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Toughest Questions for JEE Advanced 2015
with Solutions

Maths>

Q1. lIT JEE 2012 Paper - 2

D,.D,.D,

Four fair dice and D“ , each having six faces numbered 1, 2,3,4,5 and 6, are

D
rolled simultaneously. The probability that — * shows a number appearing on one of

D.D, .D,
-a

nd ' s

91

~

(a) ..|'.-|.'f!I

() 216

(C) ..|'.-|.'f!I

127
@ 216

Correct Answer: Option A

D,.D

Case l: When ~'"" 2" 77 all shows different number and one of the number is shown by

"E';:-:BEE a0
D, P(B) =16 216
D.D

.. D D
Case ll: When —~'" 2777 all show same number and that number is shown by — *

P(E,)=6x(1/6)" =1/216
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1%

Case lll: When two numbers shown by !’ * are same and one is different and one of

the numbers is shown by D“

p(E,)=-CXCi 3t 2_ 30
: 216 2! 6 216

~P(E,)+P(E,)+P(E,) = ==
- Required probability 2|E+

Q2. IIT JEE 2012 Paper - 1

1 l [ ] 1
6+108. | —— d——r |4 |4—— .
g%[s z\f W2Y 3W2Y 32
b,

The value of

Correct Answer: 4

Solution:

- %/4_%\/4_?/4_% ......

f ,
— 8= \14 _q — 3282 +8-122 =0

Let

Solving the equation for S we get,

a2 . 3
8= o= neglected
- ﬁ[ g )

As, the log of the negative values is not defined.

Now putting the value of S we get
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1 ! 1 1
gviogy| ot Lot [T
3132\ 32\ 32\ 32
FA Y =
7
o 1 42 »

0 %
32|1372 3

Hence, the value of the given expression is 4.

Q3. JEE Advanced 2013 paper - 2

I :x—l oy _:+31 Lz:x—4=}'+3=2+3

| = T =
Consider the lines 2 —1 !
F; Tx+y+2z=3, F $3x+3y—6z=4. Let ax + by + cz = d be the equation of the

plane passing through the point of intersection of lines L, and L,, and perpendicular to planes
P, and P,.

Match List — | with List — Il and select the correct answer using the code given below the lists:

I I | and the planes

List I List II

P. a= 1. 13
Q. b= 2. =3
R. Ic= 3. 1
S. d= 4, -2
I
(a)

F Q R 5

3 2 4 1
(b)

P Q R S

1 3 4 2
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P Q|R[S

3| 2| 1| 4
(d)

P/ Q| R[S

2 (413

Correct Answer: Option A

The given lines and planes are:

x=1_y z+3
1" - -
2 -l ]

)

L

[ x—4 _y+3_z+43
B l 2

P:7x+y+2z=3
P,:3x+5y-6z=4

P:ax+by+cz=d

Normal to the plane P is

=)
I

ik
71 2
3 5 -6

-
a

=7 (~16) - j(-42-6)+£(32)
= —16i + 48] + 32k
=-16(i -3 - 2%)

= ji=1-3]-2k
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'x_l.... Y ....z+3....|,ri. 'T_4_.L'_3_z+3_ﬁ.
et 2 -1 1 "ang | 1 2
Since, L, and L, intersect, therefore,
2k, +1=k,+4 (1)

-k, =k,-3 .. (2)
ki—3=2k,-3 ...(3)

Solving equation (1) and (2), we get k, = 2, k, = 1

Thus, the point of intersection of the lines L, and L, is
(ky +4, k, —3,2k, —3) = (5,-2,-1)
Therefore, equation of the plane P is
(x=5)=-3(y+2)-2(z+1)=0
y-3y—-2z=13

=a=1,b=-3,¢c=-2,d=13

Hence, the correct code is A.

