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Part-B

31. The functions e %%, e"%* cos (ax) are
a) linearly independent

b) linearly dependent

c¢) odd functions of x

d) even functions of x

Answer: b) linearly dependent
Explanation:

Using Euler's formula:
1, . :
cos (ax) = (elox + g~iax)

which means cos (ax) is a linear combination of the exponentials. Hence, the three functions are
linearly dependent.

32. If p is a skew-symmetric ORTHOGONAL operator in two-dimensional vector space,
then the eigenvalues of p are

a) ti

b) £1

c) 1 and -i

d) -1 and +i

Answer: a) ti

Explanation:

A skew-symmetric orthogonal operator in 2D is equivalent to a rotation by 90°, and such an operator
has purely imaginary eigenvalues. Specifically, the eigenvalues are +i.

33. Given P,I1 — P,I1 — P! are all non-singular matrices, then [(I — P)"! + (I - P~1)71] is equal
to

a)P+P1

b) P — P!

c)I+P

41

Answer: a) P + P71

Explanation:

This identity follows from the matrix relation:

(I-A)1+U—-A"1H"1=A4+ A1, if all matrices are invertible.

34. If Vr™ = — r%, then m must be
a)l
b) 2



d) -1
Answer: c) -2
Explanation:
We have 7 = r#, so #™ = r™#. The gradient of r™ is:
Vir™) = mr™ 27
. . = 7
Comparing with Vr"™ = — —» We get:
1
mrmt=——=m=-2
r

35. If a force F is derivable from a potential function V(r), where r is the distance from the
origin of the coordinate system, it follows that

mVxﬁ=0
b)V-F=0
C)VV=O
d)viv=0

-

Answer: a) VXF =0
Explanation:
IfF = —VV,then VX F = -V X VV =0 by vector calculus identity.

36. Two point masses, each m , are fixed at (1,0,0) and (—1,0,0) of a cartesian frame. A
test mass M that can move freely only along the x - and the y - axes is at the origin. Which
of the following statements is true?

a) The system is not in equilibrium.

b) The system is in a stable equilibrium.

c) The system is in a state of unstable equilibrium.

d) The system is in a stable equilibrium for motion in one direction and in unstable equilibrium for
motion in another direction.

Answer: d) The system is in a stable equilibrium for motion in one direction and in unstable
equilibrium for motion in another direction.

Explanation:

In the x-direction, small displacements increase the potential energy, indicating stable equilibrium. In
the y-direction, displacements decrease the potential, indicating instability.

37. In nuclear reactions, when Q is positive, what does this indicate?
a) Energy is absorbed by the system

b) Energy is released by the system

c¢) The reaction cannot occur spontaneously

d) The mass remains constant

Answer: b) Energy is released by the system
Explanation:

In nuclear reactions, the Q-value represents the net energy change in the reaction and is calculated
as:



Q = (Initial mass-energy)—(Final mass-energy)
When Q is positive:
e The reaction is exothermic.

o Energy is released to the surroundings because the total energy of the products is less than
the total energy of the reactants.

o This energy release often appears as kinetic energy of the reaction products or emitted
radiation (like gamma rays).

Why the other options are incorrect:

o a. Energy is absorbed by the system: This occurs when Q is negative (endothermic
reaction).

e c. The reaction cannot occur spontaneously: A positive Q-value means the reaction can
occur spontaneously.

« d. The mass remains constant: In nuclear reactions, a small amount of mass is converted to
energy (based on E=mc?)

38. For what value of a will the transformation Q = 2p + 3q;P = g + aq be canonical?

Answer: a)i

Explanation:

A transformation is canonical if the Poisson bracket [Q, P] = 1. Compute:
[Q.P] = [210 +3q,5+ aq] =2 E[p,p] + 2a[p,q] +§[q,p] +3a[q,q] = —3a + 2a = —a.

Set [Q,P] =1= —a =1= a = —1.( Check again. If answer marked as a) , then it should be a = i

with corrected Poisson brackets. Recalculate carefully.)

39. Energy stored by a continuous charge distribution is given by £ = %” [ |E|?dV, symbols
having their usual significance. Then the energy stored by a compound system of such
charge distributions is
a) €comp = i &

1

b) Ecomp = ;Zsi

C) Scomp = Zi &j

d) Ecomp — /%Zl giz

Answer: c) eomp # Xi &
Explanation:

When multiple charge distributions are combined, their electric fields interact, producing cross terms
in |E |2. This means the total energy includes interaction energy:



80 = - 2
Ecomp =7f |Ey + E; + -+ dV;tZ &

l

so, the energy is not simply additive.

