown in the figure) is

(640)

G

E LA, 010 = agttom = Pront = Vg =0
for OCDG,x=0,E=0,$=0

for ABEF,x=0.2m

E =4000x(0.2)

E=160V/m

¢=E(a’)=160V/mx (0.2 m’

0=6.4V—-m
¢ =640V —cm

Vcm

A thin rod having a length of 1 m and area of cross-section 3 X 107 m? is suspended vertically from
one end. The rod is cooled from 210°C to 160°C. After cooling, a mass M is attached at the lower end
of the rod such that the length of rod again becomes 1 m. Young's modulus and coefficient of linear
expansion of the rod are 2 x 10 N m~2 and 2 x 107> K™}, respectively. The value of M is kg.

(Take g = 10 m s™2)

(60)
_

AAL

AL
F=YA| —
L

F=YA(aAT)
Mg =YA(aAT)

Mx10=2x10"x3x10°x2x107° x50

M = 60kg
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Chemistry

SECTION - A

Match items of column I and II
Column I (Mixture of compounds) Column II (Separation Technique)

A. H,0/CH,Cl, i. Crystallization

OH

0
/ ii. Differential solvent extraction
B.

NO,

C. Kerosene /Naphthalene iii. Column chromatography
D. C¢H,,04/NaCl iv. Fractional Distillation
Correct match is
(1) A-(ii), B-(iii), C-(iv), D-(i) (2) A-(i), B-(iii), C-(ii), D-(iv)
(3) A-(ii), B-(iv), C-(i), D-(iii) (4) A-(iii), B-(iv), C-(ii), D-(i)
1
A-(ii),

Density of CH2Cl, > Density of H20
(Can separated by differential solvent extraction
B-(iii),

{)H

(8]
N . .
* Having intermolecular H-Bond so can be separated from through column
/

chromatography

C_(iv)l

Due to difference in B.P. of kerosene and Naphthalene, it can be separated by fractional distillation
D-(i)

NaCl — ionic compound

CsH1206 — Non ionic compound

so NaCl can by crystallized.

Consider the above reaction and identify the product B. Options

(1) (2)

(2) (4)
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1
i
NH2 NH—C
NO CHs
H>/Pd (CH3CO2)
_—
C2Hs04 CeHsN

An organic compound 'A' with emperical formula C,H,O gives sooty flame on burning. Its reaction
with bromine solution in low polarity solvent results in high yield of B.B is

(1) (2)

(3) (4)

3

Phenol will give sooty flame while burning (aromatic compound)

OH OH
Bl'z
In law polarity solvent
(CHCl)
Br
(Major)

When Cu?* ion is treated with KI, a white precipitate, X appears in solution. The solution is titrated
with sodium thiosulphate, the compound Y is formed. X and Y respectively are

(1) X = Cul, Y = Na, S,0,
(2) X = Cul, Y = Na, S,0,
(3) X = Cu,l, Y = Na, S,0:
(4) X = Cu,l, Y = Na, S,0,
a4

CuSO4 + KIm—m—> Culb + I, + K,SOq4
While Violet

ppt Naz2S203
Hypo sol".
NazS406 + Nal

‘M’ Electrolysis & liquation is method of purification where as hydraulic washing, leading, froth
flotation are method of can conbration.
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35. Choose the correct set of reagents for the following conversion.
trans(Ph — CH = CH — CH3) — cis(Ph — CH = CH — CH;)

(1) Bry,aq - KOH,NaNH,, Na(LigNH;)

(2) Bry,, alc - KOH,NaNH,, H, Lindlar Catalyst

(3) Br,,aq - KOH,NaNH,, H, Lindlar Catalyst

(4) Br,, alc - KOH, NaNH,, Na(LiqNH;)

2

Sol.
Br
CHs
H H g
\CH=CH/ Br ,(l:—CfH (i) AIC. KOH
h” \H @A
H
(i))NaNH:
H H
Nepecn” Ph—C=C—CH:
ph”” \ CHs Lindlar
(cis) Catalyst

(syn addition)

36. Consider the following reaction
Propanal + Methanal m&) Product B
1
Gi) NacN  (CsHs03)
(iv) H30_
The correct statement for product B is. It is
(1) optically active alcohol and is neutral
(2) racemic mixture and gives a gas with saturated NaHCO; solution
(3) optically active and adds one mole of bromine
(4) racemic mixture and is neutral
Sol. 2

CH;—CH—CHO

dil. NaOH /> |

HC 3N o e cHcno—2—> CH3—|(|?j\I _H

3

CN—

T

1, 4 Conjugation
addition
OH o~

Tautomerism

CH;—CH=C—H H+
: =—— CH,—C=C—H €<—— CH—C=C—H

CH,—CN
’ CH,—CN CH,—CN

+

H,O *
CH3>—CH—CHO
(product B)
CH>—COOH o ) _
Carboxylic acid will give CO, gas with NaHCO; solutions
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38.

Sol.

39.

Sol.

40.

The methods NOT involved in concentration of ore are

A. Liquation B. Leaching C. Electrolysis
E. Froth floatation

Choose the correct answer from the options given below :
(1)C,DandEonly (2)B,DandConly (3) AandConly
3

Methods involved in concentration of one are

(i) Hydraulic Washing

(ii) Froth Flotation

(iii) Magnetic Separation

(iv) Leaching

™ collegebatch.con

D. Hydraulic washing

(4) B, D and E only

A protein 'X' with molecular weight of 70,000u, on hydrolysis gives amino acids. One of these

amino acid is
CH

(VS

NH 5 CH 4 CH-CH,CH,COOH
(1) | (2)

CH,
CH, e
CH;- c —CH,~CH,COOH
(3) l\‘Hz (4)
a4

From protein, only «—Amino acid is possible so answer is (4).

NH,

Nd2+ —

(1) 4f3 (2) 4f*6 s? (3) 4f*

3

Na = 4f% 5d° 6s?

Na*? = 4f* 5d° 6s°

Match List I with List II
List I List II
A. XeF, I. See-saw
B. SF, II. Square planar
C. NHf ITI. Bent T-shaped
D. BrF; IV. Tetrahedral

Choose the correct answer from the options given below :

CH;- CH-CH-CH 4~ COOH

CH4- CH-CH,- CH-COOH

NH,

(4) 4f%6 s?

(1) A-1v, B-III, C-II, D-I
(3) A-II, B-I, C-III, D-1V

(2) A-1V, B-I, C-1I, D-III
(4) A-II, B-1, C-1V, D-III
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4
XeF4 Sq. planar

SF4 see saw

NH; Tetrahedral
BrFs Bent ‘T’ shaped.

Identify X,Y and Z in the following reaction. (Equation not balanced)

H,0
ClO+NO, > X — Y+2Z
(1) X = CIONO,,Y = HOCl, Z = HNO,
(2) X = CIONO,,Y = HOCl, Z = NO,
(3) X = CINO,, Y = HCl, Z = HNO4
(4) X = CINO,,Y = Cl,, Z = NO,
1

Cl10+NO, ——>CIO.NO, —%— HOCI+ HNO,
® Y @

The correct increasing order of the ionic radii is

(1) S~ < ClI” < Ca?*t <K* (2) Kt <S*” < Ca?t < CI”
(3) Ca?t < Kt < Cl” < §%~ (4) CI” < Ca?t <Kt < §%~
3

. . . . 1
For isoelectronic species size o —
VA

Cat2< K* < Cl'< S72: size
Z:20 19 17 18

Cobalt chloride when dissolved in water forms pink colored complex X which has octahedral
geometry. This solution on treating with conc HCl forms deep blue complex, Y which has a Z
geometry. X,Y and Z, respectively, are

(1) X = [Co(H,0)4]?%,Y = [CoCl,]?>",Z = Tetrahedral

(2) X = [Co(H,0)4]%%,Y = [CoClg]3~,Z = Octahedral

(3) X = [Co(H,0),Cl,]*,Y = [CoCl,]?>",Z = Tetrahedral

(4) X = [Co(H,0)4]3%,Y = [CoCl¢]3~,Z = Octahedral

1

CoCl, + H,0——[Co(H,0),]"" —H 5 1CoCl, 1
Pink Blue Tetrahderal

H,0, acts as a reducing agent in

(1) 2NaOCl + H,0, — 2NaCl + H,0 + 0, (2) Na, S+ 4H,0, -» Na,SO, + 4H,0
(3) 2Fe?* + 2H* + H,0, - 2Fe3* + 2H,0 (4) Mn?* + 2H,0, - MnO, + 2H,0
1

+1 -1
2NaO Cl+ H,0, ——2Na Cl+ H,0+ O,

H20:2 acts as reducing agent.
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Adding surfactants in non polar solvent, the micelles structure will look like

(0aVAVAV A o
Polar  non-polar
head tail

(Surfactant structure)

Non Polar Solvent

Non Polar Solvent Non Polar Solvent

ot | [ | | 13

o R R §%3

(a) (b) ()
(1) a (2) d (3)b (4) c
1

Non polar end will be towards non polar solvent

The correct order of melting points of dichlorobenzenes is

(1) (2)
(3) (4)
2

Cl Cl Cl

Cl
> >
Cl
Cl
mp —> 323 K 256 K 249 K

The correct order of basicity of oxides of vanadium is
(1) V,05 > V,0, > V,0, (2) V,0, > V,0; > V,05
(3) V,05 > V,05 > V,0, (4) V,0; > V,0, > V,05

4
Leaser is charge on canter atom more will be the basicity.

(d)
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48. Which of the following artificial sweeteners has the highest sweetness value in comparison to cane
sugar ?
(1) Sucralose (2) Aspartame (3) Alitame (4) Saccharin

Sol. 3
Alitame has 2000 has times more sweetner as compare to cane sugar.

49, Which one of the following statements is correct for electrolysis of brine solution?

(1) Cl, is formed at cathode (2) 0, is formed at cathode
(3) H, is formed at anode (4) OH™is formed at cathode
Sol. 4

Brine sol" gives H2/OH™ at cathode & Cl> at anode.

50. Which transition in the hydrogen spectrum would have the same wavelength as the Balmer type
transition from n = 4 to n = 2 of He*spectrum
(1)n=2ton=1 (2)n=1ton=2 (3)n=3ton=4 (4)n=1ton=3

Sol. 1

R
G R oo

SR
n; n} 4 16
1 I 1 1
n, n, 1 4
n: =1:n2= 2 for H-atom

SECTION B
51. The oxidation state of phosphorus in hypophosphoric acid is +
Sol. Hypophosphoric acid is H4P20s oxidation state of P is +4.

52. The enthalpy change for the conversion of %Clz( g) to ClI7(aq) is (-) kJmol™! (Nearest integer)

ApygH o= =—380 kJ mot ™!
Given : Agis HS e ®

Gy g = 240 K mol—l,AegHg(g) = —350 k] mol™?,

Sol. 610
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%2 Cl, —> CI aq.
Y2 BE AHpya. Of Clg

Cly —m> Clg
AHgg. Of Clg

o1
AH, =2 xBE + AH,, + AH,,

1
= X240+ (-350)+ (-380)

=120 - 350 - 380
= -610

53. The logarithm of equilibrium constant for the reaction Pd?* + 4Cl~ = PdCl%~ is (Nearest integer)
2.303RT
Given :

Pd?y,) +2e” = Pd(s) E® = 0.83 V

PdCI3~(aq) + 2e~ = Pd(s) + 4Cl~(aq) E? = 0.65 V

=0.06 V

Sol. 6
AG® = -RT/nK
—NFE®cen =-RT x 2.303 (log10K) (1)
Net reaction — Pd?* (aq.) + 4Cl- (aqg.) = PdCls* (aq.)
E°cell = E°cathod — E®anode

E°cen = 0.83 - 0.65
From equation (1)
Alson =2

logK = 6

54, On complete combustion, 0.492 g of an organic compound gave 0.792 g of CO,.
The % of carbon in the organic compound is (Nearest integer)

Sol. 44
44 gm of CO2 contains 12 g carbon.

0.792x12
0.792 gm of CO2 contains TX g of carbon

0'216x100
92

% of carbon =
= 43.9% = 44%

55. Zinc reacts with hydrochloric acid to give hydrogen and zinc chloride. The volume of hydrogen
gas produced at STP from the reaction of 11.5 g of zinc with excess HCl is L (Nearest integer)
(Given : Molar mass of Zn is 65.4 g mol~! and Molar volume of H, at STP = 22.7 L)

Sol. 4

Zn+2HCl——ZnCl, +H,
No. of moles of Zn = ;;—; = No. of moles of Hz
No. of Hz liberated = 0.176 x 22.7 Lt.

=3.99L =4 Lt
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56. A->B
The rate constants of the above reaction at 200 K and 300 K are 0.03 min~! and 0.05 min™?!
respectively. The activation energy for the reaction is ] (Nearest integer) (Given : In10 = 2.3
R=8.3] K™ mol™?

log5 =0.70

log3 =0.48

log2 = 0.30)
Sol. 2520

[sz Ea{ 11 }
In|—2|=—|———
K,)] R|T T,

0.05 Ea [ 1 1

Log = -

0.03) 2.3x83[200 300

Ea [300-200

2.3x8.3| 300x200

,__Ea [
2.3x8.3 600

Ea = 0.22 x 2.3 x 8.3 x 600
= 2519.88 ]
~ 2520

[0.70 - 0.48] =

57.  For reaction: S0,( g) +30,(g) = S0s( g)

K, = 2 x 10" at 27°C and 1 atm pressure. The K, for the same reaction is x 10'*. (Nearest integer)
(Given R=0.082 L atm K™ mol™1)
Sol. 1
Kc=1x 1013
$0,( 8) +30, = S05(g)

_!

An-z Kp =2 x 1012
Kpr = Kc (RT)AM P=1atm

2 X 1012 = Kc (0.082 x 300)7V/2 T =27°C
Kc=1x 1013

58. The total pressure of a mixture of non-reacting gases X(0.6 g) and Y(0.45 g) in a vessel is 740 mm
of Hg. The partial pressure of the gas X is mm of Hg.
(Nearest Integer)
(Given : molar mass X =20 and Y =45 g mol™! )

Sol. 555

Number of moles of gas X = % =0.03

Number of moles of gas Y = % =0.01

Total number of moles = 0.03 + 0.01 = 0.04 mole
Partial pressure of gas X = Mole fraction x Total pressure

= 0.03 x 740 =555
0.04
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59. How many of the transformations given below would result in aromatic amines ?

(0]
/"/\\ “U\‘
[\// |-. > My I\H: - Bl‘:’ NaOH T w
1
(2)
(3)
(4)
Sol. 3
. NH;
NH,
1
(D) +Br,+NaOH —— >
Hoffmann
bror’mide (Aromatic
degration rxn amine)

(2) In Gabriel phthalimide synthesis chloro-benzene is poor substrok for SN2 , Hence reaction

will not observed.

NO> NH,
Ha
3) PAIC
(Aromatic
amine)
NHCOCH; NH,
Dil. H,SO4
© X
(Aromatic
amine)
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At 27°C, a solution containing 2.5 g of solute in 250.0 mL of solution exerts an osmotic pressure of

400 Pa. The molar mass of the solute is gmol™* (Nearest integer)

(Given : R = 0.083 Lyyr K™ mol™ )
62250
n = CRT

2.5g

400P M. L-
LA <0.083 =
10°~ 250/1000 Kmol

M. = 62250

x300K
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Mathematics
SECTION - A

If the maximum distance of normal to the elhpse — + — =1,b < 2, from the origin is 1 , then the
eccentricity of the ellipse is :

1 V3 V3 1
(D5 @ ) “4) 5
Normal to the elhpse =+ y_2 =1 at point (a cos0, b sin0) is x__ b_y =a’—b’

a®> b cosO sin0

Its distance from origin is
d _ | a2 _ b2 |

Ja?sec? 0+b? cosec? 0
d B | aZ _b2 |

\/at2 +b”> +2ab+(a tan0—b coth)’
d [(a—b)(a+b)|

\/a2 +b’>+2ab+(a tan0—b tan 0)’
g -1@DED,,
a+b
° dmax = 1
2-b|=1
2-b=1["b<2]
b=1
2
Eccentricity = , ,1 —b—2 = 1—l = ﬁ
a 4 2
Lleo¥3
2
(1) :
Let a differentiable function f satisfy f I " dt= X >3. Then 12f(8) is equal to :
3

(1) 34 )1 3)17 (4)19

f(x)+j-@dt=\lx I,x=>3

t

Differentiate both side w.r.t. X

fl(x)+@: !

X 2\/x+1
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63.

Above eqn. is linear differential equation

o
Lf.=¢ =e"=x
Solution is

X

f(x)-x:jzm

f(x)~x=%j[ xil 1 de+c

f(x)'X:%J.(\/x+l—

dx+C

jdx+C

1
Jx+1
F(x)x = %E(xﬂ)% —2\/x+1:|+C
- f(3)=2
than

2.3:l{zx8—2x2}+c
213

6=1{E—4}+C
20 3

6=2+C
3

c-1
3

f(x). x =%E(x+1)% —2\/x+1}r?

Putx =8

f(8)-8 = l[2><27—2><3}+E
213 3

_ Loy le
f(8)-8 = 2[12]+ 3

16 34
f(8)8= 6+ ="

™ collegebatch.con

For all z € C on the curve C;: |z| = 4, let the locus of the point z + i be the curve C,. Then :

(1) the curve C; lies inside C,

(2) the curve C, lies inside C;

(3) the curves C; and C, intersect at 4 points (4) the curves C; and C, intersect at 2 points
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Sol.
Ci:|z|=4 then zz =16

1 Z
Z+—=7+—
z 16

X —1y

=X +iy+

1 _ 17x +i15_y

z 16 16

16 16

X Y

OEch

X2+y2= 16

X? Y?
_|_

ORCE

= C,i——+-—2 =1 (Ellipse)

17V (15Y
5 ()
x2+y2:16
Z 2 2
X 5+ Y 5 =1
Nl
ojV

Curve C; and C; intersect at 4 point.

3
64. y=f(x)=sin? (g (cos (% (—4x3 + 5x% + 1)5)>>. Then, at x = 1,

(DV2y' =3m2y=0Q)y' +3m2y =0 (3)2y' +3n%y=0 (4)2y' +/3n%y=0
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Sol.

y:f(X):siIf[g[cos(%(_ébg+5X2+1)%])J

3
Let g(x) = L(—4x3 +5x%7 +1)A

32

21
g(l)= 3

y= sin® (g cos(g(x))j

Differentiate w.r.t. X

y'=3sin’ G COS(g(X))j X cOs (g COS(g(X))j Xg(_smg(x))g (x)

g%x):%

20 =5 (2) (D)=
0335
y‘(l):%

y(D) =Sin3'(§COS %)z —?1

2y' (D) +3n’y(1) =0

(41x3 +5x2 +1)% (—12x2 +10x)

™ collegebatch.con

A wire of length 20 m is to be cut into two pieces. A piece of length [; is bent to make a square of area

A; and the other piece of length [, is made into a circle of area A,. If 24; + 34, is minimum then

(mly): 1, is equal to :
(1) 1:6 2)6:1
Total length of wire = 20 m

f 2
area of square (A1) = (j)

2
area of circle (Az) = n(f—zj
2n

Let S=2A;+3A;

4) 4:1
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8 4mn
o £,+(,=20 then
1+% =0

d

1

S

at, __
de,

— gl 6‘2
4 47
— ﬂ:(}] 6

Let a circle C; be obtained on rolling the circle x? + y2 — 4x — 6y + 11 = 0 upwards 4 units on the
tangent T to it at the point (3,2). Let C, be the image of C; in T. Let A and B be the centers of circles
C; and C, respectively, and M and N be respectively the feet of perpendiculars drawn from A and B

on the x-axis. Then the area of the trapezium AMNB is :

(1) 4(1 +2) (2)3+2V2 (3)2(1++2) 4)2(2 +2)

x"y"

(x', y') point lies on line y = x — 1 have distance 4 unit from (3, 2).

4
X'=—+3 =2J2+43
N3 V2
y' = A =224
2
. . . . 1 1
Slope of line AB is —1. 1.e.=tan® =—1 thensin@ = —, cosb = ——
P N2 N7
for point A and B
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x = +2| 2L |+ (242 +3
([ )+(22+3)

- 5
N—

Qs

y= iﬁ[— +(2\/5+2)
for point A we take +ve sign
(X2, y2) = (2«/§+2, 2«/5+3)
for point B we take —ve sign
(X1, y1) = (2\/§+4, 2\/§+1)
MN = [x, - x| =2
AM +BN = 22 +3+22+1=4+42

area of trapezium = % X 2% (4 + 4\/5)

= 4(1+J§)

67. A bag contains 6 balls. Two balls are drawn from it at random and both are found to be black. The
probability that the bag contains at least 5 black balls is

OF @32 (3)2 (4)2

°C,+°C,

Sol. Probability =
Y ’C,+°C,+1C,+°C, +°C,

B 10+15
C 14+346+410+15
5
7

68. Lety = f(x) represent a parabola with focus (— %, 0) and directrix y = — %

Then S = {x € Ritan '({/f(x)) +sin”1({/f(x) + 1) = g}

(1) contains exactly two elements (2) contains exactly one element

(3) is an empty set (4) is an infinite set

Sol.  equation of parabola which have focus (—%, Oj and directrix y = —% is

el

y =10 = (¢ + )
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v S= {xeR:tan_l(( f(x))+sin'1( f(x)+1)=gj}
tan*l(\/tﬁ)ﬂin*‘(\/m):g

f(x)>0 & /f(x)+1 can not greater then 1, so f(x) must be 0

re. f(x)=0
= x> +x=0
x(x+1)=0
x=0, x=-1

S contain 2 element.

Letd = 2{+ j + k, and b and € be two nonzero vectors such that |d + b + &| = |d + b — ¢| and

b - & = 0. Consider the following two statements:
(A) |a + Aé| = |d| forall 1 € R.

(B) d and ¢ are always parallel.

Then.
(1) both (A) and (B) are correct (2) only (A) is correct
(3) neither (A) nor (B) is correct (4) only (B) is correct

‘5+B+E‘=‘Q+B—E, bE=0

[a+6+¢ =[a+b-
|e—1|2 + ‘5‘2 + |6|2 +2a.b+2bc+24.8

= |af +[[ +[c[* +2ab-2bc 24

a
a.c=0 (B is incorrect)
|a+2c” >[4
ﬁf+x?ﬁf+2xaézﬁf
=22 >0

True VAeR (A is correct)
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2 (2+3sinx) .
70. The value of I - dx is equal to
Esmx(l+cosx)
3
(1)%—\/§—loge\/§ (2)%—\/§—loge\/§
(3) =2 + 3V3 +log. V3 (4) > —V3 +log. V3
Sol. (4)
J% (2+3sinx)
——dx
2 sinx(1+cosx)
3
: :
[+ [
2 SIN X +SIN X COSX 1+ cosx
3 3
=L +D
n P X
- 2 2dx - 5 (1+t.’:11’12 Zjdx
h= J‘sinx(1+cosx) B 2-[
L z l—tan® =
3 3
2tan—x| 1+
1+tan® =

1 2
:2.“1+t dt
2t

N
i
={Ent+t—}
2 |1
N3
1 1 1
Eae
1
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I, =3[cosecx—c0tx]§ —3-3

3

I +1, =1n«/§+§+3—«/§

- ?Hnﬁ—ﬁ

71. Let the shortest distance between the lines L: x__—25 = yT_)l = #, A= 0and
Li:x+1=y—1=4—zbe2V6.If (a,f,7) lies on L, then which of the following is
NOT possible ?
(Da—-2y=19 2)2a+y =7 B)2a—y=9 A a+2y=24
Sol. (4)
Let b ,=<-2,0,1> & =(5A—A)
b, =<1,1,-1 >a, =(-1,1,4)
i j k
Normal vector of both line is b, xb, =2 0 1
I 1 -1

1) —j(1) +k(-2)

b =<-1,-1,-2>

=<6,A—1,-A—4>

(a, —EI)X(BI XBZ)
b, xb,

oy o

1Xb2
1 T4,

Shortest distance d =

<6,A—1,-A—4>x<-1,-1,-2 >|

JOT () + 27 |

12=|-6—A+1+2%+§|

2.6 =

L +3=12
A=9,-15
A=9(120)

" (a, B, v) lies on line L then

a-5 B-9 vy+9
-2 0 1
a=5-2K,p=9K,y=-9+K
oat+2y,=5-2K-18+2K=-13#24
Therefore a + 2y = 24 is not possible.

