A

2013 -PH
Test Paper Code : PH
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INSTRUCTIONS

1. This question-cum-answer booklet has 32 pages
and has 30 questions. Please ensure that the
copy of the question-cum-answer booklet you
have received contains all the questions.

. Write your Registration Number, Name and
the name of the Test Centre in the appropriate
space provided on the nght side.

3. Write the answers to the objective questions

~agatnst each Question No. in the Answer Table

for Objective Questions, provided on Page
No. 4. Do not write anything else on this page.
4. Each objective question has 4 choices for its
answer: (A), (B), (C) and (D). Only ONE of them
1s the correct answer. There will be negative
marking for wrong answers to objective
questions. The following marking scheme for
objective questions shall be used :
(a) For each correct answer, you will be
awarded 2 (T'wo) marks.

(b) For each wrong answer, you will be
awarded -0.5 (Negative (.5) mark.

(c) Multiple answers to a question will
be treated as a wrong answer.

2

(d) For each un-attempted question, you will .

be awarded 0 (Zero) mark.
(e) Negative marks for objective part will be
carried over to total marks.

5. Answer the fill in the blank type and
descriptive type questions only in the space
provided after each question. No negative
marks for fill in the blank type questions.

6. Do not write more than one answer for the same
question. In case you attempt a fill in the blank or a
descriptive question more than once, please cancel
the answer(s) you consider wrong. Otherwise, the

answer appearing last only will be evaluated.
7. All answers must be written in blue/black/

blue-black ink only. Sketch pen, pencil or ink

of any other colour should not be used.

8. All rough work should be done in the space
provided and scored out finally.

9. No supplementary sheets will be provided to
the candidates.

10.Clip board, log tables, slide rule, cellular phone
and electronic gadgets in any form are NOT
allowed. Non Programmable Calculator is
allowed.

11.The question-cum-answer booklet must be
returned 1n its entirety to the Invigilator
before leaving the examination hall. Do not
remove any page from this booklet.

i2.Refer to special instructions/useful data on
the reverse.

LR L N, o, s T e S D B

AN YL

S ok BT STV T B F AR TP a0

3
b ]
T H &
PE ¥
:
EE
ixh
PRy
}5-3-'.1_
5 &
-
tE £
;E:-!
v = g
8%
}.gi’i
]
]
-51;{
-, -
?Elr
L,
=
y
+
li‘
-5
i
>
[
"
¥
i
:
£
-
H
1
&
1
[ ]
.
3
i
i
£

R -

b
el P il

e b TR E ot Sl L L e TS LT et ey s

ey o R

e e - p—
Pt i T S Sy . T

T ~
R AR S - P

[

A N B R TR T MR e 1 S

Y W Y A

o sl e e -y

-

,... .,. ..,..
SR R R LA R S W ARAE WA e LT A T A R A RS
EE I

A e b R
R e o T I A S e R A R T A e T B S b T R

— i =
| SR R B R e e S FR T T T LT S R ST D)

msi At
NRAE P A R | [

Erralvadandd I ST SRR kA AR TR ARG

Lo

l;Ilh‘.'-h

O L Sl et U Re TRl L PP S E s

T Y A el Bt g ke e wg g s pp el il uatany | R

[ ], i At TR e LI e IR P LE B L ey e e M S L I Tl ]

LA T Ao MR A A s e Rl s B e B e L

|_!