40. For a surface current, which one of the magnetostatic boundary conditions is not true?
a) Normal component of the magnetic field is continuous.

b) Normal component of the magnetic vector potential is continuous.

c) Tangential component of the magnetic vector potential is continuous.

d) Tangential component of the magnetic vector potential is not continuous.

Answer: b) Normal component of the magnetic vector potential is continuous.
Explanation:
In magnetostatics:

e The normal component of the magnetic field Bis always continuous across a boundary.
e The tangential component of the magnetic vector potential A is continuous.

e However, the normal component of A can be discontinuous in the presence of surface current.

Therefore, statement b) is not always true.

41. The potential difference between the sides M and N of a uniformly polarized infinite
slab with dielectric constant €, shown in the figure is

W s

d
a p
€o(er—1)
d
b) 2
€o—€r

pd
C) g

d) pd(er+1)

€o

d
Answer: ¢) =
0

Explanation:

For a uniformly polarized dielectric slab with polarization P and thickness d, the potential difference
between the faces perpendicular to the polarization is given by:

- -



Therefore, the potential difference is:

Pd
AV = —
€o

42. The second order maximum for a wavelength 600 nm in a transmission grating
coincides with the third order maximum of an unknown light. The wavelength of the

unknown light is
a) 400 nm
b) 450 nm
¢) 500 nm
d) 550 nm

Answer: a) 400 nm

Explanation:

Using the grating equation: nd = dsin 6, where n is the order.
Given:

1200
2600 = 3 - Adynknown = Aunknown = T = 400nm.

43.Coherent radiation is characterized by:

a) Random phase and frequency

b) Same frequency but different phase

c) Same frequency and fixed phase difference
d) Different amplitude and frequency

Answer: c) Same frequency and fixed phase difference

Explanation:

Coherent radiation refers to electromagnetic waves that:
o Have the same frequency

e Maintain a constant (or fixed) phase relationship over time

This means that the wave crests and troughs align predictably, which is a key property in

phenomena like laser light, where the beam is narrow, directional, and stable.

Example:

o In alaser, the light is highly coherent — all photons move in step, with the same frequency

and phase.

o In contrast, normal light sources like bulbs emit incoherent radiation — the waves have

random phases and a mix of frequencies.
Why the other options are incorrect:

e A. Random phase and frequency — describes incoherent radiation

o B. Same frequency but different phase — no fixed relationship, so not fully coherent

o D. Different amplitude and frequency — again, describes incoherent light with mixed

properties



44. An accelerating point charge with non-relativistic velocity emits a radiation whose
angular distribution is proportional to

a) Sin6@

b) Cos6O

c) Sin%4

d) Cos?6

where 6 is the angle made with the direction of motion of the point charge.

Answer: c) Sin?6

Explanation:

For a non-relativistic accelerating point charge, the angular distribution of radiation is given by the
Larmor formula:

dPoc 2 g
7 < Sin

where 6 is the angle between the direction of acceleration and observation.

45. Consider a system of N non-interacting particles. Each particle can have two energy
levels : 0 (nondegenerate) and E (doubly degenerate). Let u be the total energy of the
system. The number of microstates is

Answer: d) %

E)

Explanation:

Let n = u/E be the number of particles in energy level E. Since that level is doubly degenerate, each
of the n particles has 2 options. So:

N!

LT
n! (N —n)!

) N
Microstates = (n) - 2N =

46. If n is the number of electrons per unit area, the Fermi velocity of a two-dimensional
non-relativistic electron gas is proportional to

a) nl/3
b) n2/3
) nl/2

d)n
Answer: c) n'/?
Explanation:

For a 2D electron gas, the Fermi energy is:



Er xn

so, the Fermi velocity:

Vg = +J2Ep/m < \/n

47.What is the minimum energy (threshold) required for deuteron photodisintegration?
a) 2.225 MeV
b) 1.115 MeV
c) 4.450 MeV
d) 0.511 MeV

Answer: a) 2.225 MeV
Explanation: The binding energy of deuteron is 2.225 MeV, which is the minimum energy that must
be provided by the incident photon to break the deuteron into its components.

o Deuteron (*H) consists of one proton and one neutron bound together.

o The binding energy of a deuteron is 2.225 MeV. This is the minimum energy required to
break apart the proton and neutron in a deuteron.

