JAM 2015 PHYSICS - PH

JAM 2015: General Instructions during Examination

Total duration of the JAM 2015 examination is 180 minutes.

The clock will be set at the server. The countdown timer at the top right corner of screen will(display th®

Any useful data required for your paper can be viewed by clicking on the Useful
appears on the screen.

Use the scribble pad provided to you for any rough work. Submit the scribbl¢
examination.

You are allowed to use only your own non-programmable calculator.
The Question Palette displayed on the right side of screen will sho theystatus of each question using
one of the following symbols: Q

|' 1 | You have not visited the question vet.

)| You have not answered the question.

H] You have answered the question.

Navigating to a Question :

To answer a question, do the f

a. Click on the quegtipn nu on Palette to go to that question directly.

¢ type question and for the multiple select type question. Use
e answer for a numerical type question.

answer for the current question and then go to the next question.

questions by clicking on the Question Paper button. This feature is provided, so
BN just see the entire question paper at a glance.

a Question :

Proc for answering a multiple choice question (MCQ):

A oose the answer by selecting only one out of the 4 choices (A,B,C,D) given below the question
and click on the bubble placed before the selected choice.
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11.

12.

13.

14.

15.

Choosing a Section :

b. To deselect your chosen answer, click on the bubble of the selected choice again or click on the
Clear Response button.

c. To change your chosen answer, click on the bubble of another choice.

d. To save your answer, you MUST click on the Save & Next button.

Procedure for answering a multiple select question (MSQ):

a. Choose the answer by selecting one or more than one out of the 4 choices (A,B given below

the question and click on the checkbox(es) placed before each of the selected choice

b.
C.
the checkbox of another choice.
d. To save your answer, you MUST click on the Save & Next bu :

Procedure for answering a numerical answer type (NAT) question:

a. To enter a number as your answer, use the virtual numeri

C.

d. To save your answer, you MUST click on the Sa

16.
17.

18.

19.

20.

Sections in this qu@on paps ayed’on the top bar of the screen. All sections are compulsory.

Questions in a sectio clicking on the name of that section. The section you are

When you

PH
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JAM 2015 Examination

PH: Physics
Duration: 180 minutes Maximum Marks: 109
Read the following instructions carefully.
1. To login, enter your Registration Number and Password provided to you. Kind
various coloured symbols used in the test and understand their meaning before
examination.
2 Once you login and after the start of the examination, you can view all the qug
paper, by clicking on the Question Paper button in the screen.
3 This test paper has a total of 60 questions carrying 100 marks. The entire que
into three sections, A, B and C. All sections are compulso

different types.

5. Section — B contains Multiple Select Questions
but with a difference that there may be one or more’ thz
given choices. The candidate gets full credit if he/she
wrong choices. This section has 10 Questions and cary 2

6.

7.

8.

ultiple select questions using a mouse and to enter a

suitable number type questions using the virtual numeric keypad and
mouse.

9 Your answers shg d amd”saved on a server periodically and also at the end of the
examination. The & top automatically at the end of 180 minutes.

10. Multiple choice qiigstisgs (Section-A) will have four choices against A, B, C, D, out of which only ONE
choice is the—ee wer. The candidate has to choose the correct answer by clicking on the

5 (Section-B) will also have four choices against A, B, C, D, out of which ONE
choice(s) is /are the correct answer. The candidate has to choose the correct

wropg answer. For all 2 marks questions, 2/3 marks will be deducted for each wrong answer. In
on — B (MSQ), there is NO NEGATIVE and NO PARTIAL marking provisions. There is NO
GATIVE marking in Section — C (NAT) as well.
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14. Non-programmable calculators are allowed but sharing of calculators is not allowed.

15. Mobile phones, electronic gadgets other than calculators, charts, graph sheets, and mathematical
tables are NOT allowed in the examination hall.

16. You can use the scribble pad provided to you at the examination centre for all your rough
scribble pad has to be returned at the end of the examination.