Q4. JEE Advanced 2013 Paper - 1

The area enclosed by the curves y = sin x + cos x and y = |cos x — sin x| over the interval

o 4(v2-1)
2J2(V2-1)

)

o z(ﬁﬂ)
2J2(V2 +1)

)

(b

(d
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Correct Answer: Option B

[ ﬂ':|
The given curves over the interval are

- . T
Y=5NnXx+4+Cosx = ESIH[I-I-I]

T
cos| x+—
( 4]‘

With the help of shifting of origin the graphs of

s = Bfos{x+)

. (1)

y= ms;x—sin:r| =2

. )

y= ﬁsin[.x+§]

and

is

>

v =J7 sin(x+mn/4)

¥ =,JE |cos (x +m/4)|
-

Now,

. P
COSXY—sSinxy: xe€ L"LE

¥y =|[cosx —sinx| =+

siNX—Ccosx; X&|—, —:|
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.. Area enclosed by the given curves, A is

A = ||(sinx +cosx)—(cosx 5inxj|a§r+ |{:=;ir1,r+msx}|- (sinx —cosx )|dx

s T

=

b | S M—t |

4| =

3 _
=2 I|.=:'.in x| dbx +I|cus x| dx

4

=2|(-cosx)® +(sinx)

iy

= |

:zf1-L+1-ix‘|

N2 2
=2ﬁ(ﬁ-1)

Hence, the correct option is B.

Q5. IIT 2010 Solved Paper - 2
Let f be a function defined on R (the set of all real numbers ) such that

f'{:-:}=Eﬂlﬂix—EL}U‘J}{x—EU]U}EH—EU'] ]}B{x—E\UIE}L‘ forall X€R ifgis

0,0 (%) =
a function defined on R with values in the interval [ } such that H:"'] lmglxﬂ for all

X € R then the number of points in R at which g has a local maximum is

Correct Answer: 0

Solution:
f(x)=In{g(x)}

g(x)= e

g'(x) =" f(x)
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Mo — Ml — f(x)
g'(x)=0=1fx)=0 ase 2 ()

= 2010(x —2009((x - 2010)%(x - 201 1)> (x = 2012)* = 0

So there is only one point of local maxima.

Q6. IIT JEE 2011 Paper - 1

Let @ and p be the roots of x;_{’x_zzﬂ,with U’}ﬁ.lf a, =a’ —f forn =1,

dyy — E'H'F-

then the value of Za, is
(a) 1
(b) 2
(c)3

(d)4

Correct Answer: Option C

It is given that, ™ and p are the roots of X —6x—=2=10 Therefore,

o —6a-2=0 =o' -2 =6a

B*-6p-2=0 =p*-2=6p

We shall use the above equations to simplify the expression given in the problem.

Thus,
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a,—2a, _(¢"-B")-2(’-p’)
2a, 2(a’-p’)
B uH(al—Z)—B“(ﬁ: —2)
o 2(a’-p)
o -6a—pB°-6p
- 2(a” ~p”)
=3

Hence, the correct option is C.

Check out the revolutionary new way to crack JEE
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Q1. JEE Advanced 2014 paper - 1

At time t = 0, terminal A in the circuit shown in the figure is connected to B by a key and an
alternating current I(t) = I, cos (wt), with [, =1 A and w = 500 rad s™" starts flowing in it with
I

f =
the initial direction shown in the figure. At feer |, the key is switched from B to D. Now
onwards only A and D are connected. A total charge Q flows from the battery to charge the
capacitor fully. If C = 20 uF, R = 10 Q and the battery is ideal with emf of 50 V, identify the
correct statement (s).

B D
- -
A
J= 200k
PAAAN,
R=101L}
In
r —
(A) Magnitude of the maximum charge on the capacitor before e is 1 x 1073 C.
1T
r —_
(B) The current in the left part of the circuit just before fer is clockwise.

(C) Immediately after A is connected to D, the currentin R is 10A.
(D)Q=2x103C.
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Solution:
Variation of current in the circuit with time is given as follows:

A
T .;
E'{'rJ {U

[

T
6o
1
|
|
|
|
|

FlL T

As shown in the figure, from t=0to i the charge will be maximum att= 2w , when
current in the circuit is zero.

