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Physics

1. Distance of the centre of mass of a solid uniform cone its vertex is zq. If the radius of its base is R
and its height is h then z; is equal to:

5h

(a) 2

(B) 2
=

Uy
4

Answer: (D)

Solution:

Consider an elementary disc of radius r and thickness dy.
If total mass of cone = M and density = p
Then mass of elementary disc is dm = pdv = p x mrdy wennn (1)

In similar A's AOE and AO'C

|
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Put (2} in (1) G
¥
dm=p(r)(F R) dy
2
dm= p x % y* dy
The centre of mass of cone lying on the line AQ' at a distance ¥y from A can be calculated as

_ fldm)y  [eeRY y'dy
Yem = “fgm~ =" TJam

b
p=lt?
S vy

M= px %+ xR*h

Topic: Centre of Mass
Difficulty: Easy (embibe predicted Low Weightage)
Ideal time: 30

2. Ared LED emits light at 0.1 watt uniformly around it. The amplitude of the electric field of the light
at a distance of 1 m from the diode is:

(A) 5.48 V/m
(B) 7.75V/m
(C) 1.73V/m

Answer: (D)

Solution:
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For a point source of power = P, then intensity at a point at a saparation x from the source is

J— Pawer P
Area amc?

+ Avarage intensity of EM wave is given by

1=3Ce £

LI v

e 1
"dreg E

- 0x10% P=01W, x=1m

C = Speed of light =3 x 10%n /s

2x{.1x0x 109
::'E']: m_—\"fﬁ:ﬂ.ﬁﬁfﬂl

Topic: Optics
Difficulty: Easy (embibe predicted high weightage)
Ideal time: 120

3. A pendulum made of a uniform wire of cross sectional area A has time period T. When
and additional mass M is added to its bob, the time period changes to Ty,. If the Young’s

. o 1.
modulus of the material of the wire is Y then 7S equal to:

(g = gravitational acceleration)

w [1- ()]s
@ [1-(2)]=

@l -1
(=)

(D)
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Answer: (C)
Solution:

=
e

_}A

s+

Initial length = £
Time period T = 2?1'\/% (D)

After suspending mass M,

__ Stress
Youngs modulus Y = g

Il
F“_Jh-'a
Il

AEA
[

Change in length of wire Af= :;:

Now Time period Ty = 2 "T‘“ i)

sl g [ 1]
Tyg _2” [E+Ad i
E
T2 ¢
EE £+ AL
s =LFE [putting A £value]
Ty tha
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Topic: Simple Harmonic Motion
Difficulty: Difficult (embibe predicted high weightage)
Ideal time: 120

4. For asimple pendulum, a graph is plotted between its kinetic energy (KE) and potential
energy (PE) against its displacement d. which one of the following represents these
correctly?

(Graphs are schematic and not drawn to scale)

(A)

(B)

(€
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E
~, JKE

(D)

Answer: (D)

Solution:
For simple pendulum performing simple harmonic motion, displacemant
¥ = Asinwt

Velocity % =V = wA cos wt
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Kinetic energy = 3 w?m (A2~ A%) =0
Similarly potential energy = l;mzfz

On plotting graphs of potential energy & Kinetic energy

4+ E

PE

KE
Ak

Topic: Simple Harmonic Motion
Difficulty: Easy (embibe predicted high weightage)
Ideal time: 60

5. Atrain is moving on a straight track with speed 20ms™1. It is blowing its whistle at the
frequency of 1000 Hz. The percentage change in the frequency heard by a person
standing near the track as the train passes him is (speed of sound 320ms™~1) close to:

(A) 18%
(B) 24%
(C) 6%
(D) 12%

Answer: (D)

Solution:
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20m/s
R
? —+— 20 m/s

O O

Before fi = 1000 Hz

a9

w

7=(%) % fa

Change in freguency
(I (]
= (E - ﬁ)f{l
.. Percentage change in frequency

LR
14 17

f
= —Jr-ﬂL x 100 == 12% nearly

Topic: Wave & Sound

Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 200



® JEE MAIN 2015 ()

embibe Detailed Solution - Offline 4th April CODE

6. When 5V potential difference is applied across a wire of length 0.1 m, the drift speed of
electrons is 2.5 X 10~*ms 1. If the electron density in the wire is 8 X 1028m™3, the
resistivity of the material is close to:

(A) 1.6 X 107°0m
B)1.6 x 10-50m
(C) 1.6 x 10780m
(D) 1.6 x 1077 0m

Answer: (B)

Solution:

Potential difference = 5V

length =01m=¢£

Electron speed = drift velocity vy = 2.5 x 10~ 4m/s
electron density (n) =8 x 10%¥m 3

charge on each electronf{e) = 1.6 = 1018

We know i=n Ae vy i)

Andv=iR i)
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l

T—

—L R

I
ll
v

- - ¢
Resistance R is also equal PI

-
p=7  |p=Resistivity]
=2 %I [from i)

T fxnxexvy

5

T nix8x10Pxi6x10 Pxasxin 4

—0.16 x 10~4m = 1.6 x 10~ Im
Topic: Electrostatics

Difficulty: Easy (embibe predicted high weightage)
Ideal time: 120

\
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Two long current carrying thin wires, both with current |, are held by insulating threads of length L
and are in equilibrium as shown in the figure, with threads making an angle ‘0’ with the vertical. If
wires have mass A per unit length then the value of | is:

(g = gravitational acceleration)

(A) 2 /”—thanG
Ho

(B) mAgL tand

Ho

(C) sing | A9L

Hocoso

. TAgL
.2sm0 ’—g
Hocoso

Answer: (D)

Solution:

mg mg

Two wires will repel each other due to current in the same direction and due to magnetic force.

.. magnetic force per unit length is

pol® w1’

2x(2Lsinf) 4wl sind

df
dl

and mass per unit length of each mix = % =X
) 1 o I
So, magnetic force on total length £ of the mix is fm = ;73—

and weight = Mg

By equilibrium of mix,
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Tsinf = £ and T cosfd =mg

s Tmﬂ_h
¥ Teand q;‘rfm—mgtanﬂ

2
Hol” v

= Sdang mﬂmﬁ_‘ugmﬂ

upt® P
Tamsl — ‘ugm

=

I = 2sinf

Topic: Magnetism
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 90

8.
av
i, p20
|| ey
319 TW
T"l'l'I 1I'Ir
30 Q¢
In the circuit shown, the current in the 1.2 resistor is:
(B) 0.13A,fromPtoQ
(C) 1.3A,fromPtoQ
(D) OA
Answer: (A)

Solution:

D,

CODE
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Iy C

B 30 I Q 30 D

The distnbution of current according to Kirchhoff's first law is as shown in the circuit
By Kirchoffs second law (voltage rule)

In loop APQBA using sign curve fine
G-3-I; =0
= H+I; =6 --(i}

Inloop QD & PQ

= —3I-L)+9-2(1—L)+1xI,=0
= 0-5(I-L)+L =0

= O0+6L —51=0

= BI—6L; =9 __{ii}

(Multiplying (i} by 5) - (Multiplying (i) by 3)

= 161 + &L; = 30
151 — 18L 27
— + —

BL =35 =2A=013A

+ve sign of Iy shows that current 0.13 A flows from Qto P

Topic: Electrostatics
Difficulty: Easy (embibe predicted high weightage)
Ideal time: 90

9. Assuming human pupil to have a radius of 0.25 cm and a comfortable viewing distance
of 25 cm, the minimum separation between two objects that human eye can resolve at

500 nm wavelength is:



® JEEMAIN 2015 ()

embibe Detailed Solution - Offline 4th April CODE

(A) 100um
(B) 300um
(C) 1um

30um

Answer: (D)

By fraunhofer diffraction through a circular aperture 8 = %

[ = diameter of pupil =2 = 0.25 =05cm

A = 500 nm

First dark ring is formed by the light diffracted from the hole at an angle & with the axis
Viewing distance D = 25 cm

=~ minimum separation between

2 objects =D#

_ mx1— i mxsoxin—?
- 5x10—1

=30 x 10 5m

= 30 um
Topic: Optics
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 120
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10. Aninductor (L = 0.03H) and a resistor (R = 0.15kf2) are connected in series to a
battery of 15V EMF in a circuit shown below. The key K; has been kept closed for a long
time. Then at t = 0. K, is opened and key K, is closed simultaneously. At t = 1ms, the
current in the circuit will be : (e® = 150)

0.03H 0.15kQ

K

Y
K,

I
5V

P W .

