Paper-1
JEE Advanced, 2015
PART I: PHYSICS

Note: Answers have been highlighted in “Yellow” color and Explanations to answers are given at the end

10.

11.

Read the instructions carefully:
General:

This sealed booklet is your Question Paper. Do not break the seal till you are instructed to
do so.

The question paper CODE is printed on the left hand top corner of this sheet and the right
hand top corner of the back cover of this booklet.

Use the Optical Response Sheet (ORS) provided separately for answering the questions.

The ORS CODE is printed on its left part as well as the right part. Ensure that both these
codes are identical and same as that on the question paper booklet. If not, contact the
invigilator.

Blank spaces are provide within this booklet for rough work.
Write your name and roll number in the space provided on the back cover of this booklet.

After breaking the seal of the booklet. Verify that the booklet contains 32 pages and that all
the 60 questions along with the options are legible.

Question paper format and marking scheme :

The question paper has three parts: Physics, Chemistry and Mathematics. Each part has
three sections.

Carefully read the instructions given at the beginning of each section.

Section 1 contains 8 questions. The answer to each question is a single digit integer ranging
from 0 to 9 (both inclusive).

Marking scheme: +4 correct answer and 0 in all other cases.
Section 2 contains 10 multiple choice questions with one or more than one correct option.

Marking scheme:+4 for correct answer, 0 if not attempted and -2 in all other cases.
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12.

13.

14.

15.

16.

17.

18.

Section 3 contains 2 “ match the following” type questions and you will have to match
entries in Column I with the entries in Column II.

Marking scheme:for each entry in Column I,+2 for correct answer, 0 if not attempted and -
1 in all other cases.

OPTICAL RESPONSE SHEET :
The ORS consists of an original (top sheet) and its carbon-less copy. (bottom sheet).

Darken the appropriate bubbles on the original by applying sufficient pressure. This
will leave an impression at the corresponding place on the carbon-less copy.

The original is machine-gradable and will be collected by the invigilator at the end of the
examination.

You will be allowed to take away the carbon-less copy at the end of the examination.
Do not tamper with or mutilate the ORS.

Write your name, roll number and the name of the examination center and sign with pen in
the space provided for this purpose on the original. Do not write any of these details
anywhere else. Darken the appropriate bubble under each digit of your roll number.

Note: Answers have been highlighted in “Yellow” color and Explanations to answers are given at the end

SECTION 1 (Maximum Marks: 32)

This section contains EIGHT questions

The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both
inclusive

For each questions, darkness the bubble corresponding to the correct integer in the ORS
Marking scheme:

+4 If the bubble corresponding to the answer is darkened

0 In all other cases

Q1 Consider a concave mirror and a convex lens (refractive index = 1.5) of focal length 10 cm
each, separated by a distance of 50 cm in air (refractive index = 1) as shown in the figure.
An object is placed at a distance of 15 cm from the mirror. Its erect image formed by this
combination has magnification Mi1. When the set-up is kept in a medium of refractive index
7/6, the magnification becomes Mo. = /\ ¥
The magnitude Pel is '—% f K I

1 1o 1
Ans.1 (7) B .
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Q.2

Ans.2

Q3

Ans.3

Q4

Ans.4

Q5

Ans.5

A Young’s double slit interference arrangement with slits S; and S is immersed in water
(refractive index = 4/3) as shown in the figure. The positions of maxima on the surface of
water are given by x2 = p2m?2A2 -d2, where A is the wavelength of light in air (refractive
index = 1), 2d is the separation between the slits and m is an integer. The value of p is

(3)

Two identical uniform discs roll without slipping on two different surfaces AB and CD (see
figure) starting at A and C with linear speeds vi1 and vzrespectively, and always remain in
contact with the surfaces. If they reach B and D with the same linear speed and vi = 3 m/s,
then vzinm/sis (g = 10 m/s?)

