JEE (ADVANCE) - 2016
PHYSICS

SECTION 1 (Maximum Marks: 18)
e  This section contains SIX questions

e Each question has FOUR option (A), (B), (C) and (D). ONLY ONE of these four option is
correct.

e  For each question, darken the bubble corresponding to the correct option(s) in the ORS.
e  For each question, marks will be awarded in one of the following categories:
Full Marks : +3 If only the bubble corresponding to the correct answer is darkened.
Zero Marks 0 If none of the bubbles is darkened.
Negative Marks : -1 In all other cases.

1. An accident in a nuclear laboratory resulted in deposition of a certain amount of radioactive
material of half-life 18 days inside the laboratory. Tests revealed that the radiation was 64
times more than the permissible level required for safe operation of the laboratory. What is the
minimum number of days after which the laboratory can be considered safe for use?

(A) 64 (B) 90 (C) 108 (D) 120
Key. (C)
Sol:  Itrequires 6 half lives. Hence required no. of days after which it can be used safely is
=6 x 18 =108.
2. The electrostatic energy of Z protons uniformly distributed throughout a spherical nucleus of
radius R is given by
3Z(z-1)¢?
S5 4ng,R
The measured masses of the neutron, ;H,}° N and ;>0 are 1.008665 u, 1.007825 u, 15.000109
u and 15.003065u, respectively. Given that the radii of both the °N and ;>0 nuclei are same,
1 u = 931.5 MeV/c? (c is the speed of light) and > /(4ne,) =1.44 MeV fm. Assuming that

E

the difference between the binding energies of >N and ;°O is purely due to the electrostatic
energy, the radius of either of the nuclei is
(1 fm=10""m)

(A) 2.85fm (B) 3.03 fm (C)3.42fm (D) 3.80 fm
Key. (C)
Sol:  BEyuegen = 7% H +8x, n' -M, 1)

BE gen =8% H' +7x,n' - M,, Q)

Solving (1) & (2)
B'E:NQ - B'E:O2 = Mneutron - MProton - (MN2 MOQ )
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AE =0.003796 amu

2 f—
Also AE = > _© (56 42) =0.003796x931.5
S4ne, R
. R=3.42fm
Hence (C) is correct
3. A gas is enclosed in a cylinder with a movable frictionless piston. Its initial thermodynamic

state at pressure P; = 10° Pa and volume V; = 107> m® changes to a final state at P; = (1/32) x
10° Pa and Vs = 8 x 10~ m® in an adiabatic quasi-static process, such that P*V®> = constant.
Consider another thermodynamic process that brings the system from the same initial state to
the same final state in two steps : an isobaric expansion at P; followed by an isochoric
(isovolumetric) process at volume Vs The amount of heat supplied to the system in the two-
step process is approximately

(A) 112 (B) 294 J (C)5881J (D) 8131
Key. (C)
Sol:
i (1) B
p ()
f
v —»
AQ = AQ, + AQ,
=nC, (T; - T,)+nC, (T, - Ty)
nR nR
2:(TB _Ti)+:(Tf -Tg)
_S10° (7x10*3)+§x8x10*3 [ﬂme) =588 ]
2 2 32
4. There are two Vernier calipers both of which have 1 cm divided into 10 equal divisions on the

main scale. The Vernier scale of one of the calipers (C;) has 10 equal divisions that correspond
to 9 main scale divisions. The Vernier Scale of the other caliper (C;) has 10 equal divisions
that correspond to 11 main scale divisions. The readings of the two calipers are shown in the
figure. The measured values (in cm) by calipers C; and C,, respectively, are

2 3 4
C Lo b gl
1 [TITT I
510
2 3 4
c I
: [TTTTTTTTT]
0 5 10

(A) 2.87 and 2.87 (B) 2.87 and 2.83 (C)2.85and 2.82 (D) 2.87 and 2.86
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Key. (B)
Sol:  For C;

Least count = 1 —% =0.1lmm

Reading =2.8 + 0.1 x% =2.87 mm
For Cz

Least count = ‘1 —i—é‘ =0.1lmm

Reading = 2.8 + (1)—'01>< (3" division from last division of vernier scale)