] x
el :r:is
SRR Y
i e W T
iidal
R
8o -3 =
:H;I_H:J,;
tepea
dadwd
T 1{:{
B
;:.;h_wr.":
xﬁ:E§
SRR
:"&'E“i:ﬁ
A T Y

et
icar £ b ot Pl Dbyl g
AR R Y By,

RN

R el Chfa
bk 2] o = e LT it Lk e el §

S =

L B E L e TR JUm b Py 2o b St Dy s E L g S B S s e S

U e T L R e A A R
o s R E el a1 T R v D e B B T LS el AR A T T T

L e Rt = e

RS s - e D TR TR

Lr]
»
n g
i S
- =
A B
s Eod g
TR S - B
e g on. i
T g o+
sl & gl i
Ll = =
SEEEE
] A E
e J.! hhhhh
wog =
e
H1

Sl B i
e TR R TN S e T

Fhsh
Fmlduty

T B 0 A Rl S e i p I e S R i T B o S B T g BT,

A s e Sy B

LR e bt S B S

AR R S e i T
AT U R A S e

o ey SR

AR

ol oy W

I R AERT

P fmpT SF A
s R TS AN

S E S
A e e i

[

“““““““

R WA E M
A g gr = X
o LW R
L . =
= fn € iR
ol % :; i
53 o ow o3 M2
g i ¥ PR
now 2 .
LR e =
BeEENY
}
Lae s E!
.
N RN
EERBE G
Ly R o ox
ol Fi' " d & - E
Ll & =5
- f = o -
e L) T
£ L Sp b E oy g
H R i
1wl @ o N 1" 4
HA s I TR
'i-lf. £ i N o= =5 7
a o lg g8 .E- .
Wpodl A g ]
# i3 e o=
g ﬁ - oF
e 0 B Ll ol S
i ¥ no® o
A Taow 24
e N - T R
d uf B oa N
e < 1 = -
'SEERE
3 H - R
ol | =
T g f
e
1 ™ 4
-
- o
.
:
.

ARyl A f e e e das Ly 4411
T

U R T Tl TE T ST U IR R DT A i -

= o

o

o e fa el el LR

Frlah afloonlpira dhadnes

e i ned iy Bl a by i Rt b Tl B ' B SRR

e e o WL R 2 L B S R R A R T e T 0 PRI

EFyvmiy

"

g s iy il e g 8 e R ) S i = .- o i R B 2

T m o WEELCERAN LS WSS E, s -

P PSR ST R S g e gy

o U R N PR T

e L Rt g et - = I

ety K e Ly - T

L, L =

- . W

A

2013 - PH

READ INSTRUCTIONS ON THE LEFT
SIDE OF THIS PAGE CAREFULLY

REGISTRATION NUMBER

Name :

Test Centre :

Do not write your Registration Number
or Name anywhere else In this

l question-cum-answer booklet.

I have read al_l the instructions and shall
abide by them.

Signature of the Candidate

I have verified the information filled by the
candidate above.
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Special Instructions/ Useful Data

Planck’s constant () 6.63 x10% J.s

4.14 x 1015 V.5
0.10 x 1031 kg
3 x 108 ms-!

Mass of electron (m.)
Speed of light in vacuum (c)

SO | I ¢ |
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A

IMPORTANT NOTE FOR CANDIDATES

Questions 1-10 (objective questions) carry fivto marks each, questions 11-20 (fill in the
blank questions) carry three marks each and questions 21-30 (descriptive questions) carry
five marks each.

The marking scheme for the objective type question, is as follows:

]
1
e e v

(a) For each correct answer, you will be awarded 2 (Two) marks.

(b) For each wrong answer, you will be awarded -0.5 (Negative 0.5) mark.
(c) Multiple answers to a question will be treated as a wrong answer.

(d) For each un-attempted question, you will be awarded 0 (Zero) mark.
(e) Negative marks for objective part will be carried over to total marks.

There is no negative marking for fill in the blank questions.

Write the answers to the objective questions in the Answer Table for Objective Questions
provided on page 4 only.

Q.1

Q.2

Q.3

Objective Questions

The inverse of the matrix

0 1 1)
M=t0 0 1/[i1s
S Ol
(A) M-I (B) M*-1 C) I1-M* D) I-M

where I is the identity matrix.

The value of \/E+J:f, where f:\/—_l . 1S

(C) V2 D) —/2

(A) O (B)

1
V2

A particle is released at x=1in a force field F(x) =( } e., x=0. Which one of the

following statements is FALSE?