()

A bullet is fired vertically upwards with velocity v from the surface of a spherical planet.
When it reaches its maximum height, its acceleration due to the planet’s gravity is 1/4t of
its value at the surface of the planet. If the escape velocity from the planet is vesc = vV/N, then
the value of N is (ignore energy loss due to atmosphere)

(2)

Two spherical stars A and B emit blackbody radiation. The radius of A is 400 times that of B

and A emits 104times the power emitted from B. The ratio (;i) of their wavelengths A, and

B
Asat which the peaks occur in their respective radiation curves is

(2)
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Q.6

Ans.6

Q7

Ans.7

Q8

Ans.8

A nuclear power plant supplying electrical power to a village uses a radioactive material of
half life T years as the fuel. The amount of fuel at the beginning is such that the total power
requirement of the village is 12.5% of the electrical power available from the plant at that
time. If the plant is able to meet the total power needs of the village for a maximum period
of nT years, the value of n is

(3)

An infinitely long uniform line charge distribution of charge per unit length A lies parallel to
the y-axis in the y-z plane at z = ga (see figure). If the magnitude of the flux of the electric
field through the rectangular surface ABCD lying in the x-y plane with its centre at the origin

. AL e .
is —— (g0 = permittivity of free space), then the value of n is
0

(6)

Consider a hydrogen atom with its electron in the nth orbital. An electromagnetic radiation
of wavelength 90 nm is used to ionize the atom. If the kinetic energy of the ejected electron
is 10, 4 eV, then the value of nis (hc = 1242 eV nm)

(2)

SECTION 2 (Maximum Marks:40)

The section contains TEN questions

Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of
these four option(s) is (are) correct

For each question, darken the bubbles(s) corresponding to all the correct option(s) in
the ORS

Marking scheme:
+4 If only the bubble(s) corresponding to all the correct option(s) is(are)
darkened

0 If none of the bubbles is darkened
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Q9

Ans.9

Q.10

Ans.10

Q.11

The figures below depict two situations in which two infinitely long static line charges of
constant positive line charge density A are kept parallel to each other. In their resulting
electric field, Point charges q and -q are kept in equilibrium between them. The point
charges are confined to move in the x direction only. If they are given a small displacement
about their equilibrium positions, then the correct statements(s) is (are)

(A) Both charges execute simple harmonic motion.
(B) Both charges will continue moving in the direction of their displacement.

(C) Charge +q executes simple harmonic motion while charge —q continues moving in the
direction of its displacement.

(D) Charge —-q executes simple harmonic motion while charge +q continues moving in the
direction of its displacement.

©

Two identical glass rode S: and S (refractive index = 1.5) have one convex end of radius of
curvature 10 cm. They are placed with the curved surfaces at a distance d as shown in the
figure, with their axes (shown by the dashed line) aligned. When a point source of light P is
placed inside rod S; on its axis at a distance of 50 cm from the curved face, the light rays
emanating from it are found to be parallel to the axis inside S.. The distance d is

(A) 60 cm (B) 70 cm
(C) 80 cm (D) 90 cm
(B)

A conductor (shown in the figure) carrying constant current I is kept in the x-y plane in a

uniform magnetic field B.If F is the magnitude of the total magnetic force acting on the
conductor, then correct statement(s) is (are)
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— >
- — /
(A) If Bis along 2, F « (L + R) (B)If Bis along £, F=0
(C) IfBis along §, F < (L + R) (D)IfBis along 2, F = 0

Ans.11 (AB,C)

Q.12 A container of fixed volume has a mixture of one mole of hydrogen and one mole of helium
in equilibrium at temperature T. Assuming the gasses are ideal, the correct statement(s) is
(are)

(A) The average energy per mole of the gas mixture is 2RT.

(B) The ratio of speed of sound in the gas mixture to that in helium gas is \/m

(C) The ratio of the rms speed of helium atoms to that of hydrogen molecules is 1/2.

