January 8 Shift 1 - Physics

1. A particle of mass m is fixed to one end of a light spring having force constant k and
unstretched length I. The other end is fixed. The system is given an angular speed w about the
fixed end of the spring such that it rotates in a circle in gravity free space. Then the stretch in the
spring is

a. 2 m w?/(k-m w?)
b. £ m w?/(k+m w?)
c. 2 m w?/(k-m w)
d. £ m w?/(k+m w)

Solution:
The centripetal force is provided by the spring force.
mw?Z(£ + x) = kx
kx = m(2 + X)w?

x = mlw? /( k - mw?)

w
f\ k.t

m
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2. Three charged particles A, B and, C with charge -4q, +2q and -2q are present on the
circumference of a circle of radius d. The charges particles A, C and centre O of the circle formed
an equilateral triangle as shown in figure. Electric field at O along x- direction is:
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a. V3q/4n€yd?
b. 2v3q/m€qd?
c. V3q/n€qd?

d. 3v3q/4n€yd?

Solution:

Applying superposition principle,

l?;et::: lii + 155 + 155
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4kq

d2
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By symmetry, net electric field along the x-axis.

| 4kgq 0 _ V3q
‘Enet = FZ X 2cos 30" = W

3. A thermodynamic cycle xyzx is shown on a V- T diagram .
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Vd > T

The P-V diagram that best describes this cycle is : (Diagrams are schematic and not upto scale)
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Solution:

For the given V - T graph
For the process x — y; V o« T; P =constant.
For the process y — z; V =constant

Only ‘¢’ satisfies these two conditions.

4. Find the co-ordinates of center of mass of the lamina shown in the figure below.

(0.3) (2.3)

(1.2) (2,2)

(0.0) (1.0)

a.(0.75m,1.75m)
b. (0.75m, 0.75 m)
c.(1.25m,1.5m)
d.(1m,1.75m)
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Solution:

The Lamina can be divided into two parts having equal mass m each.

(0.3) (2.3
(1,2.5)
L ]
(L2) .
|
|
(0.5, 1) {
[ ] I
|
|
]
1
I
(0,0) (1.0)
L mx () +mx(i+Y)
Ircm — 2m

5. The plot that depicts the behavior of the mean free time 7 (time between two successive
collisions) for the molecules of an ideal gas, as a function of temperature (T), qualitatively, is:
(Graph are schematic and not drawn to scale)
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Solution:

T 1T

6. Effective capacitance of parallel combination of two capacitors €1 and C5 is 10 yF. When these
capacitor are individually connects to a voltage source of 1 V, the energy stored in the capacitor
C, is 4 times of that in C;. If these capacitors are connected in series, their effective capacitance
will be:

a. 1.6 yF
b. 3.2 yF
c.4.2 yF
d. 8.4 pF
Solution:
Cy
1 1
LI
] |
| IEZ
L
1V
Given that,

C1+Cy =10 pF ..(>I)
4( %2 C1V?) = %2 CyV?
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4Cq = Cy ...(ii)

From equations (i) and (ii)
Ci=2F

Co,=8pF

If they are in series

Ceq = C1C2/(C1+ Cy)

=1.6 uF

7. Consider a uniform rod of mass 4m and length L pivoted about its centre. A mass m is moving
with a velocity v making angle 8=1/4 to the rod’s long axis collides with one end of the rod and
stick to it. The angular speed of the rod-mass system just after collision is

a. 3\2v/7L
b. 4v/7L
c. 3v/77\2L
d. 3v/7L

Solution:

4m

There is no external torque on the system about the hinge point. So,

Ll — Lf
muv 1 _ AmL>? mL?
vz X2 [ 2 T 1 ] X w

= 6v/7V2L = 3V2 v/7L
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8. When photons of energy 4 eV strikes the surface of a metal A, the ejected photoelectrons have
maximum kinetic energy T4 eV and de-Broglie wavelength 14. The maximum kinetic energy of
photoelectrons liberated from another metal B by photon of energy 4.50 eV is Tg=(T4 - 1.5) eV. If
the de-Broglie wavelength of these photoelectrons A5 = 244, then the work function of metal B is

a.3eVv
b.1.5eV
c.2eV
d.4eV
Solution:
A= ——P" =« 1/KE
2(KE)mB
)\_A — vKEpg
AB VKE,
1 _ T4—1.5
2 Ty
Tp=2eV

KEg=2-1.5=0.5eV
Pp=45-0.5=4¢eV

9. The length of a potentiometer wire of length 1200 cm and it carries a current of 60 mA. For a
cell of emf 5V and internal resistance of 20Q, the null point on it is found to be at 1000 ¢m. The
resistance of whole wire is

a. 80Q
b. 100Q
c. 120Q
d. 60Q

Solution:
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1200 cm
1000 cm

I =60mA

+|,—

< I
5V 20 12

Let Resistance per unit length of potentiometer wire = A
= A x 1000 x 60 x 10<sup>-3</sup>=5

=>A5/60

Resistance of potentiometer wire = 1200 x 5/ 60 = 100Q

10. The magnifying power of a telescope with tube length 60 cm is 5. What is the focal length of
its eyepiece?

a.10cm
b.20cm
c.30cm
d. 40 cm

Solution:

m = fo/fe =5

fo = 5fe

fg + fe = 5f¢ + fo = 6f, = length of the tube
6fe =60 cm

fo=10cm
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11. Consider two solid spheres of radii R1=1 m, R, =2 m and masses M; & M, respectively. The
gravitational field due to two spheres 1 and 2 are shown. The value of M{/M, is

EI_'—‘.

a.1/6 !
b. 1/3
c.1/2 ° 1 2 3 3 rim)
d. 2/3

Solution:
Gravitation field will be maximum at the surface of a sphere. Therefore,
GM,/22% =3 and GM;/1%2=2
(Ma/Mq)x ¥4 = 3/2
M1/My =1/6

