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/ Instructions Time: 3hr;M.M: 100 \

1. This paper consists of 65 questions carrying 100 marks of 3hrs duration.

2. Questions 1 to 25 carry 1 mark each and questions 26 to 55 carry 2 marks
each.

3. Questions 56 to 65 belong to General Aptitude (GA) type. Questions 56 to 60
carry 1 mark each and questions 61 to 65 carry 2 marks each.

4. Unattempted questions will carry zero marks.

5. For questions 1 to 25 and 56 to 60, 1/3 mark will be deducted for each wrong
answer. For questions 26 to 55 and 61 to 65, 2/3 mark will be deducted for each
wrong answer.

6. There is no negative marking for numerical answer type questions.

7. Non-programmable type calculator is allowed charts, graph sheets and

§ o — — — — — — — — — — — — — — — — — — — — — — — — — —"
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One-Mark Questions (1-25)

1.

A particle of rest mass is moving uniformly in a straight lines with relativistic velocity , where
is the velocity of the light in vacuum and . The phase velocity of the de-Broglie wave
associated with the particle is

(@) (b) — (©) (d) —

This matrix equation above represents

(a) acircle of radius ~ units (b) an ellipse of semi major axis  units
(c) astraight line (d) a hyperbola

Two spherical nuclei have mass number 216 and 64 with their radii R; and R; respectively. The ratio

Among the following displacement versus time plots, which ones may represent an overdamped
oscillator.
x(t) x(t)

(P Q)

A
x(t) t U \/ t

X(t)

(R) ‘
()

t

(@) only (P) and (Q) (b) only (P) and (R)
(c) only (P) and (S) (d) only (P), (R), (S)

Consider a particle of mass m which is occupying the lowest energy eigen state of a one-dimensional
box of length . The force exerted by the particle on the boundary walls is

(a) proportional to % (b) proportional to %
1 1
c) — d) —
© ¢ @ =
Consider a vector its outward flux over the surface of cube bounded by the

planes |x|=2,|y| 2and |7 =2is nearest to..................
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10.

11.

12.

13.

The exponential of a 23 2matrix is defined by the power series expansion exp(A) =§ i'A”, A

n=0 '«

. . : 18 1 ,_al o _
being the 23 2identify matrix. If S=— and SAS" = then the determinant of the
531 2 D 1
matrix e” is
1 1
(@)1 (b) e (c) = (d) e+=
e e

A point charge is placed outside a grounded conducting sphere of radius Gbwhich of the following

statement is not true?

(a) there is an attractive force between the sphere and point charge

(b) the induced surface charge density on the sphere is not the same everywhere

(c) the total induced charge on the sphere is T

(d) the electrostatic potential at large distance (compared to the distance between the charge and
the sphere) falls of 1/

A thin and straight metallic rod of length is rotating about its middle point with angular velocity ¥
in a uniform magnetic field of strength . The axis of rotation is perpendicular to the length of the
rod and parallel to the direction of magnetic field. The strength of the induced electric field is.

(a) constant throughout the rod.

(b) maximum two points halfway between the centre and the two ends.

(c) minimum at the ends and maximum at the centre.

(d) maximum at the ends and minimum at the centre.

If his the Planck constant is the speed of light in vaccum and  is the universal gravitational
constant, which of the following quantities has the dimension of length?

hG hG hc hG
@ = (0) = @Ej @ =

The kinetic energy of a free relativistic particle is defined as E- m, ¢ where Eand m, are

respectively its total energy and rest mass. Let be the speed of the particle when its Kinetic energy
is half of its rest mass energy. Then ratio of is
J3

@? @% ©1 @

If the number of seconds in a year of 365 days is taken as p 3 10’ seconds, the percentage error in this
approximation would be close to ................... %

Consider a rectangular arrangement of identical spheres in a face-centred cubic(fcc) structure in
which the centre of the respective spheres are located at each of the eight corners and the centres of
the six surfaces of a unit cube. The fraction of each cubic unit cell occupied by the spheres in the
close-pack configuration is...........
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14.

15.

16.

17.

18.

Consider the potential field which is 0 and respectively in the region of
greater and less the zero. Let gand g'be the angles of incidence and refraction of the particle with

the -axis at the point of incidence as it crosses the -axis. The ratio s_lnql is given
sing
(in terms of V,/E) by
2V, Y/ V. 2V,
a) J1+—=2 b) ,[1+-2 c)1+-=2 d1+==
(a) = (b) = (©) = (d) =

The Fermi energy E. in metals depends on the number density n,of mobill electrons which may be
thought of as a free Fermi gas. If n,of one metal is larger by a factor of 1000 compared to another

then in comparison its Fermi energy is
(a) 1000 times larger.

(b) smaller by a factor of 1/1000.

(c) 100 times larges.