K
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72. For the system of linear equations
x+y+z=6
ax+fy+7z=3
x+2y+3z=14
which of the following is NOT true ?
(1) If « = B and a # 7, then the system has a unique solution
(2) If @« = B = 7, then the system has no solution
(3) For every point (a,f) # (7,7) on the line x — 2y +7 = 0, the system has infinitely many
solutions
(4) There is a unique point (a, ) on the line x + 2y + 18 = 0 for which the system has infinitely

many solutions

Sol. (3)
X+ty+tz=6 .. (D
ox+By+7z=3 ... 2
x+2y+3z=14 .3
equation (3) — equation (1)
y+2z=28
y=8-2z

From (1) x=-2+2z

Value of x and y put in equation (2)

ou(-2+2z)+B(8-22)+7z=3

2a+oz+8B—-2Bz+7z=3

(a=2B+7)z=20—-8B+3

if o — 23 + 7 # 0 then system has unique solution

if (a—2p +7=0)and 2a — 8B + 3 # 0 then system has no solution

if (aa—2B +7=0) and 2o — 8B + 3 = 0 then system has infinite solution

73. If the domain of the function f(x) = [x]

where [x] is greatest integer < x, is [2,6), then its range is

142
(554 BICE BIESEAE Y
e SCEREEEE
Sol. (3)
o=, x = [2, 6]
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o x €[2,3)

" 3 > x€[3,4)
£(x) = +4x

i x €[4,5)

1+5X2 X €[5,6)

+ f(x)is ¥ in x€[2, 6)

L \0\0\0\0

2
5

S
37

0 2 3 4 5 6

. (5 2
range is | —,—
(37 5}

74.  Let R be a relation on NxN defined by (a, b)R(c, d) if and only if ad(b — ¢) = bc(a — d). Then R is
(1) transitive but neither reflexive nor symmetric
(2) symmetric but neither reflexive nor transitive
(3) symmetric and transitive but not reflexive
(4) reflexive and symmetric but not transitive
Sol. (2)
(a,b)R (c,d) & ad(b—c)=bc(a—d)
For reflexive
(a,b)R (a, b)
= ab (b—a) #ba(a—Db)
R is not reflexive
For symmetric:
(a,b) R(c,d) = ad(b —) =bc (a —d)
then we check
(c,d)R(a,b) = cb(d—a)=ad(c—Db)
=cb(a—d)=ad(b—c)
R is symmetric :
For transitive:
(2,3) R (3,2) and (3,2) R (5,30)

But  (2,3) is not related to (5,30)
R is not transitive.
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75. SD(®=q) VvV (pA(~q)) is atautology
(S2)((~p) = (~ @) A((~ p) V q) is a contradiction.

Then

(1) both (S1) and (S2) are correct (2) only ( S1) is correct

(3) only (S2) is correct (4) both (S1) and (S2) are wrong
Sol. (2)

Si:(P=q V(P A (~q)

P q P=q ~q PA~q P=qV(EP A~

T T T F F T

T F F T T T

F T T F F T

F F T T F T

S1 is a tautology

S2: ((~P) = (~q)) A ((~P) Vq)

P ~q ~P=~q  ~Pvg ((P) = (~q)) A (~P) vq)

F F T T T

F T T F F

T F F T F

T T T T T

S is not a contradiction
76.  If the sum and product of four positive consecutive terms of a G.P., are 126 and 1296 , respectively,

then the sum of common ratios of all such GPs is

(1)7 2)3 (3)2 (4) 14

Sol. (1)

a a
Four term of G.P. =,=,ar,ar’
I T

a a
—+=+ar+ar’ =126
r°oor

-ar-ar’ =1296

048 s 6r+6r =126

I T
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(r+lj+r3+i3=21
T r

A

1
Letr+ - =t
T

t?—2t=21

=t=3

r+-=3

[ M

2 -3r+1=0
L 3x\0-4

2

r_3iJ§

2

>
4 2

Sum of common ratio = 2+§+ﬁ+2+
4 2 4
=7

1 0 O

77. Let A=|0 4 -1|.Then the sum of the diagonal elements of the matrix (A + I)!! is equal to
0 12 3
(1) 6144 (2) 2050 (3) 4097 (4) 4094
Sol. (3)
1 0 O
A=|0 4 -1
0 12 -3
1 0 O 1 0 O 1 0 O
A’=[0 4 -1/|0 4 -1|=]0 4 -1
0 12 3]0 12 3 0 12 -3
AP=A*=A% .. =A
(A+D"="CA"+"CAY +1"C,A+..1C
= =(“CO+“C1+ 11C2+...“C10)A+I
=Q2"-DA+I
=2047 A+1
Sum of diagonal element = 2047(1 + 4—3) +3
=4097
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78.  The number of real roots of the equation Vx2 — 4x + 3 + Vx2 — 9 = V4x2 — 14x + 6, is :
(13 )1 (3)2 40
Sol.  (2)

VX —4x+3 +x2 =9 =4x> —14x +6

Jx=3)(x—1) +[(x =3)(x+3) =4x* —12x -2x +6

:>\fx—3(\/x—l +«/x+3)=\/4x(x—3)—2(x—3)

= x=3(Vx—T+x+3) = [(4x-2)(x-3)

:>\/x—3(\/x—1+«/x+3—\/2(2x—1))=0

Jx=3=0or Jx-T+Vx+3-2(2x-1)=0

x=3or Vx—T+x+3=[2(2x-1)
X—1+x+3+2J(x-1)(x+3) =4x-2
=2 J(x—1)(x+3) =2x -4
=(x-1)(x+3)=(x-2)

=x?+2x-3=x>+4-4x

=6x=7
7 .
x=< (not possible)

Number of real root = 1

79. Ifsin™?! % + cos™?! g — tan™? % = 0,0 < a < 13, then sin"!(sin &) + cos™*(cos ) is equal to
(1) 16 )0 () (4) 16 — 57
Sol.  (3)
sinflgjtcos“ﬂ—tan‘lzzo, 0<a<l13
17 5 36
sin! 2 =tan"! 7 —tan’! 3
17 36 4
73
—4an-1| 36 4
tan 773
36 4
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sin!' % = tan! 8 =sin’! 8
17 15 17

o_38

17 17

a=38

sin ! (sin 8) + cos™! (cos 8)
=3n—-8+8-2n

=n

2 3 n
80. Leta € (0,1)and B = log,(1—a). Let Py(x) = x + -+ =+ +—,x € (0,1).

Then the integral | Oa g dt is equal to

(1) B + Pso(a) (2) Pso(@) - B B)B=Pso(@)  (H=(B + Pso(@)
Sol. 4

a e(O,l),leoge(l—a)

2 3 Xn
P =X+—+—+ ...... + —, 0,1
(x)=x 3 X e (0, 1)

—Pso (o) —In (1 — )
— (B + Pso()

Section : Mathematics Section B

2 30
81. Let a > 0, be the smallest number such that the expansion of (x§ + ;—3) has a term

Bx~% B € N. Then a is equal to
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Sol. 2

2 30-r 4
Tr+1 = 3()(:r [X3 J (%j
X
60-11r
=00 2'x 3
60—11r

3
11r>60

<0

r==6

T7=*C, 2°x*then
B="C,x2°eN
a=2

82. Let for x € R,

f(x)=x+zlx| {x, x<0

Then area bounded by the curve y = (f o g)(x) and the lines y = 0,2y — x = 15 is equal to
Sol. 72

_xHp

x x>0
fx)=—; 0 x<0

x> x>0
g(X)={
x x<0

Fog(x) = flg(x)} - {g(o") igxiig
R P

given lines are 2y —x =15 andy =0

(3.9)
0,—
2

(=15.0)
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83.

Sol.

84.

3
Area = J X+15—x2)dx + lXEXIS
2 2 2

= +___ —
4 2 3 4
9 45 225

= —+——9+—
4 2 4

Area=72

™ collegebatch.con

Number of 4-digit numbers that are less than or equal to 2800 and either divisible by 3 or by 11, is

equal to
710
4 digit number which are less then 2800 are 1000 — 2799
Number which are divisible by 3
2799=1002+(n—-1)3
n =600
Number which are divisible by 11 in 1000 — 2799
= (Number which are divisible by 11 in 1 —2799)
— (Number which are divisible by 11 in 1 — 999)

A
11 11
=254 - 90

=164
Number which are divisible by 33 in 1000 — 2799

= (Number which are divisible by 33 in 1 — 2799) — (Number which are divisible by 33 in 1 — 999)

-ZHF
33 33
=84-30 =54

total number =n(3) + n(11) — n(33)
=600+ 164 —-54="710

If the variance of the frequency distribution

Xi 2 3 4 5

Frequency f; [ 3 | 6 | 16 | «

is 3, then «a is equal to
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Sol. 5§
Xi fi di=xi—5 | (fidi)* | fidi
2 3 -3 27 -9
3 6 -2 24 -12
4 16 -1 16 -16
5 o 0 0 0
6 9 1 9 9
7 5 2 20 10
8 6 3 54 18
DI _{Zfidi J
26 L 2f
150
45+ a
= 150 =135+ 3
= 3a=15
=>a=5

85.  Let @ be the angle between the planes Py: 7 - (1 4 J + 2k) = 9 and P,:#- (21 — j + k) = 15. Let L be
the line that meets P, at the point (4, —2,5) and makes an angle 8 with the normal of P,. If a is the
angle between L and P,, then (tan? 8)(cot? a) is equal to

Sol.

cosO=

6
_2-1+2 _ 1
6 2
o=l
3
then E—a—z
3
Y
o=—
6

(tan2 (9)(<:ot2 oc) = (\/5)2 x(\/g)Z =9
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86.

Sol.

87.

Sol.

88.
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Let 5 digit numbers be constructed using the digits 0,2,3,4,7,9 with repetition allowed, and are

arranged in ascending order with serial numbers. Then the serial number of the number 42923 is

2997
2 =129
6 6 6 6
3 _ _ _ _—129
6 6 6 6
40 __ _216
6 6
4 2 0 =36

6 6
4 2 2 -3¢
6 6
4 2 3 =36
6 6
4 2 4 -3¢
6 6
4 2 7 =36
6 6
4 2 9 0 _ =6
6
4 2 9 2 0=1
4 2 9 2 2=
4 2 9 2 3=_L
997

Let d@ and b be two vectors such that |@| = V14, |b| = V6 and |d X b| = V48.

Then (d - b)? is equal to
36

laxb[ =[af*|b ~(a-b)’
48=14x6- (i-b)
(a-b) =84-48
(3-6) =36

y+1

Let the line L: 1
2 -1

= ? intersect the plane 2x + y + 3z = 16 at the point

P. Let the point Q be the foot of perpendicular from the point R(1, —1, —3) on the line L. If  is the

area of triangle PQR, then a? is equal to
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Sol.

89.

Sol.

180

PointonlineLis QA+ 1,—A—1,A +3)

If above point is intersection point of line L and plane then
2r+ D+ (A-1D)+3(A+3)=16

A=1

Point P=(3,-2, 4)

DrofQR=<2A,—-A,A+6>

DrofL=<2-1,1>

AA+A+A+6=0

A=-1
QZ(—1,0,2)
P(3:_2:4)

Q(-1,0,2) R(1,-1,-3)
QR =2i-]j-5k
QP =4i-2j+2k

i ] k
QRxQP=[2 -1 -5/=-12i-24]

4 2 2

a =%x\/144+576

OLZZE:M%O
4

o’ =180

Let a4, ay, ...,a, be in A.P. If as = 2a, and a,; = 18, then

1 1 1
12 e ——
(\/a10+\/a11 + Vaii+vaiz + + Vaiz+iag

8
Given that

) is equal to

as = 2az

a; +4d=2(a; + 6d)
ar+8d=0
ar+10d=18
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90.

Sol.

a;=-72,d=9
aig=a;+17d=-72+153 =81
ajo=a; +9d=9

=12 [\/a;\/a]
_12%(9-3)
9

The remainder on dividing 5% by 11 is :
9

599 — 54 595

=625 (5°)"

=625 (3125)"

=625(3124 + ¥

=625(11A + 1)

=111 %625+ 625
=11A%x625+616+9

=11xk+9

Remainder =9
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JEE-MAIN EXAMINATION - JANUARY, 2023

(Held On Thursday 31st January, 2023) TIME:3:00 PMto 6:00 PM

Sol.

Sol.

Sol.

Physics

SECTION - A
Given below are two statements:
Statement I: In a typical transistor, all three regions emitter, base and collector have same doping
level.
Statement II: In a transistor, collector is the thickest and base is the thinnest segment.
In the light of the above statements, choose the most appropriate answer from the options given below.
(1) Both Statement I and Statement II are correct
(2) Statement I is incorrect but Statement II is correct
(3) Statement I is correct but Statement II is incorrect
(4) Both Statement I and Statement II are incorrect

2
Emitter Base Collector
Moderate Size Thin Thick
Maximum Minimum Moderate Doping
Doping Doping

If the two metals A and B are exposed to radiation of wavelength 350 nm. The work functions of
metals A and B are 4.8eV and 2.2eV. Then choose the correct option.
(1) Both metals A and B will emit photo-electrons
(2) Metal A will not emit photo-electrons
(3) Metal B will not emit photo-electrons
(4) Both metals A and B will not emit photo-electrons
(2)
E=E=%=3.54GV
A 350

If E > ¢, photo electrons will emit.
A will not emit and B will emit.

Heat energy of 735 ] is given to a diatomic gas allowing the gas to expand at constant pressure. Each
gas molecule rotates around an internal axis but do not oscillate. The increase in the internal energy
of the gas will be :

(1) 525] (2) 441] (3)572] (4) 735]

1)

At constant Pressure,

Q =nCpdT = 735J

AU =nCvdT = 735 = 73—5
Cy 8
Cv
AU = —735 =525]
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4. Match List I with List IT

LISTI LISTII

A. | Angular momentum | I. [MLZ T~2]
B. | Torque II. | [ML™2T7?]
C. | Stress 1. | [ML2T1]
D. | Pressure gradient IV. | [ML1T™?]

Choose the correct answer from the options given below:

(DA-IIL,B-1,C-IV,D-1I (2)A-IL,B-TI[,C-1IV,D -1
(3)A-1V,B-1I,C-I,D-1III (4)A-1,B-1IV,C-III,D-1II
Sol. (1)

L =mvr=[M!L?T]
t=r1F =[M!L*T?]

Stress = E =[M'L'T?]

Pressure Gradient = (Cil_p =[M!L?T 7]
X

5. A stone of mass 1 kg is tied to end of a massless string of length 1 m. If the breaking tension of the
string is 400 N, then maximum linear velocity, the stone can have without breaking the string, while
rotating in horizontal plane, is :

(1) 40 ms™?! (2) 400 ms™! (3) 20 ms™? (4) 10 ms™?

Sol. (3)

@ m
T
Il'lV2

4

1x v?

T=

400 =

V=20m/s

6. A microscope is focused on an object at the bottom of a bucket. If liquid with refractive index g is

poured inside the bucket, then microscope have to be raised by 30 cm to focus the object again. The
height of the liquid in the bucket is :
(1) 12 cm (2) 50 cm (3) 18 cm (4) 75 cm

Sol. @)

d h
dupp = —=——
5
ke (35)
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Shift =h _Sih =30

h=75cm

7. The number of turns of the coil of a moving coil galvanometer is increased in order to increase current
sensitivity by 50%. The percentage change in voltage sensitivity of the galvanometer will be :
(1) 0% (2) 75% (3) 50% (4) 100%
Sol. (1)
NAB N
oy =——a—
KR R
o, = NAB a N
K

N
N T, o, T, E — Constant

Ao, =0

8. A body is moving with constant speed, in a circle of radius 10 m. The body completes one revolution
in 4s. At the end of 34 second, the displacement of body (in m) from its starting point is:
(1) 157 (2) 1032 (3) 30 (4) 57

Sol. (2)

2 2m T
W=—=—=—rad
T 4 2 A

Displacement = J2R =10+2m

9. The H amount of thermal energy is developed by a resistor in 10 s when a current of 4 A is passed
through it. If the current is increased to 16 A, the thermal energy developed by the resistor in 10 s will
be :

OF (2) 16H (3) 4H @ H

Sol. ()

H =Rt
H, (1) (4Y
w3

H;=16H;
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10.

Sol.

11.

Sol.

12.

Sol.

13.
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A long conducting wire having a current I flowing through it, is bent into a circular coil of N turns.
Then it is bent into a circular coil of n turns. The magnetic field is calculated at the centre of coils in
both the cases. The ratio of the magnetic field in first case to that of second case is:

(1)n:N (2) n?: N2 (3) N?:n? (4)N:n

3

Length Remains Same.

{=N(2nr,)=n(2mr,)

L

B, HLOI n
2r,

n\n

E(NZ;IJN[QJ N(N)

A body weight W, is projected vertically upwards from earth's surface to reach a height above the earth
which is equal to nine times the radius of earth. The weight of the body at that height will be :
(1) 1o (2) 5 @3 @5

D150 2) 51 33 43

0y

1+9)° 100

mg w

~100 100

—~~

Wy

The radius of electron's second stationary orbit in Bohr's atom is R. The radius of 3rd orbit will be

(1)2 (2) 3R (3) 2.25R (4) 9R
3
2
R a .
Z
R, _(n) (z)
R, \n, 3
R, =R _5sr
4

A hypothetical gas expands adiabatically such that its volume changes from 08 litres to 27 litres. If the

ratio of final pressure of the gas to initial pressure of the gas is g. Then the ratio of E—s will be.
1 4 3 3
(1) > (2) 3 (3) > 4 1
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Sol. (2)
For Adiabatic process,
PV =PV,

8) 16
27 81
4.5
3 Cv

14.  Forasolid rod, the Young's modulus of elasticity is 3.2 X 101*Nm~2 and density is 8 X 103 kg m~3. The
velocity of longitudinal wave in the rod will be.

(1) 145.75 x 103 ms™?! (2) 18.96 x 103 ms™?
(3) 3.65 x 103 ms™? (4) 6.32 x 103 ms™?
Sol. 4
ve X
p
11
v= 220 a0
8x10
V =+/40x10°

_ 3im
V=632x10 A

15. Abody of mass 10 kg is moving with an initial speed of 20 m/s. The body stops after 5 s due to friction
between body and the floor. The value of the coefficient of friction is: (Take acceleration due to gravity

g =10ms"?)
(1) o.3 (2) 0.5 (3)0.2 (4) 0.4
Sol. ()
v=u-+at
0=20-ng(5)
2
=2-04
H 5
16. Given below are two statements :

Statement I : For transmitting a signal, size of antenna (1) should be comparable to wavelength of
signal (at least [ = %in dimension)

Statement II : In amplitude modulation, amplitude of carrier wave remains constant (unchanged).
In the light of the above statements, choose the most appropriate answer from the options given
below.

(1) Statement I is correct but Statement II is incorrect

(2) Both Statement I and Statement II are correct

(3) Statement I is incorrect but Statement II is correct

(4) Both Statement I and Statement II are incorrect
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Sol.

17.

Sol.

18.

Sol.

19.

Sol.

20.
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1)
Statement —1 is correct.
In Modulation Amplitude of carrier wave is increased.

An alternating voltage source V = 260sin(628t) is connected across a pure inductor of 5mH. Inductive
reactance in the circuit is :

(1) 0.3180Q (2) 6.280Q (3) 3.140 (4) 0.50
3)
= rad
® =628 4
Xi=wL=628 x5x 103
XL =3.140

Under the same load, wire A having length 5.0 m and cross section 2.5 X 10~° m? stretches uniformly
by the same amount as another wire B of length 6.0 m and a cross section of 3.0 X 10~> m? stretches.
The ratio of the Young's modulus of wire A to that of wire B will be :
(n1:1 (2)1:10 (3)1:2 (4) 1:4
1)
By Hooke’s Law,

FL

~ AAL
F, AL — Same
YlAl _ Y2A2
L] L2
Y, 3x10°

Y, _3x10° 5 _1
Y, 25x10° 6 1

2

Match List I with List IT
LISTI LISTII

A. | Microwaves L Physiotherapy

UV rays II. Treatment of cancer

B.
C. | Infra-redlight | III. | Lasik eye surgery
D.

X-ray IV. | Aircraft navigation

Choose the correct answer from the options given below:

(DA-1V,B-1II,C-1,D-1I (2)A-1V,B—IL,C-1II,D-1III
(3)A-IILLB-1I,C-1I,D-1V (4)A-1,B-1V,C-1II,D-1
Q)

Theoritical

Considering a group of positive charges, which of the following statements is correct?

(1) Both the net potential and the net electric field cannot be zero at a point.

(2) Net potential of the system at a point can be zero but net electric field can't be zero at that point.
(3) Net potential of the system cannot be zero at a point but net electric field can be zero at that point.

(4) Both the net potential and the net field can be zero at a point. 204



Sol.

21.

Sol.

22,

Sol.

23.

3
Electric field is a Vector Quantity.
Electric Potential is a Scalar Quantity.

Eg.
@----r--gryr=e-- @
V0

SECTION - B
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A series LCR circuit consists of R = 80Q,X; = 100Q, and X, = 40Q. The input voltage is 2500

cos(1007t)V. The amplitude of current, in the circuit, is
(25)
R =800, X;, =100 Q, X;=40Q

Z=\R?+(x, X, )’

7 =+/80% + 60% =100Q

&=@=25A
Z 100

0

A.

Two bodies are projected from ground with same speeds 40 ms™! at two different angles with respect
to horizontal. The bodies were found to have same range. If one of the body was projected at an angle
of 60°, with horizontal then sum of the maximum heights, attained by the two projectiles, is m.

(Given g = 10 ms™2)
(80)
In Range is same.
o+pB=90°
o =60°
B=30°
u; sin’ 60° N u’sin® 30°

2g 2g
(31

_+_

4 4

2
Hi+H;= —)=80m
20

H,+H,=

| =

[u,=u,]

]
(=]

N

For the given circuit, in the steady state, |Vg — Vp| =

395
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Sol. (1)
At steady state, C — open Circuit

=8-oa
3

L6 1
12 2

V, +21,-101, =V,
V, -V, =5-4=1V

24. Two parallel plate capacitors C; and C, each having capacitance of 10uF are individually charged by a
100 V D.C. source. Capacitor C; is kept connected to the source and a dielectric slab is inserted
between it plates. Capacitor C, is disconnected from the source and then a dielectric slab is inserted
in it. Afterwards the capacitor C, is also disconnected from the source and the two capacitors are

finally connected in parallel combination. The common potential of the combination will be V.
(Assuming Dielectric constant = 10)
Sol. (55)
ks £
Cov —CGV
1.
| | |
| |
100V 100V
i
A
) GV I m—C2V
| 7
| KC:
100V
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Sol.

26.

Sol.

V common =

To Coincide, n, (Xl DJ =n, (MD]

™ collegebatch.con

KC1

By charge conservation

Q=Q
KCV+ GV = (KC1+KC2) V common

(K+1)CV_K+1V
2KC 2K
11

Veommon = — x 100 =55V
20

Two light waves of wavelengths 800 and 600 nm are used in Young's double slit experiment to obtain
interference fringes on a screen placed 7 m away from plane of slits. If the two slits are separated by

0.35 mm, then shortest distance from the central bright maximum to the point where the bright

fringes of the two wavelength coincide will be mm.

(48)
d=0.35mm, D=7m

n A 6.3

n, & 8 4
3" Maxima of A; and 4™ Maxima of A, will coincide.
30D  3x800x10”°x7

Y:
d 35x10°

Y=3x160x10*m
Y =48mm

A ball is dropped from a height of 20 m. If the coefficient of restitution for the collision between ball

and floor is 0.5, after hitting the floor, the ball rebounds to a height of m
(5)

w8

V= /2g(20)
eV = /2gh
1_ [0
e h
1 2
h= 20e* = 20(—)
2
h=5m

397
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Sol.

28.