=2.83cm
.. Answer B

5. A small object is placed 50 cm to the left of a thin convex lens of focal length 30 cm. A convex
spherical mirror of radius of radius of curvature 100 cm is placed to the right of the lens at a
distance of 50 cm. The mirror is tilted such that the axis of the mirror is at an angle 6 = 30° to

the axis of the lens, as shown in the figure
f=380cm

(-50,0) Vu.o) e

(60+504/3,-50)

If the origin of the coordinate system is taken to be at the centre of the lens, the coordinates (in
cm) of the point (X, y) at which the image is formed are

(A) (125/3,25/43) (B) (50-2513,25)
(©)(0,0) (D) (25,25V3)

Key. No Answer

6. The ends Q and R of two thin wires, PQ and RS, are soldered (joined) together. Initially each of
the wires has a length of 1 m at 10°C. Now the end P is maintained at 10°C, while the end S is
heated and maintained at 400°C. The system is thermally insulated from its surroundings. If the
thermal conductivity of wire PQ is twice that of the wire RS and the coefficient of linear thermal
expansion of PQ is 1.2 x 107> K™, the change in length of the wire PQ is

(A)0.78 mm (B) 0.90 mm (C) 1.56 mm (D)2.34 mm
Sol. (A)
P QR S
| I )
10°C 2k k  400°C
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Let T — temperature of junction (QR)
KA(400-T) _ 2KA(T-10)
L L
400-T=2T-20 = 3T =420 = T =140
Now, consider rod PQ.

10°C 2k k 400°C

Temperature at a distance x is Ty = 10 + 140-10

X

Tyx =10 + 130x
Rise is temperature of the element at a distance x is 130 x.
Let dl be the change in length of element dx. Then the total change in length

1
Al = 130aJXdX = 1300c><% = 6500 =65 x 1.2 x 10° m = 0.78 mm
0

SECTION 2 (Maximum Marks: 18)
e  This section contains EIGHT questions

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

e  For each question, marks will be awarded in one of the following categories :

Full Marks . +4 if only the bubble(s) corresponding to all the correct option(s) is
(are) darkened.
Zero Marks . 0if none of the bubbles is darkened.

Negative Marks : -2 in all other cases

o For example, if (A), (C) and (D) are all the correct options for a question, darkening all these
three will result in +4 marks; darkening only (A) and (D) will result in +2 marks; and
darkening (A) and (B) will result in -2 marks, as a wrong option is also darkened.

7. Two thin circular discs of mass m and 4m, having radii of a and 2a, respectively, are rigidly

fixed by a massless, rigid rod of length | = J24a through their centers. This assembly is laid on
a firm and flat surface, and set rolling without slipping on the surface so that the angular speed
about the axis of the rod is ®. The angular momentum of the entire assembly about the point ‘O’

is IL (see the figure). Which of the following statement(s) is(are) true?
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(A) The magnitude of the z-component of II_ is 55 ma’ ®

(B) The magnitude of angular momentum of center of mass of the assembly about the point O is
81 ma’

(C) The centre of mass of the assembly rotates about the z-axis with an angular speed of
®/5

(D) The magnitude of angular momentum of the assembly about its centre of mass is 17 ma®
o/2

Key. (D)
Sol:  Angular momentum about C.M.

= Lo, +1,o,

1 ma’.o® + 1 x 4m x 4a°w°
2 2

= —_ma’e’
2

D is correct and none of the other options matches.

8.  Consider two identical galvanometers and two identical resistors with resistance R. If the internal
resistance of the galvanometers Rc < R/2, which of the following statement(s) about any one of
the galvanometers is(are) true?

(A) The maximum voltage range is obtained when all the components are connected in
the series

(B) The maximum voltage range is obtained when the two resistors and one galvanometer are
connected in series, and the second galvanometer is connected in parallel to the first
galvanometer

(C) The maximum current range is obtained when all the components are connected in parallel

(D) The maximum current range is obtained when the two galvanometers are connected in series
and the combination is connected in parallel with both the resistors

Key. (B, C)
Sol.
When two galvanometers and two resistors are connected in series,
I — current flowing through galvanometer for full scale deflection.
V= Ig(2R: + 2R) = 214(R; + R)
When two galvanometer are parallel and resistance connected in series,

R R.+4R
V= 2Ig{7°+2R} = 2Ig[ = }=I9(Rc+4R)=Ig[Rc+4R]

As R, <R/2
. (Re+4R) > (2R + 2R)
Option B is correct
When two galvanometer and two resistors are connected in parallel,
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¢ 2
IR IR
|ch: 7—|9R = 7 = Ig[Rc+R]
21g R
I=—[R,+R] = 2Ig|1+—=
R +R1 = 2g] 1

When two galvanometers are in series and two resistors in parallel with the galvanometers,

I,(2R,) = (|—|g)%

R R
2gRe= 11,
|.% = Ig[2R0+B}
R 4R +R
I= =,
2 °L 2
| = g[1+4&}
R

As [2+ 2R°)>(1+ 4R°j
R R

The range of Ammeter is maximum in case C.
So, option C is correct.