12. Proton with kinetic energy of 1 MeV moves from south to north. It gets an acceleration of
10"2 m/s? by an applied magnetic field (west to east). The value of magnetic field: (Rest mass of
proton is 1.6 x 10727 kq)

Morth

West East

E=1MeV
F

-‘ Proton

South

a.0.71mT
b.7.1mT
c.71mT
d.0.071 mT

Solution:
K.E=1x10%eV=16x10"13J

= T MeV2
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Where m, is the mass of the electron = 1.6x10 2/
1.6x1013=1%x 1.6 x 10?7 x v?

v =1v2x10" m/s

Bqv = mea

B=(1.6x102/x10"2)/ (1.6x107%x2x 107)
=0.71x103T

=0.71mT

13. If finding the electric field around a surface is given by ‘E‘ = qeg’ﬁ%id is applicable. In the
0

tormula € is permittivity of free space, A is area of Gaussian and q.,. is charge enclosed by the
Gaussian surface. This equation can be used in which of the following equation?

a. Only when the Gaussian surface is an equipotential surface.

b. Only when

E‘ = constant on the surface.

—

E

c. Equipotential surface and is constant on the surface

d. for any choice of Gaussian surfaces.
Solution:

The magnitude of the electric field is constant and the electric field must be along the area
vector i.e. the surface is equipotential.

14. The dimension of stopping potential V' in photoelectric effect in units of Planck’s constant
(h), speed of light (c), and gravitational constant (G) and Ampere (A) is

a. h2/3 C5/3 G1/3 A—1
b. h201/3G3/2A—‘I
c.h9GTcoA™

d. h-2/3 C—'|/3 G4/3 A-'I

Solution:

V = K(h)2(1)°(G)°(c)

Unit of stopping potential is (V) Volt.
We know [h] = ML2T"!

[]=A
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[G] = M1L3T2

[C]=LT"

[V] = ML2T3AT

ML2T-3A"T = (ML2T-1)2(A)P (M~ TL3T-2)e(LT-T)d
ML2T3A1 = Mac| 2a+3c+dT-a-2c-dpb
a-c=1

2a+3c+d=2

-a-2c-d=-3b=-1

On solving,

c=-1

a=0

d=5

b=-1

V =K(h)°(A)(G) ()

15. A leak proof cylinder of length 1 m, made of metal which has very low coefficient of
expansion is floating in water at 0° C such that its height above the water surface is 20 cm. When
the temperature of water is increases to 4° C, the height of the cylinder above the water surface
becomes 21 cm. The density of water at T = 4° C relative to the density at T = 0° C is close to

a.1.01
b.1.03
c.1.26
d.1.04

Solution:
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e
I 20 cm

0°C
S—
I_El cm
0°C
—~—

Since the cylinder is in equilibrium, it's weight is balanced by the Buoyant force.

mg = A(80)(Pooc)g

mg = A(79)(P4oc)g
p4OC/ pOOC = 80/79 = 101

16. The graph which depicts the result of Rutherford gold foil experiment with a- particle is:
0: Scattering angle
N : Number of scattered a - particles is detected

(Plots are schematic and not to scale)


javascript:void(0);
javascript:void(0);
tel:+91-9243500460

kL

Solution:

N o« 1/sin*(6/2)
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17. At time t = 0 magnetic field of 1000 Gauss is passing perpendicularly through the area
defined by the closed loop shown in the figure. If the magnetic field reduces linearly to 500 Gauss,
in the next 5 s, then induced EMF in the loop is:

16em

a. 56 pV teml 25
b. 28 pv
c. 30 pv
d. 48 pv

Solution:

_ | —d¢
€= dt

‘—AdB‘
dt

(16 x 4— 4 x 2)U00500) » 19-4 x 104

= 56x500%x108/5
=56x 100V

18. Choose the correct Boolean expression for the given circuit diagram:

a. AB
b.A+B

-
by +
e
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Solution:

First part of figure shown OR gate and second part of figure shown NOT gate.

So,Y= A.B

19. Consider a solid sphere of density p(r) = pg (1- r?/R?), 0< r < R. The minimum density of a
liquid in which it float is just

a. (2/5) po
D. (2/3) po
C. Po/5
d. Po/3

Solution:
Let the mass of the sphere be m and the density of the liquid be p_
P=pg (1-r%/R?),0<r<R

Since the sphere is floating in the liquid, buoyancy force (Fg) due to liquid will balance the weight
of the sphere.

F=mg
pL (41/3) R3g = Jp(4mr? dr)g
pL (41/3) R® =] pg (1 - r?/R?) 4rr2dr

R ) 4 3 5 R
oL @3RS = [F podm(r? — I )dr = pydr (3 _ 5—)

pL=(2/5) po

20. The critical angle of a medium for a specific wavelength, if the medium has relative
permittivity 3 and relative permeability 4/3 for this wavelength, will be

a.15°
b. 30°
c.45°
d. 60°
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Solution:

If the speed of light in the given medium is V then,
V = 1/(uE)

We know that, n = c/v

n=v( &) =2

sSin B, =%

8. = 30°

21. A body of mass m=0.10 kg has an initial velocity of 37 m/s. It collides elastically with

~nother body, B of the mass which has an initial velocity of 53‘ m/s. After collision, A moves with

~

a velocity v = 4(5 + j) m/s. The energy of B after collision is written as (x/10) J, the value of
xis
Solution:

Mass of each object, my=m; = 0.1 kg

Initial velocity of 1st object, u1=5m/s

Initial velocity of 2nd object, uy, =3 m/s
Final velocity of 1st object, V1= v = 44 -+ 4_}' m/s =\(42+42)= 162 m/s

For elastic collision, kinetic energy remains conserved
Initial kinetic energy (K;) = final kinetic energy (K)

% muq2 + % muy? =% mV;2 + % mV,2

% m(5)% + % m(3)%2= %2 m(16V2)% + %2 mV,?