(d) 10 times larger.

If the Fourier transform F[d(x- a)] =xp( i2 pa)

Then F*(cos 2pav)will correspond to
(@ dx-a) - &x 8 (b) a constant

(b) %[d(x- a) + &k 8] (d) %[O’(X- a) +@x 9

The structure factor of a single cell of identical atoms of from factor F is given by
Sw= T ®xp( 2o(xh yk 7}
Where (X;, Y;, z) is the coordinate of an atom, and hklare the miller indices. Which one of the

following statements is correct for the diffraction peaks of a body centered cubic (BCC) and face
centred cubic (FCC) lattice
(a) BCC: (200); (110): (222)

FCC: (111); (311): (400)

(b) BCC: (210); (110) ; (222)
FCC: (111); (311): (400)

(c) BCC: (200); (110); (222)
FCC: (111); (211); (400)

(d) BCC: (200); (210); (222)
FCC: (111); (211); (400)

A pure rotational Raman spectrum of a linear diatomic molecule is recorded using electromagnetic
radiation of frequency v, . The frequency of two consecutive stokes lines are

(@) v,-10B,v, 14B (b) v.- 2B, v, 4B
(c) v,+10B,v, #4B (d) v,+2B v, 4B
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19.

20.

21.

22,

23.

24,

25.

Consider the following four functions each representing a plane wave

@ FR(x Yy z t):sin(\/@t 2X Fy 131-%
(b) F (% y,zi):sin(\/l_4t 2X 3y %
(©) (%Y, z9=sin(B9t 4x 3y 84
(d) Fy(x vz §=sin(\125t 5x 6y 84

Which of the following represents waves moving in mutually perpendicular directions
(c) Il and I

(@) land 11 (b) I'and IV

(d) Iland IV

A particle of mass m moves along the x-axis under the influence of the potential
V(X) =V, (€’ 2e™). If particle oscillates, with small amplitude ground the minimum of the

potential. What is the period of oscillation take m=4,\, =22and a = % (in appropriate units)

A circular coil of radius 120 mm with 10 turns is placed withitsp | a n e

parall el

magnetic field when a current of 0.45amp flows through the coil, a compass needle placed at the

centre of the coil is seen to be deflected by an angle 45° to the plane of the coil. The intensity of the

eath6s magnetic field

i s calcul at ed

(@) 0.3 (b) 24nT () 42/ (d) 100/

t o

The concentration 7 (r,t) of ink diffusing in water is governed by the diffusion equation

§¢m0=Déan

Where D is parameter known as the diffusion constant. What is the average time taken for a

molecule of ink to spread by a root mean square distance R?

R R R’
(@) \/g (b) NG} Cloe (d) RD

A nucleus having mass number 240 decays by a emission to the ground state of its daughter nucleus.

The Q value of the process is 5.26 MeV. The energy of a -particle is
(@) 5.26 (b) 5.17 (c)5.13 (d) 5.09

According to the shell model the ground state of ;”O nucleus is

3" 1* 3
@E @5 @5

L
@3

be

The plot of logA versus time t, where A is activity, as shown in the figure, corresponds to decay

logA

t

(a) From only one kind of radioactive nuclei having same half life

(b) From only neutron activated nuclei

(c) From a mixture of radioactive nuclei having different

(d) Which is half lives unphysical
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Two-Marks Questions (26-55)

26.

217.

28.

29.

30.

31.

A one dimensional chain consistsofasetof r ods eaché ofwhemgdgtr &t c he

each rod can align either parallel or perpendicular to the length of chain. The energy of rod when
align parallel to the length of the chain, and is when perpendicular to it, when the chain is in
thermal equilibrium at temperature . Its average length is.

(@ — (b) (c) (d)

Consider black body radiation contain in cavity whose walls are at temperature . The radiation is in
equilibrium with the walls of the cavity. If the temperature of walls is increased to  and radiation
is allowed to come to equilibrium at new temperature. The entropy of the radiation is increased by
the factor

(a) (b) (©) (d)

A collection of -non interacting spin is kept in external magnetic
field atatemperature . The Hamiltonian of the system is . What should be the
minimum value of — for which the mean value -7

(a) %Inz (b) gan © 2In2 (d %InB

Two dimensional box in a uniform magnetic field contains — localised spin %2 particles with

magnetic moment and — free spin less particles which do not intersect with each other. The
average energy of the system at temperature is

1 . anB 1 anB
a) 3NKT- = NmBsinh b) NKT- = NmBtanh
S T b T
N 1 anB 3 1 anB
¢) —KkT - = NmBtanh d) = NKT - = NmBcosh
© 2 ng_T @ 3 2 gEf<B_T

Two drunks start out together at the origin each having equal probability of making a step
simultaneously to the left of right along -axis. The probability that they meet after  step is

1 2n! 1 1 1 2n!
® 2y (B) 5 2nt © Dty

Consider free expansion of one mole of an ideal gas in an adiabatic container from and . The
entropy change of the gas, calculate by considering a reversible process between the original state
to the final state , Where is the temperature of the system is denoted by DS . The

corresponding change in the entropy of the surrounding is DS, . Which of the following combination
is correct?