Declaration by the candidate:

“I have read and understood all the above instructions. | have also read and (ufderstoos dlearly the
instructions given on the admit card and shall follow the same. | also understg
found to violate any of these instructions, my candidature is liable to be cancelled ["a gnfirm that
at the start of the examination all the computer hardware allotted me are in~proper working

5
N
O
N
S
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Useful Data

Speed of light in vacuum (c): 3 X 108 ms™

Planck’s constant (h): 6.62 X 10734 J s

hbar times speed of light in vacuum (fc): 200 X 10715 MeV m
Universal gas constant (R): 8.3 ] K mole™

Mass of the electron (m,): 9.1 x 10731 Kg

Charge of the electron (e): —1.6 X 1079 C

Acceleration due to gravity (g): 9.8 m s

Free space permittivity (g): 8.85 x 10712 N m* C~

In multiple choice questions having numerical answers, tion nearest to the correct

answer.

g

S
N
S
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SECTION - A
MULTIPLE CHOICE QUESTIONS (MCQ)
Q. 1-Q.10 carry one mark each.

Q.1 A system consists of N number of particles, N > 1. Each particle can have only one oftha
energies E; or E; + £(& > 0). If the system is in equilibrium at a temperature T, the gv¢rage
number of particles with energy E; is

N
™3
(B) ey
©) =k
(D) Ne~#/kT

a spring. The other
¢ mass is given an

Q.2 A mass m, lying on a horizontal, frictionless surface, is conng
end of the spring is connected to a wall, as shown in the figd, Att =
impulse.

MO

The time dependence of the displa ent anththeyelocity of the mass (in terms of non-zero
constants A and B) are given b

(B) x(t) = A si
O x(t)=Ac
(D) x(t) = A cosw

Q.3

nt on a potential given by

0, x<0
) = {VO, x>0 "

e particle for E < V), in the region x > 0 (in terms of positive constants 4,
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Q4 The electric field of a light wave is given by E = E,[f sin(wt — kz) + j sin(wt — kz — %)]. The
polarization state of the wave is
(A) Left handed circular
(B) Right handed circular
(C) Left handed elliptical
(D) Right handed elliptical
Q.5 Consider the coordinate transformation x’ = %, y' = % The relation betwge ts
dx'dy’ and dxdy is given by dx'dy’ = Jdxdy. The value of ] is
(A) 2 (B)1 © -1
Q.6 The trace of a 2 X 2 matrix is 4 and its determinant is 8. If one of'
other eigenvalue is
(A)2(1-1) B)2(1+10)
Q.7
Q.8

Q.9

ct'to the proton, measures proton’s velocity to be 0.97c. The
ip, in the earth’s frame, is

(B) 0.3¢
(D) 0.5¢

(A (B)q ©) —q (D) —2q

PH
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Q.10 At room temperature, the speed of sound in air is 340 m/sec. An organ pipe with both ends ope
has a length L= 29 cm. An extra hole is created at the position L/2. The lowest frequency of s§
produced is

(A) 293 Hz (B) 586 Hz (C) 1172 Hz (D) 2344 Hz

Q. 11 - Q. 30 carry two marks each.

Q.11 A system comprises of three electrons. There are three single particle energy hyve gible to

each of these electrons. The number of possible configurations for this system is

(A)1 (B)3 (C) 6 8 7

3

Q.12 A rigid and thermally isolated tank is divided into two comp? equal volume V, separated

compartment contains one mole of a different id as B.

equilibrium at a temperature T. If the membrane rupt

(A)O (B)RIn2

Q.13 A Zener regulator has an input voltage in the ra
5 mA-20 mA. If the Zener voltage is 6. e

=+

-
NN |

N
(A) 390 \ (B) 420
(C) 440 @ (D) 460 Q

Y

PH
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Q.14

Q.15

Q.16

The variation of binding energy per nucleon with respect to the mass number of nuclei is shown in
the figure.

A% i
w et Gt g™ ue™ gl

Average binding anergy pernu¢lacn (MaV)

(1) 238U - 235Pb + 10p + 22n
(2) 238U — 23SPb + 83He + 6e~
Which one of the following statements§d

Number ofnucdleonsin n%
Consider the following reactions: @

(A) Both (1) and (2) are allow¢

(C) (1) is forbidden and (2) jsa

(D) (1) is allowed and (2) j5 forbiddeng
ree non-collinear atoms joined by rigid rods. The constant

A rigid triangul@ol cule’Co s )
pressure molar speci of-en jdeal gas consisting of such molecules is

(A) 6R
(B) 5R
(C) 4R
(D) 3R

d the earth in a circular orbit of radius R centered at the earth. A second
oliptic orbit of major axis 8R, with the earth at one of the foci. If the former
plete a revolution, the latter would take