9.  Arrigid wire loop of square shape having side of length L and resistance R is moving along the x-
axis with a constant velocity vp in the plane of the paper. At t = 0, the right edge of the loop
enters a region of length 3L where there is a uniform magnetic field By into the plane of the
paper, as shown in the figure. For sufficiently large vo, the loop eventually crosses the region.
Let x be the location of the right edge of the loop. Let v(x), I(x) and F(x) represent the velocity
of the loop, current in the loop, and force on the loop, respectively, as a function of x. Counter-
clockwise current is taken as positive.
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Which of the following schematic plot(s) is(are) correct? (Ignore gravity)
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F(X) |(X)

@™ | \ |

® |

I(x)
©) (D)
0 L oL L 4
Key. (B, C)
Sol: Induced emf at any instant when the loop is partially inserted e = BLv
i e _ BLv
R R
2p2
Force, F=iLB = B'L \
dv _ -B°L?
mv— =
dx R
2y 2
dv= - B'L dx
mR
2L2
Integrating v = — +C

. v decrease linearly
Q iccv and as v decreases linearly.

i decreases linearly and F also decreases linearly and acts toward left.

When loop is completely inside, flux will remain constant, so induced emf, current and force will
be zero between x = L and x = 3L and the velocity will remain constant.

When the loop goes out, v will further decrease.
So, i and F will also decrease but current will be induced in opposite direction.
Hence, option (B) and (C) are correct.
10. In an experiment to determine the acceleration due to gravity g, the formula used for the time

. . . T(R—T
period of a period motion is T =27 % The value of R and r are measured to be (60+1)
g
mm and (10J_rl) mm, respectively. In five successive measurements, the time period is found to

be 0.52s, 0.56 s, 0.57s, 0.54 s and 0.59 s. The least count of the watch used for the measurement
of time period is 0.01 s. Which of the following statement(s) is(are) true?
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(A) The error in the measurement of r is 10%
(B) The error in the measurement of T is 3.5%
(C) The error in the measurement of T is 2%
(D) The error in the determined value of g is 11%
Key. (A, B, D)
Sol.  Average reading of time period
(T). = 0.52+0.56+0.57+0.54+0.59
avg 5
=0.556=0.56
(0.04+0.00+0.01+0.02+0.03)
5

Now (AT )avg =
=0.02

Now AT—Txloo% = percentage errorin T

_002 100-357
0.56

+AR + Ar
AT _($ARxAr) . Ag,

T (R-r) g
A9y, _p(3.57)4 1F*¥100
9 (60-10)

= (7.14+ 4) =11.14%

Ao L 1009 =10%
r 10

11. A block with mass M is connected by a massless spring with stiffness constant k to a rigid wall
and moves without friction on a horizontal surface. The block oscillates with small amplitude A
about an equilibrium position xo. Consider two cases: (i) when the block is at X, ; and (ii) when
the block is at x = xo + A. In both the cases, a particle with mass m(< M) is softly placed on the

block after which they stick to each other. Which of the following statement(s) is(are) true about
the motion after the mass m is placed on the mass M?