(8 DS =RIn(v,/v,), DS, = RIn(v,/v,)

(b) DS = Rin(v,/v,), DS, =Rin(v,/v,)

(c) DS =Rin(v,/v,), DS, =0

(d) DS = Rin(v,/v,), DS, =0

27-G 2N FLOOR, JIA SARAI, NEARIIT, NEW DELHI- 110016

Tel: 011-26521410, 26855515 Mobs: 09654680505, 07503646974
E-mail: info@ugcpoint.in Website: www.ugcpoint.in



32.

33.

34.

35.

36.

37.

Find the principal value of

, . 3 .
a) — b) — c) — d) —
(a) 7 (b) : (©) n (d) 0
and otherwise, in terms of unit step function, find the Laplace
transformation
@ = (0) e +etn 2
s’ +4 s +4
2 2
c) €°-erP— d e*s-e*”
© §+4 @ & +4
: . odx .
The value of the integral fy——is
29+ X
P p P P
a) — b) = C) —— d) =
(a) 32 (b) 5 (©) N7, (d) 7
. : a2 1
Given a matrix =
a2
This of the following representssin ap;n y
J3el -1 J3el -1
@ 7¢1 1 ® 5
€ €
J3el 1 J3el 0
© ¢ (@) - ¢
4 81 -1 49 1
2
Consider the differential equation %( 3%( 2x &
If at and at . The value of at is
(@ e +e (b) (€ +8°
ONCEI @) (-9

Consider the waveform f (t) shown in the diagram below.
J()

(c) f(t)= —Zeinx isian 131'n3x ..... + (d) f(t):gginx isian 5—5in3x ok
,035 2 3 pgs 2 3
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38.

39.

40.

41.

42.

The binding energy of the light nucleus(Z,A) in is given by the approximate formula
_ 2
B(A 2)=16 A -20 A® % zZ A” 3(}%;

Where N = A -Zis the neutron number. The value of of the most stable isobar for a given Ais

o

Ad AP A
a) —od- b) 2
()2?;é 160 ()2

AR AP S AR AM3
C) e d —a4+
()zéé 120 © ()23‘g 64

For the given specimen of uniform semiconductor bar represented below

Tum

Opm Tpm
|
1V
The electric field at Onm
@ ¥ ) () (d) indeterminant
m m m
A counter counts from 0 to 1024 then nos of flip-flops required
(@) 10 (b) 11 (c) 12 (d) 13
For the given diode circuit shown below determine current I:
N |
— 7y
1K
I
(@) ImA (b) 5mA (c) 2mA (d) 4mA

For the given the transistor circuit shown it is operating in

+10
3K
SOK VBE =0.7V
+5V N B =100
(a) saturation region (b) active region
(c) cut region (d) none
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43.

44,

45.

46.

47.

For the given op-amp between shown below determine output voltage

8K
8K
_:L—/\/\/\/\/\, - B
AN + VO
5V 4K
4K
(a) 10V (b) 4V (0) 5V (d) 1V

For the given circuit diagram shown to produce o/p the input may be

Ae AL A B B, B
@ 1 0 1 1 0 1
() 0 1 0 0 1 0
© 1 1 0 1 1 0
@@ 1 0 1 1 1 0

In a region of space, a time dependent magnetic field B(t) = 0.4t Tesla points vertically up-words.

Consider a horizontal circular loop of radius 2cm in this region. The magnitude of electric filed
(in mv/m) induced in the loop is .......

The Fourier series for an arbitrary periodic function with period 2L is given by
f (x) =% 8 ancosw ﬁbnsinM

2 L ns L
For the particular periodic function shown in the figure, the value of ais ......
JX)

______________________________

Four particles of mass meach are inside a two dimensional square box of side L. If each state

obtained from the solution of the Schrodinger equation is occupied by only one particle. The
2

minimum energy of the system in units of B (ST
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48.

49.

50.

51.

52.

A free particle of ma deagthd. Mm@ deiBeogliewave dssocrateddvitht o

232
the particle is sinusoidal in nature as given in the figure. The energy of the particle (in unit of ’g hLZ )
m

0 73 373 L

The path of a particle of meadnatedsmidenbyo vre“h,g
where r,and k are positive constants of appropriate dimension. The angular momentum of the
particle is L and its total energy is zero. The potential energy function V (r), in terms of m, Land Kis
@ K K+ - (KDL

2mL® O e © (K +1)L? @ e

The ground state eigen function for potential V(X) = d(X) where d(x)is the delta function is given

by Y (X) =Ae ™, where A and a >0 are constant, if a perturbation H'=Dbx’ is applied the first
order correction the energy of the ground state will be

b b 2b b
a b) — c) — d
()\/23—2 ()a2 ()a72 @ -

.1 . V.