(B) 8 days (C) 3 hours (D) 1.1 hour

PH
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Q.17

Q.18

Q.19

A positively charged particle, with a charge g, enters a region in which there is a uniform electric
field E and a uniform magnetic field B, both directed parallel to the positive y- axis. Att = 0, ¢
particle is at the origin and has a speed v, directed along the positive x- axis. The orbit of thg
particle, projected on the x-z plane, is a circle. Let T be the time taken to complete one revgly
of this circle. The y-coordinate of the particle at t = T is given by

n?mE 2n?mE
(A) 57 ST

n?mE  vomm D 2mmv,
O+ D) =25

Ky = 446 N/m. The atomic masses of F, Cl and Br are 19.0, 3
respectively. The halogen molecules X, and Y, are

(A) XZ = F2 and YZ = Clz (B) XZ = Clz %)
(C) XZ = Brz and Y2 = FZ (D) XZ =F
R2 encloses a Charge q

e spheres. The potential at the
centre of the shell is

1
(B) 4TTE

i ()

1
d

n be used to measure the speed of blood through vessels. Sound of frequency

nt through the vessels along the direction of blood flow. The reflected sound

¢s a béat signal of frequency 100 Hz. The speed of sound in blood is 1545 m/sec. The speed
fspugh the vessel, in m/sec, is

(B) 1.468 (C) 0.1468 (D) 0.01468

PH
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Q.21  Which of the following circuits represent the Boolean expression

S=P+QR +QP

(A)

s

&
A

N

AN

“

circle of radius R, as shown. A
field at the center of the circle is

PH
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Q.24

Q.25

Q.26

by the observer at that instant, is
(A) 0.0024 N (B) 0.0032 N
(C) 0.004 N (D) 0.006 N

Miller indices of a plane in cubic structure that contains all the directions [10

(A) (011) (B) (101) (C) (100) (D) (NQ

Seven uniform disks, each of mass m and radius r, are inscribed
shown. The moment of inertia of this system of seven disks, about
central disk and perpendicular to the plane of the disks, is

de.a regular@agon, as
naxispassipg through the

(A) Zmr?

Q

A nucleus has a size

energy of this elegtrgn 1
(A) 1 MeV (B) 102 MeV
(C) 10* MeV (D) 10® MeV

(B) 41 (C) —4m (D) —287

2
Z—x = y; with the boundary condition y(1) = 1. Ou t of the following, the
which y is real and finite, is

Kx<-3 B)-3<x<0
) 0=<x<3 D)3<sx<

PH
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Q.29  The Fourier series for an arbitrary periodic function with period 2L is given by
a nmx ry p nmx p g
fx) = 70 + Xi=1@n €OS——+ Xq by, sin—=. For the particular periodic function shown i

figure, the value of ag is

(A) 0 (B) 0.5 ©) 1 (D)2 Q

Q.30  The phase of the complex number (1 + i)i in the polar repggkentatio

Q

(A) /4 B)
(C)3m/4 (D) 57

@

QUESTIONS (MSQ)

in free space, the electric field is given by
hich of the following statements are true?

polarized
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Q.2 In an ideal Op-Amp circuit shown below, R;=3kQ, R,=1 kQ and V;= 0.5 sin wt (in Volt). Which
of the following statements are true?

¥oo—— T
1

(A) The current through R;= The current through R,
(B) The potential at P is %
1

(C) The amplitude of V, is 2V
(D) The output voltage V, is in phase with V;

Q.3 A particle of mass m is moving in x-y plane. M 2 } i its position vector is given by
7(t) = A coswt { + B sinwt T, where A, B and & ts with A # B. Which of the
following statements are true?

(A) Orbit of the particle is an ellipse
(B) Speed of the particle is constant
(C) At any given time t, the pagticle &

Q4
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Q.5 A particle is moving in a two-dimensional potential well

Vix,y) =0, 0<x<L0<y<2L
= oo, elsewhere.

Which of the following statements about the ground state energy E; and ground stat enfunse

@, are true?
h2m? 5h%m?
(A)Ey =7 (B) By = oz
Y2 i ™ gin ™ = V2 05 ™ cos ™
©) @g = - Sin——=sin—= D) o = . COS—=Cos—~
Q.6 Consider the circuit, consisting of an AC function generator V (t) 2mvt \@ Vo =5V,
an inductor L = 8.0 mH, resistor R = 5 () and a capacitor C = F. he following

statements are true if we vary the frequency?