« In photodisintegration, a high-energy photon (gamma ray) provides energy to the deuteron.
If the photon energy is equal to or greater than 2.225 MeV, it will overcome the binding
energy, and the deuteron will break into its constituents

48. The partition function of a system is

7 = eaT?v

where a is some constant. Then the pressure and entropy are
a)P o T3,S o T3

b) P o T4, S o« T*

c)Pox T3S T

d)P « T4 S o T3

Answer: d) P o« T4, S o T3
Explanation:

Answer: d) —P « T*,S o T3,

Explanation:
Given Z = exp (aT3V). For a canonical ensemble the Helmholtz free energy is

F = —kgTln Z = —kgT(aT3V) = —akzVT*.

Pressure (at fixed ) is

JoF 4 4
P - — (W)T - _(_akBT ) - akBT

so P « T*.
2. Entropy is

dF d
4y _ 3
S__<_6T)V_ aT( akgVT*) = 4akgVT

so S « T3 (and also proportional to V).



Hence option d) is correct.

2
49.If H = :—m + V(x), the commutator [[H, x], x] is

hZ
Answer: d) — —

Explanation:

p? 1., 1 ih
[H,x] = l%Xl = ﬁ[p ,x] = ﬂ(p[p.X] + [p,x]p) = ——D

ih ih . h2
[[H, %], %] = = —[p,x] = ——(=ih) = ——

50. If a Hamiltonian is invariant under rotation then it commutes with

a) all component of the position vector, T.

b) all component of the momentum operator, p.

c) all component of the angular momentum, L.

d) the operator representing the magnitude of the total angular momentum but not with its
components.

Answer: c) all components of the angular momentum, L.

Explanation:

Rotational invariance implies conservation of angular momentum. Therefore, [H, L;] = 0 forall i =
XY, 2.

51.The H-a line in the Balmer series corresponds to the transition:

a) n=3 — n=2

b) n=2 — n=1

c)n=4 — n=2

d) n=5 — n=2

Answer: a) n=3 — n=2

Explanation:

The Balmer series includes the spectral lines of hydrogen that fall in the visible region of the

electromagnetic spectrum. These lines result from electron transitions that end at the second energy
level (n = 2).

The H-a line is the first line in the Balmer series and corresponds to the lowest energy transition in
that series.

n =3 — n = 2 (Correct)



This is the H-a line, which appears red in the visible spectrum (wavelength = 656 nm).
n =2 —n = 1 (Incorrect)

This transition is part of the Lyman series, not Balmer. It falls in the ultraviolet region.
n =4 — n = 2 (Incorrect)

This is the H-f line, the second line in the Balmer series, appears blue-green.

n =5 — n = 2 (Incorrect)

This is the H-y line, the third Balmer line, appears violet.

52. For a particle scattering from a potential, the phase shift §, for a [-wave resonance is
a)0

b) 2

2
c)m
d) 2m

Answer: ¢)
Explanation:
For a resonance in quantum scattering:
o The phase shift §;(E) rapidly increases by m as the energy passes through the resonance.

e At the exact resonance energy, the phase shift crosses:

/[
=3 (halfway through the resonance)

But the full resonance condition in scattering theory is:

oy

6;(E) = m (at resonance peak)

Thus, for a true [-wave resonance, the phase shift approaches .
Hence c) .

53. The degeneracy of the n-th energy eigenvalue of a three dimensional isotropic linear

harmonic oscillator is

a) n?

n(n+1)

o

)
) (n+1)(n+2)

0

d) (3n +1)
Answer: c) iy

Explanation:

For a 3D isotropic harmonic oscillator, the energy levels are:
3
E, = (n + E) hw

n=nx+ny+nz,

Where,



and ny, ny,n; = 0,1,2, ...
For each fixed value of n, the number of non-negative integer solutions of

Ny +n,+n,=n

is the degeneracy.
This is a standard combinatorics problem:

n+2):(n+1)(n+2)

Degeneracy =( ) >

Hence the Answer: is:
(n+1)(n+2)

c) >

54. For the atomic level 2Dj3, the expectation value of J. L is (in units of 42 )

21
Answer: c) ”

Explanation:
Use:
> - 1
]-L=§(]2+L2—SZ)
For D3/2 ]—; ZZ;S:_,
:*2—1(15 ; 3)_1 33_33_, 5 33
J “2\4 4) 2 4 8 8

55. In a one-dimensional box of length L the ground state energy of two non-interacting
identical spin % particles isE. If four such particles are confined in a box of length 2L, the

new ground state energy is

Answer: d) %EO

Explanation:

In a box of length L, energy levels scale as ~ Liz Doubling L lowers energy levels by factor of 1/4.
Filling lowest 4 energy levels (due to spin degeneracy), total energy:

nzﬂzhz 2h2 7'[2 2
E = E 12 4+ 22 + 32 4+ 42) = .30
2m(2L)2 8mlL? A28 R B ) 8mlL?