(A) F (x)1s conservative
(B) The angular momentum of the particle about the origin 1s constant

(C) The particle moves towards x = J2
(D) The particle moves towards the origin

PH-1/32
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Q.4

Q.5

Q.6

2/

Q.8

Q.5

A

g, Yt — .2* 7 _bz 2
A traveling pulse is given by f(x,7)=A exp( 2aba a:’ I ) where A, @, b, and ¢ are
3
positive constants of appropriate dimensions. The speed of the pulse 1s
b 2b ch b
(A) — (B) — (C) — (D) —
1 (i a 2

If the dimensions of mass, length, time and charge are M, L, T and C respectively, the

dimensions of the magnetic induction field B is

(A) MLT'C™ By MT'C” (el C ) L'T7'C

A blackbody at temperature 7 emits radiation at a peak wavelength A. If the temperature of the
blackbody becomes 47T, the new peak wavelength is

1 1 1 1
(A) —A4 By —A4 C) —A4 D) —4
& 256 o 64 = 16 ®) +

et Npp, Nge, Nep denote the number of ways in which two particles can be distributed mn two
energy states according to Maxwell-Boltzmann, Bose-Einstein and Fermi-Dirac statistics
respectively. Then Nyp : Npe: Np 18

(A) 4:3:1 (B) 4:2:3 (C) 4:3:3 (D) 4:3:2

Electric field component of an electromagnetic radiation varies with time as
E=a(cosw,t+sinwrcosw,r), where a is a constant and the values of @ and @, are

1x10"° 57! and 5x10" s_i, respectively. This radiation falls on a metal of work function 2 eV.
The maximum kinetic energy (in eV) of photoelectrons is

(A) 0.64 (B) 1.30 (C) 1.70 (D) 155

The fraction of volume unoccupied in the unit cell of the body centered cubic lattice 1s

837 J3r 621 T

(A) 2 (B} —=— (C) D) —=

3 6 3.2

PH-2/32,
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A

Q.10  For an ideal op-amp circuit given below, the dc gain and the cut off frequency, respectively

dI'c
1 kG
a
10 k€
—— < 1 k£2
(A) 1and 1kHz - (B) 1 and 100 Hz
(C) 11and]1 kHz (D) 11 and 100 Hz
PH.3/32
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Write the Code of your chosen answer only in the ‘Answer’ column against
umber. Do not write anything else on this page. |

each Question N

' Question “Answer Do ot write. | |
Number : in this column
01 . _
02 |
03
04
03 | o
06 .- .
07 o | |
08 - |
09 |
| WIO
Number of Correct [
ﬂnmm sk s
_ al Marks iri Question Nos. 1-10
' H-4/32 ' .
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Fill in the blank questions

Q.11  The solution of the differential equationdz(x, y)+ xz(x, y)dx+ yz(x, yv)dy =0 18

—hu-—————hdH——--——-—hﬂqrm——--_--dﬂ—-——.—-———-l-ﬂ-ll-q-—-—-———-i-H-r-i-—-———-—--——-l-ﬂn—-—-—-—-—-—-—l.-lH--ﬂ--ﬁ----H-H--ﬂ---------hq-- ---I—---—.--------h'-.-illmH-'--—-ﬂpw-——-—-—-*ﬂ--—

'-u--—————-l-H-#I-i-l—-l-id#-----'--.'ﬂ.-----rh-ﬂﬂ--------Hﬁﬂ—--——blﬁ-ﬂlﬂﬂll--l-——— -l-ﬁ-l-ll'll.-—-—--—.——-l--ﬂn.'llllﬂl-——-—————-—lrlll-ll"-l-——'—'——i-d-l'--l-——-'———-l-HI'II-—-———-——-H-I-"!I--!-——-—— ——————————————