Sol.

29.

Sol.

30.

Sol.
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If the binding energy of ground state electron in a hydrogen atom is 13.6eV, then, the energy required
to remove the electron from the second excited state of Li?* will be : x X 10~ teV. The value of x is .
(136)

2

BE = 13.6x —
n

2
BE = 13.6x[§j =13.6eV

BE=136x 10! eV
x=136

A water heater of power 2000 W is used to heat water. The specific heat capacity of water is 4200 ]
kg~! K. The efficiency of heater is 70%. Time required to heat 2 kg of water from 10°C to 60°C is
S.

(Assume that the specific heat capacity of water remains constant over the temperature range of the
water).

(300)

Pusea = 0.7 X 2000 = 1400W

msAT

t
f= 2x4200x50

1400
t =300 sec

P:

Two discs of same mass and different radii are made of different materials such that their thicknesses
are 1 cm and 0.5 cm respectively. The densities of materials are in the ratio 3: 5. The moment of inertia

of these discs respectively about their diameters will be in the ratio of E. The value of x is

5)
=M

S, (ant1 =S, TERitz)

2

5 05
— =X —
3 1

>
6

The displacement equations of two interfering waves are given by y; = 10sin (wt + g) cm,y, =

5[sin wt + v3cos wt]cm respectively. The amplitude of the resultant wave is cm.
(20)

\2 =IOSin[mt+§J

1
Y, =10{sinmtx§+gcosmt}

Y, zlosin(cot+§J

y, and y, are in same phase
A=A +A=20cm
398
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Sol.

32.

Sol.

33.

Sol.

34.

Sol.
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Chemistry

SECTION - A

Which one of the following statements is incorrect ?

(1) van Arkel method is used to purify tungsten.

(2) The malleable iron is prepared from cast iron by oxidising impurities in a reverberatory furnace.
(3) Cast iron is obtained by melting pig iron with scrap iron and coke using hot air blast.

(4) Boron and Indium can be purified by zone refining method.

1

Van Arkel method is used for refining of Ti, Zr, Hf, Bi, B

Given below are two statements : one is labelled as Assertion (A) and the other is labelled as Reason
R).

Assertion (A) : The first ionization enthalpy of 3 d series elements is more than that of group 2 metals
Reason (R) : In 3d series of elements successive filling of d-orbitals takes place.

In the light of the above statements, choose the correct answer from the options given below :

(1) Both (A) and (R) are true but (R) is not the correct explanation of (A)

(2) Both (A) and (R) are true and (R) is the correct explanation of (A)

(3) (A) is true but (R) is false

(4) (A) is false but (R) is true

2

d-block elements have more first I.LE. than group 2 elements due to poor shielding of d-orbitals

Given below are two statements :

Statement I : H,0, is used in the synthesis of Cephalosporin

Statement II : H,0, is used for the restoration of aerobic conditions to sewage wastes.

In the light of the above statements, choose the most appropriate answer from the options given below:
(1) Both Statement I and Statement II are incorrect

(2) Statement I is incorrect but Statement II is correct

(3) Statement I is correct but Statement II is incorrect

(4) Both Statement I and Statement II are correct

4

Fact (NCERT based)

A hydrocarbon 'X' with formula CsHg uses two moles H> on catalytic hydrogenation of its one mole.
On ozonolysis, 'X' yields two moles of methane dicarbaldehyde. The hydrocarbon 'X' is :

(1) cyclohexa-1, 4-diene (2) cyclohexa - 1, 3 — diene
(3) I-methylcyclopenta-1, 4-diene (4) hexa-1, 3, 5-triene
1
e
@
(%) Ozonolysis »(OHC  CHO)

Methane dicarbaldehyde
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35.  Evaluate the following statements for their correctness.
A. The elevation in boiling point temperature of water will be same for 0.1MNacCl and 0.1M urea.
B. Azeotropic mixtures boil without change in their composition.
C. Osmosis always takes place from hypertonic to hypotonic solution.
D. The density of 32%H,S0, solution having molarity 4.09M is approximately 1.26 g mL™*.
E. A negatively charged sol is obtained when KI solution is added to silver nitrate solution.
Choose the correct answer from the options given below :

(1) A, B and D only (2) B and D only
(3) B, D and E only (4) A and C only
Sol. 2
(A) Value of 1 is different for both the solutions.
(B) True
(C) Osmosic takes place from hypotonic to hypertonic solution.
100
(D) d= 1000 32 = 1.26 gm/ml
4.09 98

(E) Positively charged sol will be form.

36. The Lewis acid character of boron tri halides follows the order :
(1) BI; > BBry > BCl; > BF; (2) BBr; > BI; > BCl; > BF,4
(3) BCl; > BF; > BBr; > B, (4) BF; > BCl; > BBr; > Bl;
Sol. 1

Due to back bonding Lewis acidic strength of Boron halides is Bl; > BBr; > BCl; > BF;

37.  When a hydrocarbon A undergoes complete combustion it requires 11 equivalents of oxygen and
produces 4 equivalents of water. What is the molecular formula of A ?

(1) CsHg(2) C;1H,(3) CoHg(4) C44Hg
Sol. 3

C.H, +(X+Xj02 — xCO, +XHZO
4 2

x+2L=11 Y_y4
4 2

Xx=9 y = 8 (CoHs)
38.  Arrange the following orbitals in decreasing order of energy.

A.n=31=0m=0 B.n=41=0m=0

C.n=31=1,m=0 D.n=31l=2m=1

The correct option for the order is :

()D>B>C>A 2)D>B>A>C (3)A>C>B>D (4)B>D>C>A
Sol. 1

According to (n+1) rule Orbital has more value of (n+1) has more energy. If value of some then orbital
has more value of n has more energy

39.  The element playing significant role in neuromuscular function and interneuronal transmission is :
(1) Li (2) Mg (3)Be (4) ca

Sol. 4
Fact (NCERT based)
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Sol.

41.

Sol.

42.

Sol.

43.
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Given below are two statements :

Statement I : Upon heating a borax bead dipped in cupric sulphate in a luminous flame, the colour of
the bead becomes green

Statement II : The green colour observerd is due to the formation of copper(I) metaborate

In the light of the above statements, choose the most appropriate answer from the options given below:
(1) Both Statement I and Statement II are true

(2) Statement I is true but Statement II is false

(3) Statement I is false but Statement II is true

(4) Both Statement I and Statement II are false

4

Due to formation of Cu (II) met borate it gives blue colour

Which of the following compounds are not used as disinfectants ?

A. Chloroxylenol B. Bithional C. Veronal D. Prontosil
E. Terpineol

Choose the correct answer from the options given below :

(HC,D (2) B,D,E (3)A,B (4) A,B,E

1

* Vernonal is a tranquilizer
* Prontosil is a antibiotic drug.

Incorrect statement for the use of indicators in acid-base titration is :

(1) Methyl orange may be used for a weak acid vs weak base titration.

(2) Phenolphthalein is a suitable indicator for a weak acid vs strong base titration.
(3) Methyl orange is a suitable indicator for a strong acid vs weak base titration.
(4) Phenolphthalein may be used for a strong acid vs strong base titration.

1

Weak acid — weak base :-

Neither phenolphthalein nor methyl orange is suitable.

An organic compound [A](C4H11N), shows optical activity and gives N> gas on treatment with HNO,.
The compound [A] reacts with PhSO:Cl producing a compound which is soluble in KOH.

Me

NH
1) NN @ \/\ir@

H
©) “4)
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Sol.

45.

Sol.

46.

Sol.
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OH

HNO. /—< + N,
NH.,
,—< _ e
N-SO. Ph

PhSO.Cl _ _
/_VNH SO, - Ph KOH/—<

Hinsberg
reagent

The normal rain water is slightly acidic and its pH value is 5.6 because of which one of the following?

(1) €O, + H,0 - H,CO, (2) 250, + 0, + 2H,0 - 2H,S0,
(3) 4NO, + 0, + 2H,0 — 4HNO, (4) N,05 + H,0 — 2HNO,
1

Due to presence of COz in air normal rain water is slightly acidic

Match List I with List 11
LIST I LIST II
A. | Physisorption L Single Layer Adsorption
B Chemisorption IL. 20 — 40 kJ mol™*
C. N,( g) + 3H,( g) Fe® 2NH,( g) II. | Chromatography
D. | Analytical Application or Adsorption | IV. | Heterogeneous catalysis

Choose the correct answer from the options given below:

(HLA-ILB-1,C-1V,D-1I1 2)A-1V,B-1II,C-1II,D-1
B3)A-ILB-IILC-I,D-1V @HA-1IILB-1IV,C-1,D-1I
1

Theory based

Cyclohexylamine when treated with nitrous acid yields (P). On treating (P) with PCC results in
(Q). When (Q) is heated with dil. NaOH we get (R) The final product (R) is :

o)

on %j
(1) 2) (3) “4)
NH. OH OH 0 o
HNO., @ PCC ij Dil. NaOH it/r
> —
(P) Q)

(Aldol condensation)
402
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Sol.
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In the following halogenated organic compounds the one with maximum number of chlorine atoms in
its structure is :

(1) Freon-12 (2) Gammaxene (3) Chloropicrin (4) Chloral

2

Cl
1. Freon — 12 | cl
f f

Cl
Cl Cl
2. Gammaxene )i'\/( or C¢HeClg
Cl Cl
Cl

Cl
3. Chloropicrin ¢]— (I)—NO2
|

Cl
Cl
4. Chloral (1— (I_‘:_CHO
I
Cl

In Dumas method for the estimation of N,, the sample is heated with copper oxide and the gas evolved
is passed over :

(1) Copper oxide (2) N1 (3)Pd (4) Copper gauze

2

Duma’s method. The nitrogen containing organic compound, when heated with CuO in a atmosphere
of CO», yields free N> in addition to CO2 and H2O.

CyH N, +(2x + %)CuO —

xCO, +%H20 + §N2 +(2x + %)Cu

Traces of nitrogen oxides formed, if any, are reduced to nitrogen by passing the gaseous mixture
over heated copper gauze.

Which of the following elements have half-filled f-orbitals in their ground state ?
(Given : atomic number Sm = 62; Eu = 63; Tb = 65; Gd = 64,Pm = 61 )

A. Sm B. B.EuC.Tb D. Gd E. Pm

Choose the correct answer from the options given below :

(1) A and B only (2) A and E only (3) ¢ and D only (4) B and D only
4

Fact (NCERT based)
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50. CompoundaA, CH,, 05, given a tetraacetate with AC,0 and oxidation of A with Br, — H,0
gives an acid, C;H,,0,. Reduction of A with HI gives isopentane. The possible structure of A is :
CH,OH
e} CHO
o (t’|ZHOH)
(1) CHy Ty (2) 3
OH OH CH,OH
CHO OH
| O
CH—OH )L
C—OH OH
o (4) e R,
I CH,-OH
OH OH
Sol. 3
CHO
I
CH—-0OAC
AC,0 I
> C—O0AC
CHO N
I CH. CH.
CH — OH I I
| OAC OAC
C—OH
N
CH CH Br, — H.O
| : | : > ICOOH
OH OH CH — OH
(4) C5H.00; |
C—OH
N
CH. CH-
I I
OH OH
HI C
» C—C C\C
Isopentane
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SECTION B

51. The rate constant for a first order reaction is 20 min~! . The time required for the initial concentration

.1 . 2 . .
of the reactant to reduce to its %) level is 1072 min.. (Nearest integer)

(Given : In 10 =2.303
log 2 =0.3010)

Sol. 17
t= L1n3'2
20

_2.303x5x0.3010
20

~17 %1072

=17.33x107°

52. Enthalpies of  formation of  CCl,(g),H,0(g),CO,( g)and HCl(g)are — 105,—242,—394 and —
92 k] mol~* respectively. The magnitude of enthalpy of the reaction given below is
kJmol™! . (nearest integer)
CCly('g) + 2H,0(g) — CO,( g) + 4HCI(g)
Sol. 173

AHr = (AHf)COz + (AHf)HCI — (AHf)CC14 —2(AHf)H20
=-173

53. A sample of a metal oxide has formula M;g;0,o,- The metal M can exist in two oxidation states +
2 and + 3.In the sample of M, 5,0, oo, the percentage of metal ions existing in +
2 oxidation state is %. (nearest integer)
Sol. 59
M 5 x M 5 (0.83 —x)
2x +3(0.83 —x)=2
x=249-2=0.49

4
% of M** =2x100=59%
0.83

54.  The resistivity of a 0.8M solution of an electrolyte is 5 X 10~3Qcm. Its molar conductivity is X
10*Q~1 cm? mol™?!
(Nearest integer)

Sol. 25
1
5x107°
1000 1 1000
/\m:Kx = X
M  5x10° 0.8
1000

=——x10* =25%10"
40
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At 298 K, the solubility of silver chloride in water is 1.434 x 1073 g L™*. The value of —logKj,
for silver chloride is (Given mass of Ag is 107.9 g mol~! and mass of Cl is 35.5 gmol™1)

10

1.434 x 1073 gm/L

1434107
107.9+35.5

Ksp=52=10"1= —log Ksp =+10

M=10"m

If the CFSE of [Ti(H,0)¢]3* is — 96.0 kJ/mol, this complex will absorb maximum at wavelength nm.
(nearest integer)

Assume Planck's constant (h) = 6.4 x 1073*Js, Speed of light (c) = 3.0 x 10® m/s and Avogadro's
Constant (N,) = 6 x 1023 /mol

480

2 3
CFSE =|-Zx+2y |A
(5 5y) 0

—96=%X1XA0

240x10°

A, =240kJ / mole = ——
NA / molecule

B hc
Aabs

0

240x10°  6.4x107* x3x10°
6x10% Aabs

_ 6.4x3x6x107°
240x10°

=4.8%107"m
=48 x 107 x 10° nm
=480 nm

Aab

The number of alkali metal(s), from Li, K, Cs, Rb having ionization enthalpy greater than 400 k] mol~*
and forming stable super oxide is
2

K, Rb and Cs form stable super oxides but Cs has ionisation enthalpy less than 400 kJ.
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The number of molecules which gives haloform test among the following molecules is

O
=
(] O o
OEt &
e A o 1l o
# ’\( g, -t N N\F
OH T S
AN

Assume carbon burns according to following equation :

2C(s) + 0y = 2CO(g)

when 12 g carbon is burnt in 48 g of oxygen, the volume of carbon monoxide produced is x
107! L at STP [ nearest integer ]

[Given: Assume co as ideal gas, Mass of ¢ is 12 g mol !, Mass of O is 16 g mol ! and molar volume
of an ideal gas STP is 22.7 L mol ']

227

2C + 02> 2CO

12g¢ 48 gm

1 mole 1.5 mole

"C"is LR.

Moles of CO formed =1

Volume of CO=1 x 22.7

=227x107"'L

Amongst the following, the number of species having the linear shape is
XeF,,1#,C50,,15, C0,, SO,, BeCl, and BCIS

5

XeFo, Iz, C302, CO2, BeCl
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Sol.

Mathematics

Section A

The equation e** + 8e3* + 13e?* —8e¥* + 1 =0,x € R has :
(1) four solutions two of which are negative

(2) two solutions and only one of them is negative

(3) two solutions and both are negative

(4) no solution
3

e™ +8e* + 13e*+ 13e*—8e*+1=0,x € R
Lete*=t>0 & x=Int
t+ 83+ 13t2-8t+1=0

Dividing by t2,

9+8Hﬁ3—%+%=0

t2+ti2+8 (t—%]+13=0

1 1
Lett—¥=u:>t2+t—2—2 u?

:t2+i2=u2+2

u2+2+8u +13=0
u+3)u+5)=0
u=-3&u=-5
1 1

t—-=-3 t—-=-5
t t

24+3t—1=0 t2+5t—1=0

\ |/ \

Rejected Rejected

./

ERNI

O<a, <1 0<a, <1

/ 1
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62.

Sol.

63.

Sol.

=>x,=/nax<0 =X, =lha, <0

Among the relations
s={@b)abeR—{0}2+5>0}andT = {(ab):abeRa>—b? €L},

(1) neither S nor T is transitive

(3) T is symmetric but S is not
3

(2) S is transitive but T is not
(4) both S and T are symmetric

S={(a,b)|a,beR—{0},2+%>O}&
T={(a,b)|a,beR,a’-b’ €Z|

For S, 2+3>0 :3>—2
b b

Let (—1,2)68(.'.—%>—2)

&(2,—1)%5(.'.&1 not greater than —2)

So, S is not symmetric
For T,

If (a,b)eT=a’-b’eZ
=-(a’-b*)ez
=b’-a’eZ
=(b,a)eT

So, T is symmetric

X L _16+20\2
0\/x+oc— X 15

(1) 4 (2) 2v2 3)V2 4)2

, then a is equal to :

164242

I=_0|.\/X+2_\/;dx T
X(\/X-i-OL +\/;)

I:I . dx

=l Ix\/x+a\/x+adx+_[x3/2dx
a 0 0

409



[ = j:(x+oc—oc)\/x +adx
1/2

= joa(x+a)3/2 _GT(X +a) dx

(x+a) 5/2] 32)[( +oc)3/2]:

-
-l

5/2

[ (\/_+1)+3}

150c

MERRL [2\5 +5]

15

16+20V2 2 . 247 +3]
15

15
3/2:2\/5
o’=8
a=2
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64.  The complex number z =

(1) V2i (cos i—: — isin i—:) ) V2 (cos % + isin %)
5T . . 5
(3)V2 (cosa + isin —)

@) COS—= — isin —
12 12 12
Sol. 3

-1 .
—7——=xis equal to :
COS;+lSlIl§

65. Lety = y(x) be the solution of the differential equation (3y? — 5x2)y dx + 2x(x? — y2)dy =0
such that y(1) = 1. Then |(y(2))3 — 12y(2)] is equal to :
(1) 16v2 (2) 32v2 (3) 32 (4) 64

Sol. 2

(3y2 —SXZ)de+2X(X2 —yz)dy=0
Zx(x2 —yz)dyz(sz —3y2)ydx

:ﬂ: (5X2—3y2)y
dx 2x(x2—y2)

Lety =tx

g=t+xi

dx dx

L _(5—3t2)t
dx 2(1—t2)

dt 5-3t? =2 + 2t
X—=t| ———= =
dx 2(1—‘[2)
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_t3-¢

2l 1=t

1 3(1—t2)dt_ dx
gf 3¢ —jg
lKn‘?a‘[—‘[3‘=11n|x|+c
3 2
20n[3t-t| =3In|x|+6c

(3t—t3 )2 =x\

3 2
X X

(Byx*—y*) =x"

x=1=y=1

(3-1) =1xA

r=4

(3yx2 -y’ )2 = 4%’

Letx =2

(3y(2)x4—(y(2)3)2j —4(2)
Taking square root both the sides,
(v(2)) =125 (2)=2(2)"
=2(2)'V2=3242

(V3x+1+3x—1)%+(3x+1—/3x—-1)° 3

66. lim = =

x—00 (x+VxZ-1) +(x—Vx2-1)

(1) does not exist (2) is equal to 27 (3) is equal to % (4)isequal to 9
Sol. 2

- (Bxrt4ax—1) +(Bxr1—Bx1)
1

e )

Taking height power common
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(\/§+\/§)6+(\/§—\/§)6
(1+1)" +(1-1)°
(23)

26

() =2

(0,0,0)

67.  The foot of perpendicular from the origin O to a plane P which meets the co-ordinate axes at the points
A,B,Cis (2,a,4),a € N. If the volume of the tetrahedron OABC is 144unit3, then which of the
following points is NOT on P ?

(1) (0,6,3) (2) (0,4.,4) (3)(2.2,4) (4) (3,0,4)

Sol. 4

n=(2,2,4)
Plane is

2x+ay+4z=4+a’>+16

=20+a’

2
A(2O+a ’O’OJ
2
2
3[0,20“‘ ’Oj
a
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Sol.

2
C[O,O,2O+a J
4

3

20+a’
lxuz 144=2%x3?
6 8a

2\ _ 843
(20+2%) =2"%a
1

20+a’ =(4a)3 (12)
a = 2 satisfies above equation
So,2x +2y +4z=24
X+Y+2z=12
(A) (0, 6, 3)
(B) (0,4, 4)
©) (2,2,4)
(D) (3,0,4)

Let (a,b) < (0,2m) be the largest interval for which sin~(sin 8) — cos™1(sin8) > 0,0 € (0,2n),
holds. If ax? + Bx + sin™1(x? — 6x + 10) + cos ' (x2 —6x+10) =0anda — f = b — a, then a

is equal to :
s s
M 2
3
x? —6x+10=(x~-3) +1>1

3)

So, x =3 is the only element in the Domain

So, ax’ +px +sin™’ (x2 —6X+10)+cos 'l(x2 —6x+10) =0

9a+3B+g:0

Sin~' (sin6)—cos™ (sin6) >0

sin™ (sin 9) - (g —sin™’ (sin 9)) >0

2sin "l(sin 9) > g

i (sin0) > T
sin (sm )>4

@z
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69.

Sol.

NTEY )

=]

|
=]

3a+5=_—6“

Adding (1) & (2)
Ao T _2m
2 6 6

o=—
12

Let the mean and standard deviation of marks of class A of 100 students be respectively 40 and a ( >
0 ), and the mean and standard deviation of marks of class B of n students be respectively 55 and 30

—a. If the mean and variance of the marks of the combined class of 100 + n studants are respectively
50 and 350 , then the sum of variances of classes A and B is :

(1) 650 (2) 450 (3) 900 (4) 500
4

m, =40Sd, =a>0 n, =100
m; =55S8d; =30-an,;=n
m,,; =50 Variance,,; =350 n,,; =100+n

A= {xl, ....... ,xloo} Bz{yl....,yn}

D (x,+y;)=50(100+n)
4000+ 55n = 5000+ 50n
415



Using formula of standard deviation
5n =1000 n =200

E Xiz 2 2 E Yiz 2
2 _ _ — —
o =00 (40) (30-a) 200 (55)
E Xi22100(1000+a2)

>y =200((55)" +(30-a)’)
Z(X12+Yi2) _(50)2

300
>x+ Xy =((50)" +350)300

160000 +1000.* +200(55)" +200(30—a.)’

350 =

(50)7300+350%300
1600+ 0> + 6050 +2 (30— )’ =7500+1050

o’ +1800—1200.+ 20> =900 = 0
30* —1200.+900 =0

o’ —400.+300 =0
(a—10)(a—30)=0
a=10ora=30

ifaa=10 VarA =100 & VarB =400
Vara + Vas =500

70.  The absolute minimum value, of the function f(x) = |x? — x + 1| + [x? — x + 1], where [t] denotes
the greatest integer function, in the interval [—1,2], is:
1 3 5 3
Ok @2 32 @2
Sol. 4

f(x) =‘x2—x+1‘+[x2—x+l}
xe[—1,2] Here x> -x+1>0,VxeR

. 1
Minimum value of x*> —x +1 occurs ata =5 € [—1,2]

So, Min £ (x) = f@
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71.  Let H be the hyperbola, whose foci are (1 + V2, 0) and eccentricity is v/2. Then the length of its latus
rectum is

(1) % )2 (3)3 (4) %
Sol. 2
FF,=2ae=(1++2)-(1-+2) =22
ae=+2
e=v2

—a=1 =b= 1( )

2
LLR. :ﬂ ()

72. Let a4, a,, as, ... be an A.P. If a; = 3, the product a, a, is minimum and the sum of its first n terms is
zero, then nl-4a, ., is equal to :
381

33
(19 @) ()% (4)24
Sol. 4
a, =3 a,a, minimum
a+6d=3

a(a+3d) > minimum
Su=0 :>3[na1 +(n-1)d]=0

+(n-1)d= (D)

Let a (a + 3d) is minimum

f(d)=(3-6d)(3-6d +3d)
£(4)=(3-64)(3-34)
27 9x3

=18d*-27d +9 is minimum at d = = = E
2x18 2x9x2 4

So, d=E
4

a,+6d=3

o 12 ea-d -2

: -3 3.
Putting a, =7&d=z in (1)
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n-1=4
n=>5
ni— 4an(n+2)

n=>5so0 n!=5!=120

=3 3
& 35(7) = a;; :74'(34)(2)

-3 51
=—4—

2 2
:ﬁz

2
51-4(24) =24

24

73.  Ifapoint P(a, B, y) satisfying

2 10 8
(aBy) (9 3 8) = (000)
8 4 8
lies on the plane 2x + 4y + 3z = 5, then 6a + 9 + 7y is equal to :
(1)1 @4 (32 @ 11
Sol. 4
200+9B+8y=0 ... (1)
10a+33+4y=0 ....... (2)
8a+8B+8y=0 ... 3)
a+B+y=0
y=-0-
200+9B—-8a—8B=0
B=6a

y=—a—-60=-7a
(o, 60,—70) Satisfies the above system of equation
20+4(60)+3(-70)=5
Sa=5
a=1
B=6
418



74. Let:a=1+ 3k,b =1—j+ 2k and @ = 51 — 3j + 3k be there vectors. If 7 is a vector such
and 7 - @ = 0, then 25|#|? is equal to

(1) 560 (2) 449 (3) 339 (4) 336
Sol. 3

1(A+5)=2(A+3)+3(21+3)=0

57L+8=0:>7\,=_?8

25\?‘2 17247 412 =339

75.  Let the plane P: 8x + a1y + a,z + 12 = 0 be parallel to the line L: "ZLZ === ?. If the intercept
of P on the y-axis is 1 , then the distance between P and L is :

(1) ﬁ (Dﬁ (3) 7= (4) V14
Sol. 4
y — intercept = —=1
al

o, =-12& n=(8,a,,a,)
(=(2,3,5)

n/=0 (. plane P & line L are parallel)
16+3a, +5a, =0

16-36+5a, =0

Sa, =20

o, =4
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76.