(A) The amplitude of oscillation in the first case changes by a factor of ‘/ MM , Whereas in the
m+

second case it remains unchanged

(B) The final time period of oscillation in both the cases is same

(C) The total energy decreases in both the cases

(D) The instantaneous speed at xo of the combined masses decreases in both the cases
Key. (A, B, D)
Sol. For first case:
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MV =(m+M)V"

m+M

7’ X:XO
vz =Ly
2 2
I(meM)v = Zka
2 2

(M)(m+M)"_ A°
(mMeM)M? — AZ

A':/ M A
m+M

(A) is correct

T=2x ,m Jl: M : (B) is correct

. N 1 .
Amplitude decreases in first case, hence total energy (E kAzj also decreases but remains same

in second case

12.  While conducting the Young’s double slit experiment, a student replaced the two slits with a
large opaque plate in the x-y plane containing two small holes that act as two coherent point
sources (S, Sp) emitting light of wavelength 600 nm. The student mistakenly placed the screen
parallel to the x-z plane (for z > 0) at a distance D = 3 m from the mid-point of S;S;, as shown
schematically in the figure. The distance between the sources d = 0.6003 mm. The origin O is at
the intersection of the screen and the line joining S;S,. Which of the following is(are) true of the
intensity pattern on the screen?

Screen

ISR
v/ Y

-

it it "
—/’78'7*,"7;/}'/////// y
1
— -—b2 X
y D >

(A) Semi circular bright and dark bands centered at point O
(B) The region very close to the point O will be dark
(C) Straight bright and dark bands parallel to the x-axis
(D) Hyperbolic bright and dark bands with foci symmetrically placed about O in the x-direction
Key. (A, B)
Sol. If screen is perpendicular to y-axis (x, z plane). The fringe will be semicircular at the centre to
the point of intersection of screen and y-axis
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Semicircular bright & dark bands centered at O will be obtained.
Path difference = d cosd
For maxima,
dcosfd=na
For the point closer to O,
cosd —1 acos®
so, d=nA

-3
o o d_:6003x10 < d—>

A 600x10°

_.6003x10°
600

_ 6003x10° 6003
600 6

n=1000.5 =1000+ %

Hence near O minima will be obtained
13. In the circuit shown below, the key is pressed at time t = 0. Which of the following statement(s)

is(are) true?
40 uF/ 25kQ
@) S0k /\ 20 pF

=~ M
Key 5V
(A) The voltmeter displays —5 V as soon as the key is pressed, and displays +5 V after a long
time
(B) The voltmeter will display 0 V at time t = In 2 seconds
(C) The current in the ammeter becomes 1/e of the initial value after 1 second
(D) The current in the ammeter becomes zero after a long time
Key. (A, B, C, D)
Sol. C,=40uF,C,=20uF

R, =50kQ, R, =25kQ

r,=7,=15

JEE-Adv-2016-P2

10



. 5 N
i, = e A ii
2 50x10° (i
g =200uC(l-€") (iii)
q,=100uC(1-e") (iv)
Att=0, circuitis At t = oo circuit is
1 + IC|:1—
MVWY I
+ —
_U+ @
AAARAZAA + I I —
VWWWiy | |C2
i +| _ @ 5l i
I_ | T

(A) So reading of voltmeter att=0is, -5V
So reading of voltmeter att =« is, +5 V
(B) % =1,R, gives t=1In2s from equations
1
(C) i =i, +1,, where i is ammeter reading so i =1/e times of initial current from equations
(D) After a long time i = 0 (as the capacitors are fully charged and voltmeter is ideal)
14. Light of wavelength A, falls on a cathode plate inside a vacuum tube as shown in the figure.

The work function of the cathode surface is ¢ and the anode is a wire mesh of conducting
material kept at a distance d from the cathode. A potential difference V is maintained between
the electrodes. If the minimum de Broglie wavelength of the electrons passing through the anode
is A,, which of the following statement(s) is(are) true?

.H‘rrLight

R
o
f —g Electrons
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(A) 4, increases at the same rate as 4, for 4, <hc/¢
(B) 4, is approximately halved, if d is doubled
(C) A, decreases with increase in ¢ and 1,

(D) For large potential difference (V >>¢/e), 4, is approximately halved if V is made four

times
Key. (D)
Sol. Q A= h

J2qvm

= /Iociz

W

SECTION 3 (Maximum Marks : 12)
e This section contains TWO questions.
e Based on each paragraph, there are TWO questions.

e Each questions has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is
correct.

e For each question darken the bubble corresponding to the correct option in the ORS.

For Each questions marks will be awarded in one of the following categories:
Full marks : +3 If only the bubble corresponding to the correct options is darkened.
Zero marks : 0 If none of the bubbles is darkened.