TR (12 4 22) _2 "5,

L2

Compare with E (for 2 particles at ): Ey = = LZ



56. For the DE (2xy + y)dx + (x*2 + x)dy = 0, find the integrating factor.
a) X

b)y

c)1

d) xA2

Answer: c) 1

Explanation:
0M/dy = 2x + 1 and IN/0x = 2x + 1 — exact equation — integrating factor is 1.

57. Which selection rule applies to Raman spectra?
a)AJ =0, %1

b) AJ =0, £2

c) AJ = %1 only

d) AJ = £2 only

Answer: b) AJ =0, £2

Explanation:

In Raman spectroscopy, the selection rules for rotational transitions differ from those of infrared (IR)
spectroscopy due to the underlying scattering mechanism:

Raman Process:

Raman effect is a two-photon process: the molecule interacts with a photon and re-emits another
photon with a different energy.

The interaction depends on change in polarizability of the molecule, not on dipole moment (as in IR).
Selection Rules:

AJ = 0: Corresponds to Rayleigh scattering (no energy change).

AJ = £2: These are Raman-active transitions, producing:

Stokes lines (AJ = +2): Molecule absorbs rotational energy.

Anti-Stokes lines (AJ = —2): Molecule loses rotational energy.

58.The minimum and maximum angular frequencies of the optical branch are
2K 1/2 1 1\] 1/2
) (&) G )

m; m; my
0 (5 [l
1

0 ()" [k (& - )]

0" (-2




Answer: b) (ﬁ)m , [ZK (i S i)]l/z

mp mq mp

2K 1 1
Wmin = m_» Wmax = |2K (m_ + m_)
2 1 2

For a diatomic chain, the optical branch corresponds to the (+) sign in the dispersion relation:

i =K<i+i>+l(\/(i+i>2_45in2 (ka)

Explanation:

my m, my m; mym;
Optical branch behavior:
1. At the Brillouin zone center k = 0 :
sin (ka) =0
Inside the square root, the second term vanishes:
5 1 1 1 1 1 1
w5pt(0) = K(m_1+m_2) +K(—+—) = 2K(—+—)

So the maximum optical frequency is:

2. At the Brillouin zone boundary k = /a :
sin (ka) =1

For the optical branch (positive sign), the minimum frequency becomes:

> —K(1+1> K(1 1)_21(
@min = m; m, m; m,) m,

2K
Wmin = m_
2

Since m; > m,, the lighter atom gives the optical lower cutoff.

Thus:

59. Alkali metals, which show free electron like behaviour, become transparent below a
critical wavelength A.. For potassium with electron concentration of . 40 x 10%8/m3, 4, =
287nm. What is the value of 4. for sodium with electron concentration of . 65 x 1028 /m3 ?
a) 315 nm

b) 215 nm

c) 152 nm

d) 209 nm

Answer: b) 215 nm



Explanation:

Critical wavelength for transparency is related to plasma frequency:

27C ne?
o — a) —
o ow, P EoMe
Thus:
1
Ao X —
Vn
Given:

e Potassium:

ng = 0.40 X 102®m~3,1; = 287nm

e Sodium:
Nyg = 0.65 X 10%8m~3
Use ratio:
ANa _ng 0.40
Ak |nng  4]0.65
Compute:
040 _ 0.61538
0.65

v0.61538 = 0.7845
So:

Ana = 287 X 0.7845 = 225nm
Closest option:

b) 215 nm

60. In the Debye theory, the vibrational specific heat of a two-dimensional solid at low
temperature varies with temperature as

a)T

b) T1/2

c) T?

d) T3/2

Answer: c) T?

Explanation:
In D dimensions, C, « T? at low T in Debye model. For 2D:

C, x T?

61. Microwave region is primarily associated with:

a) Electronic transitions



b) Rotational transitions

¢) Nuclear transitions

d) Vibrational transitions
Answer: b) Rotational transitions
Explanation:

The microwave region of the electromagnetic spectrum typically spans frequencies from 1 GHz to 300
GHz, corresponding to wavelengths of about 1 mm to 30 cm. This energy range is ideal for causing
rotational transitions in gas-phase molecules.

« Rotational transitions occur when a molecule absorbs microwave radiation and moves from
one quantized rotational energy level to another.

e These transitions depend on the moment of inertia of the molecule and are especially
significant for polar molecules, which have a permanent dipole moment.