Sol.

77.

Sol.

8x—12y+4z+12=0

=2x-3y+z+3=0

(=2, 3, —4) is a point on the line L distance bet" the point (-2, 3, —4) and the plane P is :-
d:p4_9_4+ﬂ

14 _
-— =14
Ji4

Let P be the plane, passing through the point (1, —1,—5) and perpendicular to the line joining the
points (4,1, —3) and (2,4,3). Then the distance of P from the point (3, —2,2) is
(1)s 2)4 3)7 (4)6

1

Let A(4,1,-3) & B(2, 4, 3)

i= AB =(-2, 3, 6)

Plane P is :

-2 (x=1)+3(y+1)+6(z+5) =0

2x+2+3y+3+62+30=0

2x —3y—-6z=35

Distance of P from the point (3, -2, 2) is

16+6—12-35]

V22 +32 46

=5 Ans. (1)

<2

The number of values of re {p, q, ~p, ~q} for which ((paq)=(rvq))A((prr)=q) is a tautology, is:
(13 (2)4 31 P2
4

(Pr=Cva)aParr)=q)
Prq=(vq)
~pArqv(rva
~pv ~qQVvIrvq
& (parr)=>q
~(pArr1)vq
~pv~rvq
(~pv~qvrvgAa(~pv~rvq
=E~pv~rvq
If r=p

~pv~pvq — Not tautology
If r=~p
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78.

Sol.

~pvpvq -

If r=q
~pv~qvq —
If r=~q
~pvqvq —
Ans. 2 (D)

The set of all values of a? for which the line x + y = 0 bisects two distinct chords drawn from a point
P (t—a,lg—a) on the circle 2x% + 2y%2 — (1 + a)x — (1 —a)y = 0, is equal to :

tautology

tautology

Not tautology

(1) (04] (2) (4, )
4

l1+a l1—a
2442 _ _
Y [ 2 JX [ 2
1__3]}:0
2

l+a 1—-a

ol

y-yi=mXx-x1)  (xX,y1)= (

&x+y=0
— X —y1=mX—mxj

mx; —y1 = (1 + m)x

- X, —y _
1+ m y
Y
» Y1
X
- X

A
2

Yo | Yoo mX,

2 1+ m 1
X MX Y m
2 1+m

_ (Ltmy, -2y, +2mx,

(1+m)x, —2mx, + 2y,

my, +2x)-y, _ _ 1

—-mx, + X, + 2y1 m

m?(yi+2x1) — my; = mx; —
m?(y1+2x1) — (y1 + xo)m + x; +2y1 =0

D>0

1+m

X1 —2y1

(y1tx1)? —4(y1 + 2x1)(x2 + 2y1) > 0
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79.

Sol.

80.

1+a 1-a
= ’yl:

X1

2 2
xityr =1
1-— —
y1+2Xl:_a+1+a:i—2:3 a
2 2 2 2
+ +
X1—|—2y1:1_a+1_a:§+i:3 a
2 2 2 2

1_4[3—aj [3+aj>0
2 2
1-(9-a%)>0
a2—-8>0

a’>8 — (8, )

Ans. 4

If p(x) = \/—;fgx (4v2sint — 3¢'(t))dt, x > 0, then @’ (g) is equal to :

P @ OF-
1

Jx 6 (x) = T(4x/§sint ~30/(t))dt

T

4

Differentiating w.r.t. x,

ﬁ¢ () + Vx (0 =442 sinx - 3¢'(x)

(Vx+3) &' (x) + %d)()() — 442 sinx

Jx
, 1 _4x/§sinx
PO R T s
Putx = (Ej
4
N PR
(T2 [o3))
4 \/;+3
4
4x2 8 Ans. 1

¢(§j: Jr+6 Jat6

Let f:R — {2,6} = R be real valued function defined as f(x)

4

O

T

x> +2x+1

2

X —8x+12

. Then range of fis
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Sol.

1.

Sol.

(1) (=o0,—Z) U (0,0)

6 (=0~ v [ ) @ (o3| vi0.)
4

CoxT+2x+1

CxE_8x+12

X%y — 8xy + 12y =x?+2x + 1
x*(y—1) - (8y+2)x + 12y —1=0
D>0

(8y+2)2 — 4(y=1)(12y — 1) > 0
A(4y+1)2 — 4(y=1)(12y = 1) 2 0
16y2 + 8y+1 — (12y2 — 13y+1) > 0
4y +21y >0

21
4 +=—1=0
%]

[—w,%} U [0, o0) Ans. 4

Section B

LetA = [ai]-], a;; €ZN[0,4],1 <i,j < 2. The number of matrices A such that the sum of all entries

is a prime number p € (2,13) is
204
A =Jaj],aij € Zn [0, 4], so aj={0,1,2,3,4}

A= I:all alz:l
aZl aZZ 2x2

ail +apptaytan="P where P is a prime number
ajp taptaytan=3,5711

(I +x+x2+x3+x4

(I -x3)*(1-x)*

(1 —4x3 +6x10—4x15 +x20) (1 +4C1 x +°Cox?> +0C3x3 +7Cyx7...)

_ 6x5x4

For3 °Cs =20.

For5 (-4)+3%Cs=-4+56 =52.

For7 (-4)3C2 +1°C7 =—40+120 = 80.

For 11 Cy; + (-4) °Ce + 6(*C1) = 364 — 336 + 24 =52
Total number of matrices = 204

air tap+apntap =3

@) (-0, =Z|u[1,00)
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0 O
0 O
0 1

ajp taptax tax =

0 O
0 O
0 1
0 1

1

4

\®)

_ A

airtaptantan =7

0 0
0 1
0 1
1 1
0 2
1 1
1 2

3

4

\®)

ajr +appt+ax t+ap =11

0 3

4

4

=2 =4
3!
|
LT
21
|
_M Ly
3!
20
=5
|
L
21
|
SR
21
|
SR
!
|
2o
21
_ 4
- 2=
52
|
Sai T
21
|
“¥ o
21
=41=24
_4
e
|
2o
3!
|
SR
21
_A
-2 -
80
|
2o
21
|
Yo
21

424



13 3 4 =¥_p
2
|

2 3 3 Y
3!
|

2 3 3 3 =H_
3

52
total matrix is = 20 + 52 + 80 + 52 = 204.

82. Let A be a n X n matrix such that |A| = 2. If the determinant of the matrix
Adj(2 - Adj(2 A™Y)) - is 284, then n is equal to
Sol. 84
Al =2
|Adj (2 Adj(2A7"))| =28
2 Adj (2 At =28
(2" |Adj 2 AT =2
(2n | 2n—1 Adj (A—I)Dn—l — 284
(2 x 1) Ad) (At =28
(2n x Qn(n-1) x |A—l|)n—1 =84

n-1
(2n x Qn(n-1) x (lj )n—l =084
2

(2n+n2—n—n+1)n—1 — 284
(zn2 —n+1)n—1 — 284
M —-n+1n+1)=84

5 9

83.  Ifthe constant term in the binomial expansion of <x2_2 - %) is —84 and the coefficient of x 73! is

2%B, where § < 0 is an odd number, then |al — B| is equal to
Sol. 98

<52 4 o
[ 2 _?j
52\7" r
—4
Tr+ :9Cr (Xz J (7J

45-5r

=9C, [%jgr (_4)r x 2

Ir

For constant term
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&4.

Sol.

~9¢, (g (—4) = — 84

9—r
~9¢, G) (—1) 22 = — 84

=9C; 29 221 (-1 )" = — 84
=9C, 239 (1) = — 84
-

45_5r7(r:0

45-15 o

15=37¢

For coefficient of x 13 is

45—5r75r — 15

45 — 5r—10r =-30
75 = 15r

4
For coefficient of x 13 is °Cs (%) -4y

9><8><7><6>< L4><21°><(—1)
4x3x2x1 2

= 9x2xT7x26 x (-1)
=27(-63)=2*P
a=7,p=-63

o€ —B|=7(5)+63| = |35 + 63|
|o ¢ —B|=98.

Let S be the set of all a € N such that the area of the triangle formed by the tangent at the point P(b,
¢), b, c € N, on the parabola y? = 2ax and the lines x = b,y = 0 is 16 unit?, then Za is equal to

146
tangent at P(b, ¢) my? = 2ax is
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8s.

Sol.

cy

= a(xtb)

.

A}

ab
A B =
-b O b
x=b
area = l><2bx2ba =16
2 C
2
2b“a ~16
C
ba _g
C

- P(b, ¢) lies on y? = 2ax
C? =2ab

4.2
- bj‘ = 64

c

4.2
= ba =64

2ab
= bla =128

128

= a= ?
a can be 128, 16, 2 then
S=1{2, 16, 128}
Za =146

aes

Let the area of the region {(x,y):|2x — 1| <y < |x* —x|,0 < x < 1} be A. Then (6 A + 11)? is

equal to
125

2x -1 <y< |x? —x[,0<x <1
2x -~ <y< |x* x|,
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-> 1-2x

> x—x2

N |

x—x*>=1-2x

x*=3x+1=0
L _3%V9-4 3%45
2 2
X=3_\/g as 0 < x <=
2 2
1/2
rsa=2 | [(x-x)-(-20]Jox
35
2
1/2
2 J [3x—x2—1]dx
345
2
2 3 12
:2{313;_ }
2 3 35
2
For x:i,
2
x*=3x-1
x® =3x*—x
=3(3x—1)—x
=8x-3

_9x-3 (8x-3)
== :
_27x-9—(16x-6)
B 6
11x -3
= —-X
6

X

428



6
For x=—,
3o s _EGJ_lGJ_l
2 3 214) 3\8) 2
_9-1-12

24
_4_ 1

24 6
5(3-+5)
-3
Area= 2| ——— 2
6

6 12

|1 [9-55
e 12
'—2—9+5J§}

12

5511

6
(6A+11) =(545) =125

=2

9
86. The coefficient of x~°, in the expansion of (%x + T) , 18
Sol. 5040

4x 5 °
_X
5 2x?

General term is

9-r r
e (2 (2]
r 2n
9-r r
- 9Cr i é X9—r—2r
5 2

For coefficient of term x® 9—-r—2r=-6
15=73r
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87.

Sol.

Coefficient of term x°

(5] (3

_9x8x7x6

5x23
4x3x2x1
=9x2xTx5x%x8
= 5040

Let A be the event that the absolute difference between two randomly choosen real numbers in the
sample space [0,60] is less than or equal to a . If P(A) = 3 then a is equal to

11
_6’

10
X—y|<a—> —a<X- & x—y<a
y y y
X, Y€ [O, 60]
—>y=xta
(0, 60) / (60, 60)
y=60
y=x-a
(y /(60, 60 - a)
(60, 0)
(0,0)
x =60
2 [ 1 2 1 ) 1
Shaded area 00 | (007 X (60 —a)
P(A) = _ | 2 _
Total area (60)
2 2
P(A) = (60)" — (6? —a)
(60)
1_ 1202 -2
36 3600

1100 = 120a — a?
a>—120a+1100=0
a?—110a—10a+1100=0
a(a—110)— 10(a—110)=0=
(a—10) (a—110)=0

Ans.

(- fora= 110, P(A) = 1)
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88.
Sol.

89.

Sol.

If 2"*1p,_,: 2"71p, = 11:21, then n® + n + 15 is equal to :

45
otlp g2 2-lp =11 : 21
@+ (-1 _ 11
m+2) (@Cn-1) 21
@n+1)2n) _ 11
(n+2)n+1n 21
20n+1) 11
m+2)mn+1) 21
= 42(2n+1) = 11(n*+3n+2)
= 84n+42 =11n*+33n+22
= 11n?-51n-20=0
= n=35
n’+n+15=25+5+15=45

Let @, b, ¢ be three vectors such that |d@| = v31,4|b| = |é] = 2 and 2(d x b) = 3(Z X d). If the angle

. N2
between b and C is 2?7r’ then (';—XBC) is equal to
3

1d|=31 4|b|=|¢|=2
2(axb)=3(cxa)

brg=2E

3
dax2b=3¢x4d=—a x3¢
axQ2b+3¢)=5
a=1(2b+3¢)

¢
|aP=A22b +3¢

‘5‘2 =\? (4‘5‘2 + 9‘6‘2 +12‘BH6‘COS@)
31=22(1+92) + 1255 cosz?n)

31=XHJ+36—6X%XZ)

31=22(31)
22=1

= A==1
E:J_r(25+36)

431



90.

Sol.

5x6=i<26+36)><6
:i2(13><6)

\ax5\2:45x5\2=3

Fl

7~ N\
® ml
O"l ox

Thesum 12 —2-3%2+3-52-4.72 +5.9%2 —

6952
12-232+352-472+592— ... +15.29°

S= 1529 - 1427+ ....+3.5° = 2.3+ 12
— _—

(n+1)(2n+1)? —n(2n-1)?
n(4n>+4n+1)+ 4n’*+4n+1 — n(4n’~4n+1)
=12n’+4n+1

S=[Z 12n*+4n+1 forn=2,4,6, 8, 10, 12, 14] +

Si1= i:lZ(Zk)2 +4(2k) +1

7
D [48k” + 8k +1]

k=1

—482k2+82k+21
k=1

_ OO, 8DO) | 5 _ o5,
2

$=[6952]

4+ 15-29%is

1
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JEE—-MAIN EXAMINATION - JANUARY, 2 |

023

(Held On Thursday 1st February, 2023)

TIME:9:00 AMto12: 00 NOON

Physics
SECTION - A

1. A child stands on the edge of the cliff 10 m above the ground and throws a stone horizontally with an
initial speed of 5 ms~!. Neglecting the air resistance, the speed with which the stone hits the ground
willbe __ ms™! (given, g = 10 ms™2).

(1) 15 (2) 20 (3) 30 (4) 25
Sol. (1) Sm/s
A ._> ~~~~~~~~
Along vertical direction L
u, = 0 Vf, = ui + 2aygy \\\
a, =+g =(0)> +2x10x10 l
g
- 2 10m \
v, =7 v2 =200
sy =10 m \‘\\
v2 =200 ! :
S S S S S S S S S S
V=, /Vi + Vi
=+/25+200 = +/225
=15 m/s

Let o be the uniform surface charge density of two infinite thin plane sheets shown in figure. Then the
electric fields in three different region E}, E;; and E,;; are:

Surface Charge

densily o
Il
| +0 + 0O 11
| d |
) —
I |
= 20 » = = 20 A = o .~ 7 = g A
W) E; = - Ey=0Ey = —n (2)E = Zn’E” =0,Ey = Pyl
0 0 0 0
- o A = = T A = = g A
(3)E = —E—On'Eu =0,k = E_On 4 E =0E;= gn;Em =0
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Sol.

Sol.

(3)
+o +6
D
. (D (IIT)
]5:14—l — L
E,< +—> —»F
Ez E1
k—a—
E =-—A
Eo
E,;=0
O .
EIII = E—n

™ collegebatch.con

A mercury drop of radius 1073 m is broken into 125 equal size droplets.
Surface tension of mercury is 0.45Nm™?. The gain in surface energy is:

(1) 28 x 1075
(4)

[Volume of bigger drop] = [volume of smaller drop] x 125

4 4
—nR* =125x—nr’
3 3

R’ =125¢°

= Gain in sinface energy = TdA
=0.45x[A, - A|]

=0.45x [125 x dmr? — 4nR2]

R 2
=0.45 x {125 x 4n[gj - 4nR2}

=0.45x [20nR2 - 4nR2]
=0.45x16nR>

3\2
=0.45><16><3.14><(10 )
=2.26x%x10"J

(2)17.5%x107%]

(3)5x1075]

(4) 2.26 x 1075 ]

If earth has a mass nine times and radius twice to that of a planet P. Then %\/E ms~1 will be the

minimum velocity required by a rocket to pull out of gravitational force of P, where v, is escape

velocity on earth. The value of x is

(11 (23

(3) 18

(4) 2
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Sol.

Sol.

™ collegebatch.con

A sample of gas at temperature T is adiabatically expanded to double its volume. The work done by

the gas in the process is [

Ww=[V2-2]
(2)

Work done in the process is given by

R
W=—-(T-T,)
y—1

For adiabatic process:

Tlvl%1 = Tzvzyil

El E
TV? =T,(2V)?
1 1

TV? =T,(2V)?
T’V =T, x2V

Il

N

~

—
1 =

|
Sl-
[

RT[2-+2]
W =RT[2—\/E]

iven, y =—
g Y >

(W =RT[2-2] (W =TR[V2-2] @)W =2[2-2]
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Sol.

7.

Sol.

™ collegebatch.con

[P + %](V— b) =RT represents the equation of state of some gases. Where P is the pressure, V is the

volume, T is the temperature and a,b,R are the constants. The physical quantity, which has
2
dimensional formula as that of %, will be:

(1) Compressibility (2) Energy density
(3) Modulus of rigidity (4) Bulk modulus
(1)

[b]=[V']

[a]=[PV?]
= v 1)
= [MLT?

CA I A

[a] [MLT?]

The equivalent resistance between A and B of the network shown in figure:

R
/N
A 3R B
o NV NV NV 0
2R I 9R T
VWW
6 R
(1) gR (2) 21R (3) 14R 4) 11§R
(1)
" The given network is wheat-stone network
R
ANA
3R
O VW o
2R |
YA'A%
6R
_ 4R x8R
“ 4R +8R
4R x8R
12R
R, =-R
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™ collegebatch.con

8. Match List I with List IT:

ListI List I1
A. AC generator I. Presence of both L and C
B. Transformer II. Electromagnetic Induction

C. Resonance phenomenon to occur | III. Quality factor

D. Sharpness of resonance IV. Mutual Induction

Choose the correct answer from the options given below:

(1) A-IV, B-TIL, C-I, D-II (2) A-IV, B-II, C-I, D-III
(3) A-II, B-IV, C-I, D-III (4) A-IL, B-1, C-IIL, D-IV
Sol. (3)

(A) A.C. generator — II. Electro-magnetic induction

(B) transformer — IV Mutual induction

(C) Resonance phenomenon to occur — (I) presence of both L and C
(D) Sharpness of resonance — (III) Quality factor

9. An object moves with speed v;, v, and v; along a line segment AB, BC and CD respectively as shown
in figure. Where AB = BC and AD = 3AB, then average speed of the object will be:

I |

(v1+v5+v3) (v1+vy+v3) 3v,V,v3 V1V, V3
(1) 3v,V,V3 (2) 3 (3) (v1V2+Vv3+V3V1) (4) 3(v1V,+V,v3+V30,)
Sol. (3)
X X X

xt P )
vi B V2 C wv3; D

Total distance
<V> = ———

Total time
3x
X X X
ViV, 1V,
B 3 B 3
[1+ L+ 1} |:V2V3 +V, v, + Vv, }
ViV, Vg ViV, Vs
<v> = 3v,v,v,

[Viv, + Vv, +v,v,]
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'n' polarizing sheets are arranged such that each makes an angle 45° with the preceeding sheet. An
unpolarized light of intensity I is incident into this arrangement. The output intensity is found to be
1/64. The value of n will be:

(1) 4 (2)3 3)5 (4) 6
(D)

According to Malus law:

I
I= ?‘)[cos2 45x cos” 45xcos’ 45x...(n—1) tirnes]

n-1
Lo L (1
64 2 \2

1 1 1 1
——— = =
32 2“71 (2)5 2“7]
Ln—-1=5
..n=6
Match List I with List II:
ListI List IT
A. Microwaves I. Radio active decay of the nucleus
B. Gamma rays II. Rapid acceleration and deceleration of electron in aerials
C. Radio waves III. Inner shell electrons
D. X-rays IV. Klystron valve

Choose the correct answer from the options given below:

(1) A-I, B-II1, C-1IV, D-II (2) A-1V, B-I, C-11, D-III

(3) A-1IV, B-III, C-II, D-1 (4) A-1, B-1I, C-III, D-IV

(B)

(A) Micro-wave (IV) Klystron valve

(B) Gamma rays (D Radio-active decay of nucleus

(C) Radio-waves (IT) Rapid acceleration and deceleration of electrons in aerials
(D) X-rays (II) Inner shell electron

A proton moving with one tenth of velocity of light has a certain de Broglie wavelength of 1. An alpha
particle having certain kinetic energy has the same de-Brogle wavelength A. The ratio of kinetic energy
of proton and that of alpha particle is:

(1) 2:1 (2)1:2 (3)1:4 (4)4:1
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Sol. (O)
The wavelength of matter is given by

pp
k—‘*x “:1:>k—°‘= £
, My k, m,
Kk, _1
k, 4

13. A block of mass 5 kg is placed at rest on a table of rough surface. Now, if a force of 30 N is applied in
the direction parallel to surface of the table, the block slides through a distance of 50 m in an interval
of time 10 s. Coefficient of kinetic friction is (given, g = 10 ms™2):

(1) 0.60 (2) 0.25 (3) 0.75 (4) 0.50
Sol. (D)
S=ut+ lat2
2
| N
50=O><t+5><a><(10)2 T —> a
50=%xa><100 5kg —>F=30N
100 3 T77TR7777777777777777777777
=10 [=iwrv] T
ZFx=maX mg
30 — umg = ma
30—ux50=5
500 =25
25
"%

14.  Given below are two statements:
Statement I: Acceleration due to gravity is different at different places on the surface of earth.
Statement II: Acceleration due to gravity increases as we go down below the earth's surface.
In the light of the above statements, choose the correct answer from the options given below
(1) Statement I is false but Statement II is true
(2) Statement I is true but Statement II is false
(3) Both Statement I and Statement II are false

(4) Both Statement I and Statement II are true
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(B)
Statement (I) is true But
Statement (I1) is false

Which of the following frequencies does not belong to FM broadcast.
(1) 64MHz (2) 89MHz (3) 99MHz (4) 106MHz

(A)
The Frequencies for FM Broadcast is between 87.5 MHz to 108 MHz.