Suppose a spin S particle is in the state

1 el+i
Y)=—"Fa
Y)=Fs:
If S, (x component of spin angular momentum operator) is measured. What is probability of getting
+E?

2
1 2 5 1

a) — b) — c) = d) =
(a) 3 (b) 3 (c) 5 (d) 5

The scalar and vector potential
f(%,tyand A(X, 1)
Determined up to a gauge transformation

f=7F= f% and A- A'= A + Xwhere xis an function of Xand t.
1 pf

If the further impose the Lorentz gauge condition B @ _+_t 0.
CH
Then the possible choice for the gauge function x(x,t)is

(Where w;K are non zero constant with w= C‘R‘)

(a) cosut@oshk X (b) sinhut @osk X
(c) coshutcosk.x (d) cosh ut @oshk X

27-G 2NV FLOOR, JIA SARAI NEARIIT, NEW DELHI- 110016
Tel: 011-26521410, 26855515 Mobs: 09654680505, 07503646974
E-mail: info@ugcpoint.in Website: www.ugcpoint.in

a



53. For a three dimensional wave packet corresponding to a free particle %<x2> is equal to
1 1 1. 1.
—(xP, =(P —@xP)+(P —gxP)- (P
@ —(xR) () —(Rx) (©) —gxR)+(R¥ (@) —gxR)- (R
54, GiVGﬂgElE gin, what is gk e® 2

(@) in (b) ine® (c)o d1

55.  What is the value of L.Sfor ?D,, state?
3 2 3 2 1 2 S 2
a) - —h b) =h C) -—h d) =h
(a) 5 (b) 5 (©) 5 (d) 5

One-Mark Questions (56-60)

56.  Which of the following options is closest in meaning to the word given below?
(@) Unrefined (b) Tasteless (c) Inelegant (d) Graceful

57.  The question below consists of a pair of related words followed by four pairs of words. Select the
pair which best expresses the relation in the original pair
Die: Dice
(a) Data: Datas (b) Mouse: Mice (c) Monkey: Monkeys (d) Dates: Datum

58.  Choose the most appropriate word from the options given below to complete the following sentence.
Congress is having great difficulty developing a consensus on energy policy, primarily because the
policy objectives of various memberso f congress rest on such ¢éé.
(@) common place  (b) trivial (c) explicit (d) divergent

59.  Choose the most appropriate word from the options given below to complete the following sentence.
Because folk art is neither completely rejected nor accepted as an art form by art historians, their
final evaluations of it necessarily remain
(a) arbitrary (b) equivocal (c) orthodox (d) unspoken

60.  The price per kg of rice increase by 20%, by what percentage should the consumption be decreased
such that expenditure remains the same?
(@) 20% (b) 16.67% (c) 25% (d) 16.33%

Two-Marks Questions (61-65)

61. The conclusion above would be properly drawn, if which of the following were assumed as a

premise?

(a) The amount of money citizens spend on products subject to the state tax tends to be equal across
income levels

(b) The federal income tax favours citizens with high incomes, whereas the state sales tax favours
citizens with low incomes

(c) Citizens with low annual incomes can afford to pay a relatively higher percentage of their
incomes in state sales tax, since their federal income tax is relatively low

(dThe | ower a statebs tax, the more it wildl
citizens to the rest of the society
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62.

63.

64.

65.

A man invests a certain sum of money at 6% per annum. Simple interest another sum at 7% per

annum simple interest. Hi s i n cfaunhefthe firsbsomis nt er

equal to one-fifth of the second sum. The total sum invested was
(@) 2600 (b) 2700 ( c2880 (d) 2900

Mr. Tamatar buys some apples at 5 per rupee from one trader and a similar quantity at 7 per rupee
from a different trader. He mixes both the varieties and sells the entire lot at 6 per rupee. What is the
profit or loss percentage that he makes

7 7 2 6
20 Loy Ly 2=
(@) 3 0 (b) 39 0 () 39 0 (d) 9 0

A man starts from B to K, another from K to B at the same time. After passing each other they
complete their journey in 3% and 4% h respectively. Find the speed of the second man, if the speed of
the first is 12km/h

(@) 8 km/h (b) 10 km/h (c) 15 km/h (d) 24 km/h

A and B working separately can do a piece of work in 9 and 12 days respectively. If they work for a
day alternatively. A beginning, in how many days the work will be completed?

@ 7%days (b) 9% days © 10%days () 12%says

Best of Luck ¢éécéé
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