Vo =2 m/s

Kinetic energy of second object = %> mV,?

=% x 0.1 x V22

=0.1
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22. A point object in air is in front of the curved surface of a plano-convex lens. The radius of
curvature of the curved surface is 30 cm and the refractive index of lens material is 1.5, then the
focal length of the lens (in cm) is

Solution:
Applying Lens makers’ formula,

1/f= (- DI(1/R1) - (1/Ry)]

Ry =e

R, =-30 cm

H=1.5

1/f=(1.5-1)[(1/=) - (1/-30)]
1/f=0.5/30

f=60cm

23. A particle is moving along the x-axis with its coordinate with time t given by x(t) = -3t% + 8t +
10 m. Another particle is moving along the y-axis with its coordinate as a function of time given
byy=5-8t2m. Att=1s, the speed of the second particle as measured in the frame of the first
particle is given as \v . Then v (m/s) is

Solution:

X = -3t2+8t+ 10

V_fal = (-6t+8)1

=27

y=5-8t

Vg =-241 j

Via| = Vo — Vi) = |-24j - 2i]

v =1(242 + 22
v =580 m/s
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24. A one metre long (both ends open) organ pipe is kept in a gas that has double the density of
air at STP. Assuming the speed of sound in air at STP is 300 m/s, the frequency difference
between the fundamental and second harmonic of this pipe is _Hz.

Solution:

V =~(B/p)

Vpipe/ Vair = “ =

Vpipe = Vair/V2

fo = Vpipe(n+1)/2]
f1-fo = Vpipe/ 2

= 300/2V2

= ol

-

=106.06 Hz (if V2 = 1.414) = 106 Hz

25. Four resistors of resistance 15 Q, 12 Q, 4Q and 10Q respectively in cyclic order to form a
wheatstone’s network. The resistance that is to be connected in parallel with the resistance of 10
to balance the network is __.

Solution:

R 15 £}

4 () 12 0O

[(10R)/(10+R) ]x12 = 15 x4
R=10Q
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January 8 Shift 1 - Chemistry

1. The number of bonds between sulphur and oxygen atoms in S,0g2~ and number of bonds
between sulphur and sulphur atoms in rhombic sulphur, respectively, are:

a.8and 6
b.4 and 6
c.8and 8
d.4and 8

Solution:

Here, we have to count S - O single bonds as well as S = 0 in S,0527, as each double bond also
has one sigma bond. The structure of S,05% and Sg is shown below:

C_J O S S S
o o N Ng”
O i:'i O—0 i:‘i O ¢

O O s g

2. The predominant intermolecular forces present in ethyl acetate, a liquid, are:

a. London dispersion, dipole-dipole and hydrogen bonding
b. hydrogen bonding and London dispersion

c. dipole-dipole and hydrogen bonding

d. London dispersion and dipole-dipole

Solution:

London dispersion forces (also called as induced dipole - induced dipole interactions), exist
because of the generation of temporary polarity due to collision of particles and for this very
reason, they are present in all molecules and inert gases as well.

Because of the presence of a permanent dipole, there will be dipole-dipole interactions present
here.

There is no H that is directly attached to an oxygen atom, so H-bonding cannot be present.
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3. For the Balmer series in the spectrum of H-atom,

v =Ry [(1/n12) = (1/n,2)]

The correct statements among (A) to (D) are:

A) The integer nq= 2.

B) The ionization energy of hydrogen can be calculated from the wave number of these lines.

C) The lines of longest wavelength corresponds to n,= 3.

D) As wavelength decreases, the lines of the series converge.

a.B,C,D
b.AB,D
c.ACD
d.AB,C

Solution:

A. is correct since the series studied in H-spectrum, including Balmer series, are de-excitation

B.

series or emission series. So, electrons get de-excited to n= 2 which means that njgyer= 2.

It is possible to obtain I.E. from the formula above, but since the question has stated the
formula for the Balmer series, njower has been fixed as 2. So, it is not possible to calculate I.E.
from it. To calculate I.E., we'll have to put niower= 1, which isn’t possible here.

. AE = hc/A\

With njower fixed as 2, AE increases as nhigher is increased. So, the last line of the Balmer
series,i.e. from infinity to n= 2, will have the maximum energy in the series and thus, the lowest
wavelength. Similarly, the first line in the series, i.e. from n= 3 to n= 2 will have the lowest energy
in the series and thus, the highest wavelength. Which makes this statement correct.

. As orbits with higher orbit number or those that are further away from the nucleus are

considered, the energy gap in-between subsequent orbits decrease. Now, consider the following
for example and with njgyer fixed as 2.
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Energy of a photon released on transition from n= 100 to n= 2 will have similar energy to that of
the photon that gets released on transition from n= 101 to n= 2, because energy of the 100th and
the 101th orbit will be very close in value. That means they will also have very close values of
wavelengths, which further implies that these two lines will be situated quite close to each other
on the photographic plate.

In a similar fashion, we can see that as the nhigher increases, the lines start to converge
together. And since, increasing the nhigher will indeed lead to an increase in the energy of the
photon released, it will end up releasing photons of shorter wavelengths. Combining these two
statements we can easily see that as the wavelength decreases, the spectral lines start to
converge.

4. The first ionization energy (in kJ/mol) of Na, Mg, Al and Si, respectively,

a. 496, 737,577,786
b. 496, 577,737,786
c. 496, 577,786,737
d. 786, 737,577,496

Solution:
The expected order is Na < Mg < Al < Si.