The mass of proton, neutron and helium nucleus are respectively 1.0073u, 1.0087u and 4.0015u. The
binding energy of helium nucleus is:

(1) 28.4MeV (2) 56.8MeV (3) 14.2MeV (4) 7.1MeV

(A)

2P +2n=jHe+E

-~ B.E=[2x(1.0073 + 1.0087) —4.0015] x 931
=0.0305 x 931
=28.3955 MeV

A steel wire with mass per unit length 7.0 X 1073 kg m~! is under tension of 70 N. The speed of
transverse waves in the wire will be:

(1) 100 m/s (2) 10m/s (3)50m/s (4) 200mm/s

(A)

The velocity of Transverse wave on string is given by

T
V=f
[ /7ox10
7><103

=100 m/s

Match List I with List IT:

List1I List I

A. Intrinsic semiconductor | I. Fermi-level near the valence band

B. n-type semiconductor IL. . Fermi-level in the middle of valence and conduction band
C. p-type semiconductor III. Fermi-level near the conduction band
D. Metals IV. Fermi-level inside the conduction band

Choose the correct answer from the options given below:
(1) A-11, B-111, C-1, D-1IV (2) A-1, B-II, C-III, D-IV
(3) A-IL, B-I, C-IIL, D-IV (4) A-IIL, B-1, C-IL, D-IV
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A)

(A) Intrinsic (II) Fermi-level in the middle of valence and conduction band
(B) n-type semiconductor (IIT) Fermi-level near conduction band

(C) p-type semiconductor (D) Fermi-level near valence band

(D) Metals (IV) Fermi-level inside the conduction band

Find the magnetic field at the point P in figure. The curved portion is a semicircle connected to two

long straight wires.

Br=B;+ B>
_ Bt Bl

dnr  4r

:“_()ll:l+1:|

4r |

szu_ol L_Fl
2r |2 2

The average kinetic energy of a molecule of the gas is
(1) proportional to absolute temperature  (2) proportional to pressure

(3) proportional to volume (4) dependent on the nature of the gas
(A)
The average kinetic energy of gas molecule is given by,
KE,, =>KT
2
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SECTION - B
A small particle moves to position 57 — 2 + k from its initial position 2i + 3j — 4k under the action of
force 5i + 2j + 7k N. The value of work done will be J.
40
- (51 2] +k) (21 +3]-4k) (2.3,-4) (5-2.1)
Ar=3i-5j+5k
. W=FAr
= (5i+ 25+ 712)-(3§ —5j+ 512)
=15-10+35
=5+35

A certain pressure 'P' is applied to 1 litre of water and 2 litre of a liquid separately. Water gets
compressed to 0.01% whereas the liquid gets compressed to 0.03%. The ratio of Bulk modulus of

water to that of the liquid is ;
The value of x is
1

Bulk Modulus = Vd—P
dv

(B),.. AV dP/dV dP/0.01
(B)ye VdP/dV dP/0.03

(B _0.03_3
( )llquld 001 1
(B)water =
(B)liquid

3
*. On comparing with —, The value of “x” will be “1’.
X

A light of energy 12.75eV is incident on a hydrogen atom in its ground state. The atom absorbs the
radiation and reaches to one of its excited states. The angular momentum of the atom in the excited
state is % x 10~17eVs. The value of x is (use h = 4.14 x 10~ %%eVs,c =3 x 108 ms™1).
x =828
The energy of electron in ground state = —13.6 eV
E.—-Ei=12.75
E.=12.75-13.6

E.=-0.85
So “n” is given by

13.6
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162t
L=t X o
2n T

g X0

2 w
-15 -15
4)(4.142><10 :§X10,17:2x4i1;$10 _
T T

x =8.28x10° :>

24. A charge particle of 2uC accelerated by a potential difference of 100 V enters a region of uniform
magnetic field of magnitude 4mT at right angle to the direction of field. The charge particle completes
semicircle of radius 3 cm inside magnetic field. The mass of the charge particle is x 10718 kg,

Sol. 144

_mv_p

B B

Nem

qB

3102 - N2mx2x10°x10°
2x10°x4x107°

3x102x2x10° x4x107 =+/4mx107*
24x107" =«/4mx104‘

24x24x1072
m=————
4%x107*

m=144x10"Kg |

25. The amplitude of a particle executing SHM is 3 cm. The displacement at which its kinetic energy will
be 25% more than the potential energy is: cm.
Sol. 2

KE=PE+ 2 xP.E.
100
KE=PE+ %P.E

K.E= EP.E
4

lK(A2 —x2)=§lex2
2 4 2
4(A? - x?) = 5x?

4A% - 4x% = 5x?

9x2 = 4A?

4
x2=—x3)’

5 (3)
Lx=12
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26. In an experiment to find emf of a cell using potentiometer, the length of null point for a cell of emf
1.5 Vis found to be 60 cm. If this cell is replaced by another cell of emf E, the length-of null point

increases by 40 cm. The value of E is % V. The value of x is

Sol. 25

E, =K/, (1)
E; =K/ ...(i1)
. E2_€2
CE £,

E 100

15 60

E-15x 2

6

3,0

2 6
)
2
=2.5
25
10

x =25

27. A thin cylindrical rod of length 10 cm is placed horizontally on the principle axis of a concave mirror
of focal length 20 cm. The rod is placed in a such a way that mid point of the rod is at 40 cm from the

pole of mirror. The length of the image formed by the mirror will be g cm. The value of x is

Sol. 32
f=20cm
10cm —
<+—>
O_O' —
B lat A LE
' 40 cm f
Image of end A:
u=-35cm
f=-20cm
v="7
uf
V=
u-—f
_ —35x-20
-35+20
_ —35x-20
-15
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140
V=——
3
Image of end B:
u=-45cm
v="?
f=-20cm
uf
V=
u-—f
_ —45%x-20
—45+20
_ —45x-20
-25
v =-36
. 14
.. length of image = ‘—36+TO
_|_108+140
3

32

.. The value of x =32

A solid cylinder is released from rest from the top of an inclined plane of inclination 30° and length
60 cm. If the cylinder rolls without slipping, its speed upon reaching the bottom of the inclined plane
is ms™ L.

(Giveng = 10 ms™2)
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Sol.

60 cm

4

A 0=730°

h =60 sin 30
The velocity of by linder upon reaching the ground is given by

2ah
v= | =&

I+—

[2x10x30x10°

V=
\l 1+l
2
B ,6><
3

[\

29. A series LCR circuit is connected to an ac source of 220 V,50 Hz. The circuit contain a resistance
R = 100Q and an inductor of inductive reactance X; = 79.6Q. The capacitance of the capacitor needed
to maximize the average rate at which energy is supplied will be uF.

Sol. 40
For maximum power, the LCR must be in resonance.

o Xp=Xce
79.6 = L
oC

B 1

T 0x79.6
B 1
 21x50%79.6
B 1
1007x79.6
=40 % 10
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Two equal positive point charges are separated by a distance 2a. The distance of a point from the
centre of the line joining two charges on the equatorial line (perpendicular bisector) at which force

. . . a .
experienced by a test charge g, becomes maximum is = The value of x is

2

+Q

Electric field at point “P” due to any one change =

KQ

a +y
.. Net electric field at point “P” will be
Enet = 2E cos a
2KQ y

= X
a’+y’ \/aQ +y’
2KQy
= (a2+ y2)3/2
= Electric force (F) = Enet qo
_ 2K Qq,y

For F = max = d—F =0
dy

net

By solving, we get | y=—

.. the value of

2
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Chemistry

SECTION - A

A solution of FeCl; when treated with K,[Fe(CN)¢] gives a prussiun blue precipitate due to the
formation of

(1) K[Fe2(CN)](2) Fes[Fe(CN)6l3(3) Fe[Fe(CN)e](4) Fes[Fe(CN)gl,

2

4Fecl; + 3K4 [Fe(CN)g]

12KCI + Fes Fe(CN)s]3
Pursianblue ppt

Given below are two statements: one is labelled as Assertion A and the other is labelled as Reason R
Assertion A: Hydrogen is an environment friendly fuel.

Reason R: Atomic number of hydrogen is 1 and it is a very light element.

In the light of the above statements, choose the correct answer from the options given below

(1) A istrue but R is false

(2) Ais false but R is true

(3) Both A and R are true and R is the correct explanation of A

(4) Both A and R are true but R is NOT the correct explanation of A

4

No pollution occurs by combustion of hydrogen and very low density of hydrogen.

Resonance in carbonate ion (C0%7) is

Which of the following is true?

(1) All these structures are in dynamic equilibrium with each other.

(2) It is possible to identify each structure individually by some physical or chemical method.

(3) Each structure exists for equal amount of time.

(4) CO5 2~ has a single structure i.e., resonance hybrid of the above three structures.

4

Resonating structure are hypothtical and resonance hybrid is a real structure which is weighted average
of all the resonating struture.

Match List I with List II

List ] List II

(A) Tranquilizers | (I) Anti blood clotting

(B)  Aspirin (IT) Salvarsan
(C) Antibiotic (IIT) antidepressant drugs
(D) Antiseptic (IV) soframicine

Choose the correct answer from the options given below:
(1) (A) =1v,(B) — 11, (C) — I, (D) — 111(2) (A) —1I,(B) - I,(C) — 111, (D) -1v
3)A)-1ILB)-L(©)-1,(D)-1V 4) (A)-11, (B) =1v,(C) - I, (D) —11
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3

A — (ii1)
B — (i)

C — (i)
D — (iv)

Identify the incorrect option from the following:

(1)
(i) NaOH, 623 K,

@/“‘ 300 atm ©/””
(2) (i1) HCI =

Cl Cl o

0]
Il anhyd AlICI, ; :
@ + HyC—C—(C] —mm > CH, + HCI
€)

@ )|/\|';r + KOH (ale) —> X\nu + KBr
4

X+ Methy! shift >r \ >_\

In question given option reaction is incorrect so right answer is (4)

But-2-yne is reacted separately with one mole of Hydrogen as shown below:

A. A is more soluble than B.

B. The boiling point & melting point of A are higher and lower than B respectively.

C. Ais more polar than B because dipole moment of A is zero.

D. Br, adds easily to B than A.

Identify the incorrect statements from the options given below:

(1)B,C&Donly (2) A and B only (3)A,C&Donly (4)BandC only
2

H H
\j vy
CHs—C=C-CH; CH;—-C C-CH; CH-C=C-CH;
ﬁ +H> (A)
(B)

A) Cis has dipole monent, more soluble than trans (B)
B) B.P.(cis > trans), M.P. (trans > cis)
C) Dipole moment (A > B) but p, #0

D) Br; add easily to A not B
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NH, 0

\\\\J\ M())'\()I‘:(

CHOH — 5 «

(D) 2

) “4)
3

NH:2
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Major product

0
1l | " ~c=o
EtO/ \OEt a |
CH20H >
2

SN

CH: —O 1

Highest oxidation state of Mn is exhibited in Mn,0,.The correct statements about Mn,0, are

(A) Mn is tetrahedrally surrounded by oxygen atoms.

(B) Mn is octahedrally surrounded by oxygen atoms.

(C) Contains Mn-O-Mn bridge.

(D) Contains Mn-Mn bond.

Choose the correct answer from the options given below:

(1) A and Conly (2) A and D only (3) B and C only
1A&CO)

(4) B and D only

Os- _->0
AR /,/'/“
O=— Mn —'O0"— Mn =
‘/ - -7 Te-el - \I
0% X0
Match List I with List IT
List I List IT
(A) Slaked lime (I) NaOH

(B)  Dead burnt plaster | (II) Ca(OH),

(C) Caustic soda (IIT) Na,CO5 - 10H,0

(D)  Washing soda (IV) caso,
Choose the correct answer from the options given below:
(1) (A) - 1IL, (B) - IV, (C) - I, (D) — I (2) (A) - 1IL, (B) - IL, (C) - IV, (D) — 1
3)@A)-L(B)-1V,(C) - 1L, (D) - I 4) (A) -1, (B) —1v, (C) - L (D) - III
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4
Slaked Lime — Ca(OH)»

Dead burnt plaster — CaSO4
Caustic Soda —» NaOH

Washing Soda — Na>,CO3.10H>O

The correct representation in six membered pyranose form for the following sugar [X] is
CHO

HO——H

HO—+H
H—1-OH
H-1-OH

H,COH

Sugar [X]

(D (2)
3) 4)
2

COH20H

0]

H

OH OH
OH | OH

Haworth structure of mannose

Which of the following complex will show largest splitting of d-orbitals ?

(1) [FeFl*~ (2)[Fe(C,04)3]%" (3)[Fe(CN)6]*~ (4) [Fo(NH3)6]%*
3

(M) Strong field ligands will split ‘d’ orbital largely.

CN~is SF.L Where as F~,C,0; & NH;3

Are comparatively weal feld ligand as common to CN~

Which of the following are the example of double salt?

(A) FeSO, - (NH,),S0, - 6H,0 (B) CuS0,, 4NH;H,0
(C) K,S0, - Al,(SO,); - 24H,0 (D) Fe(CN),.4KCN
Choose the correct answer

(1) B and D only (2) A and C only
(3) A and B only (4) A, B and D only
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1
Double salt contain's two or more types of salts.
CuS04.4NH3.H>0O and Fe(CN)2.4KCN are complex compounds.

Decreasing order of dehydration of the following alcohols is

(a) (b) (©) (d)
(D)b>a>d>c (D)a>d>b>c (3)d>b>c>a 4db>d>c>a
4

Ease of hydration a stability of carbocation
b>d>c>a

Given below are two statements:

Statement I: Chlorine can easily combine with oxygen to form oxides; and the product has a tendency
to explode.

Statement I1: Chemical reactivity of an element can be determined by its reaction with oxygen and
halogens.

In the light of the above statements, choose the correct answer from the options given below

(1) Both the Statements I and II are true

(2) Both the Statements I and II are false

(3) Statement I is false but Statement II is true

(4) Statement I is true but Statement II is false

1

Chlorine oxides, Cl,O, ClO;, CloOs and Cl,O7 are heighly Reactive oxidising Agents and tend to
explode.

Choose the correct statement(s):

A. Beryllium oxide is purely acidic in nature.

B. Beryllium carbonate is kept in the atmosphere of CO,.

C. Beryllium sulphate is readily soluble in water.

D. Beryllium shows anomalous behavior.

Choose the correct answer from the options given below:

(1)B,Cand Donly (2) A only (3) A, B and C only (4) A and B only
1

BeO is Amphoteric

BeCO, ——> BeO+CO,

’[‘ Co,

BeSO4 is solube in water

Due to small size Be shows anomalous behaviour.
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Which of the following represents the lattice structure of A,.s0 containing A**, A3* and 0%~ ions?
O A2+ O A3+ O 02_

\-)*(T——@)— ®

A. ¢ B.
C. ® ®
(1) A only (2) B and C only (3) A and B only (4) B only

1
Some vacancy generated by this type defect.

Given below are two statements: one 1s labelled as Assertion A and the other is labelled as Reason R
Assertion A: In an Ellingham diagram, the oxidation of carbon to carbon monoxide shows a negative
slope with respect to temperature.

Reason R: CO tends to get decomposed at higher temperature.

In the light of the above statements, choose the correct answer from the options given below

(1) Both A and R are correct but R is NOT the correct explanation of A

(2) Both A and R are correct and R is the correct explanation of A

(3) A is correct but R is not correct

(4) A is not correct but R is correct

3

2Cs) T Oz —>2CO0(y)

AS° is the, AG®° = AH® - T AS

Thus slope is Negative.

As temperature Increase AC becomes more Negative thus it has loner tendency to get decomposed.

Given below are two statements: One is labelled as Assertion A and the other is labelled as Reason R
Assertion A: Amongst He, Ne, Ar and Kr; 1 g of activated charcoal adsorbs more of Kr.

Reason R: The critical volume V,( cm® mol™?) and critical pressure P, (atm) is highest for Krypton
but the compressibility factor at critical point Z is lowest for Krypton.

In the light of the above statements, choose the correct answer from the options given below

(1) Ais true but R is false

(2) Both A and R are true and R is the correct explanation of A

(3) A is false but R is true

(4) Both A and R are true but R is NOT the correct explanation of A

1

Assertion A correct but Reason is wrong.
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49, Match List I with List II

List I List IT
Test Functional group / Class of
Compound

(A) Molisch's Test (I) Peptide

(B) Biuret Test (IT) Carbohydrate

(C) Carbylamine Test  (III) Primary amine

(D) Schiff's Test (IV) Aldehyde

Choose the correct answer from the options given below:
(1) (A) - 11, (B) - IV,(C) — L,(D) —1I

2)(A) -1,(B) —=1,(C) —11, (D) - IV

(3) (A) 111, (B) — IV, (C) — I, (D) — I

4) (A) -1,(B) —11,(C) —11,(D) —1v

Sol. 2
A — (ID C —» (1
B — (I) D — (IV)

50.  How can photochemical smog be controlled?
(1) By using catalytic convertors in the automobiles/industry.
(2) By complete combustion of fuel.
(3) By using tall chimneys.
(4) By using catalyst.
Sol. 1

1) By using catalytic convertors in the automobiles / industry.

51. (1) X(g) = Y(8) +Z(®) Kpy =3
(i) A(g) = 2 B(g) Kp, = 1
If the degree of dissociation and initial concentration of both the reactants X(g) and A(g) are equal,
then the ratio of the total pressure at equilibrium (5—:) is equal to x : 1. The value of x is  (Nearest

integer)
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x(g)==vy(g)+z(g) Kp,=3

t=0 1 0 0 (XPl j(XPlj

KP = I+x )\1+x
teq 1-x x X ! (IXPJ
Partial (1—x)P xP,  xP, 1+x |
Pressure 1+x ' 1+x l+x (2x)2><P22
A(g) = 2B(g) K = (1—xjp
t=0 1 0 1+x ) °
teq 1-x 2x E: EZ l
Partial 1_X><P 2x <P KP, 1 4P,
Pressure l1+x ° 1+x i: 12

P, 1

Electrons in a cathode ray tube have been emitted with a velocity of 1000 m s~*. The number of

following statements which is/are true about the emitted radiation is

Given : h =6 x 10734Js,m, = 9 x 1073! kg.

(A) The deBroglie wavelength of the electron emitted is 666.67 nm.

(B) The characteristic of electrons emitted depend upon the material of the electrodes of the cathode

ray tube.

(C) The cathode rays start from cathode and move towards anode.
(D) The nature of the emitted electrons depends on the nature of the gas present in cathode ray tube.

2

h 6x107*
A h=—m=—— "
(A) mv  9x107°' x1000
=666.67 x 10°m

(C) The cathode ray start from Cathode and move towards anode.

A and B are two substances undergoing radioactive decay in a container.

The half life of A is 15 min and that of B is 5 min. If the initial concentration of B is 4 times that of A
and they both start decaying at the same time, how much time will it take for the concentration of both
of them to be same? min.

15

Condition = [B] = 4[A]

A

For A A%)E

t t
ty . y y
ForB  4A—io2A i A AL

Sum of oxidation states of bromine in bromic acid and perbromic acid is
12

Bromic Acid - HBrOs —» +5

Perbromic Acid - HBrO; — +7

Sum of oxidation state =5 + 7 = 12
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Sol.

56.

Sol.
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25 mL of an aqueous solution of KCl was found to require 20 mL of 1M AgNOs solution when titrated
using K>CrO4 as an indicator. What is the depression in freezing point of KCI solutions of the given

concentration? (Nearest integer).
(Given: K¢ = 2.0 K kg mol™?)
Assume 1) 100% ionization and

2) density of the aqueous solution as 1 g mL™?
3

KCI+ AgNO; = AgCl + KNO:s

V=25ml V=20ml
M=1M
At equivalence point,
Mmole of KCI = mmole of AgNO3; =20 mmole

Volume of solution =25ml

Mass of solution =25gm

Mass of solvent =25 — mass of solute
=25-[20 x 1073 x 74.5]
=23.51 gm

mole of KCI1

Molality of KCI = :
mass of solvent in kg

-3

_ 20x10 =085

23.51x10

1 of KCI = 2 (100% 1onisation)

AT, =ixK,; xm
=2x%x2x0.85
=34
=3

At 25°C, the enthalpy of the following processes are given:

H,(g) +0,(g) — 20H(g) AH° = 78 k] mol™?!
H,(g)+1/20,(g) - H,0(g) AH° = —242 k] mol™?
H,(g) - 2H(g) AH° = 436 k] mol™?!
1/20,(g) - 0(g) AH° = 249 k] mol™?!
What would be the value of X for the following reaction?
(Nearest integer)
H,0(g) — H(g) + OH(g)AH° = XkJmol ~*
499
2H,0(g) > H,(g)+2(g2) +(242x2)
H,(g)+0,(g)—20H +78
H, (g) —H, +436
2H,0 - 2H +20H +998KJ / mole
1
H,0 - H+OH 998 x 5= +499KJ / mole
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Sol.

59.

Sol.
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At what pH,given half cell MnO; (0.1M) | Mn?*(0.001M) will have electrode potential of 1.282 v ?
(Nearest Integer)

. o _ 2.303RT
Given Epmnogmn+z = 1.54 V,==
3

MnO, +84% +5¢° ==Mn" +4H,0

=0.059V

+2
L 0059 [mn* ]

5 fmno, ']
0.059 107
1.282=1.54— 5 1og1071X[H+J

0.258x5 _, 107

=10
0.059 g[H+T

21.86=—2+8pH

pH=2.98=3

The density of 3M solution of NaCl is 1.0 g mL™*. Molality of the solution is x 1072 m.

(Nearest integer).
Given: Molar mass of Na and Cl is 23 and 35.5 g mol~* respectively.
364
m— 1000 x M _ 1000 %3 _364
1000d - M xM.wt  1000x1—(3x58.5)
=364 x 1072

Number of isomeric compounds with molecular formula
CoH;00 which (i)do not dissolve in NaOH (ii)do not dissolve in HCl. (iii)do not give orange
precipitate with 2,4DNP (iv)on hydrogenation give identical compound with molecular
formula C4H,,0 is
2
C,H,,0 C,H,,0
D.O.U.=5 D.O.U.=4
Do not dissolve in NaOH, So no acidic group
Do not dissolve in HCI, So no basic group, no alkene
Do not give orange PPT with 2, 4-DNP so no carbonyl group
Possible compounds — cis and trans of Ph — CH = CH — O — CH;3
(Also Many possible products are there)
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60.  The total number of chiral compound/s from the following is
o Ol g ‘
0O 0O Cl
COOH, “/
: OH
COOH OH =
\\\\\()ll CH,
OH
OH HO OH
COOH , Ol . HOsC COOH
Sol.
Ph
OH
\/K/O
* Cl
COOH O
No POS No POS
(1) No COS ) No COS
o]

H

OH

OH OH No POS
No COS

OH
A3)
Note :- Take note from gammaxene structure
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Sol.

62.

Sol.

Mathematics

Section A

If y = y(x) is the solution curve of the differential equation

4 .
ﬁ + ytanx = xsecx,0 < x < g,y(O) =1, theny (%) is equal to

T 3 23 T V3 2
(D55 =Floge () @538 (7)

T \3 2 T V3 243
(3) 35+ log. (;5) ) 55+ 5 log. ()
2
Given D.E. is linear D.E.
IF _ eItanxdx

— eé’nsecx = gecx
Solution is —

y secx = J.xsec2 xdx
=X tanx —J.tanxdx

y secx = xtanx — /n secx + ¢
Put y(0) =1
1=0-0+c=>c=1

Y(x) = xtanx_fnsechr 1

(2)- ) f(@ B

&

Let R be a relation on R, given by

™ collegebatch.con

R = {(a,b):3a — 3b + /7 is an irrational number }.

Then R is
(1) an equivalence relation
(2) reflexive and symmetric but not transitive
(3) reflexive but neither symmetric nor transitive
(4) reflexive and transitive but not symmetric
3
(a,a) e R= 3a—-3a+ ﬁ
= /7 (irrational)
= R is reflexive

27 J7

Leta= —and b=—
3 3

(a,b) e R=27 — 7 +7
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63.

Sol.

=27 (irration)

(b,a) e R= 7 —27 +7

= 0 (rational)
= R is no symmetric
g, b= V7 oo

3

Leta=

(a;b)e R=> 247 (irrational)

(b;c)eR=> J7 (irrational)

(a,c) e R= 27 -3J7+7

= (0 (rational)
R is not transitive

= R is reflexive but neither symmetric nor transitive

™ collegebatch.con

For a triangle ABC, the value of cos 24 + cos 2B + cos 2C is least. If its inradius is 3 and incentre is

M, then which of the following is NOT correct?

