IIT - JEE ADVENCED - 2012
PAPER-1 [Code - 8]

PART - I: PHYSICS

SECTION I : Single Correct Answer Type

This sedion contains 10 multiple choice questions. Each question has four choices (A), (B), (C) and (D) out of
which ONLY ONE is correct.

1. In the determination of Yourg's modLJus[Y 3 4)_':;'(;'29} by using Seale's method, a wire of length L = 2m

and diameter d = 0.5 mmisused. For aload M = 2.5 kg, an extension ¢ = 0.25 mm in the length of the wire
is observed. Quantities d and ¢ are measured using a screw gauge and a micrometer, respedively. They
have the same pitch of 0.5 mm. The number of divisions on their circular scde is 100. The contributions to
the maximum probable error of the Y measurement

(A) dueto the errorsin the measurements of d and ¢ are the same.

(B) dueto the error in the measurement of d istwice that due to the error in the measurement of 4.

(C) dueto the error in the measurement of ¢ istwicethat due to the error in the measurement of d.

(D) dueto the error in the measurement of d is four times that due to the error in the measurement of ¢.

Sal. (A)
LC.= % =0.005mm
100

N

Y 4 d
A¢_0.005x10° 1
¢ 025x10° 50
2A(d) _ 2x0.005%10°° _
d 0.5x107° 50
2. A small mass m is attached to a masdess string whose other end is fixed at P as shown in the figure. The

mass is undergoing circular motion in the x-y plane with centre at O and constant anguar speed w. If the
angular momentum of the system, caculated about O and P are denoted by Eo and L, respedively, then
z

—

w

o and L, donot vary with time.

o Varieswith time while L, remains constant.
(C) L, remains constant while L, varieswith time.
(D) Ly and L, bath vary with time.

Sol. ©
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Sol.

Sol.

Le
L,
o

w

A bi-convex lensis formed with two thin plano-convex lenses as shown in the figure. Refradive index n of

the first lens is 1.5 and that of the seand lens is 1.2. Both the curved surface are of the same radius of

curvature R = 14 cm. For this bi-convex lens, for an objed distance of 40 cm, the image distancewill be
n=15 ™, ~NnN=12

/

R=14cm

(A) -2800 cm (B) 40.0cm (©) 215cm (D) 133 cm

(B)

P = (1.5—1)[1 —oj+(1.2—1)(0—1j h 05 07 o)

14 -14 14 14 20

f=+20cm

1 1 _1

v -40 20

1.1 1 _1

v 20 40 40

0O v=40cm
A thin uniform rod, pivoted at O, is rotating in the horizontal plane with z
constant angular speed w, as shown in the figure. At timet = 0, a small
insed starts from O and moves with constant speed v, with resped to the @
rod towards the other end. It readies the end of therodat t = T and stops. ~+7
The anguar speed of the system remains w throughout. The magnitude of Vo
the torque (| T |) about O, as a function of time is best represented by which s e
plot?

(A) (B)
[T 1T
|
O T t O T t
© (D)
1T [T
I
0] T t 0] T t
(B)
1= ooﬂ = ooE (C+mv?t?)
dt dt
= muv? 2t
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5. A mixture of 2 moles of helium gas (atomic mass = 4 amu) and 1 mole of argon gas (atomic mass= 40
vrms(helium)j i

Vv, (argon)

(A) 0.32 (B) 0.45 (C)2.24 (D) 3.16

amu) iskept at 300K inacontainer. Theratio of the rms speeds [

Sol. (D)

. [3RT

rms M

Required ratio = My - 4—0:\/10
M, Va4

=3.16.

6. Two large vertical and parallel metal plates having a separation of 1 cm are conneded to a DC voltage
source of potential difference X. A proton isreleased at rest midway between the two plates. It isfound to
move at 45° to the verticd JUST after release. Then X is nearly
(A)1x10°V (B)1x 107"V (C)1x10°V (D)1x10™v

Sol. ©
gE = mg
q(v/d) =mg
mgd
q
_ 1.67x107% x10x10?
1.6x107%

V =

10—28
= 10—19

=107°V

7. Threevery large plates of same areaare kept parallel and close to ead other. They are considered as ided
black surfaces and have very high thermal conductivity. The first and third plates are maintained at
temperatures 2T and 3T respedively. The temperature of the middle (i.e. seand) plate under steady state
condition is

65 1/4 97 1/4 97 1/4 »
w(F) T ®) [ﬂ T ©[F) T (D) (97T
Sol. (C) 2T 3T
oA (2T)* + oA (8T)* = 0 2A(T")*
16T* +81T* = 2(T")*
97T =2(T)*
=97 14

==

1/4
3 (2%
2
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Sol.