But the actual/experimental order turns out to be Na < Al < Mg < Si, because of the fully filled s-
sub shell of magnesium and the s2p' configuration of Al which makes it relatively easy for Al to
lose its outermost electron.

5. The stoichiometry and solubility product of a salt with the solubility curve given below is,
respectively:

[
i
L

1 2 3
[X]/ mM

a. XoY, 2 x 107°Mm3
b. XY, 1 x 107°M3
c. XYy, 4 x 107°M3
d. XY, 2 x 107Mm3
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Solution:
(@) XoY(s) = 2X+ + Y%~
Ksp = [X*]2[Y2]=4%x106x103=4x107°
(b) XY5(s) = X2+ +2Y~
Ksp=[X>*][Y]2=1023x4x10%=4x10"°
() XYq(s) = X?* +2Y~
Ksp = [XZ*[Y]2=10"3x (2x107%)2=4x107°
(d) XY = Xt +Y~
Ksp = [X*][Y1=10"2x10"3=10"°

6. The complex that can show fac- and mer-isomers is:

a. [Co(NO2)3(NH3)3]
b. [PtClo(NH3),

C. [CO(N H3)4C|2]

d. [CoCly(en),]

Solution:

Facial and meridional geometrical isomerism is observed only in [MA3B3] type complexes which
is given in option a.

7. A graph of vapour pressure and temperature for three different liquids X, Y and Z is shown
below:

4]

=

-}
1
]

Vapour pressure
(mm Hg)

200 -+

o 293 313 333 353

Temp —

The following inferences are made:
A) X has higher intermolecular interactions compared to Y

B) X has lower intermolecular interactions compared to Y
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C) Z has lower intermolecular interactions compared to Y The correct inference(s) is/are:

a.C
b. A
c.B
d.AandC

Solution:

As shown in the plot below, for the same T, the vapour pressure of X is the highest and of Z is the
lowest. Now, that means with the same average K.E. of X, Y and Z molecules, the X molecules
are able to compensate their respective intermolecular forces better. So, X molecules have the
highest vapour pressure. This implies that the intermolecular forces in X are the weakest among
the three. The opposite could be said for Z as well.

Temperature

8. As per Hardy-Schulze formulation, the flocculation values of the following for ferric hydroxide
sol are in the order:

a. AICl3 > K3[Fe(CN)g] > K,CrO4 > KBr = KNO3

b. K3 [Fe(CN)g ] < KoCr0O, < AlCl3 < KBr < KNO3
c. K3 [Fe(CN)g ] < KoCrO4 < KBr = KNO3 = AlCl3
d. K3 [Fe(CN)g ] > AICI3 > KoCrO4 > KBr > KNO3

Solution:

The minimum concentration of an electrolyte which is required to cause the coagulation or
flocculation of a sol is known as flocculation value. Flocculation value is inversely proportional
to coagulation power (coagulation power is directly proportional to the valency of the ions
causing coagulation). Fe(OH)3 sol is a positive sol and thus we have to consider the valency of
the anions in the given electrolytes.

9. The rate of a certain biochemical reaction at physiological temperature (T) occurs 10° times
faster with enzyme than without. The change in activation energy upon adding enzyme is:

a. - 6RT
b. - 6x2303RT
c.+ 6RT

d. +6 x 2.303 RT
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Solution:
Kq = Ae Ba/RT (1)
Ky = Ae B/RT _(2)
Dividing equation 1 with equation 2, we get
K;/K, = e (Ea2-Eal)/RT

1076 = o (Ea2-Eal)/RT

Taking loge on both sides, we get

AE=Eg, - Eg = — 6 x 2.303 RT

10. When gypsum is heated to 393K, it forms:

a. Cas04. 1/2 H,0
b. Dead burnt plaster
c. CaS04 5H50

d. Anhydrous CaSOQy4

Solution:

393K 1

11. The third ionization enthalpy is minimum for:

a. Mn
b. Co
c. Ni

d. Fe

Solution:
Consider an element E
E2* — E3* would be the 3rd I.E. of the element E.
Electronic configuration of Mn is [Ar]4s23d°, Co is [Ar]4s23d’, Fe is [Ar]4s23d®, Ni is [Ar]4s23d®
Electronic configuration of MnZ* is [Ar]3d°, Co?* is [Ar]3d’, Fe?* is [Ar]3d®, Ni%* is [Ar]3d®

As it is evident from the above configurations of the E2* for the given elements, Fe2* would
require the least amount of energy for removal of electron as it has the configuration 3d® 4s°.
That means that its E3* form is the most stable among the four elements provided in their
respective E3* states, i.e., when compared, the next electron removal will require least amount of

energy.
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12. The strength of an aqueous NaOH solution is most accurately determined by titrating: (Note:
consider that an appropriate indicator is used)

a. Ag. NaOH in a pipette and aqueous oxalic acid in a burette

b. Ag. NaOH in a volumetric flask and concentrated H,SO,4 in a conical flask
c. Ag. NaOH in a burette and concentrated H,SO4 in a conical flask

d. Ag. NaOH in a burette and aqueous oxalic acid in a conical flask

Solution:

The standard solution is usually kept in burette. The oxalic acid is a primary standard solution
while H,SO4 is a secondary standard solution.

13. The decreasing order of reactivity towards dehydrohalogenation (E;) reaction of the following
compounds is:

a.B>A>D>C
b.B>D>C>A
c.B>D>A>C
dD>B>C>A

Solution:

In Eymechanism, the rate determining step is formation of carbocation. So, stability of
carbocation formed decides the rate. In option D, the cation formed is resonance stabilised. In
option C, the cation formed is a 2 o carbocation. In option A and B, the carbocations formed are
1 o but there is a chance of rearrangement in option b and after the rearrangement, the
carbocation formed in option b will be allylic. So, the order of reaction is as follows: D >B > C >
A.