(1) perimeter of A ABC is 18v/3
(2)sin2A + sin2B +sin2C = sinA + sinB + sin C

(3) MA-MB = —18

(4) area of A ABC is ¥

4

Let P =cos2A + cos2B + cos2C
= 2cos(A + B) cos(A — B) +2cos’C — 1
= 2cos(m — C) cos(A — B) + 2cos’C — 1
=—2cosC [cos(A — B) + cos(A + B)] -1
=—1—4cosA cosB cosC

for P to be minimum

cosA cosB cos C must be maximum
= AABC is equilateral triangle.
Let side length of triangle is a

A
M
3
g &Y c
tanG:i
a/2
=>i _ = a=6\3

area of triangle = gaz
V3

= 7(108):27\5
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64.  Let S be the set of all solutions of the equation cos™*(2x) — 2cos }(V1—x2) =m, x € -1 1].

2’2
Then " 2sin” (x’ —1) is equal to

xeS

()= —2sin"" (2) @ —sin~* ()
-2

3) =~ )0
Sol. Bonus

cos'(2x) = + 2cos ! \1-x>

Since cos1(2x) e [0,n]

RHS.>n

n+ 2cos ' \1-x? =1

=cos ' \lI-x* =0

=l-x* =1

=x=0

butatx=0

cos '(2x) = cos1(0) = g

no solution possible for given equation.

xXed
65. Let S denote the set of all real values of A such that the system of equations

AMx+y+z=1

x+Aly+z=1

x+y+iz=1

is inconsistent, then Z:(m2 +|x|) is equal to

reS

(1) 4 (2)12 3)6 (4)2
Sol. 3

Given system of equation is inconsistent

= A=0

A1 1

1 1 11=0

1 1 4

=>A-31+2=0
= (A-1? (A+2)=0

=>Ai=1,-2
But for A =1 all planes are same
Then A =-2

S(AF+1A)=4+2=6

Aes
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Sol.

67.

Sol.
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In a binomial distribution B(n,p), the sum and the product of the mean and the variance are 5 and 6

respectively, then 6(n+p—q) is equal to
(2) 50

(1)52
1
Given
np +npq =35
=np(l +q)=S5
and (np) (npq) =6
= n’p’q=6
(i) = (i)
(1+9)* 25
9 6
= 69> - 13q+6=0
=q= 2 , 3 (reject)
32
p-1-2-1
3 3
f(lﬁj:s
3 3
=>n=9
6(n+p-q)=52

..(0)
.....(i)

(4)53

The combined equation of the two lines ax + by + ¢ = 0 and a’x + b’y + ¢’ = 0 can be written as

(ax +by+c)(@a'x+b'y+c') =0.

The equation of the angle bisectors of the lines represented by the equation

(1) x? —y2 —10xy =

0

(3)3x2+5xy+2y2=0

1

For pair of st. liens in form

ax’+ by? + 2hxy + 2gx + 2fy + ¢ =0

equation of angle bisector is

2

x’—y’  xy

a=-b h
for 2x*> + xy — 3y* =0

a=2,b=—3,h=l
2

equation of angle bisector is

2

Yoy
5 " 1/2
= x> -y~ 10xy=0

2x2+xy—3y2=0is
Q) x?—y?+10xy =0
(4)3x2+xy—2y*=0
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Sol.
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The area enclosed by the closed curve C given by the differential equation Z—z + % =0,y(1)=0is

4.
Let P and Q be the points of intersection of the curve C and the y-axis. If normals at P and Q on the

curve C intersect x-axis at points R and S respectively, then the length of the line segment RS is

(12 @22 (3)243 CEs
2

dy x+a

A =0,y(1)=0

ax y_2 y(1)

dy _—(x+a)

dx y—2

Jr-2)dy =[x+ a)dx

2 2
Xy =2y—(xx+l+(x
2 2
X +y +20x —4y—1-20=0
Area =4n
nr? = 4n
=4

o> t+4+1+20=4
a?+20+1=0
(a+1)P?=0=[a=-1]
XX+y —2x—4y+1=0

y-2 =3(x-1) y—2=—3(x-1)
y=0 y=0
463
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Sol.

70.

Sol.
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—=x-1 I+ —==x
NG} NE)
2 2
|- = Rl 1+-.,0
3 ( NG j
2
Sl1-==,0
%)

=
w2
1
+
Sl
N—
/’_gr‘\
|
S
Ne—
Il
&l =
I

The value of

L s
1!50! 3148! 5!46! 4912! 51!1!

250 251 250 251
M- @ 25 (€) R S
1

1 1 1 1 1
S = + + +o o —
150! 3!48! 5'46! 49121 51!

1 51! 51! 51! 51! 51!
= + + +o —

ST 11500 31481 5!46! 49121 51!10!

1
= E(SICSO ' Cu+ " Cpg et G+ CO)
"Co+" Cy+" Cy =2
250
51

The mean and variance of 5 observations are 5 and 8 respectively. If 3 observations are 1, 3, 5 then the
sum of cubes of the remaining two observations is

(1) 1216 (2) 1072 (3) 1456 (4) 1792

2

Let remaining two observations are a and b

1+3+5+a+b

5
= at+tb=16 ...(J)

2 2 2 2 2
8=1 +3°+5 +a +b o5
5

= a>+b*=130

a2 +b>=130 ...(ii)

(a+b)>=a’>+b*>+2ab

= 256 =130+ 2ab

ab =63

a® +b* = (a + b)’ —3ab(a + b)
=(16)* - 3(63) (16)
= 4096 — 3024

=a’+b*=1072

5=
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71. The sum to 10 terms of the series
1 2 3 4
1+1241% 1422424 1432434 -1
55 56
M7 @)
Sol. 1
3 n
" 1+nt+nt
n

- (n*—n+1)(1n’*+n+1)

l[(n2+n+l)—(n2—n+1)}

(n*—n+1)(n*+n+1)

1 1 1
= Tn= 5| — T2
2| (n"—n+1) (n"+n+1)

10
Sn= ZTn
_1 1
- Z[n —n+l o +n+1j

DY

72. The shortest distance between the lines
x-S _y-2Zz _ and x_+3 3’_+5 —z1.
1 2 - -5
(1)5V3 (2) 7\/—
Sol. 3
L x=5 _ y=2 _ z—4
1 2 -3
=50 +2]+4k

r=i+2j-3k
x+3 y+5 z-1
1 4 -5
a, =3 5] +k
r=i+4]—5k

A

|

i j ok
rxn=[1 2 =3

1 4 -5
=2 +2]+2k

58
(€) e

(3) 6v3

™ collegebatch.con

59
G by

(4) 43
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Sol.

74.

Sol.

(527 )

‘lerz ‘

Shortest distance (d) =

36
=22 63
243

lim [+ Lt

n-oo L1+n 2+n 3+n

(1) log, 2
1

. 1 1 1 1
lim + + +.. +—
ool 1+p 2+4+n 3+n 2n

= limzn: !

] is equal to

(2) log. (;) (3) log. (%)

Ox+1

=log,(1+x)|,
= log?

Let the image of the point P (2,
3x + 2y + z + 29 = 0 from the point Q is

()22 ) 2V14 (3) 3V1d
3
let Q(a, B, v ) is image of P(2, —1, 3) in the plane x + 2y —z=0
a=-2_p+1_y-3 _ -22-2-3) _

1 2 -1 P+22+(-1)°

a=3,B=1Ly=2
Distance of Q(3, 1, 2) from
3x+2y+z+29=0
133)+2(1)+2+29|

N3 +22 41

- T__?,\/_

D:

™ collegebatch.con

(4)0

—1,3) inthe plane x + 2y — z = 0 be Q. Then the distance of the plane

(4) ﬂ
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Sol.

76.

Sol.
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Let f(x) = 2x 4+ tan"! x and g(x) = log,(V1 + xZ + x),x € [0,3].

Then

(1) minf'(x) = 1 + maxg’(x)

(2) maxf (x) > maxg(x)

(3) there exist 0 < x; < x, < 3 such that f(x) < g(x),Vx € (x1,x3)

(4) there exists X € [0,3] such that f' (%) < g'(X)

2

Psx) = 24—
1+ x°

fx)T forx € [0, 3]

f(0)=0, f(3) =6+ tan"'(3)

X

ek - ! f 0,3
= > orx €

x+\/l+x2 \,t”1+x2 0 193]

g(x) T forx € [0, 3]

2(0) =0, g(3) = log,(\10+3)

max f(x) > max g(x)
Option (2) correct

>0 forx e [0, 3]

g'(x)=

If the orthocentre of the triangle, whose vertices are (1,2) (2,3) and (3,1) is
(a,PB), then the quadratic equation whose roots are o + 43 and 4o + f3, is

(1) x> —20x +99 =0 (2) x>~ 19x + 90 =0
(3) x> —22x + 120 =0 (4) x>~ 18x + 80 =0
1

C(3,1)

equation of AD : x —2y+3=0
equation of CE: x+y—-4=0
7

5
rthocenter (a, B) is | =,=
orthocenter (a, PB) is [3 3}

at+4B=11 andd4a+pB=9
Quadratic equation is

X2 —(11+9)x+(11x9)=0
=x>-20x+99=0
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Sol.

78.

Sol.
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LetS = {x:x € Rand (V3 + V2)X 4+ (V3 —V2) "t = 10}

Then n(S) is equal to

(1) 4 (2) 0 (3)6 4) 2
1

(VB+2) " +(¥B=2) =10

L
(V3++2)

Let (\/§+\/§)XZ_4=t
t+%:10

=t2-10t+1=0

t=5+26, 5-2/6

If t=5+2J6 If t=5-26
(VB+2)" =(V3+2) (VFez) =(B+2)°
=>x'—4=2 —>x2-4=-22
= x=+J6 = x=+2
S = (V6,6 2,-2)
n(s)=4

z—2

If the center and radius of the circle

3‘ =2 are respectively (o,f3) and y.
7

then 3(a + B + y) is equal to
(11 (2)12 39 (4) 10
2
Putz=x+1y
|(x=2)+iy _,
| (x=3) +iy|
= X-2 +y =4(x-3)+y)
= X2 —4x +4+y* =4x> - 24x + 36 + 4y?
= 3x*+3y?-20x+32=0
20 32

=>x+y ——x+—==0
3 3

)

Radius (y) = j =

3(9+0+%j:12
3 3

Center (a, B) = (

w|5

|
w|5
[3e)
|
w|$

W | N
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79.

Sol.

80.

Sol.

81.
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1+sin®x  cos?x sin 2x -
Let f(x) =| sin?x 1+4cos?x sin2x |, XE€E [E’E]' If @ and B respectively are the
sin? x cos’x 1+ sin2x

maximum and the minimum values of f, then
Ma?+p2=2  @Qp-2/a== @)a*-p2=4V3
2

l+sin®x  cos’x sin2x

f(x)=| sin>x  1+cos’x sin2x
sin’ x cos’x l+sinx

Rz —> Rz — R]

R3 —> R3 - R

l+sin’x cos’x sin2x
= -1 1 0
-1 0 1

= (1 + sin?x) — cos®x(—1) + sin2x
f(x) =2+ sin 2x

2xe[z 2—”} 3

, DTSSIHZ)CSI
a=2+1=3

B

p=2+ B
,82—2\/3:[2+§) 23
4+%+2J§—2J§

Q
4

The negation of the expression q V ((~ q) A p) is equivalent to
DV~ @pArl~q) G)(~p)Vq
4

~@v(~g9)Ap)
=~qgn(gv~p)

= (~gAq@)V(~gnrn~ D)
=Fv(~gr~p) =~ Ar(~p)

Section B

1

() >+ 2Va =2

9
4

@A~

Let ¥ = ai + 2j — 3k,w = 2ai + j — k and % be a vector such that |#i] = @ > 0. If the minimum

value of the scalar triple product [uvw] is —av3401, and |4 - §
natural numbers, then m + n is equal to

? =

m .
- where m and n are coprime
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82.

Sol.

83.

Sol.

3501
i j k
vxw=la 2 -3
2 1 -1
= i—S(x} 3ok

[uvw]=u(vxw)

=|t| [V x W|cos®
since [u v w] is Least = cosO =—1
[uv w] = (|| V1+25a +90 ) (-1

= —a1+340? =—0x/3401
= a2=100

= a=10 {=a>0}
U is parallel to vxw
U=MVxwW)
i=2(1—50j—30Kk)

|[u|=10
IA| 73401 =10
10 - 10
A = u=x=
V3401 V3401
- 2 100 m
|ui| =——=—
3401 n

m+n =100+ 3401 =3501

(i—soj—soﬁ)

™ collegebatch.con

The number of words, with or without meaning, that can be formed using all the letters of the word

ASSASSINATION so that the vowels occur together, is

50400
A-3,1-2,S-4,N-2,0-1,T-1
As vowels are together

8! 6!
Total words formed = (—j(—j
4121 )L 312!

_ (8x7x6x5j(6><5x4j — 50400
2 2

The remainder, when 192°° + 23290 ig divided by 49 , is

29

19200 + 23200 an+bn

193 =6859 =140 x 49 — 1

=49\ -1

(19%)56 = (497, — 1)6¢

So, Remainder of 19'® divided by 49
is (<1)% =1
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19% = 361 gives remainder 18

So, 19%% gives remainder 18

23? gives remainder 39

(23)® gives remainder 15

(23)* gives remainder 2

((23)")¢ gives remainder (2)° = 64
& 64 gives remainder 15

23)* —> 15

23 —> 2

(23)%) — (2)* =256 —> 11
So, Total remainder = 18 + 11 =29

84. The number of 3-digit numbers, that are divisible by either 2 or 3 but not divisible by 7 , is
Sol. 514

3 digit numbers divisible by either 2 or 3

P = n(divisible by 2) + n(divisible by 3) — n(divisible by 6)

P=450+300-150

P =600

Q = n(divisible by 14) + n(divisible by 21) — n(divisible by 42)

=64+43-21=286

3 digit number divisible by either 2 or 3

But not divisible by —1 so P — Q =600 — 86 =514

85. Let f:R — R be a differentiable function such that f'(x) + f(x) = [ 02 f(t)dt.
If £(0) = e~2, then 2f(0) — f(2) is equal to
Sol. 1

2
Let  [f(t)dt=2
0

f'(x) +f(x) =A
is linear Differential equation
Lf = eI e
f(x).e* = j e*Adx
= f(x).e*=Ae*+C
= f(x)=A+Ce™
put f(0) = &2
e?=A+C=>C=¢?-A
fix)=r+(2-1)e*

2

A= j f(t)dt

= j(x +(e? —A)e)dt

SA=A+tre?—e*+e?
=A=c2-1
fix)=e?-1+e™
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f(0) = ¢
f(2) = 2e2 -1
2f(0) — f(2) = 1

86. Iff(x)=x2+g'(Dx+g"(2) and g(x) = f(Dx? +xf'(x) + f"(x), then the value of f(4) —
g(4) is equal to
Sol. 14
let g(1)=A
¢'(2)=B
fx)=x*+Ax+B
f()=A+B+1
f(x)=2x+A
£ =2
gx)=(A+B+1)x*+x(2x+A)+2
= g(x)=x*(A+B+2)+Ax +2
gx)=2x(A+B+2)+ A
g =A
=>2(A+B+2)+ A=A
A+B=-2 ...
g"(x) =2(A+ B +2)

g'(2)=B
—2(A+B+2)=B
—~2A+B=—4 ....(ii)

From (i) and (i1)
A=-2and B=0
fx)=x>-2x
f4)=16-8=8

g(x) =-2x+2
g(4)=-8+2=-6
f(4)—g4)=8-(-6)=14

87. Let A be the area bounded by the curve y = x|x — 3|, the x-axis and the ordinates x = —1 and x = 2.
Then 124 is equal to

Sol. 62
x(x=3);x>3
y=xx-3|=
x(3—-x);x<3

y =X|x - 3|

A

A

10 |/ .
: 2,0)(3.0)
1
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88.

Sol.

89.

Sol.

A= [ xG-x)dxt [ 2G-x)dx
= jfl(x2—3x)dx+‘[;(3x—x2)dx

X 3x? ’ 3x X ’
= —_— + -
3 2 » 2 3 o

™ collegebatch.con

Iffo1 (2P +x + x)2x™ + 3x7 +6)V7dx = %(11)"‘/" where [,m,n € N,m and n

are coprime then [ + m + n is equal to

63

1
1= j; e xrx7) 2x4+3x7+6)7 dx

- j;(x2°+x‘3+x"’) 2x2+3x"46x7)7 dx

Put 2x*' + 3x!* + 6x” = t
= 42(x*° + x!? + x%)dx = dt

= x°+xP+x%dx = ﬁ
42
1
-
1= "
42
11
8
N
42| 8
7 o

7Y\ 1 8/7
(gj EJ“”

1 1
:_118/7:_ llm/n
48( ) g( )

(+m+n=48+8+7=63

Let a, = 8,a,,as, ..., a, be an A.P. If the sum of its first four terms is 50 and the sum of its last four

terms is 170 , then the product of its middle two terms is

754
a=28
d = common difference

%[16+3d]=50
=d=3
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90.

Sol.

% [2a, + 3(~d)] = 170

= 2(a1 +(n—1)d)—3d =285
= 16+6(n—-1)-9=85
n—-1=13
n=14
Product of middle two terms = T7 x Tg
= (a1 + 6d) (a1 +7d)
=(8+18) (8 +21)
=(26) (29) =754

™ collegebatch.con

A(2,6,2),B(—4,0,4),€(2,3,—1) and D(4,5,0), |A| < 5 are the vertices of a quadrilateral ABCD. If its

area is 18 square units, then 5 — 64 is equal to

11
AD=2i —j-2k
AC=-3j-3k
i 7k
ADxAC =2 -1 -2
0 -3 -3
=31 +6)-6k

Area (AADC) = %\ﬂ)’ x A_C‘

- 15536736 =2
AB=-6i —6]+(A-2)k
AC =-3j-3k
ik
ABxAC=|-6 -6 A-2
0 -3 -3

=(12+3)) i—-18+18k
area (AABC) = %‘Ex TC‘

= %\/(4+/1)2 +36+36
Area(AABCD) = ar(AADC) + ar(AABC)

=18 = 2+§4/(4+/1)2+72
2 2

=4+A1)*=9

4+Ar=3 or 4+Ar=-3
=>Ai=-1 or A =—"T (reject)
5-6A=5+6=11

474



JEE-MAIN EXAMINATION — JANUARY, 2@‘30"99900':‘:“-“”“

(Held On Thursday 1st February, 2023) TIME:3:00 PM to 6:00 PM

Physics
SECTION - A

1. For three low density gases A, B, C pressure versus temperature graphs are plotted while keeping them
at constant volume, as shown in the figure.

AP(atm Gas A
/ Gas B

% iR
» Temperature (°C)

K 0°C

The temperature corresponding to the point ' K'is :
(1) —273°C (2) —100°C (3) —40°C (4) —373°C
Sol. (1)
From ideal gas equation
PV =nRT
" volume is constant
PocT
It is clear from graph that for all the gases lines of graphs meet at same value.
At x-axis (temperature axis) P is zero but temperature is negative and it will be equal to 0 K or —273°C

2, Given below are two statements : One is labelled as Assertion A and the other is labelled as Reason R.
Assertion A : For measuring the potential difference across a resistance of 6001, the voltmeter with
resistance 1000Q2 will be preferred over voltmeter with resistance 40001).

Reason R : Voltmeter with higher resistance will draw smaller current than voltmeter with lower
resistance.

In the light of the above statements, choose the most appropriate answer from the options given
below.

(1) Both A and R are correct and R is the correct explanation of A

(2) Both A and R are correct but R is not the correct explanation of A

(3) A is not correct but R is correct

(4) A is correct but R is not correct

Sol. (3)

To measure the potential difference between two point, voltmeter is used. But this voltmeter should be with
higher resistance so that it cannot draw any current.
Now to measure the potential difference across 600 Q voltmeter of 4000 Q is much better than 1000 Q voltmeter.

3. Figures (a), (b), (c) and (d) show variation of force with time.
F(N) F(N)
05 0.5
/
#
0 Fig(a) 10 us) 0 Fig(b) 20 >(s)
F(N)
0.75
\\
0 Fig© 10 t@) 0 Fig@ 20 Hs)
The impulse is highest in figure.
(1) Fig (¢) (2) Fig (b) (3) Fig (d) (4) Fig (a)
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Sol. (2)
As we know that impulse is given by
I=AP=FxAt
or I = Area of f-t graph

For fig (a) > 1 :% X base x height

= %XO,SX]ZO.ZSN—SCC.

For fig (b) [ = length x width
=2x0.5=1 N-sec

For fig (c) I = % x base x height

%X 1 x0.75=0.375 N-sec.

For fig (d) I = % x base x height

= %x 2 x0.5=0.5 N-sec.

Impulse is highest for that figure, whose area under F-t is maximum and i.e. figure(b)
Option (2) is correct.

4. An electron of a hydrogen like atom, having Z = 4, jumps from 4™ energy state to 2" energy state.
The energy released in this process, will be :
(Given Rch = 13.6eV)
Where R = Rydberg constant
¢ = Speed of light in vacuum
h = Planck's constant

(1) 40.8eV (2) 3.4eV
(3) 10.5eV (4) 13.6eV
Sol. (1)

AE =13.6Z° (iz—izj

rl1 n2
Z =4 (hydrogen like atom)
n=2m=4
AE =13.6(4)° (1 -iJ

4 16

—13.6x| 107416
64

AE:13.6><£><16
64

AE =40.8¢V
5. The ratio of average electric energy density and total average energy density of electromagnetic wave
is:
3 ()5 (3)1 4)2
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Sol.

Sol.

2)

Ratio of average electric energy density and total Avg energy density.

. . 1
Avg electric energy density = ZaoEﬁ

. 1
Total Avg energy density = EsoEé

™ collegebatch.con

Two objects A and B are placed at 15 cm and 25 cm from the pole in front of a concave mirror having
radius of curvature 40 cm. The distance between images formed by the mirror is

(1) 100 cm (2) 60 cm (3) 160 cm
3)

R =40 cm, f=20cm
155 cm

Q2 51 }’
25cm /

Using Mirror formula

[ ]

_+_—_
v u f
1_1 1
v f f
4f
V:
u-—f

For object A(O1) uj=—-15cm, f=-20 cm, V;="?
oyt (1sy—20)  +300

Py -t 19-20) 5

For object B(O2) uz =-25 cm, f=-20cm v, = ?
u,f  (=25)(=20) 500

u,—-f (-25)-(-20) -5

Hence, the distance between images formed by the mirror is

<

Va

(4) 40 cm
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7. Equivalent resistance between the adjacent corners of a regular n-sided polygon of uniform wire of
resistance R would be:

0 =E (2) 28 (3) P8 @)
Sol. (3)

When, a uniform wire of resistance R is shaped into a regular n-sided polygon, the resistance of each side will
be

R

— =R,

n
Let R; & R; be the resistance between adjacent corners of a regular polygon

(n-1)R

(n—-1)R
(2n-1)

". The resistance of (n—1) side, R, =

Since two parts are parallel, therefore Req

L

R. — RR, \n n

Y R+R, (R) (n-1),
n n

_ (n—DR? 5 n

Re
! n>  R+nR-R
(n-DR
Req = nZ
8. A Carnot engine operating between two reservoirs has efficiency % When the temperature of cold
reservoir raised by x, its efficiency decreases to %. The value of x, if the temperature of hot reservoir is
99°C, will be :
(1) 66 K (2) 62 K (3) 33K (4) 165 K
Sol. (2)
. 1
Given m=-
" 3
When T, - (T, +x) i.e., temp. of cold reservior

Temp. of hot reservior (T;) = 99°C
=99 +273=372°K

As we know,
T, 1
=l-—2=- ..(1
n T3 )]
(Tz_x) 1
=== .2
n T p )
L -(M+x) 1
T, 6
From equqation (1)
LR
3 372
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Sol.

10.

Sol.

1 372-T,
3372
372 - 372 T,

3
T, =248K
By putting the value of T in equation (2)
T,—(T,-x) 1

T, 6
372-(248+x) 1
372 6

372—24—x:%

124—-x =62
124-62=x

™ collegebatch.con

Given below are two statements: One is labelled as Assertion A and the other is labelled as Reason R.
Assertion A: Two metallic spheres are charged to the same potential. One of them is hollow and
another is solid, and both have the same radii. Solid sphere will have lower charge than the hollow

one.