(A) 6.7 mA

(C) 100 mA
(D) 67 mA

Answer: (B)

Solution:

0.03H 15002

— R —AMMA—
e
It <
15V K4
L = 0.03H

R =0.15k7 = 15012
(e551505ivm]
E =15V

Case I: K, is closed for long tiime
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0.03H 15002
MWW
i
15V

for long time, inductor acts as a conducting wire.

; gz v
== cumrent in the circuit = R

_ 15
T

ip=014A

Case ll: K; is open and Ka is closed

0.03H

1500

Current in the circuit

—& L
i=fer;r=g

After t = 1ms = 103

10 3% 150

i=ige ( 3x10- 2

CODE
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—15
=01 3

S W |
_u‘1;5_

— 6.67 % 1074
=067 x 10 3A

= (.67 mA
Topic: Magnetism
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 120

11. An LCR circuit is equivalent to a damped pendulum. In an LCR circuit the capacitor is
charged to Qg and then connected to the L and R as shown below:

R L

[ 1€
i

If a student plots graphs of the square of maximum charge (QZ,,) on the capacitor with
time (t) for two different values Ly and L,(L; > L) of L then which of the following
represents this graph correctly? (plots are schematic and not drawn to scale)

(A)

2
Q L1 T e —
Qg (for both Ly andLy)

 —
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L,
t
(D)
Q;"lax Ls
Ly
Answer: (C)
Solution:

Comparing to damped pendulum

We write

m%: —kx —bw ; bvis resistive force

b

= Amplitude A = Age Tm
Comparing results, we can write
o_ &

== +Lz+iRt

as charge decreasing

CODE
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R L
1 1€
1
e

R
q=oqpe L
A Rt
q’=gge T
Ri

. . . (R . —(B
Exponentially decreasing function more the ‘L’ losses will (Z) and more will be e (L)t

L, graph has higher values than L,

Topic: Magnetism
Difficulty: Difficult (embibe predicted high weightage)
Ideal time: 150

12. In the given circuit, charge @, on the 2uF capacitor changes as C is varied from 1uF to 3uF. @, as a
function of ‘C’ is given properly by: (figure are drawn schematically and are not to scale)

— 1uF
C

(A)
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Charge

(C)
Charge

Q,

(D)

Answer: (D)

Solution:

I}
Ik

« 1 A 2uf arein parallel.
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C i3uFI
| |
+Q -Q +Q -Q

-

~Equivalent capacitance of the series combination is

3c
C,y is—
€d “c43

So total charge supplied by battery is Q = Coq = %

-~ Potential difference across parallel combination of 1uf ad 2uf is

AV =2 CE
3 C+3

So charge on 2uf capacitor is

_ — 2CE
Q2 = GAV = c+3

Q@ _ C _ Q _ C+3-3

2E C+3 2E C+3

2E C+3 2E C+3

= (Q, —2E)(C +3) = —6E
Which is of the form (y —a)(x + ) <0

So the graph in hyperbola. With down ward curve line. i.e

o

c

Topic: Electrostatics
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 120

13. From a solid sphere of mass M and radius R a cube of maximum possible volume is cut.
Moment of inertia of cube about an axis passing through its centre and perpendicular to
one of its faces is:
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.4MR2
9V3m
® 37,
CE=
(0) 2

Answer: (A)
Solution: Let a be length of cube for cube with maximum possible volume diagonal length = 2R

2R
=>vV3a=2R=>a="—=
V3

As densities of sphere and cube are equal. Let M’ be mass of cube

, _3Ma?
"~ 4mR3
Moment of inertial of cube about an axis passing through centre
M'(2a?)
12
3Ma® 2a?
X —_—
4wR3 12
Ma®
8nR3
2 R
a=—
V3
M x 32R5

8m x 9v3R3

4MR?
9V3m

Topic: Rotational Mechanics
Difficulty: Moderate (embibe predicted Low Weightage)
Idal time: 300
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14. The period of oscillation of a simple pendulum is T = 271\/%. Measured value of L is 20.0 cm known

to 1 mm accuracy and time for 100 oscillations of the pendulum is found to be 90s using a wrist
watch of 1s resolution. The accuracy in the determination of g is:

(A) 1%
(B) 5%
(C) 2%

Answer: (D)

. L L
Solution: ~ T = 27'[\/; >g= 4_”.2E

~ Error in g can be calculated as
Ag _ AL 2AT
g L T
~ Total time for n oscillation is t = nT where T= time for oscillation.

At AT
>—=—
t T
A AL 24t
= —g = — —_
g L t
Giventhat AL 1mm =10"3m,L =20 %X 107%m

At = 1s,t = 90s

error € g
Ag AL 2At
—X 100=(—+—)x100
g L t
Ag AL 2At
—X 100=(—+—)x100
g L t

10 +2><1 x 100
20x 1072 90

20

1

2 9
0.5+2.22
2.72
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IR

3
Topic: Unit & Dimensions
Difficulty: Easy (embibe predicted easy to score)

Ideal time: 90

15. On a hot summer night, the refractive index of air is smallest near the ground and
increases with height from the ground. When a light beam is directed horizontally, the
Huygens’ principle leads us to conclude that as it travels, the light beam:

(A) Bends downwards

(C) Becomes narrower
(D) Goes horizontally without any deflection

Answer: (B)

Solution: Consider air layers with increasing refractive index.

\ji u increating
B
I

At critical angle it will bend upwards at interface. This process continues at each layer, and light ray bends
upwards continuously.

Topic: Optics
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 60

16. Asignal of 5 kHz frequency is amplitude modulated on a carrier wave of frequency 2
MHz. The frequency of the resultant signal is/are:

(B) 2000 kHz and 1995 kHz
(C) 2 MHz only
(D) 2005 kHz, and 1995 kHz
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Answer: (A)
Solution:

Freguency of single wave = G6kHz =f
Carrier wave frequency = 2MHz
— 2000 kHz - f,
Resultant signal maximum frequency
=f+i
=5 - 2000 kHz
= 2005 kHz
Resultant signal minimum frequency
—f, =f
= 2000 — 5kHz=
=1905 kHz

Topic: Communication Systems

Difficulty: Easy (embibe predicted high weightage)
Ideal time: 60

17. A solid body of constant heat capacity 1/ /°C is being heated by keeping it in contact
with reservoirs in two ways:

(i) Sequentially keeping in contact with 2 reservoirs such that each reservoir supplies same
amount of heat.

(i) Sequentially keeping in contact with 8 reservoirs such that each reservoir supplies same
amount of heat

In both the cases body is brought from initial temperature 100°C to final
temperature200°C. Entropy change of the body in the two cases respectively is:
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(A) In2,2In2
(B) 2In2,8In2
(C) In2,4In2

-ln2, In2

Answer: (D)

Solution:

: _dg
Change in entropy ds = =

AQ— heat supplied =CAT
dQ=cdT
dzs=

AafL
T

Integrating both sides

5
jdszc;"—,:

0
5. -8 = .'15=C.].11T|
I i 100

= C[In200 — In100]

AS5=CIn2

c=11/°C
= AS=In2

Entrpoy change in same for both cases as C in constant, and temperature change (i.e. from 100 to 200) in same.