(D) The ratio of the rms speed of helium atoms to that of hydrogen molecules is 1/+/2.
Ans.12 (A,B,D)

Q.13 In an aluminum (Al) bar of square cross section, a square hole is drilled and is filled with
iron (Fe) as shown in the figure. The electrical resistivities of Al and Fe are 2.7 X 10-8Q0 m
and 1.0 X 107 Q m, respectively. The electrical resistance between the two faces P and Q of
the composite bar is

; E o
W5 no v
© %S us) v 212_725 :

Ans.13 (B)
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Q.14 For photo-electric effect with incident photon wavelength A, the stopping potential is V.
Identify the correct variation(s) of Vo with A and 1/A.

\ Vi,
A

(A) (B)
V,
t / t
(C) '])J L
=an Z’

Ans.14 (A,C)

Q.15 Consider a Verniercallipers in which each 1 cm on the main scale is divided into 8 equal
divisions and a screw gauge with 100 divisions on its circular scale. In the Verniercallipers,
5 divisions of the Vernier scale coincide with 4 divisions on the main scale and in the screw
gauge, one complete rotation of the circular scale moves it by two divisions on the linear
scale. Then:

(A) If the pitch of the screw gauge is twice the least count of the Verniercallipers, the least
count of the screw gauge is0.01 mm.

(B) If the pitch of the screw gauge is twice the least count of the Vernier calipers, the least
count of the screw gauge is 0.005 mm.

(C) If the least count of the linear scale of the screw gauge is twice the least count of the
Vernier calipers, the least count of the screw gauge is 0.01 mm.

(D)If the least count of the linear scale of the screw gauge is twice the least count of the
Vernier calipers, the least count of the screw gauge is 0.005 mm.

Ans.15 (B,C)

Q.16  Planck’s constant h, speed of light c and gravitational constant G are used to form a unit of
length L and a unit of mass M. Then the correct option(s) is (are)

(A) M ot/ (B)M x+/G
(O Lx+vh (D)L <G
Ans.16 (C,D)
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Q.17 Two independent harmonic oscillators of equal mass are oscillating about the origin with
angular frequencies w and w and have total energies E1 and E, respectively. The

. . . . e . . a a
variations of their momenta p with positions x are shown in the figures. If; =n?and z= D

then the correct equation(s) is (are)

P p
Energy = E, Energy = F,
b /
x x
== \ D,
(A) El(,l) 1= Ez(,t)z (B)ﬁ = n?
(05}
E E
(O)wiwz = n? (D) m_il — w_zz

Ans.17 (B,D)

Q.18 Aring of mass M and radius R is rotating with angular speed w about a fixed vertical axis
. : : : M
passing through its centre O with two point masses each of mass 5 atrestat 0. These
masses can move radially outwards along two massless rods fixed on the ring as shown in

, . . 8 ,
the figure. At some instant the angular of speed of the system is S and one of the masses is

at a distance of% R from O. At this instant the distance of the other mass from O is

(A)=R (B) R
(©)ZR (D) R
Ans.18 (D)

Section 3 (maximum marks: 16)

e This section contains TWO question

e Each question contains two columns, Column I and Column II

e (Column I has four entries (A), (B), (C) and (D)

e Column II has five entries (P), (Q), (R), (S) and (T)

e Match the entries in Column I with the entries in Column II

e One or more entries in Column [ may match with one or more entries in Column II

e The ORS contains a 4 X 5 matrix whose layout will be similar to the one shown below:
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(A) P) («

BE
BEE

BEE

Q)

(B)

) (P) Q) (R) (S)

o @@ OO0

For each entry in Column I, darken the bubbles of all the matching entrires. Fore example, if
entry (A) in Column I matches with entries (Q), (R) and (T), then darken these three
Bubbles in the ORS. Similarly, for entries (B), (C) and (D).

Marking scheme:

For each entry in Column [

+2 If only the bubbles(s) corresponding to all the correct match(es) is (are) darkened
0 If none of the bubbles in darkened
-1 In all other cases

Q.19

Match the nuclear processes given in column [ with the appropriate option(s) in column II.