— i A . —.-—-i—nn-.-q-—-—-—----n.a--q-———-—--—-|.u-—--—.———-—--n_-n.|-|n.—-.-—-——-l.ua—q-————-—_--i-ﬂ-ﬂﬂﬂ--H-H--l-lil-- o R e A P e e - e e ke o P e P W ———

[repe——————— - A W R --*——-—L-d"-ﬁﬁ.ﬁ-u “---------‘-------““-- - e e W P —— Hh-‘.’q——-————ﬂ ik --—-——‘hﬂ———-——**-ﬁp— e ————e e B R R R Rl i e el R

PH-5/32

LOLLEGE.



i ey ap—

A

Q.13  Two tubes A and B are connected through another tube C. A mercury manometer is connected
between B and C (see figure). The diameters of B and C are 0.04 m and 0.01 m, respectively.

An incompressible fluid of density 1.0x10° kem™ enters A, and leaves B with a constant

speed 0.2 ms™. If the density of mercury is 13.6x10° kem™, the height /# of the mercury
column in the manometer is
(Take acceleration due to gravity g = 10 ms=2)

B

—///’
/ \

b B I e R O R R R N R R R N

Q.14  The path of a particle of mass m, moving under the influence of a central force, in plane polar

Ekﬂ

coordinates 1s given by r=rne , where s, and k are positive constants of appropriate

dimensions. The angular momentum of the particle 1s L and its total energy 1s zero. The
potential energy function V(r), in terms of m, L and % is

T T T, e P W W B R B ik R e B W i e B W R R B b i i e ke il e e ek B B ol R W W W N W R -

PH-6/32

LOLLEGE.



A

Q.15  The dimensions of a thin convex lens of refractive index n are shown in the figure. The radius
of curvature of the lens in terms of n,  and & (where, 0 << 1) 18

+

h

h
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'---ﬁ'-----ﬂ@—**—————_-h--———-h-ﬂ‘-“hﬂﬂ-ﬂu—-----‘----"--------ﬂ-‘-------'-'ﬁ—HF--——*F------#ﬂ--_----ﬂﬂ_————-th---———*F—-———-hﬂF—-——

Q.16 A charged particle of mass m, charge ¢ and constant velocity V enters a uniform magnetic
field B = B,é,,(B, >0 ), at an angle & to the direction of magnetic field. Find the angle 6, if

- one revolution of the helical motion, the particle advances along the direction of the
magnetic field a distance equal to the radius of the helical path.

_—--H_--_—--ﬂ'_-_—_h“------u*------h-'-_-‘__- H-#-_-------------.“-—-------ﬂ-_------*#rrm"*m*ﬁ“'.———.-—---'-——-———-ﬂ---F-———.———-—-lﬂ-——--————ﬂﬂﬂ——-——i e . e . gy

e,k B _E _N _§E N __§ ]

I--m——d%-—————#-———-—-ﬁF—-—---“---hﬁ'-h..-----HHﬂ-‘-------_‘--------*------iﬂl‘#-_---ﬂ-’---—--hﬂq—-————“F----—ﬂ----——-—-‘“———-——bw-
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A

Q.17 Two thermally isolated identical systems have heat capacities which vary as C,, = ﬂT3 (where

fF > 0). Initially one system is at 300 K and the other at 400 K. The systems are then brought

nto thermal contact and the combined system is allowed to reach thermal equilibrium. The
final temperature of the combined system is

-----------#hhhﬂ--------------------H-vl--nhu--u-uﬂl—ﬂl-l-uﬂ--l-luul-l-hll-H-H“-l--l-Huﬂ#tlﬂh--h-ni---l----u-—————-——————————n#Hh-a-uuq.-_--_-___-________________________________q

p—
[o—
o )

- . - -

L ol ma EE R R TR S .