Topic: Heat & Thermodynamics
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 90
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18. Consider a spherical shell of radius R at temperature T. the black body radiation inside it

can be considered as an ideal gas of photons with internal energy per unit volume

U 1(U . . .
u=_ T*and pressure p = 5(;). If the shell now undergoes an adiabatic expansion

the relation between T and R is:

e
g

(C) Toxe R
(D) T «x e—3R

Answer: (A)
Solution: * in an adiabatic process.
dQ =0
So by first law of thermodynamics
dQ =dU +dw
=0=dU +dW
= dW = —dU
~dW = PdV
= PdV = —dU ....{J)

Given that% xT*=U=kVT*

= dU = kd(VT*) = K(T*adV + 4T3VdT)

1U 1kvT* KT*
AI P —_————_—" - —
SO, 3V. 3 V 3

Putting these values in equation

KT*
= Talv = —k(T*dV + 4T3VdT)

Tav
= = = =TdV  4vdT
AT
= ?dV = —4VdT

%dV —dT
>5——=—
v T
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> %an =—InT = InV -3

= VT3 = constant

4 373
§T[R T° = constan

RT = constant

T 1
=>Tx—
R

Topic: Heat & Thermodynamics
Difficulty: Difficult (embibe predicted high weightage)
Ideal time: 120

19. Two stones are thrown up simultaneously from the edge of a cliff 240 m high with initial
speed of 10 m/s and 40 m/s respectively. Which of the following graph best represents
the time variation of relative position of the second stone with respect to the first?
(Assume stones do not rebound after hitting the ground and neglect air resistance, take

g = 10ms™2?)

(the figure are schematic and not drawn to scale)

(A)

i (yp-y)m

> t(s)

(B)

A yz-¥)m
240 |5t

F 12 1)

(€

T y,—y)m
240

t(s)

t— 8 12

(D)



JEE MAIN 2015 ()

embibe Detailed Solution - Offline 4th April CODE

240

t(s)

Answer: (A)
Solution: §; = 10t —%gt2
When §; = —240
= —240 = 10t — 5¢t2

=>t=28s

So at t = 8 seconds first stone will reach ground
S, =20t — lgt2
2
Till t = 8seconds
S, — 8§, =30t

But after 8 second S; is constant —240

Relative to stone t; > 8seconds displacements of stone 2 S, + 240
1
=S, + 240 = 20t—zgt2

And at t = 12s seconds stone will reach ground

The corresponding graph of relative position of second stone w.r.t. first is

Oz-ys)m

240

8 12

Topic: Kinematics
Difficulty: Moderate (Embibe predicted high weightage)
Ideal time: 240
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20. A uniformly charged solid sphere of radius R has potential ¥, (measured with respect to

. . . . . .3V, 5V, 3V
o) on its surface. For this sphere the equipotential surfaces with potential TO’TO’TO

and % have radius Ry, R,, Rz and R, respectively. Then

(A)R, = oland R, < (R, — Rs)

(B) 2R <R,

(C) Ry =0and R, > (R4, — R3)

(D) Ry # 0and (R, —R;) >R, — R;

Answer: (A)

Solution:

Vo

Potential for uniformly charged solid sphere

1.9 ide i

V= = outsiderer=R
__149
= 7 Of the surface

2
168 w22 |s ooy =
_—— R ol
v [ ﬂ—gn]lnsmlm.e.r R

Clearly potential in decreasing with .

vy S5vp

=+ e Hie inside potentials [+ = wy]
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Py vy . . i
=3 "7 are outside potentials i Vu]

5_3_ 183
4 2 2R
tR§ 1
ZR2 4
RrR2
r3=15
R
Ry = —
TogetRy -0 —_1 Q
get Rg - — S iz
2149 149
ddmep R~ dmeg Ry
31
i Ry
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£ X AL A 0
47 gmeg B dmsg Ry
Ry —4R

Ry-R3=4R-F =T >Ry

=0 and Ra < (Ry — Rg)

Both options are correct.

Topic: Electrostatics
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 210

21. Monochromatic light is incident on a glass prism of angle A. If the refractive index of the
material of the prism is g, a ray, incident at an angle 8, on the face AB would get
transmitted through the face AC of the prism provided:

":l’-‘

(
A+ sin” 1(

“;IP—'

(A) 8 > co ~1|usin <A +sin™?!
(B) 8 < cos™?! usm(

tIH

-1

(D) 8 < sin‘1 usin| A — sin

)
)
)
)

lH > sin~! [usin <A sin 1(
psina s

*;Ir—‘

Answer: (C)
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Solution:

For emergence rz < critical angle
. —3f1
= TIg<sin '[—
o
A=tz
=A-r=n

> A1 < sin‘i(E)

= .ﬂ.—l'l {Ei.'ll_i(i)

= A — m‘n‘l(:l] <
" By shells law
gsin 8 = psin ry

o (2)

= ﬁ—m‘n‘l(&) < sin-l(

=&

)

sanfa-an () < 2

J sin (A—sin-l(ﬁ)) < sin®

205 st (e (- ()

Topic: Optics

Difficulty: Moderate (embibe predicted high weightage)
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Ideal time: 240

22. Arectangular loop of sides 10 cm and 5cm carrying a current | of 12 A'is placed in
different orientations as shown in the figure below:

(a) +1 al

-

If there is a uniform magnetic field of 0.3 T in the positive z direction, in which orientations
the loop would be in (i) stable equilibrium and (ii) unstable equilibrium?

(B) (b) and (c), respectively
(C) (a) and (b), respectively
(D) (a) and (c), respectively

Answer: (A)

Solution: For a magnetic dipole placed in a uniform magnetic field the torque is given by
z=Mx B and potential energy U is given as
U=—-M.B =—MBcost
When M is in the same direction as B then Z = 0 and U is min = - MB as 6 = 0°
= Stable equilibrium is (b). and when M then Z = 0 and U is max = + MB

As 6 = 180°

Unstable equilibrium in (d).
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Topic: Electrostatics

Difficulty: Easy (embibe predicted high weightage)
Ideal time: 30

23. Two coaxial solenoids of different radii carry current | in the same direction. Let E) be

the magnetic force on the inner solenoid due to the outer one and Fz' be the magnetic
force on the outer solenoid due to the inner one. Then:

(A) F; is radially inwards and F, = 0
(B) F{ is radially outwards and FZ' =0

@F =F =0

(D) F{ is radially inwards and Fz) is radially outwards

Answer: (C)

Solution:

S, is solenoid with more radius than S; field because of S; on S, is o
~ forceon S, by S; =0
In the uniform field of S, S; behaves as a magnetic dipole

-~ force on S; by S, is zero because force on both poles are equal in magnitude and opposite indirection.

Topic: Magnetism
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 120
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24. A particle of mass m moving in the x direction with speed 2v is hit by another particle of mass 2m
moving in the y direction with speed v. If the collision is perfectly inelastic, the percentage loss in
the energy during the collision is close to:

(B) 62%
(C) 44%
(D) 50%

Answer: (A)

Solution:
The initial momentum of system is 1_3; =mQV)t+ 2m)vf

According to question as

]

—

On perfectly inelastic collision the particles stick to each other so.
By conservation of linear momentum principle
P; = B, = 3mV; = m2Vt + 2mV}

2V 2V2
>Vi=— 0@+ =>Ve=—-V
3 3
< loss in KE. of system Kinitiar — Kinar
2

2V2V
T)

lm(ZV)2 + z m)v? — ! (3m)
2 2 2

4mV?
3

4
2mV? + my? — §mV2 =3mV? —

5
—my?
3m

. AR Sm? s
% change in KE 100 X < Tz 5 X 100
L
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500 _
o5 = 6

Topic: Magnetism
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 90

25. Consider an ideal gas confined in an isolated closed chamber. As the gas undergoes an adiabatic
expansion, the average time of collision between molecules increase as V4, where V is the volume

(-2)

of the gas. The value of q is:

(A 5
2

-1
(8) ==
3y+5
()
3y-5
(0) =5~

Answer: (A)

Average time of collision

¢ — mean fres path{i)

average speed (v)

ru:i
¥

1

wadoc no. ef moleculss per unit voluma

Au:(&j

»

= AoV
And v o VT
= vx VPV

PxV ¥
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for adiabatic process where y = adiabatic coefficient
= v VV IV
5 VeV T
So average time

3 v
“layg X T1y
s

Eaisg . {1 T E)

14y

Lopg oV 2
_ 14y
=5

Topic: Heat & Thermodynamics
Difficulty: Difficult (embibe predicted high weightage)
Ideal time: 120

26. From a solid sphere of mass M and radius R, a spherical portion of radius g is removed,
as shown in the figure. Taking gravitational potential V = 0 and r = oo, the potential at
the center of the cavity thus formed is:

(G = gravitational constant)

Answer: (D)

Solution:
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Potential due to whole sphere if cavity is not there at distance %ﬁnm centre

?—ﬂ {g RE —0.5 'I'E Jt— (%}

|
Ag
e
b=+
IH
L
S

11M
=" m SR

Potential due to sphere of radius % al its centre let M' be mass of this sphare (equating densities)

M__ M'.
PR (3)

M
M"_?

Potential due to the sphere of % radius at Its centre s

M’

==
]

_ (2
.. Potential at r = % is = (1) - (2)

-11GM A 3GM —GM

% m 'sm R
Topic: Gravitation
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 360
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27.

ARV RAAAN

Given in the figure are two blocks A and B of weight 20N and 100N, respectively. These are being
pressed against a wall by a force F as shown. If the coefficient of friction between the blocks is 0.1
and between block B and the wall is 0.15, the frictional force applied by the wall on block B is:

(B) 150 N
(C) 100 N
(D) 80N

Answer: (A)

Solution:

fs

A

1

v
20N 100N

For complete state equilibrium of the system. The state friction on the block B by wall will balance the
total weight 120 N of the system.

Topic: Laws of Motion
Difficulty: Moderate (embibe predicted Low Weightage)
Ideal time: 60
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28. A long cylindrical shell carries positive surface charge o in the upper half and negative

surface charge - ¢ in the lower half. The electric field lines around the cylinder will look
like figure given in:
(Figures are schematic and not drawn to scale)

(A)

(B)

(€

(D)

Answer: (C)
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Solution:

Consider cross section of cylinders which is circle the half part of circle which has positive charge can be
assume that total positive charge is at centre of mass of semicircle. In the same way we can assume
that negative charge is at centre of mass of that semicircle.

Now it acts as a dipole now by the properties of dipole and lows of electric field line where two lines
should not intersect the graph would be

Topic: Electrostatics
Difficulty: Moderate (embibe predicted high weightage)
Ideal time: 90

29. As an electron makes transition from an excited state to the ground state of a hydrogen
like atom/ion:

(A) Kinetic energy decreases, potential energy increases but total energy remains same
(B) Kinetic energy and total energy decreases but potential energy increases

(D) Kinetic energy, potential energy and total energy decrease

Answer: (C)
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—e?

Solution: U =
4TEYT

U = potential energy

K = kinetic energy

—e?

E=U+k=

8megr
E =Total energy

-~ as electron de-excites from excited state to ground state k increases, U & E decreases

Topic: Modern Physics
Difficulty: Easy (embibe predicted high weightage)
Ideal time: 30

30. Match list-I (Fundamental Experiment) with List-II (its conclusion) and select the correct option from
the choices given below the list:

List-I List-Il

Franck-Hertz Experiment (i) | Particle nature of light
Photo-electric experiment (i) | Discrete energy levels of atom
Davison-Germer Experiment | (iii) | Wave nature of electron

(iv) | Structure of atom

O0|®m| >

@4 - (it); B — (0); € — (iid)

(B) A — (iv); B — (iii); € — (ii)
(C) A= (i); B — (iv); C — (iii)
(D) A — (ii); B — (iv); C — (iii)

Answer: (A)

Solution: Frank-Hertz experiment demonstrated the existence of excited states in mercury atoms
helping to confirm the quantum theory which predicted that electrons occupied only discrete quantized
energy states.

Phot-electric experiment = Demonstrate that photon is the field particle of light which can transfer
momentum and energy due to collision.
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Davisson-Germer experment = this experiment shows the wave nature of electron.

Topic: Modern Physics
Difficulty: Easy (embibe predicted high weightage)
Ideal time: 30
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Chemistry

1. Which compound would give 5-keto-2-methyl hexanal upon ozonolysis:

(A)
CH,
CH3
(B)
CH,
(€)
CHj,
o
(D)
CH4
CH,
Solution: (D)

CH CH, } & CHs o
0, /’7‘\4 H
i z R 3 o
CH

CH, CH,4

° i

sl 4 3 2 |
CHy;—C—CH, —CH2—{|3H —C—H
CH,

5-keto-2-methyl hexanal
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2. Which of the vitamins given below is water soluble?
(A) Vitamin E
(B) Vitamin K
(C) Vitamin C
(D) Vitamin D

Solution: (C) B complex vitamins and vitamin C are water soluble vitamins that are not
stored in the body and must be replaced each day.

3. Which one of the following alkaline earth metal sulphates has its hydration enthalpy
greater than its lattice enthalpy?

(A)  BaSo,
(B)  Srso,
() caso,
(D)  BeSO,
Solution: (D) AHHydration > AHLattice

Salt is soluble. BeS0, is soluble due to high hydration energy of small ;: ion. K, for BeS 4

is very high.
4. Inthe reaction,
NH,,

NaNO,/HCI CuCN/KCN
0-5°C A

‘E+N2

CH4
The product E is:

(A)

CN

CH,
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(B)
CH,

()
COOH

CH,

D)D)

Solution: (A)

NH,
NaNOz’HC' CuCN!KCN
o5
CH,

5. Sodium metal crystallizes in a body centred cubic lattice with a unit cell edge of 4.294 . The
radius of sodium atom is approximately:
(A) 5.72A
(B) 0.934
(C) 1.86A
(D) 3.224

(D)

Solution: (C)  For B.C.C,
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4r = \/§a
r= @a = % X 4.29
1.86A

6. Which of the following compounds is not colored yellow?

Solution: (C) Cyanides not yellow.
BaCr0, —
K3[Co(NOz)e] —
(NH,)3[As(M03010)4] —

7. Which of the following is the energy of a possible excited state of hydrogen?
(A) -3.4EV

(B) +6.8 eV
(C) +13.6eV
(D) -6.8 eV
Solution: (A) E,, = _11;'6 eV

Wheren = 2 = E, = —3.40eV

8. Which of the following compounds is not an antacid?
(A) Phenelzine

(B) Rantidine

(C) Aluminium hydroxide

(D) Cimetidine

Solution: (A)  Ranitidine, Cimetidine and metal hydroxides i.e. Aluminum hydroxide can be used as
antacid but not phenelzine. Phenelzine is not an antacid. It is an antidepressant. Antacids are a type
of medication that can control the acid levels in stomach. Working of antacids: Antacids counteract
(neutralize) the acid in stomach that’s used to aid digestion. This helps reduce the symptoms of
heartburn and relieves pain.
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2 - —
9. Theionic radii (A) of 3—,0 andF are respectively:
N

(A) 1.71,1.40 and 1.36
(B) 1.71,1.36 and 1.40
(C) 1.36,1.40 and 1.71
(D) 1.36,1.71 and 1.40

Solution: (A) As = T ionic radius decreases for isoelectronic species.

-()-3

10. In the context of the Hall - Heroult process for the extraction of Al, which of the following statements is
false?

(A) jl-l_ is reduced at the cathode to form Al.