Sol.

10.

Sol.

A small block is conneded to one end of a masdessspring of un-stretched length 4.9 m. The other end of
the spring (see the figure) is fixed. The system lies on a horizontal frictionless surface  The block is
stretched by 0.2 m and released from rest at t = 0. It then exeautes simple harmonic motion with angular
frequency w = 173 rad/s. Simultaneously at t = 0, a small pebble is projeded with speed v form point P at
an angle of 45° as shown in the figure. Point Pisat a horizontal distanceof 10 m from O. If the pebble hits
theblock at t = 1 s, the value of v is (take g = 10 m/sY)

z

\%
'5666666\[ 45° >.
o > =
10 m

(A) 50 m/s (B) /51 m/s (C) v52m/s (D) V53m/s
(A)
2vsin4s’ _1
9
Ov= \/% m/s.

Young's double dlit experiment is carried out by using green, red and blue light, one color at atime. The
fringe widths recorded are B, Br and Bg, respedively. Then,

(A) Bc>Bs > Br (B) Bs > Bs > Br (C) Br>Be>Be (D) Br>Bs>Bs

(D)
Ar>Ag > Ag

O Br>PBc>Ps

Consider a thin spherical shell of radius R with centre at the origin, carrying uniform positive surface
charge density. The variation of the magnitude of the electric field | E(r) | and the electric potential V()
with the distancer from the centre, is best represented by which graph?

A - B =
) [E(M)I V(r) ®) [E(r)| V(r)
A
/\ 4 —I\ ~
(0] R r (@] R r
C - D iy
© [E(M)I V(r) ©® [E(r)| V(r)
A
|\ S [\ N
o] R “y o] R r
(D)
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SECTION Il : Multiple Correct Answer(s) Type

This sedion contains 5 multiple choice questions. Each question has four choices (A), (B), (C) and (D) out of
which ONE or M ORE are correct.

11 Consider the motion of a posmve point charge in a region where there are simultaneous uniform electric
and magnetic fields E = E, Jand B= B,j. Attimet = O, this charge has velocity Vin the x-y plane,

making an angle 6 with the x-axis. Which of the following option(s) is (are) correa for timet > 0?

(A) If 8=0°, the charge movesinacircular path in the x-z plane.

(B) If 8=0°, the charge undergoes helical motion with constant pitch along the y-axis.

(C) If 8=10°, the charge undergoes helical motion with its pitch increasing with time, along the y-axis.
(D) If 8=90°, the charge undergoes linea but accéerated motion along the y-axis.

Sol. (C,D)
If 6=90° B exerts no forceon q.
If ©=0°10° the charge particle movesin helix with increasing pitch due to E along y-axis.

12 A cubica region of side a has its centre at the origin. It encloses three fixed point charges, —q at
(0, —al4, 0), +3qgat (0, 0, 0) and —q at (0, +a/4, 0). Choose the corred options(s)
Z

a -
/
o o y
/_q =
x &
(A) The net electric flux crossng the plane x = +al2 is equal to the net electric flux crossing the plane x =
-al2
(B) The net electric flux crossng the plane y = +al2 is more than the net electric flux crossing the planey =
-al2.

(C) The net electric flux crossing the entire region is a .

0
(D) The net electric flux crossng the plane z = +al2 is equal to the net electric flux crossing the plane x =
+al2.

Sol. (A, C,D)
—9+39-9_¢q
E0 E0

The flux passng through the faces x = :2{1‘, X = +gand Z= +g are same due to symmetry.

Net flux through the cubical region =

13. A person blows into open-end of along pipe. As aresult, a high pressure pulse of air travels down the pipe.
When this pulse reades the other end of the pipe,
(A) ahigh-pressure pul se starts travelling up the pipe, if the other end of the pipe is open.
(B) alow-presaure pulse starts travelling up the pipe, if the other end of the pipeis open.
(C) alow-presaure pulse starts travelling up the pipe, if the other end of the pipeis closed.
(D) ahigh-pressure pul se starts travelling up the pipe, if the other end of the pipeis closed.
Sol. (B,D)
At the open end, the phase of a pressure wave changes by Tt radian due to reflection. At the closed end,
there is no change in the phase of a presaure wave due to refledion.
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14, A small block of mass of 0.1 kg lies on a fixed inclined plane PQ which makes an angle 6 with the
horizontal. A horizontal force of 1 N ads on the block through its centre of massas shown in the figure.
The block remains stationary if (take g = 10 m/s?)
Q

(O~

(0] P
(A) B=45°
(B) 6 > 45° and africtional forceads on the block towards P.
(C) 8> 45° and africtional force ads on the block towards Q.
(D) 6 < 45° and africtional forceads on the block towards Q.