COMPREHENSIVE
PARAGRAPH 1

A frame of reference that is accelerated with respect to an inertial frame of reference is called a non-
inertial frame of reference. A coordinate system fixed on a circular disc rotating about a fixed axis
with a constant angular velocity o is an example of a non-inertial frame of reference. The relationship

between the force Frx experienced by a particle of mass m moving on the rotating disc and the force
Fin experienced by the particle in an inertial frame of reference is

—_—

Froo=F, +2m(vrotxa))+m(a)xr)xa)

Where v« is the velocity of the particle in the rotating frame of reference and r is the position vector
of the particle with respect to the centre of the disc.

Now consider a smooth slot along a diameter of disc of radius R rotating counter clockwise with
constant angular speed  about its vertical axis through its centre. We assign a coordinate system with

the origin at the centre of disc, the axis (Z) = a)ll<) . A small block of mass m is gently placed in the slot

I
at r=(R/ 2)$at t =0 and is constrained to move only along the slot.
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15. The distance r of the block at time tis

(A) EcosZa)t (B) Ecosa)t
2 2
R wt —ot R 2wt —2wt
(C) Z(e +e) (D) Z(e +e?)
Key. (C)
Sol.

Let V be the velocity of block at a distance r from the axis.
Now, F. =0;V,, = Vi
F=ri; b=ok
I PPN A

Now (th X (E)) = V(D(i X k) = —Voj
((I;Jx F)x{z):mzri

! ~ >
- F, =—2mvej+mo’ri
Now considering motion along x-axis

dv )
m— =mo°r
dt

dv )
mv—=mm-r
dr

TVdv:jmzrdr
0 I,

0

vio o (r-1)
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16.

Key.

Sol.

- o

putr: r,seco
. dr = rysecHtan6de

J-r0 sec6tan 6do Imdt

Jr sec’ e—r

= jsecedm = jmdt

In(sec+tan6)=wt+c
att=0; 6=0
=c=0

= In(secH+tan @)=

—=secO+tan0=e"  ...(i)
using the identity
sec’0—tan’0=1

secO—tan0=e " (1)

from equation (i) and (i) secG:%{e‘”‘ ret)

=N é ; [e”’t + e"“t}

:r:%{e“" +e“°t}

R ot —ot
=>r=——1e" +e
nl ]
The net reaction of the disc on the block is

(A) me’Rsin ot mgk

() = ma) "R(e* —e’z“’t)}ﬁr mg &

(B)

V= % = %m[e“‘ —e i

Zm(\l/ X (E))

rot

Ir: = ZmR—(DZ[emt —e‘““](—])

(¢}

reaction force = %mmzR [ —e]j+ mgk
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PARAGRAPH 2

Consider an evacuated cylindrical chamber of height hhaving rigid conducting plates at the ends and
an insulating curved surface as shown in the figure. A number of spherical balls made of light weight
and soft material and coated with a conducting material are placed on the bottom plate. The balls have
radius r <<h. Now a high voltage source (HV) is connected across the conducting plates such that
the bottom plate is at +V, and the top plate at —Vo. Due to their conducting surface, the balls will get

charged will become equipotential with the plate and repelled by it. The balls will eventually collide
with the top plate. Where the coefficient of restitution can be taken to be zero due to the soft nature of
the material of the balls. The electric field in the chamber can be considered to be that of the parallel
plate capacitor. Assume that there are no collision between the balls and the interaction between them
is negligible. (Ignore Gravity)

17.  Which one of the following statement is correct?
(A) The balls will execute simple harmonic motion between the two plates.
(B) The balls will bounce back to the bottom plate carrying the same charge they went up
with
(C) The balls will stick to the top plate and remain there
(D) The balls will bounce back to the bottom plate carrying the opposite charge they went up
with
Key. (D)
Sol.  Explanation of Q. 17 and 18

d, — charge on ball

k .
VOZ% ..(i)

electric field E :%
force on ball = q,E
%E

acceleration a=

time taken to hit the upper plate
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Co_ng _ (ver) | Ver (Ve
* [2hm k 2khm\ h
a.E

i oc V2 (option A is correct for 18)

av

after collision with the upper plate the balls will get negatively charged
(at potential - v, ) and repelled by it. And perform periodic motion. Hence option D is correct

for Q. 17
18.  The average current in the steady state registered by the ammeter in the circuit will be

(A) proportional to V.’ (B) proportional to the potential V,
1
(C) Zero (D) proportional to V2
Key. (A)

Sol.  Solution with Q. No. 17
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