(B) Na,AlFg serves as the electrolyte.
(C) €O and CO, are produced in this process.
(D) Al,05 is mixed with CaF, which lowers the melting point of the mixture and brings conductivity.

Solution: (B) Hall-Heroult process for extraction of Al. Al,0; is electrolyte NasAlFg reduces the fusion
temperature and provides good conductivity.

11.In the following sequence of reactions:
TolueneKMn0,ASOCI,B H,/Pd ,BaS0,C

The Product Cis:
(A) C4HsCH,OH
(B) CcHsCHO
(C) C4,H5COOH
(D) C¢H5CHS

Solution: (B)
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KMnO, SOCl,
CHy—— COOH ———= Cocl
3350{}-12@:]
Rosenmund's reaction

12. Higher order (3) reactions are rare due to:

(A) Shifting of equilibrium towards reactants due to elastic collisions.

(B) Loss of active species on collision

(C) Low probability of simultaneous collision of all the reacting species

(D) Increase in entropy and activation energy as more molecules are involved

Solution: (C)  Probability of an event involving more than three molecules in a collision are
remote.

13. Which of the following compounds will exhibit geometrical isomerism?
(A) 2 -Phenyl -1—-butane

(B) 1,1 - Diphenyl - 1 — propane

(C) 1-Phenyl-2- butane

(D) 3 -Phenyl -1-butane

Solution: (C)  1-Phenyl -2 -butene:

CH,4 H
C=C — C= /
— ] —
N W New,
(cis) (trans)
14. Match the catalysts to the correct process:
Catalyst Process

A. TiCl; i. | Wacker process

B. PdCl, ii. | Ziegler — Natta polymerization

C. CuCl, iii. | Contact process

D. V505 iv. | Deacon’s process
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(A) A—-ii,B —iii,C »iv,D - i
(B) A—-iii,B—-1i,C —ii,D - iv
(C) A—-iii,B »ii,C > iv,D — i
(D) A—-ii,B-iC - iv,D —iii

Solution: (D)  The Wacker process originally referred to the oxidation of ethylene to acetaldehyde
by oxygen in water in the presence of tetrachloropalladate (ll) as the catalyst.

In contact process, Platinum used to be the catalyst for this reaction, however as it is susceptible to
reacting with arsenic impurities in the sulphur feedstock, vanadium (V) oxide (V,05) is now
preferred.

In Deacon's process, the reaction takes place at about 400 to 450°C in the presence of a variety of
catalysts, including copper chloride (CuCl,).

In Ziegler-Natta catalyst catalyst, Homogenous catalysts usually based on complexes of Ti, Zr or Hf
used. They are usually used in combination with different organ aluminium co-catalyst.

15.The intermolecular interaction that is dependent on the inverse cube of distance between
the molecules is:

(A) London force

(B) Hydrogen bond

(C) lon-ion interaction

(D) lon-dipole interaction

Solution: (B) Ion — ioninteraction « riz
o . 1
lon — dipoleinteraction < —
r

Londonforces « —
r

1
And Hydrogenbond « =

16.The molecular formula of a commercial resin used for exchanging ions in water
softening is CgH,S03;Na (Mol. wt. 206). What would be the maximum uptake of Cz‘a+

ions by the resin when expressed in mole per gram resin?

(A) o

(B)

(C) —

103

(D) 5=
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+
24— (C8H7SO3)2CQ + 2Na

Solution: (B) + + Caggq)
—Na
2CH,S04
2 +ion
2moles(resin) = 412g = 40gC

2 +ions
1molesofCa
2+ i1
Ca**/gofresin = e
Molesof

17.Two Faraday of electricity is passed through a solution of CuS0,. The mass of copper
deposited at the cathode is: (Atomic mass of Cu = 63.5 amu)

(A)2g

(B) 127 g

(C)og

(D)63.5¢

Solution: (D) 2F = 2EqsofCu

2><6 = 63.5
2 09

18.The number of geometric isomers that can exist for square planar

+ . -
[PE(CD) (py) (NH3) (NHo0H)] ' [PV = Pyridine):
(A) 4
(B) &
(€) 2
(D)3
Solution: (D) Complexes with general formula [Mal-)l_cd] square planar complex can have

three isomers.

19.n Carius method of estimation of halogens, 250 mg of an organic compound gave
141 mg of AgBr. The percentage of bromine in the compound is : (Atomic mass : Ag =
108, Br = 80)

(A) 48
(B) 60
(C) 24
(D) 36
Solution: (C) R — BrCariuSﬁ”zethodAgBr
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250 mg organic compound is RBr

141mgAgBr = 141 X %mgBr

Br in organic compound

141 x 22 x L %100 = 24
188 250

20.The color of KMnO0, is due to:
(A) L - M charge transfer transition
(B) 0 — o transition

(C) M - L charge transfer transition
(D) d — d transition

Solution: (A) Charge transfer from 20_ to empty d-orbitals of metal ion (Mn*”)

21.The synthesis of alkyl fluorides is best accomplished by:

(A) Finkelstein reaction

(B) Swarts reaction

(C) Free radical fluorination

(D) Ssandmeyer’s reaction
Solution: (B) Alkyl fluroides is best accomplished by swarts reaction i.e. heating an alkyl
chloride/bromide in the presence of metallic fluoride such as AgF, Hg,F,, CoF,,Sb 5.

CH3Br + AgF —» CH; — F + Ag

The reaction of chlorinated hydrocarbons with metallic fluorides to form chlorofluoro hydrocarbons,
such as CC ,F, is known as swarts reaction.

22.3 g of activated charcoal was added to 50 mL of acetic acid solution (0.06N) in a flask. After
an hour it was filtered and the strength of the filtrate was found to be 0.042 N. The amount
of acetic acid adsorbed (per gram of charcoal) is:

(A) 42 mg

(B) 54 mg

(C) 18 mg

(D) 36 mg

Solution: (C) Meqgs of CH;COOH (initial) 50 X 0.06 = 3Meqs
Megs CH;COOH (final) 50 X 0.042 = 2.1Meqs

CH3;COOHadsorbed 3 — 2.1 =09Megs
9x10"1x60g/Eqx1073g

540 x 10™* = 0.054g
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54/3mg

Pergram = — = 18 mg/g of Charcoal

23.The vapour pressure of acetone at 20°C is 185 torr. When 1.2 g of a non-volatile substance was

dissolved in 100 g of acetone at 20°C, its vapour pressure was 183 torr. The molar mass (gmol™1) of
the substance is :

(A) 128
(B) 488
(C) 32
(D) 64
Solution: (D) AP = 185 — 183 = 2torr
1.2
AP 2 M
Po 185 (12y , 100
( ) + 38
M(CH3)2C0 =15X2+16+12 8g/mol
1.2 << 100
58
2 L 2 58
185 M 100
B 58 x 1.2 » 185
~ 100 2

64.38 = 64 g/mole

24.Which among the following is the most reactive?
(A) I

(B) ICI

Q) Cl,

(D) Br,

Solution: (B) I — Cl bond strength is weaker than I,, Br, and Cl, (Homonuclear covalent).

25.The standard Gibbs energy change at 300 K for the reaction 24 = B + C is 2494.2 J. At a given time, the

composition of the reaction mixture is [A] = %, [B] =2 and [(C] =§ . The reaction proceeds in the:

K —mol,e =2.718
R =8314]/



JEE MAIN 2015 ()

embibe Detailed Solution - Offline 4th April CODE

(A) Forward direction because Q < K,
(B) Reverse direction because Q < K
(C) Forward direction because Q > K.
(D) Reverse direction because Q > K

Solution: (D) AG° = —RT € K,
2494.2 = —8.314 X 300 € K,
2494.2 = —8.314 x 300 x 2.303logK,

—2494.2
——— = —0.44 = logK,
2.303x300x8.314 09f%c

logKc = —0.44 = 1.56

K; =0.36
2%
Qc = 1_2 =4

()

Q¢ > K. reverse direction

26. Assertion: Nitrogen and Oxygen are the main components in the atmosphere but
these do not react to form oxides of nitrogen.
Reason: The reaction between nitrogen and oxygen requires high temperature.