Colum 1 Column II

235

(A) Nuclear fusion (P) Absorption of thermal neutrons by 92 U

60

(B) Fission in a nuclear reactor Q 27Co nucleus

(C) B- decay (R) Energy production in stars via hydrogen
conversion to helium
(D) y -ray emision (S) Heavy water

(T) Neutrino emission

Ans.19 (A->RT),(B~P,S,T),(C-P,QR),(D-P,QR)

Q.20

A particle of unit mass is moving along the x-axis under the influence of a force and its total
energy is conserved. Four possible forms of the potential energy of the particle are given in
column I (a and Ug are constants). Match the potential energies in column I to the
corresponding statement(s) in column II.
Column [ Column II

2
(A) Ui(x) = % [1 — (5) ] (P) The force acting on the particle is zero at

a

X =a.
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2
(B) Ux(x) = % (g) (R) The force acting on the particle is zero at
X = -a.
Ug (x 2 [ x\ 2] . . .
(O Uzx(x) = Y (Z) exp |— (Z) (S) The particle experiences an attractive

force towards x = 0 in the region |x| < a.

2 i 27
(D) Uz(x) = % (g) exp - (—) _ (T) The particle with total energy % can

oscillate about the point x = -a.

Ans.20 (A >P,RST), (B -~ QS), (C >P,RST), (D -P,R)
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Answer Keys and Explanations
Sol.1 (7)

N
e

Dotted line shows the image formed when two system is immersed in medium of RI1=7/6.
Image formed by mirror,
v=-15cm,f=-10 cm.
So,v=-30cm.
m=-2

As, it is at the radius of curvature of the lens images forms at 20 cm on the other side of lens
and magnification now is 1. So, [Net magnification abs(M1)= 2]

When kept in medium of R- [ =7/6.
Lo (le_q)(1_1)_2
flens (l»ll 1) (R1 R2) 35

35
flens = 7 cm.

Focal length of mirror remains unchanged. So, new position of image,
u=-20cm, f=32—50m
So, v =140 cm.

my= -7

Net magnification abs(Mz)= (7) X (2)

=14 =M,.

Page|



Sol.2

Sol.3

My|
M,

(3)

At point p path difference b/w two waves from S; and S; will be

Ap=(u-1)t whereu=§
Now to get maxima at p (on the surface of water)
Path difference Ap=m A

(n-Dt=mA = -
Now x24d2z=t2 -(2)
From (1) & (2)

(u-1)2 (x2+ d?) = m2A2

x2+d2= m2A?

1
(u—-1)2

1

X = e

m2A2 — d2

Now we have
XZ — pZmZ}\Z - dZ_

= pl2 = 1 = = L
p (u-1)2 b=

p=3 whereu=§

()

%mvl2 + %lez +g(30) = %mv2 + %Iw2
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Sol.4

%mv% + %IWZZ +9(27) = %mvz + %IWZ

2 2 2 2 2 2
=>V—1+1><R—xv—12+gx30=V—2+1><R—xV—22+g><27
2 2 2 R 2 2 2 R

2 2
= 2L 4309 =22 +27g

3
= (v —vf) =3g

4

v%—vlzzgx30
v?=40+9

v, =7

(2)

It is given that
1
& = ;8o

At height h, we have variation of g as

|z =1] >h=R -(Q1)
we have the formula for escape velocity an

2GM

Vesc = T - (2)

Now applying law of conversation of energy

1 2 GMm _ 1 2 GMm
S Mve - —— ="MV — ——=
2 R 2 R+h

vi=0 (final velocity at max . height)
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Sol.5

v from (1) h=R.

Here initial velocity is v; = v

v= [ _
R

= from (2) & (3)

Vese = \/E %

N=2

(2)

Let Ra and Rg are the radii of A and B respectively and Pa and Pg are the power emitted by A

and B respectively.
According to question

Ra = 400Rs

& Po=104Pg

Wien’s displacement law

A _Th
1T, €Y

Stefans - Boltzmann law

Pa _ AaTj
Pg  AgTE

Ps _ Ri2p
Pp  RE 24

4
104 =16 X 1042—43
B
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Sol6  (3)

Sol.7  (6)

e c NEY

L o e “

&
12 /

T Jza)h

; X 2 4/[ /
% gt
X

Electric field at an element (Lr comp.)