Charge at this point [Q] is given by

T

Q= f;ﬁlnms cotdt
Iy S
= —[sinwr]n W
W
)
- Lo _oxi0c
TN SO0
7T

Att= Ew , the direction of current will be opposite to the initial direction. And, the charge
on the upper plate is given by
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Jm
Q=£E‘“ lpcos wrdt
/ Jm
= —[sinwr]nﬁw
w
/
= —nxgin(?—']-[]:— L =—1|:|_3':
w & 1000

Applying KVL, when the switch is shifted to D, we get:

1073
50+ 20%107% —ix10=0
50+ 2090 _ivip=0

= 100—-ix10=20
si=12 - 104
10

Final charge on C is given by
'=CV=20x10""%x50=10""C

Total charge flown from the battery will be 2 * 1 o~ic.

Hence, the correct options are C and D.

Q2. JEE Advanced 2014 Paper — 1

A student is performing an experiment using a resonance column and a tuning fork of
frequency 244 s7'. He is told that the air in the tube has been replaced by another gas
(assume that the column remains filled with the gas). If the minimum height at which
resonance occurs is (0.350 + 0.005) m, the gas in the tube is

(Useful information : v/ 167RT =640 1'% mole™ "% \[140RT =590 J'"* mole =/

I| L)
The molar masses M in grams are given in the options. Take the values of M for each
gas as given there.)
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[} I
Meon | M= 20, 1—{} = E
(A) =
. 1) 3
Nitrogen (M =28,,| — = —
2N 3
(B)
[} 4
Oxygen |M =32, — = —
' 32 16
(C)
[} 17
Argon |M =36, | — = —
36 52
(D)

Correct Answer: Option D

We know:
Minimum length for the occurrence of resonance, | = A/4
orA=4/

Now, fundamental frequency is given as follows:

fzil'vRTz 1 [yRT
M M 4] M
A AT

f /

(A) Neon:

P 1.67RT _ 450 1
4x0.350 Y 20

+
ﬂf:fxﬁ:ag@xﬁ: i4_5 HE
[ 0.350
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(B) Nitrogen:

f= 1 1.4ET _ 553 Ha
40,350 28

+
pf=fx Bl oo5gx 20005 _ 43 4y,
[ 0.350
(C) Oxygen:
f= 1 LA4ET — 937 Hz
4x0.350 32
+
Af=fx Bl 29375 20005 _ g 4y,
[ 0.350
(D) Argon:
f= 1 LB7RT =242.8 Hz
40,350 36
+
ﬂf=f3{£=242.83{ﬁ= +3.5 Hz
[ 0.350

From the above calculations, the only possible gas is Argon because its frequency of
vibration is comparable to the frequency of the tuning fork used.

Hence, the correct option is D.

Q3. JEE Advanced 2013 Paper - 2
Paragraph:

A point charge Q is moving in a circular orbit of radius R in the x-y plane with an angular
Ow

velocity w. This can be considered as equivalent to a loop carrying a steady current 2n A
uniform magnetic field along the positive z-axis is now switched on, which increases at a
constant rate from 0O to B in one second. Assume that the radius of the orbit remains constant.
The application of the magnetic field induces an emf in the orbit. The induced emf is defined
as the work done by an induced electric field in moving a unit positive charge around a closed
loop. It is known that, for an orbiting charge, the magnetic dipole moment is proportional to
the angular momentum with a proportionality constant y.
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The change in the magnetic dipole moment associated with the orbit, at the end of the time
interval of the magnetic field change is

(@) -y BQR?

BOR’

2

b)

BOR’

=

I-J

(c)

(d) y BQR?

Correct Answer: Option B

Given magnetic dipole moment, M=yL

, B y
l R'{EJ—lEUR'
And , L=lw= 2 m 2
~ yBQR’
Now, change in magnetic dipole, M= 2

Negative sign shows that the change is in opposite direction of magnetic field.

Q4. IITJEE 2012 Paper -1

A thin uniform rod, pivoted at O, is rotating in the horizontal plane with constant angular

speed ™ | as shown in the figure, at time t = 0 a small insect from O and moves with constant
speed v with respect to the rod towards the other end. It reaches the end of therod att=T
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and stops. The angular speed of the system remains £ throughout. The magnitude of the

=

i

torque on the system about O, as a function of time is best represented by which plot?
z
A !
- -"H

(a)

—

|-|.._ql-l jEEEEEEEI IEEEEEER
Y
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(c)

—

S W
+

Solution:

) = constant throughout

As we know that

dl :
e, T ‘I'!-
dr

Where L = Angular momentum
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1= Torque
Now

L=iw
= |:{1 I3)ML +m( vt ) }m

Differentiating the equation with respect to time

(dL/dt)=2men’t
— |r| ar |
Hence the graph would be a straight line with a constant slope till the insect moves.