(A) The Assertion is incorrect but the Reason is correct.

(B) Both the Assertion and Reason are incorrect.

(C) Both Assertion and Reason are correct and the Reason is the correct explanation for
the Assertion.

(D) Both Assertion and Reason are correct, but the Reason is not the correct explanation
for the Assertion.

Solution: (C) Ny(4) & 0,(y) react under electric arc at 2000°C to formNO 4. Both assertion
and reason are correct and reason is correct explanation.

27 . Which one has the highest boiling point?
(A) Kr

(B) Xe
(C) He
(D) Ne

Solution: (B) Due to higher Vander Waal’s forces. Xe has the highest boiling point.
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28.Which polymer is used in the manufacture of paints and lacquers?
(A) Polypropene

(B) Poly vinyl chloride

(C) Bakelite

(D) Glyptal

Solution: (D) Glyptal is polymer of glycerol and phthalic anhydride.

0=C
O=C|:
1

c
|
O O

29.The following reaction is performed at 298 K.
ZNO(g) + Oz(g) = ZNOZ(g)

The standard free energy of formation of N0 is 86.6 kJ/mol at 298 K. What is the
standard free energy of formation of NOy(g4y at 298 K? (Kp = 1.6 X 10'%)

In(1.6x1012)
(A) 86,600 — T R@®)

(1.6 x 1012)
(B) 2 x 86,600 — R(298)In
0.5
(C) R(298)In(1.6 x 1012) = 86,600
(D) 86,600 + R(298)In(1.6 x 10'2)

Solution: (B) AGLqc = —2.303RTlogKp
—RTInKp
—R(298)In(1.6 x 1012)
AGPoge = ZAG;’(NOZ) - ZAG}’(NO)Q

24GF ., =2 X 86.6X% 103
ZAG;’(NOZ) = —R(298)In(1.6 x 10'?) + 2 x 86,600

_ R(298) 12
468, =86,600 - 22 in(16 x 10'2)
0.5[2 x 86,600 — R(298)In(1.6 x 1012)]

30. From the following statements regarding H,0, , choose the incorrect statement:
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(A) It has to be stored in plastic or wax lined glass bottles in dark.
(B) It has to be kept away from dust
(C) It can act only as an oxidizing agent
(D) It decomposes on exposure to light
Solution: (C) It can act both as oxidizing agent and reducing agent.

CODE
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Mathematics

ree non-zero vectors such that no two of them are collinear and

S T

||E||El|. If 6 is the angle between vectors b A & then a value of sinf is:

.
(=2

(D)2

Answer: (C)

Solution:

2. Let O be the vertex and Q be any point on the parabola, x? = 8y. If the point P divides the
line segment OQ internally in the ratio 1 : 3, then the locus of P is:

(A) y* = 2x

(B) x2 =2y

(C)x?=y
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(D) y* =x
Answer: (B)
Solution:
y
x'=8y
P G20
3] X

General point on x2 = 8y is Q(4t, 2t?)

Let P(h, k) divide OQ in ratio 1:3

)

(h, k) = (1(4t)+3(0) 1(2t2)+3(0))

1+3 1+3
2t2
(h k) (&%)
- _t
h=tandk = 5
k="

= x? = 2y is required locus.

3. If the angles of elevation of the top of a tower from three collinear points A, Band C, on a
line leading to the foot of the tower, are 30°,45° A 60° respectively, then the ratio, AB: BC,is:

(A) 1:4/3
(B) 2:3
(C)V3:1

(D) V3:v2
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Answer: (C)
Solution:

h h
tan30° = ——— tan45° = tan60° = -

x+y+z y+2z’
>x+y+z=v3h
y+z=h
h

Z ==

\/§1
y=h(1_ﬁ>
x=(\/§—1)h
x_ (V3-1)h
5=

V3—-1
h( ﬁ)
V3

1

4. The number of points, having both co-ordinates as integers, that lie in the interior of the
triangle with vertices (0, 0), (0, 41) and (41, 0), is:

(A) 820
(B) 780
(C) 901
(D) 861

Answer: (B)
Solution:
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P(xy.y4)
3 X

41N\,
P(x4,y,) lies inside the triangle = x;, y;eN
x1+y; <41
2<% +y; <40
Number of points inside = Number of solutions of the equation
Xxty1=n
2<n<40
X =1y, >1
(x; — 1D+ (ylr— =(m-2)

Numberofnon — negativeintegralsolutionsof |+ x, + . +x, = ris®*""1C

Number of solutions 2+(»=2)-1¢

n—lCn_Z
n—1
We have 2<n<40
~ Number of solutions =1 + 2 +....4+439
39x40
2
780

5. The equation of the plane containing the line 2x — 5y + z = 3;x + y + 4z = 5, and parallel
tothe plane, x + 3y + 6z =1, is:

(A)x+3y+6z=7

(B) 2x + 6y + 12z = —13
(C) 2x + 6y + 12z = 13
(D)x+3y+6z=-7

Answer: (A)

Solution:
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Any plane containing the line of intersection of 2x — 5y +z =3,x +y + 4z =5 will be of
the form

2x=5y+z—-3)+A(x+y+4z-5)=0
R+V)x-G-Dy+A+41)z—-B3+51)=0
C+Mx-6G-Dy+Q+40)z—-B+51) =0

Itis parallel to plane x +3y+ 6z =1

244 _A=5_1+44_ —(3+51)

1 3 6 11
24d _ A5 i as
1~ 3 -
21 = —11
,_-u
)

~ Required plane is
-11
(2x—5y+z—3)T(x+y+4Z—5) =0

22x—-5y+z—-3)—11(x+y+4z—-5)=0
4x — 10y +2z—6—11x — 11y —44z+55=0
—7x—21y—42z+49 =0
>x+3y+6z—7=0

6. Let A and B be two sets containing four and two elements respectively. Then the number
of subsets of the set A X B, each having at least three elements is:

(A) 510
(B) 219
(C) 256
(D) 275
Answer: (C)

Solution:
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n(4d) =4
n(B) = 2

Number of elementsinAxB=2-4=8
Number of subsets having at least 3 elements

_ SCO_ 8C1_ 8C2
28
256 -1—-8—-28

219

7. Locus of the image of the point (2, 3) inthe line Qx =3y +4)+ k(x —2y+3) =0,k €
Rjisa:

(A) Circle of radius v2
(B) Circle of radius V3
(C) Straight line parallel to x-axis.
(D) Straight line parallel to y-axis.

Answer: (A)
Solution:
Given, family of lines L; + L, =0
Let us take the lines to be
Ly+A(Ly—Ly) =0
x=2y+3)+AM(x—y+1)=0
A+MDx—R+D)y+@B+1)=0
Let, Image of (2, 3) be (h, k)

h—2 k=3 —2(2+21-6-31+3+12)
1+4 —-Q2+21) 1+ )2+ (2+2)?2
h-2 _ k-3 _ -2(-1) (1)
A+1 7 —(A+2) ~ (1+A)2+(2+4)2

h—2 k-3 :A+2_3—k
A+1 —-(A+2) A4+1 h-2

1 3-k
1+-—="—
+ A+1 h-2

1 5—-h—k

A+1 h-2 (2)



JEE MAIN 2015 ()

embibe Detailed Solution - Offline 4th April CODE
From (1): (h—2)%+ (k — 3)* = o oam (3)

From (1) and (3):

h—2 2
A+1 (A+1)24+(A+2)2
5—h—k=%[(h—2)2+(k—3)2]