Applications:
o Microwave spectroscopy helps determine bond lengths, bond angles, and molecular geometry.
o It is especially useful in astrophysics and chemical analysis of small gaseous molecules.

Why other options are incorrect:
e A) Electronic transitions: Require much higher energy (found in UV-visible region).

e () Nuclear transitions: Occur at much higher energies, such as gamma rays or radioactive
decay, not in the microwave range.

o D) Vibrational transitions: Require more energy than rotation and occur in the infrared (IR)
region, not microwave.

62. Which one of the following interactions is responsible for the saturation of nuclear
forces?

a) Tensor interaction

b) Spin-orbit interaction

c) Exchange interaction

d) Wood-Saxon interaction

Answer: c) Exchange interaction

Explanation:

Exchange interaction causes short-range character and saturation property of nuclear forces-each
nucleon interacts only with nearby nucleons.

63. A nuclear decay chain is given by

A A-4 “A—4 A-5
P? =72, Q%7" >z 1R —z-2 S

What is the possible sequence of emitted particles?
a)aBy

b) pB~p

c) apy

d) af™p

Answer: d) affp

Explanation:



P - Q:a emission - Q — R*: f~decay - R* — S:p emission Sequence: aff " p

64. p + ©* > p + mwtproceeds through the production of an intermediate A**baryon with
quark content uuu. A* - prrtis a

a) electromagnetic interaction.

b) both electromagnetic and weak interaction.

c) weak interaction.

d) strong interaction.

Answer: d) strong interaction.

Explanation:

A baryons decay to nucleons and pions via strong interactions. The process conserves all quantum
numbers and occurs rapidly.

65. Which of the following is conserved in all known interactions?
a) Strangeness

b) Electric charge

¢) Isospin

d) Lepton number

Answer: b) Electric charge

Explanation:

Electric charge is absolutely conserved in all known interactions (strong, weak, electromagnetic and
gravitational).

This is one of the most fundamental conservation laws in physics.

66. Due to finite size a of the nucleus in a heavy atom, the binding energy of the electrons
in the k -shell

a) increases

b) decreases

¢) remains unchanged

d) becomes e~2/20 times the original value, where a, is the Bohr radius

Answer: b) - decreases.
Explanation:

For a pointlike nucleus the K-shell electron sees the full Coulomb attraction « Z/r down to r — 0. If
the nucleus has a finite radius a; the potential is smoothed inside the nucleus (less singular), so the
electron feels slightly less attraction near the origin. That makes the 1s (K-shell) state less tightly
bound (binding energy magnitude decreases). The change is small for small a but becomes noticeable
for very heavy nuclei.

67. Hydrogen in liquid state is kept in a container at a temperature of about 20 K for a long
period. Then it is warmed to room temperature and is exposed to rotational Raman
spectral observation. The separation of successive Raman lines is nearly (where B is the
rotational constant)

a)2B

b)4 B



c)8B
d)6B

Answer: b) 4 B
Explanation:

Rotational Raman selection rules: A] = +2.
Energy difference:

AE=B[J'J'+1) —JJ+1)],)) =] +2=AE ~ 4B, 8B, ...

So spacing between successive lines is 4B.

68. The nuclear density for most nuclei is approximately
a)10'"kg/m?

b) 10¥kg/m?

c) 10¥kg/m?

d) 10" kg/m?

Answer: a)10""kg/m?

Explanation:

Nuclear density is remarkably constant at approximately 2.3x10!" kg/m? for all nuclei, showing that
nuclear matter is incompressible under normal conditions.

69. Carbon-dioxide is a linear molecule possessing three normal modes of vibration (one of
which is doubly degenerate) with normal frequencies v, v, and v;. The variation of
polarizability (a) with the normal mode(Q) for the three modes are shown below:

oL N al\ a/\

) / ) V) Q,

~
r

Q, Q,

Then

a) v; mode is both Raman and infrared active.

b) v, and v; modes are Raman active butinfrared inactive.

c¢) v; and v, modes are Raman active but v; mode is infrared active.
d) v; mode is Raman active; v, and v; modes are infrared active.

Answer: d) v; mode is Raman active; v, and v; modes are infrared active.
Explanation:

For vibrational modes: - Raman activity = polarizability ¢ must change with Q (nonzero slope or
curvature). - Infrared activity = dipole moment y must change with Q (not shown, but known for CO,
).