Q.7  Muons are elem@ry

Consider muons whi
an observer on eapth

(C) The ifétime OfaNons Yh earth’s frame of reference is 34.8 us
(D) Mugn§ traveling\at\a speed greater than 0.998¢ reach the earth’s surface
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Q.8 Asshown in the P-V diagram, AB and CD are two isotherms at temperatures T; and T,

respectively (T, > T,). AC and BD are two reversible adiabats. In this Carnot cycle, which of ¢
following statements are true?
P
QI

B

(A) Zo& ource decreases

T1 TZ

(C) The entropy of the system increases phe system W = Q; — Q,

Q.9 gn pattern produced by two slits, each

(A) Reducing a incre® Qe separatioy between consecutive primary maxima
(B) Reducing a i sparation between consecutive secondary maxima
(C) Reducing b } gpabation between consecutive primary maxima

dielectric material has a polarization P=3i+ 47 units. The edges of the
the Cartesian axes. Which of the following statements are true?

ubC carries a volume bound charge of magnitude 5 units

¢ is a charge of magnitude 3 units on both the surfaces parallel to the y-z plane

/e is a charge of magnitude 4 units on both the surfaces parallel to the x-z plane

) There is a net non-zero induced charge on the cube
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SECTION-C
NUMERICAL ANSWER TYPE (NAT)
Q. 1-Q. 10 carry one mark each.

Q.1 The power radiated by sun is 3.8 X 102 W and its radius is 7 X 10° km. The magnitidg¢ of t
Poynting vector (in W/cm?) at the surface of the sun is

Q.2 A particle is in a state which is a superposition of the ground state ¢, and thq

of the oscillator) is

Q.3 In an experiment on charging of an initially uncharged capacj
resistance R = 10 kQ and the capacitor C = 1000 pF along
magnitude of the displacement current through the/sapacits
has started, is

Q.4 In the given circuit, Vcc = 10V and B = 100 for the-s
Volts) is .

Q

i
&
S

BN
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Q.5  Unpolarized light is incident on a calcite plate at an angle of incidence 50°, as shown in the figure.
Take ny = 1.6584 and n. = 1.4864 for calcite. The angular separation (in degrees) between the tyo
emerging rays within the plate is .

Ar

.\,,
oo"‘“"/@*'

Q.6 In the hydrogen atom spectrum, the ratio of the longest wavelength in
n = 1) to that in the Balmer series (final state n =2) is

O

Q.7 A rod is moving with a speed of 0.8C in a directionat 0 its
contraction in the length of the rod is

apseries (final state

ngth. The percentage

Q.8  X-rays of wavelength 0.24 nm are Compton sciatiered and e\scattered beam is observed at an
angle of 60° relative to the incident beam. The Gompton wanglength of the electron is 0.00243 nm.
The kinetic energy of scattered electrons At i

cn.

#0 K. CA is a constant volume process in which the pressure and
yeir initial values. The net amount of heat (in Joules) absorbed by the gas in

<1}
m
3
7
%
[}
L=
o

_U
=

[

o
)
@]
mo

V 2V Volume
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Q.12 Inaregion of space, a time dependent magnetic field B(t) = 0.4 t Tesla points vertically upwards.
Consider a horizontal, circular loop of radius 2 cm in this region. The magnitude of the electri$

field (in mV/m) induced in the loop is

Q.13 A plane electromagnetic wave of frequency 5 X 10'* Hz and amplitude 103 V/m, tra
homogeneous dielectric medium of dielectric constant 1.69, is incident normally at @
with a second dielectric medium of dielectric constant 2.25. The ratio of the amplituds
transmitted wave to that of the incident wave is

Q.14 F or the arrangernent given in the followmg ﬁgure the coherent hght sources A

is

Q.15

Q.16 A uniform disk of mass
angle 30° to theﬁizonta

Q.17 A nozzle is in the

magnitu sdifference in kPa (1 kPa = 103 N/m?) between the two ends of the nozzle
N\
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Q.18 A block of mass 2 kg is at rest on a horizontal table. The coefficient of friction between the blogk
and the table is 0.1. A horizontal force 3 N is applied to the block. The speed of the block (in &
after it has moved a distance 10 m is .

Q.19 A homogeneous semi-circular plate of radius R = 3 m is shown in the figure. The ditace of thr
center of mass of the plate (in meter) from the point O is

Q.20  Consider a 20um diameter p-n junction fabrica 1C0Q.
The charge developed on the n-side is 1.6 X 1¢~(3 C. Th
region on the n-side of the p-n junction is .

>~/

nor density is 10® per cm’.
e width (in um) of the depletion

END, ON PAPER
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