10 — 2h — 2k = h? + k? — 4h — 6k + 13
x?+y?2—2x—4y+3=0

Radiusv1+4 —3
V2.
8. lim  x - 8z GOS0 i 0 to:
xtan4x
(A) 2
1
(B) 5
(C)4
(D)3
Solutions:
2x
x
3+ cos
1—cos
lim
X—0
~ 2sin?x - (3 + cosx)
lim
X—0 x - tandx
x
3+ cos

sinx\?
()
X

lim
X—0
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2-()%-(3+1)
1-4

9. The distance of the point (1, 0, 2) from the point of intersection of the line xT—z

and theplanex —y+z=16,is
(A) 3v21

(B) 13

(C) 2V14

(D) 8

Answer: (B)

Solution:

x—2 _y+1_z71 _
3~ 4 12 = t(say)

= General pointis (2 + 3t,—1 + 4t,2 + 12t)
It liesonthe planex —y +z =16
=>2+3t+1—-4t+2+12t =16
=>11t=11

>t=1

~ The point of intersection will be

(2+3(1),-1+4(1),2 + 12(1))
(5,3,14)

Distance from (1,0,2) = /(5 — 1)2 + (3 — 0)2 + (14 — 2)2
4% +32+122

13
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10. The sum of coefficients of integral powers of x in the binomial expansion of (1 — 2\/5)50
is:

(A) (3% — 1)
(B)5(2%° +1)

3
50+1
() ( |1+ )

2
(D)5 (3%)

Answer: (C)
Solution:
Integral powers = odd terms

(1-2v%)™ + (1 +2vx)"

oddterms = >
o (1-2)% 4+ (1+2)%°
Z of coefficients = >
1+ 350
2

3 3 3 3 3 3
11. The sum of first 9 terms of the series — + 112 4 L2 +3 - is:

1 143 1+3+5
(A) 142
(B) 192
(€)71
(D) 96
Answer: (D)
Solution:

_ B4+23+4n3 nz(r:—ﬂ)z _ (n+1)?
T 1434++(2n-1) = n2 4

(n+1)?
4

Tx[22 432 4+ 107
212 422 4+ 10%) - 12]

Sum of 9 terms = 3.2_,
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6
%[384] =96

%[10.11.21 _ 1]

12. The area (in sq. units) of the region described by [(x,y):y? < 2x Ay = 4x — 1]is:
(A) <

(8)5;

() —

(0)

Answer: (B)

Solution:
Let us find the points intersections of y2 = 2x andy = 4x — 1

(4x — 1)% = 2x
16x> —10x+1=10

Bx—1)(2x—-1)=0

|

1
x—2,

(| 2—x)dy
Required area f-11
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1 1 1
PEl b B D e C
2 2 2

11+1] 11 1] 1[1+1]
6[ 8 8 4] 4 2

6-3-12 -9 .
37 =35 S9- units

(12.)

/ (18, 102

13. The set of all values of A for which the system of linear equations:
2x1 — 2%y + X3 = Axy
2x1 — 3%y + 2x3 = Ax,
—x1 + 2x, = Ax3 has a non-trivial solution,

(A) Contains two elements.
(B) Contains more than two elements.
(C) Is an empty set.

(D) Is a singleton.

Solution:
QR=-VDx;=2x,+x3=0
2x1 — (/1 + 3)x2 + 2x3 =0
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—x1 + 2x2 - /‘{X3 = 0
The systems of linear equations will have a non-trivial solution

2—-1 =2 1
=>| 2 =1-32|=0
-1 2 =2

> Q2-AD[A%+31-4]+2[-21+2]+14-21-3=0
224+ 61—8—-23-3224+41—-41+4+1-1=0
—A3—-22+51-3=0
AB+212-51+3=0
A-1DA%2+21-3)=0
A-1DA+3)A-1)=0
=>1=3-1-1

z|l=1. Zi1NzZ
1N\ Zy

Z1—2Z
no22; 2 7
2217

(A) Circle of radius 2
(B) Circle of radius v2
(C) Straight line parallel to x-axis.

(D) Straight line parallel to y-axis.

Answer: (A)
Solution:

Zq— . .
212222 js unimodular

Given, -
2-217,

Z1-2Z5 | _
2—-241%,

|Z1—zzz| =12 — z1 25|

Squaring on both sides.
2 ,

|Z1—zzz| =2- Z1ZZ|2

(Z1—zzz)(z'1 —22y) = (2 —212,) (2 — Z123)
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(T|ﬂ2=5§)

EiE; — 28 To — Py mp T dEp B
=4—08, 2, — 22, By + 2; Fy B Bn
l211* + 4z = 4+ [ |* 2o

2 (2 2, 2
|zl — 4+ 4fza]® — |21 "zl " =0

(2l —4) (1—lza*) =0
= |z =2 orlz® =1 Given, zzis not unimodular
lza| =2

Point z; lies on a circle of radius 2.

15. The number of common tangents to the circles x2 + y2 — 4x — 6y — 12 = 0 and
x2+y?+6x+18y+26=0,is:

(A) 3
(B) 4
(€)1
(D) 2
Answer: (A)

Solution:
x> +y?—4x—-6y—12=0

C,(23), 1, =422 +324+12=V25=5

x2+y?+6x+18y+26=0

Cz(—g, —9), Ty =4/ 32 + 92 — 26
C1C2 = 52 + 122 =13

C1C2 =n + ]

V90 —-26=18

= Externally touching circles
= 3 common tangents.
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16. The number of integers greater than 6,000 that can be formed, using the digits 3, 5, 6, 7
and 8, without repetition, is:

(A) 120

(B) 72

(C) 216

(D) 192
Answer: (D)
Solution:

4 digit and 5 digit numbers are possible

4 digit numbers:

6/7/8 N 343f Totalnumberspossible = 3-4-3-2 = 72
f f 2

5 digit numbers:

ot Totalnumberspossible =5-4-3-2-1 =120
5 4 32 1

~ Totalnumbers = 72 + 120 = 192.

17. Let y(x) be the solution of the differential equation(xlogx)‘;—z + vy = 2xlogx,(x = 1).
Then y(e) is equal to:

(A) 2
(B) 2e
(C)e
(D)0

Solution:
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% + (xlolgx)y =2

Integrating factor = e/ Px

1
e f xloyxdx

x
log

log
e

logx

The solution will be

y_edex=jQ,edex+c

y - logx 2-logx +c

X —X
xlog + ¢
xX=2
y - log
Let P(1,y,) be any point on the curve

y;(0)=20—-1)+¢c

c=2
e
e—e
el
When
log =2
x=eYy
y=2
1 2 2
18.1fA=12 1 =2]isa matrix satisfying the equation AAT = 91, where [is3 x 3 identity
a 2 b

matrix, then the ordered pairs (a, b) is equal to:

(A) (2,1
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Answer: (B)
Solution:
AAT = 9]
1 2 211 2 a] [9 0 0O
[2 1 —2“2 1 2]=[0 9 ol
a 2 bll2 -2 b 0 0 9
1(1) +2()+2(2)1(2) +2(1)+2(-2) 2(2) +2(b)
2(1) +1(2)-2(2)2(2) +1(1)-2(-2)1(a) +2(a) Ha(a) +1(2) -—-2(b)
a(l) +2(2)+b(2)a(2) +2(1)+b(-2) 2(2) +b(b)
9 0 0
0 9 0]
0 0 9
9 0 a+2b+4 9 0 0
0 9 2a—2b +2 =[0 9 ol
la+2b+4 2a—2b+2 a?+b%+4 0 0 9

Comparingthecorrespondingelement

a+2b +4 =0 2 2 _
24 —2b 42 =0 anda“+b“+4=9
3a+6=0
a=-2=>-24+2b+4=0

b=-1
The third equation is useful to verify whether this multiplication is possible.

l/\n(l,n > l)AGl,GZ /\G3
L An, thenG! + 2G4 + G5

(A) 4lm 2
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(B) 41?m?n?
(C) 41°mn
(D) 4lm?n
Answer: (D)
Solution:
m isthe AM. of [,n