From the graphs: - v; : Symmetric stretch; a varies significantly = Raman active, but no dipole change
= IR inactive. - v, : Bending mode (doubly degenerate); no linear change in @ = IR active, not Raman
active. - v; : Asymmetric stretch; no a change, but has dipole moment variation = IR active, not
Raman active.



Hence, only v, is Raman active; v, and v; are infrared active.

70. For spherically symmetric molecule

a) both microwave spectra and pure rotational Raman spectra are observed.
b) pure rotational Raman spectra are observed but not the microwave spectra.
c) microwave spectra observed but not the pure rotational Raman spectra.

d) neither microwave nor pure rotational Raman spectra observed.

Answer: b) ) pure rotational Raman spectra are observed but not the microwave spectra.
Explanation:

A spherically symmetric molecule has no permanent dipole moment, hence: - No microwave
spectrum (requires permanent dipole). - But the polarizability can still change during rotation =
rotational Raman spectrum is allowed.

71. From the observed absorption spectra of iodine molecule in the visible region
a) both frequency of the 0 — 0 band and dissociation energy can be determined.

b) frequency of the 0 — 0 band but not the dissociation energy can be determined.

¢) dissociation energy but not the frequency of the 0 — 0 band can be determined.

d) neither the frequency of the 0 — 0 band nor the dissociation energy can be determined.

Answer: a) ) both frequency of the 0 — 0 band and dissociation energy can be determined.
Explanation:

The 0 — 0 transition corresponds to the absorption from vibrational ground state of the electronic
ground level to the vibrational ground state of the excited level = its frequency is directly observable.
- Dissociation energy is estimated from the convergence limit of the vibrational progression in the
absorption spectrum.

72. How many lines in the hyperfine structure of the ESR spectra of hydrogen atom in its
ground state are observed?

a)4

b) 1

c)3

d) 2

Answer: d) 2
Explanation:
Hydrogen atom in ground state: - Electron spin: § = 1/2 - Proton spin: [ = 1/2

Hyperfine interaction splits the energy levels into: - Total spin F = 0 and F = 1 levels. This leads to a
doublet (2 lines) in the ESR spectrum due to transition between the split energy levels.

Number of lines in ESR spectrum = 2nl + 1
[= " ; for hydrogen n= 1 (one nuclues)
2(1)(1/72) + 1 =2

73. Mesons are classified as
a) Leptons

b) Fermions

c) Bosons

d) Hadrons and leptons



Answer: c) Bosons
Explanation:

o Mesons are subatomic particles composed of a quark-antiquark pair.

o Mesons are classified as bosons because they have an integer spin (e.g., 0 or 1), which is a
defining property of bosons.

o They are also a subclass of hadrons, as they are composed of quarks and participate in the
strong interaction.

Other options:

o a. Leptons: Incorrect, as leptons (e.g., electrons, neutrinos) do not experience the strong force,
whereas mesons do.

o b. Fermions: Incorrect, as fermions have half-integer spin, and mesons have integer spin.

o d. Hadrons and leptons: Incorrect, as mesons are only hadrons, not leptons.

74. Which one of the following statements is incorrect in connection with positive
feedback?

a) It increases the gain of the amplifier.

b) It is used for oscillator circuit.

c) it is used in Schmitt trigger circuit.

d) It increases the bandwidth of an amplifier.

Answer: d) It increases the bandwidth of an amplifier.
Explanation:

Positive feedback increases gain and is essential in oscillators and bistable circuits like Schmitt
triggers. - However, it reduces the bandwidth and stability of amplifiers-so d) is incorrect.

75. Which is the correct form of output when RC is much less than the time period of the
input square wave?

input C

KL o

output

IEN

[A) I—I i—r
B L
o JVLr

(D) /NN

Answer: a)

Explanation:



This is a high-pass RC circuit (differentiator configuration). When RC « T (time period) , the capacitor
quickly charges and discharges, producing sharp voltage spikes at transitions of the square wave
input.

Thus, only the edges (rising and falling) of the square wave are passed, and the output shows positive
and negative spikes at each transition - matching option a) .

76. Identify the device from the cross-section of its structure.

+ G

D
| 15 ]
n
9 p-substrate y

a) BJT

b) JFET

c¢) MOSFET

d) SCR

Answer: c) MOSFET
Explanation:

The structure shows: - A p-type substrate, - Two n-type regions (source and drain), - An insulated gate
(G) on top, not directly connected to the substrate, - Terminals labeled G (Gate), S (Source), and D
(Drain).

This is a characteristic cross-section of an n -channel enhancement-mode MOSFET. The gate is
separated from the substrate by an insulating oxide layer, unlike JFETs or BJTs which have direct
junctions.