14. Major product in the following reaction is:

OH
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Solution:

% S i
OH dil H,S04 am CH;
— - b f e J

15. Arrange the following compounds in increasing order of C—OH bond length: methanol,
phenol, p-ethoxyphenol

a. Phenol < methanol < p-ethoxyphenol
b. methanol < p-ethoxyphenol < phenol
c. Phenol < p-ethoxyphenol < methanol
d. methanol < phenol < p-ethoxypheno

Solution:

In methanol, there is no resonance. In phenol, there is resonance. In p-Ethoxyphenol, there is
resonance involved but the involvement of lone pair of oxygen in OH group is poor as compared
with phenol due to the presence of lone pair oxygen in OCH3 group which are also involved in
resonance. So, partial double bond character develops in C—0OH bond of phenol and p-
ethoxyphenol but in case of p-ethoxyphenol, resonance is poor as compared to phenol. So, bond
length follows the order: methanol > p-ethoxyphenol > phenol

16. Among the gases (i) — (v), the gases that cause greenhouse effect are:

i. COsy
ii. HoO
iii. CFC
iv. 09
v. O3
a. i, iiiiiand iv
b. i, iii, ivand v

c.iandiv
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d. i, ii,iiiand v
Solution:

C0,, 03, H,0 vapours and CFC's are green house gases.

17. The major products A and B in the following reactions are:

CN :
S Peroxide

\
% " e W

AL oSy ——— ™ |

CN
(a) >—< e

CN

e
Y
&

(b) . CN
>_< and
(c) CN
>_'< and
and

Solution:
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: :C N : CN
EE‘FCIME >_..<
[A]

CN
>__< p /‘\/\ CN
[A] (B]

[A] is more stable radical and undergoes Markovnikov addition to form [B].

18. A flask contains a mixture of isohexane and 3-methylpentane. One of the liquids boils at 63 °C
while the other boils at 60 °C. What is the best way to separate the two liquids and which one will
be distilled out first?

a. Fractional distillation, isohexane

b. Simple distillation, 3-methylpentane

c. Fractional distillation, 3-methylpentane
d. Simple distillation, isohexane

Solution:

When the difference between the B.P. of the two liquids is less than around 40 °C, fractional
distillation is more efficient. The difference between the boiling points of isohexane and 3-
methylpentane is only 3 degrees. So, fractional distillation is the best suitable method. Since,
isohexane has a lower boiling point, it comes out first.

19. Which of the given statement is not true for glucose?

a. The pentacetate glucose does not react with hydroxylamine to give oximer’
b. Glucose reacts with hydroxylamine to form oxime.

c. Glucose gives Schiff's test for aldehyde.

d. Glucose exists in two crystalline forms alpha and beta.

Solution:
Glucose exists in two crystalline forms alpha and beta which are anomers of each other.

Glucose does not react with Schiff’s reagent because after the internal cyclisation, it forms either
alpha- anomer or beta-anomer. In these forms, free aldehydic group is not present.

Glucose forms open chain structure in aqueous solution which contains aldehyde at chain end.
This aldehydic group reacts with NH4OH to form oxime. On the other hand, glucose penta
acetate being a cyclic structure even in aqueous form does not have terminal carbonyl group.
Therefore it will not react with NH,0H.


javascript:void(0);
javascript:void(0);
tel:+91-9243500460

20. The reagent | used for the given conversion is:

(,(}NH Cr CONH, O
AN c,na, N “CH,
/{ I Reagenl HO |/ \J =
—_— -
HOOC” ™~ NN
_N C=N
a. BoHg
b. LiAlH,
c. NaBH,
d. Ho, Pd
Solution:

B,Hg does not reduce amide, carbonyl group and cyanide. It selectively reduces carboxylic acid
to alcohol. So, for this conversion, it is the best suitable reagent.

21. The volume (in mL) of 0.125 M AgN 03 required to quantitatively precipitate chloride ions in
0.3g of [C(NHg )6 ]Clg is

[Co(NH3)e]Cl3 = 267.46 g/mol
MAgNO3 =169.87 g/mpl
Solution:
To react completely with one mole of [ML¢g]l3 , 3 moles of AgN O3 is required.
0.3 g [MLg]l3 means (0.3/267.46) moles of [MLg |CLs.
So, moles of AgN03 required will be (0.3x3)/267.46 moles
To find the volume, (0.3x3)/267.46 = 0.125x (L)
(L) = 0.02692
(mL) = 26.92

22. What will be the electrode potential for the given half cell reaction at pH= 5?
2H,0 — Oy + AH* +4e™ E°=—1.23V

(R=8.314 J mol’K"; temp.=298 K; oxygen under std. atm. Pressure of 1 bar.)
Solution:

2H,0 — 0o+ AH* + 4e™; E° = — 1.23V
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o RT
E.i=E.i-—I
cel = Eoutt = 10Q
at 1 bar & 298 K

2.303RT

=(0.059

pH=5 =[H]=10"M

E —1.23 volt

oxmdation —

0.059

E.y=-123- log[H™
"1'|J 4 e ]—1

0.05%

F__,fu =123 —Tlﬂ

2(107)*

=-123+0050=x5=—00935V

23. Ferrous sulphate heptahydrate is used to fortify foods with iron. The amount (in grams) of the
salt required to achieve 10 ppm of iron in 100 kg of wheat is

$=32.00; 0=16.00)

Solution:

10 ppm of Fe means 10 g of Fe in 10° g of wheat. So, for 100 kg i.e.,10° g of wheat. Fe needed is
1 g. So, for 1 g of Fe, the mass of FeS0,4. 7H,0 required is 278/56 = 4.96 g.