B R A R e e e e ————— —————— — ——— P e W S e e ————— —— " g PR e W e e v . R Wi e e e N W T M S M . S R L S . g e . P e W P W e e W A A e

Q.18 A beam of X-rays of wavelength 0.2 nm is incident on a free electron and gets scattered in a
direction with respect to the direction of the incident radiation resulting in maximum
wavelength shift. The percentage energy loss of the incident radiation is

e e T R A R ikl el sl i ki vl o e S B P R R B ke R e e e R g T TR g S T -unp.-u--‘

:

W N O . *-h--"-ﬂ*h-h-—-—-——-—.——-—-.—.'—.—.'"n-.--hd--_--_—.—.-——.—.-—_.—.““'u_—-—_—-—_-_——-——-qp*
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A

Q.19 A free particle of mass m 1s confined to a region of length L. The de Broglie wave associated
with the particle 1s sinusoidal in nature as given in the figure. The energy of the particle 1s

1
i
1
1
1
1
I
1
!
|
1
/
I
i
i
!
[
|
I
I
[
|
|
i
[

h-----------ﬂ—qﬂ--------------—--------------------'ﬁ----h-hﬂ--iﬂhhi-ﬁ--ﬁh*uﬂﬂﬂ“rﬂH*hﬁlﬂHﬂﬂﬂ-"!"-'ﬂ"‘-"I‘l'-i'l"-'-l"H-l'—-l'—-'I'—'l--'—‘—F—F—'HF—-—-—H————?Hhﬂﬁﬂﬁ—ﬂﬁl

Q.20 A variable power supply (5 V — 20 V) is connected to a Zener diode specified by a breakdown
voltage of 10 V (see figure). The ratio of the maximum power to the mimimum power
dissipated across the load resistor 18

500 Q2
EEVAVAV.V.V N :
5V-20V
1 k£
®
PH-9/32
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Descriptive guestions

Q.21  Apply Gauss divergence theorem to the gravitational field due to a spherical object of mass M
and uniform density p located at the origin. Obtain Gauss’s law for gravitation (analogous to
the Gauss law 1 electrostatics) in integral and differential forms.

.

Space for the answer
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Space for the answer

h*--*”ﬁq~‘ﬂﬂuﬂﬂ*uﬂ‘*u‘_*u‘.‘........--....-.--..-.--—---.—.----.—.-..'-q---------HHi--ﬂIII"-'-‘-'------------ihh*.-

A

A thin annular disc of inner and outer radii @ and b (a <b) respectively has uniform mass

density o; and is placed in the xoy-plane such that its axis lies along the z-axis. Determine the
gravitational force due to the disc on a particle of mass m located on the z-axis at a distance z
from the origin. If the particle is released at z, such that z << a, b, describe the nature of
motion of the particle.

e T " ] ““-"F’-@---------_‘*-“---*q—----------------—---—-hﬂ'—'ﬂ'ﬂ'.'-ﬂ'F“F-F-__--—_--—--_-———'-——'—"———'—Hﬂb*»“---___-_--——-ih*ﬁ*-@--—

- = e

. L L L L L L T T T T T T I T T A T AT N

e e PO T R P ke o ok R P S T OEE OE SE EEEEEaEEEE-—

T e O R e

'——_@---huﬁﬁ--*'----—--—————-—————dh--—hd-ﬂ-hﬁH--.-H-ﬂ-ﬂ---ﬂ--ﬁ-“.—-ﬂ-H---FF——_--—--'--—-—---'—h--h"'-ﬂ‘-ﬂﬂ--ﬂ'—_----------—-*‘-rﬂ_q--_-----__‘***- panlh S e
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L]

IVity Speci

duct

1nite con

A concentric spherical volume of inner radius a and outer radius b is filled with a material of

f

Q.23

b/

2

r

<

o(r)
I appropriate d

. The outer surface is grounded and

IMEensions
1 V,. Calculate the resistance of th

18 a positive constant o

where A

guration,

1S contl

w

1d

d at a potent

1S maintaine

the mner surface

Iamsue 1] 10] 2oudg

PH-14/32
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. Find

harge ¢ is kept in a dielectric of dielectric

, carrying a ¢

constant k, such that half the sphere is surrounded by the dielectric as shown 1n figure

the surface charge densities in the upper and lower hemispherical surfaces.