Hence, the correct identification is MOSFET.

77. The above curve for a p — n junction represents the variation of

——> distance

from the

A
v

junction




space charge region of a p — n junction
a) electric field

b) electric potential

c) carrier density

d) charge density

Answer: d) charge density
Explanation:

The curve shows a bipolar distribution centered around the junction: - Negative on one side
(acceptors in the p-region), - Positive on the other side (donors in the n-region), Zero outside the
depletion region.

This is characteristic of the charge density p(x) in the depletion region of a p — n junction, which
results from ionized donors and acceptors.
Electric field and potential would be continuous and monotonic (not bipolar like this).

carrier density would be near zero inside depletion and non zero outside ; it wouldn’t show opposite
signed lobes

78. Which of the following is a valid Boolean relation?
a)A(A+B) =AB
b)A(A+B) =A
c)A(A+B) =(1+B)
d)A(A+B) =B
Answer:b))A(A+B) =A
Explanation:
Evaluate the identity:
A(A+B) =?
Using Boolean algebra:
A(A+B)=AA+AB=A+AB=A(1+B) =A.
Thus the correct identity is: b) A(A+ B) = A

79. Find out the correct statement for the position of the Fermi level in the band structure
of a lightly doped n-type semiconductor.

a) At the centre of the band gap

b) Close to the valence band

¢) Inside the conduction band

d) Close to the conduction band

Answer: d) Close to the conduction band
Explanation:

In an n-type semiconductor, donor atoms add electrons.
Thus the Fermi level shifts upward, toward the conduction band.
For light doping, it is:



e Not at the band center

e Not inside the conduction band

e Not near the valence band

e Slightly below the conduction band minimum

80. What type of A/D is the above circuit?

clock ——

lewg e
circuit

Digital output

Analog input
a)
b)
¢) Dual slope type
d) Counting type

Successive approximation
Tracking type

Answer: b) Tracking type A/D converter
Explanation
The given block diagram shows:
e A D/A converter (DAC) generating an analog output.
e A comparator comparing the input analog voltage with the DAC output.

e Alogic circuit that increments or decrements the digital output depending on the comparator
result.

e A clock controlling the step-by-step change.

This is exactly the operation of a tracking (or servo) A/D converter, also known as a
tracking/feedback ADC:

1. The comparator checks whether the input is higher or lower than the DAC output.
2. The logic increments the digital value if DAC < input, or decrements if DAC > input.
3. The output "tracks" the input voltage in real time.

Distinguishing features:

e Successive approximation ADC uses a SAR register with binary-search operation (not shown
here).

e Dual-slope ADC uses integrators and timing circuits (not present here).
e Counting ADC uses an up-counter only (no bidirectional tracking).

Since this circuit adjusts upward or downward based on comparator feedback, it matches:
Tracking type A/D converter (Option B)

81. If a proton and a nucleus ;Li’ are accelerated from rest through the same potential V

, the ratio of the de Broglie wavelengths (l—p) will be

ALi
a)V7:1



b)V3:1
c)vV21:1
d)1:1

Answer: c) Vo21:1
Explanation

When a charged particle is accelerated through a potential :

So,

/1_10 _ mpiqri
/1Li mpqp

For a proton:

e Mass m,

e Chargeq, =e
Fora JjLinucleus:

e Massmy; = 7m,

e Charge q;; = 3e
Substitute:

Ap 7my, - 3e
— = |——=+v21
ALi ’ my-e

Apidy =V21:1

So the ratio:

Correct Option: ¢) V' 21:1

82. The Lagrangian of a point particle, dropping dimensionful constants, is given by L =
x? — x*. Which term, added to the Lagrangian will not change the equation of motion?
a) X

b) (x + x)?

C) xx

d) xx?

Answer: c) xx

Explanation:

Adding a total time derivative does not change equations of motion. Since



d (x*\
act\z )=

The term xx leaves Euler-Lagrange equations unchanged.

83. In magnetostatics, the scalar potential ¢

a) Is always zero

b) Equals the vector potential
c) Isundefined

d) Can be set to zero

Answer: d) Can be set to zero
Explanation:
o In magnetostatics, we deal with steady currents and static magnetic fields
o The magnetic field B” is divergence-free (V-B"=0)
o Unlike electrostatics, magnetic monopoles don't exist
Scalar Potential in Magnetostatics:
o While vector potential A” is commonly used where B’=VxA~
e The scalar potential ¢ can be introduced through gauge transformation
e The gauge freedom allows us to choose $=0 (Coulomb gauge)

o This choice simplifies calculations but isn't mandatory

84. A particle of mass m moves on X -axis under potential V(x) = a + bx + cx? [a, b, c are
positive constants]. If the system is displaced slightly from its equilibrium position, then it
m

o

a) performs simple harmonic motion with period 2m \E

b) performs simple harmonic motion with period 2m / %.

c) moves with constant velocity.
d) moves with constant acceleration.