24. The magnitude of work done by gas that undergoes a reversible expansion along the path

ABC shown in figure is

Pressure
{P;a} 10+

3

C

ot & f

Solution:

Work done by the gas

= The area under the curve

8

10

1.2 ‘-.;Dlume
(m?)

= (Area of the square) + (Area of the triangle)

=48 J

. Atomic weight: Fe=55.85;
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25. The number of chiral centres in Penicillinis ____.
Solution:

The structure of penicillin is shown below:

So, the number of chiral centers= 3


https://www.youtube.com/embed/Y8lQWpa1oJ0
https://www.youtube.com/embed/_zQTDRza7sk
https://www.youtube.com/embed/aRE4rd86bjE
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January 8 Shift 1 - Maths

1. For which of the following ordered pairs (1, ), the system of linear equations
x+2y+3z=1

3x+4y+5z=yp

Ax+4y+4z=§

is inconsistent?

a.(4,6)
b. (3,4)
c.(1,0)
d. (4,3)
Solution:

3 4 5
D=11 2 3
4 4 4

R3—>R3 - 2R1 +2R2


https://byjus.com/jee/
https://byjus.com/jee/jee-main/
https://byjus.com/jee/jee-main-2020-question-paper/
https://byjus.com/jee/jee-main-2020-question-paper-maths-jan-8-shift-1/
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3 4 5
D=1 2 3|=0
0 0 O
For inconsistent system, one of D,, D, D, should not be equal to 0
uw 4 5
Dx= 11 2 3
b 4 4
3 u 5
Dy=11 2 3
4 6 4
3 4 u
Dz=11 2 1
4 4 9

For inconsistent system, 2u # § + 2

=~ The system will be inconsistent for u =4, 6 = 3.

2. Let y = (x) be a solution of the differential equation,
v1-— m2% + /1 —y2 = 0,|z| < 1.fy(1/2) =3/2,then y(-1/v2) is equal to

a.-1/72
b. V3/2
c. 132
d. V3/2

Solution:

VI—2?Z 4 /1y = 0,

Ay =
]_—y2 1—z2
sinly ysin'x=c

If x =%,y = \V3/2 then,
sin'(\3/2) + sin(1/2) = ¢
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(n/3) +(1/6) = ¢

Therefore, c =1/2

1 1

sinly = /2 - sin'x = cos'x

sinly = cos™(1/42)
sinly = /4

y(1/72)) = 1/2)

3.1f a, b and c are the greatest values of 1°C ,, 2°C , 21C, respectively, then:

a. (a/11) = (b/22) = (c/42)
b. (a/10) = (b/11) = (c/42)
c. (a/11) = (b/22) = (c/21)
d. (a/10) = (b/11) = (c/21)

Solution:

- niseven
. . 2!
We know that, "C; is maximum whenr = {,,5

2

or HT_l, n is odd
Therefore, max (°Cp) = (19Cq) = a

max (?°Cp) =20 C1p=b

max (?°C,) =2 Cy1=c

a b B C
s T 20 21 20
£ ﬁ b 19(,'9 ﬁ?( ﬁ){ 1959
a_b_ C
"1 27"
11

i b C
= — = — = —

11 22 42

4. Which of the following is a tautology?

a.(PA(P—Q)—Q
b.PA(PVQ)
c. (@~ (A (P—Q)
d.PVv(PAQ)

Solution:

(PA(P—Q)—Q
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=(PA(-PVQ)—Q
=l[(PA~P)V(PAQ)]—Q
=PAQ—Q
=~(PAQ)VQ
=~PV~QVQ

=T

5.Let f: R — R be such that for all x € R, (2'** + 217%), f(x) and (3* + 37) are in A.P,, then the
minimum value of f(x) is:

a.0
b. 4
c.3
d.2

Solution:

217+ 21*% (x),3*+3*arein A.P.

T —x 1+ 11—z T —x 1+ 1-z
flz) = ¥adma2lmadle gty | 2l

2 2 2

Also, Applying A.M. = G.M. inequality, we get
R

3 +37°
2

> 1 (1)

Applying A.M. = G.M. inequality, we get

1+x 1-z
% > \/214-1: w 91—z

14z 1-z
> 20

Adding (1) and (2), we get
f(x)2142=3

Thus, minimum value of f(x) is 3.
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6. The locus of a point which divides the line segment joining the point (0, -1) and a point on the
parabola, x2 = 4y, internally in the ratio 1: 2, is:

a.9x2-12y =8
b. 4x? -3y =2
c.x?-3y=2

d.9x2-3y=2

Solution:
Let point P be (2t, t?) and Q be (4, k).

2 =244
h = 3,k— —5—

Now, eliminating t from the above equations we get:
3k+2 = (3h/2)?

Replacing / and k by x and y, we get the locus of the curve as 9x2 - 12y = 8.

7. Fora >0, let the curves Cq1: y2 = ax and C5 : x2 = ay intersect at origin O and a point P. Let
the line x = b (0 < b < a) intersect the chord 0 P and the x-axis at points Q and R, respectively. If
the line x = b bisects the area bounded by the curves, C; and C,, and the area of

A0 QR=1/2,then‘a’ satisfies the equation

a.x®-12x3+4=0
b.x6-12x3-4=0
c.x0+6x3-4=0
d.x®-6x3+4=0

Solution:
Given, (AAPQ)=1/2
= 1/2xbxb=1/2
=b=1
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As per the question

fol (\/@_ %) dz = 3 [

(2/3)Va - (1/3a) = a%/6
2aNa-1=a3/2
=4aVa=2+a3
=>16a3=4+a%+4a°

=a®-12a%+4=0

8.The inversion function of f(x) =

a. i(lngse} log. (l_—x)

1+x
C. lh:nglE (H—I)

4 1-x
Solution:
82x_872$ . 84:/571
f(a:) 8290_’_87290 {dz+1
_ 849071
PUt, y= W

82z _8—2w
82$ +8—2z Y Ze

(=1,1),is

1
b. " (logge) log, (—

d. i log. (1;;)

1+x

1+x
1-x

)
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Applying componendo-dividendo on both sides

y+1 _ 2x8%
y—1 -2

8% = (1+y)/(1+y)

1 1+y

1 11 1+x 11 | 1+x
f EX}_EDEH(I—I)_E DEHE(DEEI—I)

) 322 19 1/:1:2
9.lim,_, (%%) is equal to

a.e
b. 1/e2
c.1/e
d. e?