>m=— (1)

G1,G,,G3 are G.M. of between | and n

= 1,G,G,,G3n arein G.P.

n=I10r)* s>rt=_ r(2)
G, =1, Gy = Ir?, Gy = Ir3
Gi +2G; + Gy ='r* + 2 x I*r8 +1* xr'?
rH[1 + 2r* + 78]
* ><%[1+r4]2 =13nx [1 +%]2

1+n)?
l3><n><(l—:l)

In x (2m)? [ |'(1)]

4lm®n

20. The negation of sV (7 As) is equivalent to:

(A)sv(rv~s)
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(B)sAr
(C)sA~r

(D)sA(rA~s)

Answer: (B)

Solution:

((DV(~rAas))=sA[~((~r)As)] [+ wAg) =(~p)V(~ Q)]
sA(rv(~s)) [~ (Ve =(~p)A(~q)]
(sAr)v (s/\ (~ s))

(sAT)VF

sAr (F - Fallacy)

21. The integral | 2 equals:

x2(x%*+1)2

(A) —(x* + 1)1 + ¢

(B) — (x4+1)% te

x4

)+
C

(D) (x* + 13 + ¢

(0 (52

X

Answer: (B)

Solution:

I=f dx .

x2(x*+1)%

f dx

xzxx3(1+i4)
X

oW

Putl + ==t
X

> Zdx =dt
X

CODE
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—dt

.'.I=IL3
t4

1 =3
— x[tedt

x% +2xy —3y%? =0,
(A) Meets the curve again in the third quadrant.
(B) Meets the curve again in the fourth quadrant.
(C) Does not meet the curve again.

(D) Meets the curve again in the second quadrant.

Answer: (B)

Solution:

x2+2xy—3y?2=0
(x+3y)(x-y)=0
Pair of straight lines passing through origin.
x+3y=0 or x—y=0
Normal exists at (1, 1), whichisonx —y =0
=Slope of normal at (1,1) = -1
~Equation of normal will be

y—1=—-1(x—-1)

y—1=-—x+1
x+y=2
Now, find the point of intersection with x + 3y =0
x+y=2
x+3y=0

—2y=2=2y=-1,x=3
(3, 1) lies in fourth quadrant.

- - 1 2
tan~ly = tan™1x + tan™?! (1_’;2), lx] < 13,
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3x—x?
( ) 1+3x2

3x+x3
( ) 1+3x2

(€) 3x—x3

1-3x2

3x+x3
( ) 1-3x2

Answer: (C)
Solution:

_ _ (2
tan~ly tan™1x + tan 1(1 ad ),|x|<i

—x2 3

tan~'x + 2tan"'x

3tan~1x

1 -1 3x—x3)
tan~'y tan (1_3x2

_ 3x—x3

= =
1-3x2

24. If the function. g(x) = {k Vx+1, 0=x<3 is differentiable, then the value of k + mis:
mx+2, 3<x<5

Solution:

g(x) is differentiable at x =3
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= g(x) is continuous at x =3

~ LHL=RHL g(3)
x—3%g(x) =g03)
x - 37glx) =1lim

lim
KW3+1=m@3)+2
2k =3m+2
k=%m+1 ....... (1)

g(x) is differentiable
= LHD = RHD

k
' _ 0<x<3
IO =Otiz<x<s

g'(x) = " lim
x-3%g' (x)

x— 3"

lim

k
2v3+1

=m

From (1), 4m = %m +1

k+m=

ul N

8 —
+o= 2.
25. The mean of the data set comprising of 16 observations is 16. If one of the observation
valued 16 is deleted and three new observations valued 3, 4 and 5 are added to the data,
then the mean of the resultant data, is :
(A) 15.8
(B) 14.0
(C) 16.8
(D) 16.0

Answer: (B)

Solution:
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Y5, xit+16
16

Given, 16

15
= in + 16 = 256
i=1

15

in = 240

i=1

i3 xi+3+4+5 _ 240+3+4+5
18 18

Required mean =

22— 14
18

2
26. The integral f4 logx

i [to:
2 logx2+log(36—12x+x2) dx is equa to

(A) 1
(B) 6
(C)2
(D) 4
Answer: (A)

Solution:
4 logx?
I =f > g de
5 logx? +1log(6 —x)
f‘* log(6 — x)?
» log(6 —x)? +logx? x

b b
[ f f)dx = f fla+b— x)dx]
a a
*logx? +1lo (6 —x)?
, log(6—x)? + logx? x
/- *logx® + log(6 — x)?
~ ), log(6 —x)? + logx?

2] =

4

21 =f 1dx
2

21 = [x13
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21=4-12
I=1.

27 Leta AP be theroots of equationx? —6x —2 = 0. If a, = a™ — B", forn > 1,then the

ap—2ag .
value of 22— s equal to :
2a9

(A)3
(B) -3
(C)6
(D) -6

Answer: (A)
Solution:
Given, a,fare rootsof x2 —6x—2 =0
Sa?—-6a—2=0 and p2-6-2=0
>a’—6=6a and 2—-2=6F ... (1)
ajo —2ag (@' —B') —2(a® - %)
2ay 2(a® - p?)

(a10_2a8)_(ﬁlo_238)

2(a®-B°)
a®(a?-2)-B8(B%-2)

2(a®-B%)
a®(6a)-BB(6B)

2(a°-B°) [ (D]

6a’—64° -3
2(a%-B°)

28. Let f(x) be a polynomial of degree four having extreme valuesat x = 1 Ax = 2. If
lim x—-0 [1 + f(f)] = 3,thenf(2) is equal to:

(A)0
(B) 4
(C)-8
(D) —4

Answer: (A)
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Solution:
Let f(x) =ax* +bx3 +cx? +dx +e

lim x—>0[1+%]=3

—>0[1+ax2+bx+c %+5]=3

lim

This limit exists whend=e =0

x > 0[1+ax?+bx+c]=3

So, lim
>c+1=3
c=2

Itis given, x = 1 Ax = 2 are solutions of f'(x) = 0
f'(x) = 4ax® + 3bx? + 2cx

x(4ax? +3bx +2c) =0

1,2 are roots of quadratic equation
3

= Y of rooots ;—ab=1+2=3

=>b=—4a

Product of roots = z—z =12=2

s f(x) = %x“ — 2x3 + 2x?

f(2)=8-16+8

0
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29. The area (in sq. units) of the quadrilateral formed by the tangents at the end points of

. x?  y? .
the latera recta to the ellipse 5 + == 1,is:
27
(A) 5
(B) 27
27
(O

(D) 18

Solution: (B)

\\ [&]
é& (2603}
N

g
/ﬂ\

5] F‘-\\
L, L,
/5
X2 y?
4=
9 + 5
_ I 5 2
€= 93
a?=9,b*=5
Focii = (+ae,0) = (£2,0)
2
Ends of latus recta (iae, ib—)
a
(+2 +5)
—_ I—3
Tangentat ‘L'isT=0
2:x 5y
T |
9 + 35

It cut coordinates axes at P G 0) AQ(0,3)
Area of quadrilateral PQRS = 4(Area of triangle OPQ)
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19
4 (E =l 3) = 27squareunits.

30. If 22 identical balls are to be placed in 3 identical boxes, then the probability that one of
the boxes contains exactly 3 balls is:

(A) 220 (g)12

()"
©2()"
0155()"
Solution:

B, B, B3
12 O 0
11 1 0
10 1 1
10 2 0
9 3 0
9 2 1
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8 3 1
8 2 2
7 5 0
7 4 1
7 3 2
6 6 0
6 5 1
6 4 2
6 3 3
5 5 2
5 4 3
4 4 4

Total number of possibilities = 19.

Number of favorable case =5
Required probability %

INCORRECT SOLUTION

Required Probability  '2C, - (%)3 ' (%)9
11

)

The mistake is “we can’t use ™"C, for identical objects”.
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