A conducting solid sphere of radius a

ToMSUE 9t]) 10] 20edg

Q.24

PH-15/32
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, —o < x<oo, Where a 1S a positive

2
— X

A particle of mass m is subjected to a potential V(x)

Q.25

constant of appropriate dimensions. Using the relation Ax Ap = % , estimate the minimum

energy of the particle.

.......................
- G e e e e e R A W R A B APk e e e e S . S B M e —————— e Ee ke ok e o O B wie o W A e A ik
- i sk e e R e s

.l.'l.l.l'I.i:*-'I'll-'--.t"--'l-.‘.-'.’.'.'I.l-ll-l. L. L I [ R - . - — . —— e —— - L R - - - ——
L] L L L B B E el e ok mi o - O P R i e o - Rl il o L.l L. il

Tamsue a1} I0J 2oedg
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Space for the answer

A

A hollow cylinder (closed at both ends) with adiabatic walls i1s divided into n equal cells
(Cy, Co, ... Cy) using discs Dy, Do, ... D, ; (see figure). The discs can slide freely without
friction. The first disc (D;) is adiabatic and the remaining discs are diathermal (thermally
conducting). Each cell contains one mole of ideal monoatomic gas. Let the initial pressure,
volume and temperature of each cell be Py, Vp and Tp, respectively. The gas in cell C; (first
cell) 1s heated slowly until the temperature of the gas in cell C, (last cell) reaches final
equilibrium temperature 475. Find the volume of the first cell in terms of the number of cells
(77) and the mitial volume (Vp).

-ﬂ-*h——-_-_-_-_F_"-"“'---*-h-h—-—-—-———.—F"H.-—--H--------—--'H*

R T R R G .

kR R R R T e T T T L F L T

N e R RS W WO WO W R T S W RS G e e

'ﬂh.bﬂﬂﬂﬂH-_F--FF----------‘------'—-‘--'—--------FF-'—-F-'—FFH-IFFqlﬁ‘ﬂﬂi#ﬂ#-l‘-ﬁ-ﬂﬂﬁﬂ--hﬂiﬂ-ﬁi--.----i-ﬁ'hh-'*.i-.h-‘h--------h-.-------------- -----
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Q.27 A spaceship 57 leaves the Earth along the positive x-direction. Another spaceship S, also
leaves the Earth along the direction which makes an angle 60° with x-axis. The speeds of S,

and S, are measured as 0.6¢ and 0.9¢ respectively by an observer on the Earth. Find the speed
of S, as measured by an observer in S;.

V,=09¢ ¥

60°

W S S W S TN W S W M N T N R S M S T N M T N S M S L S A S R S akh sk e ke v R W R R R R S R R R R e e e e e e G

Space for the answer

—— ke e e e —— e —

T —— -

L R R R R R R R R R N N R e T T L L L T TTTYTTTTTTTTTTTYTT T T
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A J

Q.28 For the given circuit, calculate the input impedance, output impedance and voltage gain.

26 mV
Use f =200, Vpge =0.7Vand r, = I? :
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The mass density of a disc of mass i and radius R varies as

Q.29

] forO0<r<R

r
R

o (1 -
=0
Find the moment of inertia of the disc about the axis perpendicular to the plane ot the disc and

passing through the centre of the disc in terms of m and R.

pr)

forr> R.
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The speed of sound propagation in air as a function of temperature 7 is given by v=aT,

Q.30

travel a distance L between two points A and B, 1if the air temperature between the points

where ¢ 1s a constant of appropriate dimensions. Calculate the time taken for a sound wave to
varies linearly from 7, to 7.
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Space for rough work
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Space for rough work
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Space for rough work
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