A
2
2700 /3%+x2

al2
flux = ¢:[ﬁmE.ds

sin @ (x is the distance of element from origin)

N

. J-a/Z AL 2 dX
-al2 2 2
2neo\/3a+x2 ELI
4 4
AL (TE nj
= — 4 —
2ng,\ 6 6

Page|



Sol.8

Sol.9

Sol.10

A 2z
- 2mEy 6

(2)

13.6 hC
— 4+ 104 =—
n? + A
13.6 1242

74‘ 104—:?

©

Net electric field at the mid-point of both the linear charge system, E = 0

But, on small displacement given to (4q), it will start oscillating, while (-q) would be

attracted toward positive plate
Hence, option, ‘C’ is correct.
(B)

Now, for Sy

Bz W1 _ Ha~ha

Solving, we get, v =50 cm

For the S, tube, image should be at ‘o0’

Hence, 2 -2 - F2°h1 [asu=-d+ 50]

v u R
% _ (_;150) = % [as calculated below]
Uz = 1.5, U1 = 1

as,R=4+10cm,v =0

Ha 18 __15-1 . _
o a0~ 10 Solving, we getd = 70 cm
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Sol.11 (AB,C)
Force experience by conductingwire,
F = BIL Sin6
[6: Angle between magnetic field and length]
IfB is along z axis,
Then force F = BILSin 90° 4+ BIRSin 90° 4+ BIRSin90° + BILSin 90°
|F| o (L +R)
(Component of force may vary)
Similarly, when(E) is along y —axis

If (§) is along x - axis, net effect length is zero.

Hence A, B, and C

Sol.12 (A,B,D)

Average kinetic energy per molecule is %nRT& Average Energy per mole of the gas mixture
would be, 2RT.

Ratio of Speed of the sound in the gas mixture is that in Helium gas would be

YmixRT

Vmix _ Mnix

VHe 4/ YHeRT

Mpye
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()i C,+R
Calculating, Yiix = — 2% = 2 —
g mix (Cv)mix Cy

3,..5
Also, (C,) _ nyCvi+n,Cu, (1X§+1X§)R
’ v/mix — n1+n2 - 1+1

= (Cp)mix = (Cv)mix +R

(CDP)mix = 3R,
yotp_3R_3
Cv 2R 2

My +noM, | 1X4+1X2
Also, My, = = =

ni+n, 1+1

3
VRT SRT 1 .
Vi |3 = 5 = (2 RT (D)
_ |YrT _ gRT_ 5 BT .
Vie = Mua \/—4 =5 (i)

Vmix _ 6

3

VHe 5

Ratio of RMS speed of Helium atom to that of Hydrogen molecule,

\/3}!7 1
(NHe _ NMHe _ N4 _

1
Nz  [3RT 1 V2
N2 ’131—142 %
Sol.13 (B)
. L
Using R = P

Calculating Resistances of Aluminum and Iron, and as they are connected in parallel,

Rp1XRFe .
R === (i
parallel RaL+Rre ( )

2.7%X1078x50
RAL = w =30 IJ.Q.

_1x1077x

Rre % = 1250 pQ)

Substituting these values in eqn. (i) and getting

1875
— il
oa M

Hence, B
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Sol.14

Sol.15

Sol.16

(A0

Using, hv-hv*=eV

__hc _ hc
T er et

%4

Finding the graph, option A and C are correct.

(B,C)

1 cm on MSR is divided into 8 equal divisions and a screw gauge with 100 divisions.

In Vernier calipers

Least Count =1 MSD -1 VSD

=1VSD = SMSD [+ 5VSD =4MSD]

=1 MsD
5
_1.1
=3 8CTTL
L.Cyps = socm = 0.025 cm.