Solution:

1/
2
Let,L=1lim, (3“" +2) (intermediate from 1~)

Tr2 42

10. Let f(x) = (sin(tan™? x) + sin(cot™" x) )2 - 1, where |x| > 1.

If Z_Z - % % (szn_lf(w))) and y(\3) = /6, then y(-(V3) is equal to:

a. /3

b. 2n/3
c.-T/6
d. 51/6
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Solution:
f(x) = [sin(tan™" x) + sin(cot™" x) ]2 -1
Puttan™ x = ¢, where ¢ € (- /2, - /4) U (T/4, T/2)
= [sin(tan™" x) + sin(cot™" x) 2-1 = [sin ¢+cos ¢]>-1
= 1+2sin ¢cos ¢ -1 = sin2¢ = (2x/1+x?)

It is given that % = 14 (sin"!f(z)))

% = —ﬁ,form > 1

= x>1 and x<-1

To get the value of (-V3), we have to integrate the value of dy/dx. To integrate the expression,

the

interval should be continuous. Therefore, we have to integrate the expression in both the

intervals.

=>y=-tan'x+Cq,forx>Tandy=-tan™! x + Cy, for x < -1

For x >1,Cq =1/2

Since y(V3) = /6 is given.

But C, can’t be determined as no other information is given for x < -1. Therefore, all the options

can be true as C, can't be determined.

11. If the equation, x2 + bx + 45 = 0 (b € R) has conjugate complex roots and they satisfy |z + 1|

=210, then:
a.b’2+bh=12
b.b2-b=42
c.b2-b=30
d.2+bp=72
Solution;

Given x2+ bx + 45 =0, b € R, let roots of the equation be p + ig

Then, sum of roots =2p = -b

Product of roots = p? + g% = 45

As p * iq lies on |z + 1] = 2410, we get
(p+1)?+q%=40
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=>p?+q®+2p+1=40
= 45-b+1=40
=>b=6

= b? - b = 30.

12. The mean and standard deviation (s.d.) of 10 observations are 20 and 2 respectively. Each
of these 10 observations is multiplied by p and then reduced by g, where p # 0 and g # 0. If the
new mean and standard deviation become half of their original values, then g is equal to:

a.-20
b.-5
c.10
d.-10

Solution:

If mean x is multiplied by p and then q is subtracted from it, then new mean ' = pZ — ¢

x

8
I
Do =

And x=10
=10=20p -q— (1)
If standard deviation is multiplied by p, new standard deviation (¢) is |p| times of the initial

standard deviation (o).

o' = |p|lo
> 20 = |plo

p| = 1/2

Ifp=1/2,g=0
Ifp=-1/2,q=-20

13.
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cosx . 6 A . A . -
If f ———— = dx = f(x)(1 + sin® x)7 + ¢, where c is a constant of integration, then Af (E)
sin® x(1+sin® x )3

is equal to :
9 9
a —=- b. =
8 8
c. 2 d -2
Solution:

Letsinx =t = cosxdx = dt

dt dt
™ _E = E
EJ (1+tﬁ]3 t?(1+!Lﬁ.)]
Let1 + :Lﬁ =u=—6t""dt = du
1 1
dt 1 ~d 3 - 1 1\3
==f_£ =—EJ-—:=—EH3+€=—E(I+F)’+C
:’(H!%)F u3
1
(1+sin®x )3

1
= — ——— —_— = & —_
= S o= +sin®x)

1
2sin® x

~Ad=3and f(x) = -

= (5)=-2

14. Let A and B be two independent events such that P(4) =1/3 and P(B) = 1/6. Then, which of
the following is TRUE ?

a.P(4/(AuB))=1/4
b. P(4/B") = 1/3
c. P(4/B) = 2/3
d. P(A/B") = 1/3

Solution:

If X and Y are independent events, then

P (

s

)_ P(XNY)
— T P(Y)
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Therefore,P(A/B) = P(A) = 1/3
= P(A/B) = P(A) = 1/3

15. If volume of parallelepiped whose coterminous edges are given by 1 — 7 + j + )\]Aﬁ

b== 1+ 5 + 3k and W = 2+ 3 + k be 1 cu. unit. If g be the angle between the

edges ¢ and {p then, cos @ can be:

a. 7/(6V6)
b. 5/7

c. 7/(673)
d. 5/(3v3)

Solution:

Volume of parallelepiped = [ﬁ U ’tﬁ}

1 1 A
>11 1 3| = +1
2 1 1
>A=2o0r4
For A =14,
_ 24144 T
costd = EE = o

16. Let two points be A(1, -1) and B(0, 2). If a point P(x', y') be such that the area of APAB =5
sq.

units and it lies on the line, 3x + y - 41 = 0, then the value of 1 is :

a. 4
b. 1
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c. -3
d.3

Solution:

Area of triangle is

1 -1 1
A:% 0 2 1l = 45
z y 1

>= (2—9y)— 2 — 22’ = £10

= —32'— y+ 2= +£10

3x'+y'=12 or 3x'+y’=-8
=>A=3o0r-2

17. The shortest distance between the lines

o
)
w

z—3 y—

3 — 1

And ””3i3 — Y7 2=6 jg

a. 2\30

b. (7/2)N30
c.3

d. 3v30

Solution:

—

AB= —3i— 7j+ 6k — (3¢ + 87+ 3k) = —61— 157 + 3k

P= -3i— j+ k

§= —3i+ 25+ 4k
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) ik ) A A
-3 2 4
Shortest distance = fﬁf 7)
D% q]

_ [36+2254+9] o
V36+225+9 3v30

18. Let the line y = mx and the ellipse 2x2 + y2 = 1 intersect a point P in the first quadrant. If the
normal to this ellipse at P meets the co-ordinate axes at (-1/3v2,0) and (0, ), then j is equal to

a. 2/\3
b. 2/3

c. 2v2/3
d.V2/3

Solution:

Let P = (X"], }’1)

2x2 + y2 = 1 is given equation of ellipse.
= 4x + 2yy'=0

= ¥lx1,y1) = ~2x1/¥1
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Therefore, slope of normal at (x1, y4) is y1/2x4

Equation of normal at (x1, y4) is

v = y1) = (1/2%1) (x = x1)

It passes through (-1/3V2, 0)= -y1 = y1/2x1(-1/3V2- x7)

= x1=1/372

= yq =2V2/3

as P lies in first quadrant

Since (0, p) lies on the normal of the ellipse at point P, hence we get
B =y1/2

=V2/3

2
19. If c is a point at which Rolle’s theorem holds for the function, f(x) = log, ( z 7;;0‘ ) in the

interval [3, 4], where « € R, then f"(c) is equal to :

a.-1/24
b.-1/12
c.\3/7
d. 1/12

Solution:
Rolle’s theorem is applicable on f(x) in [3, 4]
= f(3) = f(4)

=1In (%5) = In(%5°)

=9+ a/21 =16+ a/28

=236+4a=48+3a=>a =12

Now, f(x) = In (c*+12)/7x) = f'(x) =[7x/(*+12)] x(7xx2x~(x*+12)x7)/ (7)?
£(x) =(x? = 12)/(x(x? + 12))

filc)=0=c=2V3

F(x) =(-x* + 48x2 + 144)/x2(x2 + 12)2

o f(c) =1/12
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20. Let f(x) = x cos™ (sin(-|x])) , x € (- n/2, /2 ), then which of the following is true ?

a.f'(0)=-mn/2

b. f 'is decreasing in (- /2, 0) and increasing in (0, /2 )
c. f is not differentiable at x = 0

d. f "is increasing in (- /2, 0) and decreasing in (0, /2 )

Solution:
f(x) = x cos™" (sin(-|x|))
= f(x) = x cos™ (- sin |x|)
= f(x) = [r - cos™ (sin |x|)]
= f(x) = x [ = (/2 - sin”™ (sin |x]))]
= f(x) = x (/2 + |x])

= }llrifl — {
= If'f[,r] = {

21. An urn contains 5 red marbles, 4 black marbles and 3 white marbles. Then the number of
ways in which 4 marbles can be drawn so that at most three of them are red is.

i

—
—

.H
—

2] =] =
e

—

ea|=ea ] =

.

—
| RN
;_‘:. -
" —" et it
M 5 § N
—
—

Solution:

Number of ways to select at most 3 red balls = P(0 red balls) +P(1 red ball) + P(2 red balls ) +
P(3 red balls)

=7C4+ SC—I X7C3+ 5C2X7CZ+563X7C1

=35+175+210+ 70 =490

22. Let the normal at a P on the curve y2 - 3x2 + y + 10 = 0 intersect the y-axis at (0,3/2). If m is
the slope of the tangent at P to the curve, then |m| is equal to

Solution:
Let co-ordinate of P be (x7, y7)
Differentiating the curve w.r.t x
2yy' -6x+y' =0
Slope of tangent at P
= y' =6x1/(1 + 2y7)
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Mnormal=(( y1-3/2)/(x1-0) )

“ Mnormal*Mtangent = ~ 1

= ((3/2) = y1/=x1)x(6x1/1+2y7) =-1
=y1=1

=>x1=12

Slope of tangent =+12/3 = £4

=>|m|=4

23. The least positive value of 'a’ for which the equation, 2x2+(a-10)x+(33/2) =2a has real roots
is
Solution:

2x2+(a-10)x+33/2=2a, a € Z+ has real roots

=D20 =(a-10)2-4x2x((33/2)-2a)=0

=(a-10)?-4(33-4a)=0

=a2-4a-3220

=a€(-»,-4]u[8,» )

Thus, minimum value of 'a' V a€Z+ is 8.
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24. The sum 220:1(1 + 24+ 3+ ... + k) is

Solution:

20 k(k+1)
k=1 2

20

1 | 20(21)(41 20(21
= 1 [meven | mon)

=(1/2)[2870+210]=1540

25. The number of all 3x3 matrices A, with entries from the set {-1,0,1} such that the sum of the
diagonal elements of (447) is 3, is

Solution:
a;; Qa2 Qi3
Let A= aoq aoso CL23
az; Gzz Ags

ailr a1 azi
AndAT= a1y agy  ass

ai3 Q@23 ass
(AAT)=ar12 a1 % +aqg?+ap 2rag®+agg®+az ragy’+azs®=3
So out of 9 elements (aij)'s, 3 elements must be equal to 1 or -1 and rest elements must be 0.
So, the total possible cases will be
When there is 6(0's) and 3(1's) then the total possibilities is °Cg
For 6(0's) and 3(-1's) total possibilities is °Cg
For 6(0's),2(1's) and 1(-1's) total possibilities is °C¢ x3
For 6(0's),1(1's) and 2(-1's) total possibilities is °Cx3

- Total number of cases =2C¢ x8=672
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