Reason R: Capacitance of metallic spheres depend on the radii of spheres.
In the light of the above statements, choose the correct answer from the options given below.

(1) Both A and R are true and R is the correct explanation of A

(2) A is true but R is false
(3) A is false but R is true 4.

(4) Both A and R are true but R is not the correct explanation of A

(©)

As we know, capacitance of spherical conductor

C=4neR

So, capacitance does not depend on its charge, it depends only on the radius of the conductor (R).

Therefore, assertion is false, R is true.

If the velocity of light ¢, universal gravitational constant G and Planck's constant h are chosen as
fundamental quantities. The dimensions of mass in the new system is :

(1) [h1/zc—1/zG1] (2) [h—1/zc1/2G1/2]

(©)
[M]=[G] [n] [e]

[M] _ |:M—1L3T—2 J [MLszl ]4 [LT—I ]

[MzLoTo } _ |:M—x+y:||:L3x+2y+z ][T—Zx—y—z ]

y—x=1 (1)
3x+2y+z=0 ...(2)
2x-y—z=0 ...(3)

. 1
On solving, x=—5 ,y=—,2z2=

So m= E
\JG

(3) [n1/2c1/2G—1/2]

(4) [htc*G™Y]
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Sol.

12,

Sol.

13.

Sol.
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Choose the correct statement about Zener diode :

(1) It works as a voltage regulator in forward bias and behaves like simple pn junction diode in reverse bias.
(2) It works as a voltage regulator only in forward bias.

(3) It works as a voltage regulator in both forward and reverse bias.

(4) It works as a voltage regulator in reverse bias and behaves like simple pn junction diode in forward bias.
“4)

Zener diode act as a voltage regulator & it is used in reverse bias.

Similarly it behaves as a pn juction diode in forward bias.

The Young's modulus of a steel wire of length 6 m and cross-sectional area 3 mm?, is 2 x 1011 N/m?.
The wire is suspended from its support on a given planet. A block of mass 4 kg is attached to the free
end of the wire. The acceleration due to gravity on the planet is % of its value on the earth. The
elongation of wire is (Take g on the earth = 10 m/s?) :

(1) 0.1 cm (2) 0.1 mm (3)1cm (4) 1 mm
(2)
As we know,
Y= stre.ss
strain
_FL
AAL
Given : Y =2 x 10'' N/m?
g
L=6m 2= "
A =3mm?
M=4kg
F =mg,
F=4x 10 _ 10N
4
Hence 2x10" :%
3x107" x AL

In an amplitude modulation, a modulating signal having amplitude of X V is superimposed with a
carrier signal of amplitude YV in first case. Then, in second case, the same modulating signal is
superimposed with different carrier signal of amplitude 2Y V. The ratio of modulation index in the two
cases respectively will be :

(n2:1 (2)1:2 (3) 4:1 (4) 1:1
1
p = ratio of modulation index
An=X,Ac =Yy
An=X, A =2y
A X
W =—t=— ...(1)
LAy
A X
=—0=— .2
M, A 2y 2
Hence cq” (1) Mo x/y _2_y
eq'(2) u, x/2y 'y
L
M,
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Sol.

15.
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The threshold frequency of a metal is f,. When the light of frequency 2f, is incident on the metal plate,
the maximum velocity of photoelectrons is v;. When the frequency of incident radiation is increased
to 5f;,, the maximum velocity of photoelectrons emitted is v,. The ratio of v, to v, is:

vi_1 n_1 1 i1
W=3 @) =1 B =1 @) -=3
(C))

Using photoelectric equation
hf —hf, =eV,

As per question

h(2f,) -h(f,)) =eV,

h(2f, -f,)=¢eV,

hf, =eV, ..(D
h(5f,) —hf, =eV,

h(5f, —f,) =eV,

4hf; =eV, ...(2)
Equation 2 = 4hf, :%
hf, eV,
iy
Vl

As we know

max

T
\£! v,

S = /—: 4=2
Vl Vl \/_

S

KE,  =€eV= %mv2

1
v, 2

A coil is placed in magnetic field such that plane of coil is perpendicular to the direction of magnetic
field. The magnetic flux through a coil can be changed:

A. By changing the magnitude of the magnetic field within the coil.

B. By changing the area of coil within the magnetic field.

C. By changing the angle between the direction of magnetic field and the plane of the coil.

D. By reversing the magnetic field direction abruptly without changing its magnitude.

Choose the most appropriate answer from the options given below :

(1) A and B only (2)A,Band Donly (3)A,BandConly (4)A and Conly
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Sol.

16.

Sol.

3)
N\

\4

v

v

U

¢ =BAcos6
This show

(1) by changing B
(2) by changing A

(3) Angle (8) between B and plane of coil.

™ collegebatch.con

Choose the correct length (L) versus square of time period (T?) graph for a simple pendulum

executing simple harmonic motion.

A

T2
[e)
(1) X
F
-
0
(3)
@

As we know, time period of simple pendulum is

—

L
T=21‘c\/:
g

or T2 = 4r°
g

Thus the graph between T? & L is a straight line

T2/

L = T ’«L

(2)

4)
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Sol.

18.

Sol.
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As shown in the figure, a long straight conductor with semicircular arc of radius % m is carrying

current [ = 3 A. The magnitude of the magnetic field. at the center O of the arc is : (The permeability
of the vacuum = 47 x 1077/NA~?)

I1=3A = I=3A
(1) 1puT (2) 3uT (3) 4uT (4) 6uT
2)
[=3A 0 [=3A

Given:R:%m, 1=3A, W,=4nx107N/A’

Magnetic field due to semi-circular arc is
_ Kl

4R
Hex3  4mx107x3

4x| = 4x T
10 10

B:

As shown in the figure a block of mass 10 kg lying on a horizontal surface is pulled by a force F acting
at an angle 30°, with horizontal. For us = 0.25, the block will just start to move for the value of F:
[Giveng = 10 ms™2 ]

F
30°
ARRRRRRRRRRRANRNNA
(1) 20N (2) 33.3N (3)25.2N (4)35.7N
3)
F
AP0

VOO OO OO I s
Givne m = 10 kg, ps = 0.25, 8 = 30°, g = 10m/sec.
F.B.D. (Free Body Diagram)

Fsin30°
1Y 1\ N F
A |30°
p— m 7
f=nuNg Fcos30°
mg
Fcos30°=f ...(1)
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19.

Sol.

Fsin30° + N=mg = N = Mg —Fsin30° ...(2)
From equation (1)

Fsin30° = pN

Fcos30° = pg(mg — Fsin30°)

Fcos30° = psmg — pF sin30°

F(co0s30° + pnssin30°) = pymg

_ p.mg _0.25x10x10
c0s30°+p,sin30°  /3/2x0.25%1/2
- 25025: 50 _ 50 oy

B2+ .2 1.73+0.25 1.98

™ collegebatch.con

The escape velocities of two planets A and B are in the ratio 1: 2. If the ratio of their radii respectively
is 1: 3, then the ratio of acceleration due to gravity of planet A to the acceleration of gravity of planet

B will be :

()3 (2)2
3)

Given :

VA
v,

:l
2

B

Given : %:— ..(2)

Therefore,

Ba _ MR}

23 MBR}23
=—x l x9

3
4

@3
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20. For a body projected at an angle with the horizontal from the ground, choose the correct statement.
(1) The vertical component of momentum is maximum at the highest point.
(2) The Kinetic Energy (K.E.) is zero at the highest point of projectile motion.
(3) The horizontal component of velocity is zero at the highest point.
(4) Gravitational potential energy is maximum at the highest point.
Sol. @)
At highest point height is maximum and vertical component of velocity is zero.
So momentum is zero.
At highest point horizontal component of velocity will not be zero but vertical component of velocity is equal
to zero and because of this K.E. will not be equal to zero.

2 2.2
Gravitational potential energy is maximum at highest point and equal to mgH = mg [ 4 521n ej
g
Highest point
U ———>Velocity (vx)
 dy

Therefore the correct option is (4).

SECTION - B

21. A block is fastened to a horizontal spring. The block is pulled to a distance x = 10 cm from its
equilibrium position (at x = 0 ) on a frictionless surface from rest. The energy of the block at x = 5 cm

is 0.25 J. The spring constant of the spring is Nm™!
Sol.  (50)
Given
<10cm—>
y A= 10cm
<>
Y| [Som —‘

. I . 1
At any instant total energy for free oscillation remains constant = EkA2

= %kA2 =0.25J

1

025x2
= E1<A2=().25J = K=o

2

0.50 0.50  0.50x10*

~ (10em)”  (10x107) 100
k=0.50 x 100 = 50 N/m

22, A square shaped coil of area 70 cm? having 600 turns rotates in a magnetic field of 0.4 wbm™~2, about

an axis which is parallel to one of the side of the coil and perpendicular to the direction of field. If the
coil completes 500 revolution in a minute, the instantaneous emf when the plane of the coil is inclined

at 60° with the field, will be V. (Take © = %)
Sol. (44)

Area (A) =70 cm? =70 x 10*m?

B=04T

= 500 revolution _ ﬂ rev.

60 minute 60 sec.

Induced emf in rotating coil is given by 485



23.

Sol.

24.

Sol.
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e =NwBAsin0O
22 500 .
=600x2x7x5x0.4x70x104‘ sin30°

=600><2><2><ﬂ><0.4><70><10’4><l
7 6 2

=44Volt

As shown in the figure, in Young's double slit experiment, a thin plate of thickness t = 10um and
refractive index 4 = 1.2 is inserted infront of slit S;. The experiment is conducted in air (x = 1) and
uses a monochromatic light of wavelength A = 500 nm. Due to the insertion of the plate, central

maxima is shifted by a distance of xf,. f, is the fringe-width befor the insertion of the plate. The value
of the x is

t
S, T_
=2 P
S,
(C))
Given t=10x10"m
p=1.2
A =500x10"m
When the glass slab inserted infront of one slit then the shift of central fringe is obtained by
ni
t=
(n=1)
- mxlo,(,_nxsooxlo”
1.2-1)
10x10° = nx500x10~°
0.2
n=4

2
Moment of inertia of a disc of mass M and radius ' R ' about any of its diameter is %. The moment of

inertia of this disc about an axis normal to the disc and passing through a point on its edge will be,
% MRZ. The value of x is

(©))

By using paralle'l axis theorem
I'=1, + MR?

_ MR’

I +MR?
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3MR?
I'=

SSSSS

Given I’:%MR2

x=3

25. For a train engine moving with speed of 20 ms™1, the driver must apply brakes at a distance of 500 m
before the station for the train to come to rest at the station. If the brakes were applied at half of this
distance, the train engine would cross the station with speed vx ms~*. The value of x is
(Assuming same retardation is produced by brakes)

Sol. (200)

By using 3™ equation of motion
v:i=u?+2as
(0)> =u® + 2as

u? =-2as
2 (20)’
S CL) e
2a 2xa
. . 400
acceleration of the train, a= ———=-0.4m/ sec
1000

Now, if the brakes are applied at S = 250 m i.e. half of the distance
vi=u?+ 2as
v =(20)2 +2 (-0.4) x 250
vZ =400 -2 x i 250
10
v =200
v =+200
Given => v = \/;

26. A cubical volume is bounded by the surfaces x = 0,x = a,y = 0,y = a,z = 0,z = a. The electric field
in the region is given by E = E,xi. Where E, = 4 x 10*NC~* m~%. If a = 2 cm, the charge contained in

the cubical volume is Q x 10~1*C. The value of Q is . (Take €, = 9 x 10712C2/Nm?)
Sol. 288
y
/
—
AT
—
—
a5 S > X
a
Z
¢=E-A
E=E,ai
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27.

Sol.

28.

Sol.

o= an.32 = an3
qenc, = (I)SO

_ 3
qcncA - EOa 80

=4x10*"x8x10°x9x10™"

Qe =288x107C

Hence the value of Q is 288.

™ collegebatch.con

A force F = (5 + 3y?) acts on a particle in the y-direction, where F is in newton and y is in meter. The
work done by the force during a displacement fromy =2 mtoy = 5mis J.

132)
Given :

F = (5 + 3y?) in the y direction
Work done is given by

Ya
W= j F.dy
M

y,=2m, y,=5m

W :j(5+3y2)dy
2

W= dey+j3y2dy
2 2

W =[5y]. {%T

2

W=(5x5-5x2)+(125-8)

W =(25-10)+117

W =132Joule

The surface of water in a water tank of cross section area 750 cm? on the top of a house is h m above
the tap level. The speed of water coming out through the tap of cross section area 500 mm? is 30 cm/s.

At that instant, % is x X 1073 m/s. The value of x will be

2

By using equation of continuity

Av,=A,v,

750107 x v, =500x107° x30x 10~

v, =20x10™* m/sec

v, =2x107m/sec

Given: —
dt

Therefore

=v=xx 1073 m/sec.
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29. Inthe given circuit, the value of hitls| s

2

Sol. (2)
10V 20V 10V
(-1

10Q 1, @ M
100 = A
I

> A%

I 100 I

10Q
Apply KVL in loop (1)
20-10-101=0

or
Apply KVL in loop (2)
-10+51'=0

On comparing I3=1A

Iz=11=%=1Amp

1+1

I +1
So, the value of a7t

=2 Amp.

2

30. Nucleus A having Z = 17 and equal number of protons and neutrons has 1.2MeV binding energy per
nucleon. Another nucleus B of Z = 12 has total 26 nucleons and 1.8MeV binding energy per nucleons.
The difference of binding energy of B and A will be MeV.

Sol. 6 MeV
For Nucleus A
Z = 17 = Nummber of protons Given (Z=N) .. N=17
A=34=7Z+N
Ewn=1.2 MeV

(Ep),
A
(Eg), = (12MeV)xA

=1.2MeV

(Ep), =(1.2MeV)x34

(EB )1 =40.8MeV| — Binding energy of Nucleus A.
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For Nucleus B

Z=12, A=26

E, =1.8MeV
bn

(Es),
A
(Eb )2 = (1.8MeV)x A

=1.8MeV

(E,), = (1.8MeV)x26

(Eb )2 =46.8MeV | > Binding energy of nucleus B

Therefore, difference in binding energy of B and A is
AE, =(E,), —(E,),
=46.8MeV —40.8MeV =6MeV
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Chemistry
SECTION - A
31.  For electron gain enthalpies of the elements denoted as AggH, the incorrect option is :
(1) Aeg H(Te) < AggH(PO) (2) 2. AegH(Se) < AggH(S)
(3) AegH(CD) < AggH(F) (4) AegH(D) < AggH(AD)

Sol. 2
Electron gain enthalpies —
— S>Se>Te>0
—ClI>F>Br>1

32. All structures given below are of vitamin C. Most stable of them is :

Sol. 1

33. In figure, a straight line is given for Freundrich Adsorption (y = 3x + 2.505). The value of % and

log K are respectively.

log K
—> logP 5
(1) 0.3 and 0.7033 (2) 0.3 and log 2.505
(3) 3 and 0.7033 (4) 3 and 2.505
Sol. 4
X _gph
m

log X = logk + llogP
m n

Y =3x +2.505, & =3, log K = 2.505)
n
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34.

Sol.

3S.

Sol.

36.

Sol.

37.
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The correct order of bond enthalpy (kjmol™1) is :

(1)C=C>Si—Si>Sn—Sn>Ge—Ge (2)C—C>Si—Si>Ge—Ge>Sn—Sn
3)Si—Si>C—-C>Sn—Sn>Ge—Ge (4)Si—Si>C—C>Ge—Ge>Sn—Sn

2

Bond length T Bond energy

Given below are two statements : one is labelled as Assertion (A) and the other is labelled as Reason
R).

Assertion (A) : An aqueous solution of KOH when used for volumetric analysis, its concentration
should be checked before the use.

Reason (R) : On aging, KOH solution absorbs atmospheric CO,.

In the light of the above statements, choose the correct answer from the options given below :

(1) Both (A) and (R) are correct but (R) is not the correct explanation of (A)

(2) (A) is correct but (R) is not correct

(3) Both (A) and (R) are correct and (R) is the correct explanation of (A)

(4) (A) is not correct but (R) is correct

3

KOH absorb CO>

So its concentration should be checked.

O — O bond length in H,0, is X than the O — O bond length in F,0,. The O — H bond length in H,0,
is Y than that of the O — F bond in F,0,.

Choose the correct option for X and Y from those given below

(1) X-shorter, Y - longer (2) X-shorter, Y-shorter
(3) X - longer, Y-shorter (4) X-longer, Y — longer
3

O

RN

N J B N J

— (0 —0) BL in H20: in longer then (O-O) BL in O2F>

— (O-H) BL in H20O» in shorter than (O—F) BL in O2F>

Given below are two statements : one is labelled as Assertion (A) and the other is labelled as Reason
(R).

Assertion (A): Cu?* in water is more stable than Cu*.

Reason (R) : Enthalpy of hydration for Cu?* is much less than that of Cu®.

In the light of the above statements, choose the correct answer from the options given below :
(1) Both (A) and (R) are correct and (R) is the correct explanation of (A)

(2) (A) 1s not correct but (R) is correct

(3) (A) is correct but (R) is not correct

(4) Both (A) and (R) are correct but (R) is not the correct explanation of (A)

H F
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Sol. 1
2Cu* - Cu*" + Cu
The stability of Cu**(aq) rather than Cu’(aq), is due to the much more negative AnyaH of Cu?*(aq) than

Cu'(aq), which more than compensates for the second ionisation enthalpy of Cu.

38.
1 2.
@
3 4. &
Q
Sol. 4
wr N ©
— —
[ ®
CH; CH>-H
X)
39. The complex cation which has two isomers is :
(1) [Co(NH3)sNO,]** (2) [Co(H,0)6]*
(3) [Co(NH3)sCI]* (4) [Co(NH3)sCl]**
Sol. 1

NO; is ambidentante ligand, so. [Co(NH3)s No2]"? will show 2 Isomer.
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40.

Sol.

41.

Sol.

42.

Sol.
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The graph which represents the following reaction is :

OH
(C6H5)3C - Cl — (C6H5)3C - OH

Pyridine

rate rate rate

rate

>
>

 —
[Pyridine] [OH-] [(CeHs)3C—C] [(CeHs)C~Cl]

Given below are two statements : one is labelled as Assertion (A) and the other is labelled as Reason
R).

Assertion (A) : «a-halocarboxylic acid on reaction with dil NH; gives good yield of a-amino
carboxylic acid whereas the yield of amines is very low when prepared from alkyl halides.

Reason (R) : Amino acids exist in zwitter ion form in aqueous medium.

In the light of the above statements, choose the correct answer from the options given below :

(1) Both (A) and (R) are correct and (R) is the correct explanation of (A)

(2) (A) 1s not correct but (R) is correct

(3) Both (A) and (R) are correct but (R) is not the correct explanation of (A)

(4) (A) is correct but (R) is not correct

1
NH;3 ©
R—?H—COOHH R—CIH—COOH _ R—TH—COOH
@
X NH> NH;

NH3 R—X R—X
R—X —> R—NH, ——> R—NH—R—™ R—Il\I—R
R
R—X
® o
R4N X

The industrial activity held least responsible for global warming is :
(1) Industrial production of urea

(2) Electricity generation in thermal power plants

(3) steel manufacturing

(4) manufacturing of cement

1
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Sol.

44.

Sol.

45.

Sol.

46.

Sol.
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Given below are two statements : one is labelled as Assertion (A) and the other is labelled as Reason
R).

Assertion (A) : Gypsum is used for making fireproof wall boards.

Reason (R): Gypsum is unstable at high temperatures.

In the light of the above statements, choose the correct answer from the options given below :
(1) Both (A) and (R) are correct and (R) is the correct explanation of (A)

(2) Both (A) and (R) are correct but (R) is not the correct explanation of (A)

(3) (A) is correct but (R) is not correct

(4) (A) is not correct but (R) is correct

2

Gypsum is used for making fireproof wall board.

The starting material for convenient preparation of deuterated hydrogen peroxide (D,0,) in laboratory
is

(1) BaO (2) K, S,04 (3) Bao, (4) 2-ethylanthraquinol

2

2HSO, (aq) M)HO3SOOSO3H(aq) —thdebss 5 9HSO; (aq) + 2H* (aq) +H,0, (aq)

This method is now used for the laboratory preparation of D2Ox.
K2S205(s) + 2D20(cl) —— 2KDSO04(aq) + D202(1)

The effect of addition of helium gas to the following reaction in equilibrium state, is :

PCls(g) = PCl3(g) + Cl(g)

(1) helium will deactivate PCls and reaction will stop.

(2) the equilibrium will shift in the forward direction and more of Cl, and PCl; gases will be produced.
(3) the equilibrium will go backward due to suppression of dissociation of PCls.

(4) addition of helium will not affect the equilibrium.

2

PCI (g) PCl (g) + Cl (g)

(Case 1 : At constant P — volume will increase so reaction will shift in forward direction then answer will be A

Case 2 : At constant volume no change in active mass so reaction will not shift in any direction then answer
will be D.

Which element is not present in Nessler's reagent ?

(1) Oxygen (2) Potassium (3) Mercury (4) Todine
1

Nessler's Reagent - KoHgls
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47. The structures of major products A,B and C in the following reaction are sequence.

0)

1y NaH50, dil. HC i
NaCN, H,0
HCl/H20

A(K
P

et
P
S acansd

Sol. 4
o O SOsH OH SO3 Na* O
NaHSO; \/\>< dil HCI
—> —> —_— .
H H H
NaCN
OH CH>NH>
LiAlH4
e__
H <
(B)
HCI/H,O

OH COOH A (A)
\/\>< )
©)
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48.

Sol.

49.

Sol.

50.

Sol.
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In a reaction,
OCOCH;

OH OH
COOCH;3 COOH COOH
«— e

reagents ' X 'and 'Y ' respectively are :
(1) (CH5C0),0/H*and (CH;3C0),0/H*  (2) CH;0H/H*, A and (CH3C0),0/H"

(3) CH;0H/H™, A and CH;0H/H™*, A (4) (CH;C0),0/H*and CH;0H/H™, A
4
0O
Il
O—C—CHs
) o :
CH;0H/H"
@( COCHs ¢ @/ (CH3CO)O0 H—OH
) (x)
Oil of wintergreen Aspirin

Which one of the following sets of ions represents a collection of isoelectronic species ?
(Given: Atomic Number : F:9,Cl: 17,Na = 11,Mg = 12,Al = 13, K = 19,Ca = 20, Sc = 21)

(1) Ba?*,Sr?* K%, Ca?* (2) Lit,Nat, Mg?t, Ca?*
(3) N3-, 02, F~, 52~ (4) K*,Cl-, Ca?*,Sc3*

4

K"=18

CI-=18

Ca™?=18

Sc™ =18

Given below are two statements :

Statement I : Sulphanilic acid gives esterification test for carboxyl group.

Statement II : Sulphanilic acid gives red colour in Lassigne's test for extra element detection.

In the light of the above statements, choose the most appropriate answer from the options given below:
(1) Statement I is incorrect but Statement II is correct

(2) Both Statement I and Statement II are incorrect

(3) Statement I is correct but Statement II is incorrect

(4) Both Statement I and Statement II are correct

1
HzN@S—OH
|

Sulphanilic acid O

Does not show esterification test. Presence of both sulphur and nitrogen give red colour in Lassigne’s test.
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Sol.

52.

Sol.

53.

Sol.
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SECTION B

0.3 g of ethane undergoes combustion at 27°C in a bomb calorimeter. The temperature of calorimeter
system (including the water) is found to rise by 0.5°C. The heat evolved during combustion of ethane

at constant pressure is kJmol ~1. (Nearest integer)

[Given : The heat capacity of the calorimeter system is 20 k] K™1,R = 8.3JK™! mol™L.
Assume ideal gas behaviour.

Atomic mass of C and H are 12 and 1 g mol™? respectively]

1006
(Bomb calorimeter — const volume Heat released By combustion of 1 mole
C,H, (AU) =229, 30 = 1000k

CoHe(g) + 7/2 Ox(g) — 2C0x(g) + 3H0(1)
Ang=2 -2 +7/2)=—(7/2)

AH = AU + AnRT

=—-1000—7/2 x 8.3 x 300 kJ

=-1000 — 6.225

=—-1006 kJ

So heat released = 1006 kJ mol!