For screw gauge,

LC. = Pitch
"¥S9 T No.of division on circular scale

If pitch = 2 X L.Cus = 5-cm.

=120 _ 9,005 cm.

For screw gauge,

If Linear scale L.C = 2 X ﬁ =1 cm.

20
. 1 1
Pitch=2 X —=—cm.
20 10

(CD)

L=KTh]*[C]* [G]*
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Sol.17

Writing dimensional formula of each terms

L = [MLZT—I]a[LT—l]b [M—1L3T—2]C

a-c=0
2a+b+3c=1
-a-b-2c=0
Solving the equation we get
a= %,c = %,b = _73
Hence, L ocvh

VG

Similarly, for M

Hence, A, C, D are correct.

(B,D)

1
2w = —
> m2wf =—
and,
1 R?
E;=-mwiR?=—
2 2m
2
1 a
= E; = -mw? (—) =
2 n
m2w? =1
2
w
so, Wi nz -(a)
Now,
E, b2 _ a? a®n?

w;  2mw; 2mn*wl  2mn*tw?2

- From- (a)

M o ()2 ()2, (G) 2
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Sol.18

Sol.19

Sol.20

w3
(D)
Initial Angular Momentum = MR2w
As net external torque on the system is zero,

Angular momentum remains conserved.

inal I =|MRrz +4(3R) 4 M 2|8
Final L—[MR +8(5) +8x]9

= X2 = 2 R2
25
> x==R.
5
(A-RT)

In nuclear fusion Positron , neutrino and Gamma rays are released apart from the fusion
products. It is responsible for the energy production in the core of the stars.

(B>P,S,T)

Fission of 235U happens by absorption of thermal neutrons. Heavy water is used as
modulators in controlled fission. Neutrons, neutrinos, beta rays and Gamma rays are
released.

(C-P,QR)
Beta decays happen in fission reaction, decays of $9Co nucleus to $3N;

(6°Co is a Synthetic radio isotope of cobalt which decays to 6°Ni)
(D-P,QR)
3~ —decay is followed by emission of antineutrino and not neutrino.

y - ray emission happens in fission,fusion, & decay of €°Co.

(A >P,RS,T)
v, x\2 z
_ Yo
_ dU,(x)
F1 (X) - dx

--zafi-F][-3
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Uo x2
:ZE.X. (1—;)

Fi(x)=0 =>x=+a.

Force towards x = 0 in the region |x| <a; f (x) = -k (x-a)
Potential Energy at x = -a,

Ui(-a) = 0.

So, It may oscillate about x = -a.

(B-Q)S)
Us (x) = ﬁ(i)z
2 (X) = 2 \2
— dUZ
F (X) - dx
_ UO _ Uo
=—5r@)=-—x

F2x)=0=>x=0
_UO
Hence F» (x)=7><x=-kx

So, it experience attractive force towards x = Oin |x| < a.

(C—P,RS,T)

U209 =2 () Jexv. [ ()]

—dU,

F3(x) = dx
— i—f.exp —(g)] + (2)2- _a_ZZx] [eXp_ (g)z]]

sy Q-2 OO 2]

3
Fong(x)=O$%=— =>x“=a

= x=+a
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= . I ) . U . " [ )
Particle can oscillate about x = ‘-a’ with energy TO if its energy at ‘x = -a’ is use than or equal

Up U
U3(—a) = Z < T

[t experiences attractive force towards x = 0.

(D »P,R)

Ui =2 [E -2 ()]

a

auy
F, = ——
2(x) @
Uyl 1
) I 2]
2 [a 3a3 x
_ UO x2
 2a a?
Fax)=0=x=+a
Potential energy atx = -3,
Vo
V(—a) = ——
(-a)=—=
Vo
p(-a)l. 5
So it can’t oscillate about x = -a with %.
Now,
F(x) = —Voly x
4= 2a a?

For x| <a4 = Fi(x) =tve

So, force is acting along the same direction throughout [x| < a.
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