= (|dL/ dtf) = 0= [r[=0

When insect stops / becomes constant

Hence the graph would be the x-axis.

Q5. IIT JEE 2011 Paper - 1

A long circular tube of length 10m and radius 0.3 m carries a current/along its curved surface
as shown. A wire-loop of resistance 0.005 ohm and of radius 0.1m is placed inside the tube
with its axis coinciding with the axis of the tube. The current varies as | = |,cos(300t) where I,

Ni, I sin(300t)

is constant. If the magnetic moment of the loop is en ‘N’ is
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Solution:
=iN =i=(1/ M)
[N: No. of turns per unit length assuming the tube as solenoid]

B=p,ni=pu(N/L)i=(pl/L)

. ¢=Ba=[(n,1/L)A]

= e=—(dp/dt)=[—(u,A/L).(dI/dt)]

» w=i,A =[(1,A’/LR)(dl/dt), where A =nr’ |

— = [[fﬁ /LR )x 3m] .1, sin (300t)
= N=06r"=6

Check out the revolutionary new way to crack JEE
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Chemistry>

Q1. JEE Advanced 2014 Paper - 1

The pair(s) of reagents that yield paramagnetic species is/are
(A) Na and excess of NH,

(B) K and excess of O,

(C) Cu and dilute HNO,

(D) O,and 2-ethylanthraquinol
Solution:

Na, on reaction with excess of NHj;, gives a solution of alkali metals containing free
ammoniated electrons that are paramagnetic in nature.

Na+ [x+y]NH, _}[M'LL[N]-I-“]..]Jr ' [E[NHF]ﬁ]_

Ammoniated Ammoniated

caLon electron

K, on reaction with excess of O,, gives superoxide, which is paramagnetic in nature due to
the presence of a single unpaired electron.

K+ 0, = KO,

Cu and dilute HNO, give NO, which is paramagnetic in nature.

3Cu +8 HNO, =3 Cu[NO,] +2NO + 4H,0

4

O, and 2-ethylanthraquinol will give 2-ethylanthraquinone and hydrogen peroxide. Hydrogen
peroxide is diamagnetic in nature.
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OH

0
I,E‘H:L"H,m CH-CH-»
Q)

2-Ethylanthraquinone

OH
2-Ethylanthraquinol

Hence, the correct options are (A), (B) and (C).

Q2. JEE Advanced 2014 Paper - 1

The correct statement(s) for orthoboric acid is/are

(A) It behaves as a weak acid in water due to self ionisation.

(B) Acidity of its aqueous solution increases upon addition of ethylene glycol.
(C
(D

) It has a three dimensional structure due to hydrogen bonding.
) It is a weak electrolyte in water.

Solution:

Orthoboric acid is H;BO, or B(OH),.

It partially reacts with water and forms H,O* and [B(OH),]". It is soluble in water and behaves
as a weak monobasic acid. Orthoboric acid is a type of acid which does not donate proton;
rather, it accepts hydroxyl ion and behaves as a Lewis acid.

B(OH);+ 2 H,0 = H,0" + [B(OH),]
Thus, orthoboric acid does not behave as a weak acid due to self ionisation.

In aqueous solution of orthoboric acid, if a certain organic polyhydroxy compound such as
glycerol, mannitol or sugar is added, then it behaves as strong monobasic acid.
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CH>—OH CH;— O O — CH;
2 . o )
[B(OH)4]~ | —_— | } B< | + 4H0
CH—OH CH:—0 (0 — CH:
Ethylene
glycol

BO,*" units have a planar structure. In solid state, BO,*" units are hydrogen bonded, giving
rise to a two-dimensional sheet with almost hexagonal symmetry.

Orthoboric acid is less soluble in cold water and furnishes BO,*" ions, so it is a weak
electrolyte in water.