Sol. (A, C)
At 6=45°, mgsin 6= 1xcosH
At 6>45°, mgsin 6> 1xcos0 (friction ads upward)
At 6<45°, mgsin 6< 1xcos8 (friction ads downward)

15. For the resistance network shown in the figure, choase the corred option(s)
Pl 2Q S

AMAA
VVVVv

20 20
f10 103

Yy,
2T SN I Vo
Q 4 T

1 12V,
l\

(A) The current through PQ is zero. (B)I.=3A
(C) The potential at Sislessthan that at Q. (D) 1,=2A

Sol. (A,B,C,D)
Nodes P and Q are equipotential and nodes S g
and T are equipotential from wheastone bridge,
no current passes through PQ and ST.

12

=", =3 L

I\
IZ:I1[61212]:2A 12V
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SECTION 11l : Integer Answer Type

This sedion contains 5 questions. The answer to ead question is single digit integer, ranging from 0 to 9 (both
inclusive).

16.

Sol.

17.

Sol.
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A circular wire loop of radius R is placed in the x-y plane centered at the origin O. A square loop of side
a(a<<R) having two turnsis placed with its centre at z = J3R along the axis of the circular wire loop, as
shown in figure. The plane of the square loop makes an angle of 45° with resped to the z-axis. If the mutual
Hod”

inductance between the loops is given by R

, thenthe value of pis

2(8R%)
| |

2
2 HolR™ a® cos45° ,
Hod _ Pl
8R2Y2 R2"?

An infinitely long solid cylinder of radius R has a uniform volume charge density p. It has a spherical
cavity of radius R/2 with its centre on the axis of the cylinder, as shown in the figure. The magnitude of the
electric field at the point P, which is at a distance 2R from the axis of the cylinder, is given by the

expresgon 23pR . Thevalue of k is
16ke,
z

e
N |

—R->

R/2\ P

r 2R >

4

X

Yy
~_

(®)
4 R/ =
_ A0 +K[p3"8j( )
21, (2R) 4R?
£ - PTR*() |, KTPR(-])
4te,R 24

m

= 2 K .
E =KpmR()) + —prR(—
PTIR(j) 2P G))

23 -
R
o6e, PR())

~ 23 -~
E=KpmR=_()) =
p 24(J)

=k=6
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18. A proton is fired from very far away towards a nucleus with charge Q = 120 e, where e is the electronic
charge. It makes a closest approach of 10 fm to the nucleus. The de Broglie wavelength (in units of fm) of
the proton at its start is: (take the proton mass, m, = (5/3) x 10%" kg; hle = 42 x 10 Js/ C;

=9x10° m/F; 1fm=107)

a1,

Sol.  (7)
0+Lmy = K(Q)fe _ K(120§)e
2 10x10*®* 10x107™"
1,500 = 9x10° x120x (1.6x107°)?
2 3 10x107%
v 6x10° x120x 2.56x10™*
50x10™*

v =+/33L776x10"

h

T mv
42x10°x1.6x10™ _ 4.2x4.8x10°*
5

54107 x\/33L.776x10°  57-6%5x10°
> .

A =7x10"°=7fm

A= =0.07x10™"

19. A laminais made by removing a small disc of diameter 2R from a bigger disc of uniform mass density and
radius 2R, as shown in the figure. The moment of inertia of this lamina about axes passing though O and P
islo and Ip respedively. Both these axes are perpendicular to the plane of the lamina. Theratio Ip/ I to
the nearest integer is

Sol. (3

2 2
1, = 2R 4 m(4R?) || DRy Dage
2 4 2 4

1 5
I, =mR?*| (2+4)—| =+=
’ {( : (8 4ﬂ
I :mRZ[G—l—ljzngz J)
P 8 8
2 2
I(): AmR - mR7'+'ER2
2 4 2 4

l, = mR{Z—(} +Eﬂ = mRz[Z—g} = mRZ[E’j .(2)
8 4 8 8

|
So -2 _31/8 0 3(Neaest Integer)
I, 13/8
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20. A cylindrical cavity of diameter a exists inside a cylinder of diameter 2a as shown in the figure. Both the
cylinder and the cavity are infinity long. A uniform current density J flows along the length. If the

magnitude of the magnetic field at the point P is given]%uoaJ, then the value of N is

Sol.  (5)
5= Molnd)_p, (Ud /4

2ma Zﬂ( Sa]
2

S5u,Ja_ p, NJe
12 12
SoN=5

B =
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