Among the following, the number of tranquilizer/s is/are

A. Chloroliazepoxide B. Veronal
C. Valium D. Salvarsan
3

A. Chloroliazepoxide (Tranquilizer)

B. Veronal (Tranquilizer)

C. Valium (Tranquilizer)

D. Salvarsan (Antibiotic)

Among following compounds, the number of those present in copper matte is
A. CuCOs3 B.Cu, S C. Cu,0 D. FeO
1

Copper mate — CuzS
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Sol.

5S.

Sol.

56.

Sol.
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A metal M crystallizes into two lattices :- face centred cubic (fcc) and body centred cubic (bcc) with
unit cell edge length of 2.0 and 2.5A respectively. The ratio of densities of lattices fcc to bec for the
metal M is (Nearest integer)
4

ZxM

N,a’

4xM

dFCC — NA X(2)3 — 3_90
dgec 2xM

N, x(2.5)

d=

The spin only magnetic moment of [Mn(H,0)¢]?* complexes is B.M. (Nearest integer)
(Given: Atomic no. of Mn is 25)

[Mn(H20)6]

Mn*? = [Ar] 4S°, 3d°

Sty egh!

u:afn(n+2)
5x7 =35 =6

1 X 107°MAgNO; is added to 1 L of saturated solution of AgBr. The conductivity of this solution at
298 K is x 1078 Sm™?!
[Given : Ksp(AgBr) = 4.9 x 10713 at 298 K

Mg = 6% 1073 Sm? mol™?

A% - =8x%x1072Sm? mol?

Moz =7 X 1073 S m? mol~?]

14
[Ag"]=10"
[NOj | =107

[Br-]=[KSp —49%10°
Ag*]
k
A
™ 1000xM
For Ag"

6x107 Ag

~1000x10°
K,.=6x10"°
g

=6000 x 1078
for Br~
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Sol.

S8.

Sol.
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§x107= — u
1000x4.9x10°°

K, =39.2x10"

for NO;
K.
7x107%= —X
1000x10°
K. =7x107

NO3
=7000 x 108

Conductivity of solution

= (6000 + 7000 + 39.2) x 10°®
=13039.2x 10® Sm™!

20% of acetic acid is dissociated when its 5 g is added to 500 mL of water. The depression in freezing
point of such water is x 1073 °C

Atomic mass of C, H and O are 12,1 and 16 a.m.u. respectively.

[Given : Molal depression constant and density of water are 1.86 Kkgmol™! and 1 gcm™3
respectively.

372

i=l+(n-1)a

(i=1+02Q2-1)=12

AT, =1 K;m

5x1000

60x500

AT, =12 % 1.86

At, =3.72
AT, =372 % 107

A—-B

The above reaction is of zero order. Half life of this reaction is 50 min. The time taken for the
concentration of A to reduce to one-fourth of its initial value is (Nearest integer) min.

75

Assume reaction starts with 1 mole A

a 1
t, =—,K=——
(% 2k 2x50j

For 75% completion

a— L —kt
4
4k 4 a
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59.  Testosterone, which is a steroidal hormone, has the following structure.
OH
CH,
CH,
O
Testosterone

The total number of asymmetric carbon atom /s in testosterone is
Sol. 6

60.  The molality of a 10%(v/v) solution of di-bromine solution in CCl, (carbon tetrachloride) is ' x .
x = X 1072M. (Nearest integer)
[Given : molar mass of Br, = 160 g mol™!
atomic mass of C = 12 g mol™?!
atomic mass of Cl = 35.5 g mol ™!
density of dibromine = 3.2 g cm™3
density of CCl, = 1.6 g cm™3]
Sol. 139
(10 ml solute in 90 ml solvent
mass of solute = 10 x 3.2 =32g
mass of solvent = 90 x 1.6g

m= —22x1000 ) yeg
160x90x1.6

m=138.8 x 102 =139
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Mathematics

SECTION - A
61. Let ax=exp(x"y") be the solution of the differential equation 2x’y dy—(l—xyz)dxzo , x>0,
y(Z):\/@. Then o + B + v equals :
(1 (2)-1 (3)3 40
Sol. 1
2x2ydy—(1—xy2)dX=0

d
:>2x2yd—)):—1+xy2 =0

dy 1y
=Y =~ .Y 9
ydx 2 x
2
:>2yﬂ+y—=i2(L.D.E)
dx x x
dy dt
Pty =—o
Y ydx dx
det_1
dx x x°
1
=dx
f:eJX =X

1
=Stxx= x-—zdx
X

=y’ -x=Inx+c

Also,y(2) = fiog, 2

log? 2=log,2+c=c=log,2
=y*x=Inx+In2

=y’x=In2x

2x=exp(x1y2)

Compare it with given solution we get,
a=2,6=1,y=2

=>a+6-y=2+1-2=1

2 2n’ +3n+4

62. The sum 1s equal to :
um 2. (2n)! 1
13¢ 5 1le 7 11le 7 13¢ 5
1) —+= 2 —+——-4 3) —+— 4) —+=——-4
()4 4e ()2 2e ()2 2e ()4 4de

Sol. 4
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63.

Sol.
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2

iZn +3n+4
n=1
1 2n(2n—1)+8n+8

Ez (2n)!

n=1

0

> =1
—Z(z,, 2)! 212n 0

1 1 1
e=1+1+—+—+—+
21 31 41

1
e+—
[ ej 1 2

= +te——+2e+—-4
4 e e

13 5
=—e+—-4
4 de

Let 5z5€—3—3k and E:§+33+5k be two vectors. Then which one of the following statements is

TRUE ?

.. - - . 17 . . .. . -
(1) Projection of aon b is — and the direction of the projection vector is same as of b.

J35
(2) Projection ofaon b is %and the direction of the projection vector is opposite to the direction
of b.
(3) Projection of aon bis _—\/;_2 and the direction of the projection vector is same as of b.
(4) Projection of aon b is _—\/;_Z and the direction of the projection vector is opposite to the direction
of b.
Bonus
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64.

Sol.

65.

Sol.

Projection of a on p_ab

F

57— j—3k)-(1+3j+5k) 5-3-15
:>(I j—3k)-(r +3j+5k)

12 +32 45 RS
-1

35

Ans. (4)
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Let a=2i—7j+5k, b=i+k and ¢=i+ 2j-3k be three given vectors. If t is a vector such that

rxa=cxa and r-b=0, then H is equal to :

m i (2) 014
5 7

3

Fxa=cxa

= (F—T)x3=0=>T — ¢ =AA(F — c&aare parallel)

0=(1-3)+A2+5)=> A=

L2

Hence, r=c+2

7
Lo11, 11~
r=—i——k
7 7

. 11 11 112
[Fl= |l = | +| —= | =>r=——
7 7 7

@5

Let f:R— 0,1 — R be a function such thatf(x)+f( j=1+x. Then f(2) is equal to

()2 @

3

For x=2,=f(2)+f(-1)=3  .........

1

For x=l:>f(—j+f(—1)=§ .........
2 2 2

For x=—1:>f(—1)+f(%j=0 ........

oK
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Sol.
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(2)-(3) = f(2) - f(~1) :% ........ 4)

9 9
W +@)=2f0) == f2)=

Ans. 3

Let P(S) denote the power set of S={1, 2, 3, .......... , 10}. Define the relations Ry and R> on P(S) as
AR Bif (AmBC)u(BmAC)=®and AR,Bif AUB =BUA",VA,BeP(S). Then:
(1) only Ry is an equivalence relation (2) only Rz is an equivalence relation

(3) both R; and R» are equivalence relations (4) both R; and R» are not equivalence relations

P(S)=power set of S
AR,B=(ANB)U(ANB)=0d

R1 is reflexive, symmetric

For transitive
(AMB)U(ANB)=¢;{a} =¢=1{b} A=B
BNC)UBNC)=¢..B=C

~.A=Cequivalence

A B

R,=AUB=AUB
R, — reflexive, symmetric

for transitive

A B

d

AUB=AUB={a,c,d}={b,c,d}
{a}={b}..A=B

BUC=BUC=B=C

~A=C ..AuC=AuUC.. Equivalence
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67.  The area of the region given by {(x,y) ©xy <8, 1<y< x2} is :

1) 16loge2+g 2) 16loge2—% 3) 810ge2—§ @) 8loge2+%
Sol. 2
t(8
Az.[[——\/;de
1Y
3 4
A:8[Iny]‘1‘—z(y2J
3 1
:>8|n4—3(43/2—1)
3
— 8ln4—2(3-1)
3
—16In2- 12
3
Ans. (2)
8
y = x2 Y—;
2,4
(L1 (2,4)
y=1 '
l\
1 3
68. If A=l V3 , then :
_ﬁ 1
(DA +AB+A=1 2) AX =AY (B) A+ AP —A=1 (4) A — AP =21
Sol. 3
105
2T B2 2
2| 1] | £ 1
2 2
[4—1l|=0
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1, &
1
2 |_g :>k2+——k+i=0

51, 4 4

2

AM—-A+1=0 =A"-A+1=0
=A-A°+A=0

and A*=(A-1)’ = A=A’ +1-2A
=A"=A—1+|-2A=-A

A*=—A

= AP =(A*) A=At =—(AY)A= AT =A-A?

A® =(AY) A=ATA=AT = AR} = AP = A" = A
Put these values on all options, we, get,
=AY+ AP —A=|

So, option (3) is correct.

69. Which of the following statements is a tautology ?

(1) pv(pnrq) 2) (pA(p—q))—>~q

3) (prq)—>(~(p)—q) 4) p—>(pA(p—q))
Sol. 3

(i) p—> (AP —q))

(~p)V(pA(~pVq))
(~p)V(fV(pAQ))

~pV(p/Ag) =(~pVp)A(~pVq)
=~pVq

(i) (pAG) > (~p—0)
~(pAa)V(pVa) =t
{a,b,d}V{a,b,c} =V
Tautology

(iii) (PAp —a)) >~q
~(PA(~pVa))V ~q=~(pAQ)V ~q=~pV ~q
Not tautology

(iv) pV(pAg)=p
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Not tautology.

So, option (2) is correct.

70. The sum of the absolute maximum and minimum values of the function f (x) = ‘xz —5x +6‘ —3x+2in

the interval [-1,3] is equal to :

(1) 12 @) 13 (3) 10 (4) 24
Sol. 4
. X* —5X+6—3x+2.xg(—00,2) U[2,0]
x)= —(x3—5x+6)—3x—2 xe[2,3]
f(x):{x :8x+8 xe(—00,2)U[3,]
x> +2x—4 xe([2,3]
(0.8) 2 3 4 -
-1 / -

Absolute maximum =| f(-1) |:\(—1)2 —8(—1)+8\ =17

Absolute minimum =|f(3)| =7

Sum=17+7=24

71.  Let the plane P pass through the intersection of the planes 2x + 3y —z=2 and x + 2y + 3z = 6 and be
perpendicular to the plane 2x + y — z = 0. If d is the distance of P form the point (—7,1,1,) then d? is

equal to :
250 250 15 25
1) =— 2) — 3) = 4) =
(1) 3 @ ) o3 ) &
Sol. 1

Plane P, is passing through intersection of the two planes, so,

2x+3y—z—2+A(x+2y+32-6)=0

x(2+1)+y(3+21)+2(3L—1)—2-61=0
It is perpendicular with plane, 2x+y—-2+1=0
So, (2+1)2+(3+21)1+(3A—1)(-1)=0

A=-8
So, plane p, —6x—13y—25z2+46=0
508



72.

Sol.
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distance of plane p from the point (-7,1,1)
i [+42-13-25+46] 50

J36+169+625 30
2 _ 2500 _ 250

830 83
Ans. (1)

The number of integral values of k, for which one root of the equation 2x* —8x+k=0 lies in the
interval (1,2) and its other root lies in the interval (2,3), is :

(A)3 2)0 3)2 41

4

=f(1)-f(2)<0

(k—6)(k—8)<0

Also,f(2)-f(3) <0

(k—8)(k—6)<0

ke(6,8) = Integral value of k is 7. Ans: (4)

\_ /

73.

Sol.

2 53

Let P(x,,y,)be the point on the hyperbola 3x* —4y® =36, which is nearest to the line 3x + 2y = 1.
Then 2(y, —x,) is equal to :
(A)-9 (2)-3 (3)3 49
1
3x* —4y* =36 3x+2y=1
m=——

2

3secH

\/ﬁ-tane

3 1 -3

X [p——

J12 sind 2

1
sind=———

B

(\/ﬁ-secﬁ,3tan6)

=
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Sol.
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Two dice are thrown independently. Let A be the event that the number appeared on the 1% die is less

than the number appeared on the 2™ die, B be the event that the number appeared on the 1% die is even

and that on the second die is odd, and C be the event that the number appeared on the 1% die is odd and

that on the 2" is even. Then :

(1) the number of favourable cases of the events A, B and C are 15,6 and 6 respectively

(2) the number of favourable cases of the event (AUB) N Cis 6

(3) Band C are independent
(4) A and B are mutually exclusive
2

A={(1,2),(1,3),(1,4),(1,5),(1,6),(2,3),(2,4),(2,5),(2,6)(3,4),(3,5),(3,6)(4,5),(4,6),(5,6)}

n(A)=15
B={(2,1),(2,3),(2,5),(4,1),(4,3),(4,5),(6,1),(6,3),(6,5)}
n(B)=9
€={(1,2),(1,4),(1,6),(3,2),(3,4),(3,6),(5,2),(5,4),(5,6)}
n(C)=9
((AUB)NC)={(1,2),(1,4),(1,6),3,4),(3,6),(5,6)}

:n((AuB)mC)=6

If y(x)=x",x>0, then y"(2)-2y'(2)is equal to :

(1) 4log,2+2 (2) 8log,2-2 (3) 4(log,2)" +2
4

y=x'

Iny =xInx

1
—y'=1+Inx
y

y' =y(d+Inx)

y' =x*(1+Inx)

Atx =2we havey =4

So y'(2)=4(1+In2) ........... 2)

(4) 4(10ge 2)2 -2
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Sol.

77.

Sol.

Andy” = y’(1+|nx)+X
X

V(2)=y'(1+In2)+2
Y'(2)=y'(2)=y'(In2)+2
y'(2)=2y'(2)=(In2-1)y'(2) +2
=4(In2-1)(In2+2)+2
=4(In2)* -2

Let S={xeu :O<x<1and2tan1(—1_)()=cos"1(1_X
I+x

If n(S) denotes the number of elements in S then :

(1) n(S) =2 and only one element in S is less then % .

(2) n(S) =1 and the element in S is more then %
(3) n(S)=0

(4) n(S)=1 and the element in S is less than %

1

Put x=tan® Oe(o,%)

Stan 1-tan® — cos™! 1—tan’0
1+tan0 1+tan’0

2tan™ {tan(% - GH =cos '[cos(20)]

:»z(f—ej=ze:»e=5
4 8

:>x:tang:\/§—120.414

n T
1 X+
The value of the integral I — % s
2 —cos2x
4
2 2 2
1) = 2) 3) =
M55 05 (3) %
2

™ collegebatch.con

4 v
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78.

Sol.

B ]“ sec® xdx
- 1+3tan’ x
Now,

tanx =t

dt
29 1+3t?

_Nj
o tan*(\/3t) '
2| B

e

For the system of linear equations ox+y+z=1,

following statements is NOT correct ?

x+ay+z=1,

(1) It has infinitely many solutions if aa.=2 and p=-1

(2) It has no solution if «=-2 and =1
G)x+y+z=%~ﬂ o=2 and B=1

(4) It has infinitely many solutions if ao=1 and B=1

1

a(a’~1)-

a®—3a+2=0

Ha—-1)+1(1—a)=0

a’(a—1)+a(e—1)—2(x—1)=0

(01—1)(012 +a—2)=0

a=1,a=-2,1
For a=1,pB=1
Xx+y+z=1

}inﬁnite solution
X+y+z=b

™ collegebatch.con

x+y+oaz=fp, which one of the
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For a=2,B=1
A=4
1 1
1
A=1 2 1=3-1-1 :>X=Z
1 2
2
1
A,=1 1 1j=2-1=1 =y=7
11 2
2
1
A=[1 2 1]=2-1=1 =2=
111
For a =2 = unique solution
79.  Let 9=x, <X, <....<X,......,X, be in an A.P. with common difference d. If the standard deviation of

X, *X,.....,X, 18 4 and mean is x, then x+x, is equal to :

1) 2(9+%} 2) 18(1+%j (3) 25 (4) 34
Sol. 4

7
7 —[2a+6d]
X
Mean :>Y=Z':1 =2 =a+3d=x,

7
7 —\2 7 2
X, — X X, —X
Variance = 2,:1(—!) — (4)2 = Z':l(—'z‘) =16
7 7
2 2 2 2 2 2
N (3d)" +(2d)" +d”“+0+d” +(2d)" +(3d) _16
7
=4d’ =16=d =2
=x=9+3(2)=15
&x, =a+5d=9+5(2)=19=Xx +x, =34
80. Let a, b be two real numbers such that ab < 0. IF the complex number I* a.1 is of unit modulus and a
+i
+ ib lies on the circle |z—1| = |2z, then a possible value of ZLa] , where [t] is greatest integer function,
is :
(1) -5 @-1 (31 OF
2 2

Sol. Bonus
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81.

Sol.

™ collegebatch.con

1+ai

b+i

ab<0 =1

[1+ia|=|b+i
a’+1=b’+1=a=1tb=b=-a asab<0
(a,b)lies on |z—1|=2z|
la+ib—1|=2|a+ib|

(a—1) +b =4(a2 +b2)

(a-17=d" =4(202)
1-2a=60" =6d’ +2a0—1=0

a:—ZiJﬁ:—liﬁ
12 6

=ﬁ_1&b=1_ﬁ
6 6

[a]=0

_1+[a]= 6 __ 1+\/7

Toab aa-7) 4

or [a]=0

Similarly it is not matching with a=

N
6

No answer is matching.

SECTION - B

Let ax + By + yz =1 be the equation of a plane through the point (3,—2,5)and perpendicular to the line
joning the points (1, 2, 3) and (-2, 3, 5). Then the value of afy is equal to
6

Plane is perp. To the line joining the

(1,2,3) & (-2, 3, 5)

So, line will be along normal of plane.

n=(3,-1,-2) or (-3,1,2)

Compare it with eq. of plane, ax+fy+r, =1

a=3,pB=-1r=—2o0r a=-3,=1,r=2

So, affr=6 (in both cases)

Ans. 6
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82.

Sol.

83.

Sol.

84.

Sol.

If the term without x in the expansion of L

1

r+1 =

= General Term, T, =% Cr(

222-1)
T,,="C-x * d

r+1
For term independent of x,

222-1) , 4

44-2r=9r=11r=44
T,.,=C,-a*=7315

4+1

2
X3

7315.a" =7315=a* =1=|a|=1

Ans. 1

2 a
X3+—3
X

™ collegebatch.con

22
] is 7315, then |a| is equal to

Ifthe x — intercept of a focal chord of the parabola y? = 8x + 4y + 4 is 3, then the length of this chord

is equal to

16

y’ =8x+4y+4

(v—2)" =8(x+1)

y’ =4ax
a=2,X=x+1Y=y-2
focus (1,2)

y—2=m(x—1)

Put (3, 0) in the above line

m=-1

Length of focal chord = 16

Let the sixth term in the binomial expansion of (\/log2 (10—33) 4 3[2x1eea3 ) , in the increasing powers

of 20923 pe 21, If the binomial coefficients of the second, third and fourth terms in the expansion

are respectively the first, third and fifth terms of A.P., then the sum of the squares of all possible values

of x is
4

515



8s.

Sol.

m-5

= Sixth Term, T,, ="C, (10 -3 )7 33 ?2=21

So, 2"C, ="C, +™C

2m(m—l) :m+m(m—1)(m—2)
2 6

=m=2,7 (But m=2 is inadmissible)

=>m=7

7-5

Now, T, ="C,(10-3") 2 37 =21

(3) ~103 +9=0

3*=9,1

=x=0,2

Sum of squeals of values of x=0"+2> =4

Ans. (4)

™ collegebatch.con

The point of intersection C of the plane 8x + y + 2z = 0 and the line joining the point A(-3,-61) and

B(2,—4,-3) divides the line segment AB internally in the ratio k:. If a, b, ¢ (|a, |b|, |c|) are coprime are

the direction ratios of the perpendicular form the point C on the line

clis equal to

10

Plane : 8x+y+2z=0

x—2 y—-4 z+3
10 —4

Any point on line (5A+2,10A+4,-4A-3)

Given line AB: A

Point of intersection of line and plane
8(5A+2)+10A+4-81-6=0

a=-1
3
125
33 3
L:x—1:y+4:z+2:“
-1 2 3

I-x y+4 z+2

5 ,then|la+b+
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L D(—p+1,2n—4,3p—2)
— 2\, 14\ 1)
CD=| —pu+—|i+| 2u——|j+| 3u—= |k
(“3] (” 3)’(“3)
2 14 1
U+ Z =0+ 2u—== 24| 3u—=|3=0
(“3]( )(“ 3] (“3]

_1u

14
. -5 -130 85
CD=

42" 42 a2

U

Direction ratio —(-1,-26,17)
la+b+c|=10

2 2

86. The line x = 8 is the directrix of the ellipse ellipse E :X—2+y—2 =1 with the corresponding focus (2,0).
a~ b
If the tangent to E at the point P in the first quadrant passes through the point (0, 43 ) and intersects

that x-axis at Q then (3PQ)? equl to

Sol. 39
2.8 .Q1
e
ae=2 .. (2)
8e=z
e
, 1 1
el="=e==
4 2
a=14
bzzaz(l—ez)

= 16(§j =12
4

0 in 0
xcos0  ysinf _

4 23

sin@zl
2

1

6=30°
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87.

Sol.

P(24/3,4/3)
(&)

(3PQ)* =39

™ collegebatch.con

The total number of six digit numbers, formed using the digits 4, 5, 9 only and divisible by 6 , is

81
We have,

For this, 4 will be fixed as unit place digit

Total number

Case I: 4's —> 6times

Case 1I: 4's — Atimes

5's — 1times

9's — 1times

Case I1I: 4's — 3times

5's — 3times

Case IV: 4's — 3times

9's — 3times

Case V: 4's — 2times

5's — 2times

9's — 2times

Case VI: 4's — 1times

5's — 1times

9's — 4times
Case VII:4's —> 1times

5's — 4times

9's — 1times

Total numbers =81

1

5!
—=20
3!

5!
—=10
2131

5!
—=10
2131

51
2121

518



™ collegebatch.con

88.  Number of integral solutions to the equation x +y +z =21, where x > 1, y>3, z>4, is equal to
Sol. 105

15x14
5C = >2< =105

89.  The sum of the common terms of the following three arithmetic progressions.
3,7,11,15,.....,399
2,5,8,11,...... ,359 and
2,7,12,17,...... , 197

is equal to

Sol. 321
3,7,11,15,...........,399 d, =4
2,5,8,11,.............,359 d,=3
2,7,12,17,.......,197 d, =5

LCM(d,.d,,d,)=60

Common terms are 47, 107, 167

Sum = 321
5cos” (1+cosxcos3x+cos2 X +cos’ X +cos3x)dx kr .
90 If I =— then k is equal to
1+5% 16
Sol. 13

l

dx

]3 5o (1+cos X€0s3x +cos’ X +cos’ xcos 3x)
COs X
d 1+5

l

n 5o (1+cos xc0s3x +cos” x +cos® xcos 3x)
J~ dx
0

1 + 5—COSX

T

2/ = J(1+cosxcos3x+cosz X +cos® xcos3x)dx
0
n
2
21 =2J‘(1+cosxcos3x+cos2 X +cos’ xcos 3x)dx
0

>
I=J‘(1+sinx(—sin3x)+sin2 x—sin3xsin3x)dx
0

2
lej(3+cos4x+cos3 xcos3x—sin® xsin3x)dx
0
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N
Il
ot—n [

3+cosdx+ (M)cos 3x —sin3x (dex

2|

Il
o= [N

3+cos4x+l+§cos4x dx
4 4

N

13 m  7(sindx 131
4 2 4\ 4 ), 16
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