Hence, the correct options are (B) and (D).

Q3. JEE Advanced 2014 Paper - 2

For the process

H20 (1) -H20 (g)

at T =100 °C and 1 atmosphere pressure, the correct choice is
(A) ASsystem >0 and ASsurroundings >0

(B) ASsystem >0 and ASsurroundings <0

(C) ASsystem<0 and ASsurroundings>0

(D) ASsystem <0 and ASsurroundings <0

Correct Answer: Option B

The total entropy change for a system and the surrounding for any reaction is given by

"E“Stntal = ‘ﬂssystem + "I:"Ssurrmmding ..(1)
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At 100 °C and 1 atm pressure, H,O changes from liquid to gaseous state. This temperature is
termed as the boiling point of water. At this temperature, the liquid water and the gaseous
water vapour exist in equilibrium.

For an equilibrium reaction, ﬂ'Stntal =0

On substituting the value of A Statal in equation (1), we get:

‘&55':.-'STEH1 + '&'Ssurrnunding =0
= AS = — A5

system surraunding

As the water is undergoing a change in phase (i.e., from liquid to gas), the degree of
randomness increases. Hence, for this process, SYSTEm

As the change in entropy of the system is positive, the change in entropy of the surrounding
will be negative (ﬂsﬁllrrﬂllﬂdiﬂg <0 ).

Hence, the correct option is (B).

Q4. JEE Advanced 2014 Paper - 2

X and Y are two volatile liquids with molar weights 10 g mol™" and 40 g mol™ , respectively.
Two cotton plugs, one soaked in X and the other soaked in Y, are simultaneously placed at
the ends of a tube of length L = 24 cm, as shown in the figure. The tube is filled with an inert
gas at 1 atmosphere pressure and a temperature of 300 K. Vapours of X and Y react to form
a product, which is first observed at a distance d cm from the plug soaked in X. Take X and Y
to have equal molecular diameters and assume ideal behaviour for the inert gas and the two
vapours.

L=24 cm
=i -
A ! } ':'
18 x
Cotton wool 4——p \ Cotton wool

e lead G W .. . . soakedim¥Y
soaked in X Initial formation of ‘

the product
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The value of d in cm (shown in the figure), as estimated from Graham's Law, is
(A) 8
(B) 12
(C) 16
(D) 20

Correct Answer: Option C

According to Graham's Law of Diffusion, "under similar conditions of temperature and
pressure, the rate of diffusion of a gas is inversely proportional to the square root of its
density."

Fo | —2
density

In other words, it can also be written as
gas.

1
rooc | —

M

, where M is the molecular mass of the

In the given reaction, vapours of gas X and gas Y diffuse in the tube to form a product at
distance d from the plug soaked in X.

Thus, according to Graham's Law of Diffusion,

My My

e\ My

Time taken for diffusion by X = Time taken for diffusion by Y
d 24 —d

= =
Fx Ty
r_}:' o n’jx

= —_— = — = _—

d 40
= _ - @0 = —_— =2
24 — d 10

=d =48 — 2d
=d =168 cm

Hence, the correct option is (C).
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Q5. JEE Advanced 2013 Paper — 1

The arrangement of X~ ions around A" ion in solid AX is given in the figure (not drawn to
scale). If the radius of X~ is 250 pm, the radius of A* is

‘,._‘t:"d—__;\.--‘“ X_
n
r". o ) o
v I :
' I N
: -‘k—/ AT
- e i
hCT -

¥ *

# a.

¥ '

A .

* 4

.. L

(A) 104 pm
(B) 125 pm
(C) 183 pm
(D) 57 pm

Correct Answer: Option A

From the given figure, it can be said that cation A* occupies the octahedral void formed by the
X anions. The radius ratio range is 0.414 - 0.732, Therefore,

< >0.414

i 20414 x 250 = 103.5pm
r, =103.5pm

L <0732

MNow,
"

r, <0.732 x 250 =183 pm

r; < 83 pm

Since minimum value for a cation to accommodate an octahedral void without distortion is
0.414, therefore radius of cation is 103.5 ~ 104 pm.
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