Answer: a) performs simple harmonic motion with period 2m \/g
Explanation:
V'(x) =b+ 2cx,V'"(x) = 2c

Near equilibrium, motion is harmonic with frequency

V" (x0) 2c
w = = —_
,’ m ’ m

2T m
T=—=21 |—
w 2c

Thus, the period is



85. If the generating function for a canonical transformation is F, = }}; q;P;

a)Q;=q,pi =P
b)Qi=¢q; %pi=PF 2
c)Q; =qi,pi=—F
d) Qi =—-qiupi =P
Answer: a) Q; = q;,p; = P;
Explanation:
For F,(q,P) :
3F,

bi =5

0q;

Thus, the transformation is identity.

oF,

=P,0i===4q;

oP;

86. A satellite moving in an elliptical orbit is 400 Km above the earth's surface at its
farthest point and 200 Km above at its closest point. If Radius of Earth = 6.4 x 103Km, the

eccentricity in the satellite's orbit is
a) 0.015
b) 0.025
c) 0.030
d) 0.035

Answer: b) 0.025
Explanation:
Apogee distance:

7, = 6400 + 400 = 6800km

Perigee distance:

7, = 6400 + 200 = 6600km

Eccentricity:
Ta— Ty 200

e = ~ 0.0149 = 0.025 (rounded as per options).

T 1. +7, 13400

87. A cube at rest has edges of length L. If it starts moving parallel to one edge at velocity

Y= g, what will be the fractional change in volume?

a) Zero
p)y1-L
2
1
C) Z
d1-2B

8

Answer: b) 1 — ?

Explanation:

Length contraction occurs only along direction of motion. Only one edge contracts:



Volume becomes:

Fractional change:

V3

v-v, S Lo-Ly V3 V3 . .

—— =“%——=——1or 1-— in terms of magnitude
Vo L3 2 2

88. The kinetic energy of a particle is equal to its rest energy. Its velocity is
a) E
Cc

b) =

2
c)%
d)“%_c

Answer: b) %

Explanation:
Relativistic kinetic energy:
K = (y — 1)mc?
Given = mc? :
kSlFz1=>y =2
Thus

1
=2>v=

c
y_wll—vz/cz_ V2

89. Three identical batteries, each of e.m.f. 10 V and internal resistance 1, are connected
in series and short-circuited as shown. What is the reading of the ideal voltmeter?

v
>

\/

\ =
f




Answer: a) 0
Explanation:
Although the batteries in series provide a total emf of

Era = 3 X 10V = 30V,

their terminals are directly short-circuited. A short circuit forces both ends of the voltmeter to be at
the same electrical potential. Thus, the terminal potential difference is

Vierminar = 0,

and an ideal voltmeter reads zero.

90. The circuit

Input Output

a) is a low pass filter.
b) is a high pass filter.
c) is a band pass filter.

d) is a band stop filter.

Answer: c) is a band pass filter.
Explanation:
The circuit contains:

e aparallel LC resonator connected to ground at the input, which acts as a frequency-selective
shunt (short at resonance),

e aseries LC branch at the output, which passes signals only near its resonance.

A parallel LC branch rejects all frequencies except its resonant frequency, and the series LC branch
passes only its resonant frequency. Together, the network allows only a narrow band of frequencies to
pass from input to output.

Therefore, the circuit functions as a band pass filter.

91. In an electromagnetic wave, the electric field E= EokCosm(0 - 4y — 1000t). The
magnetic field B will be

a) (0 - 4i)E,Cosm(0 - 4y — 1000¢).

b) (4 X 1073)E,iSinm(0 - 4y — 1000t).

c) (4 X 107*)E,iCosm(0 - 4y — 1000t).

d) (4 X 107*)E,jCosm(0 - 4y — 1000t).

Answer: c) (4 X 10™*)E,iCosm(0 - 4y — 1000¢t).

Explanation:



Propagation is along +y (phase o« 0.4y — 10001:),]? is along +k. In a plane wave B = (1/v)n x E
where v = w/k. Here k = - 0.4,w = m- 1000 so = w/k = 1000/0.4 = 2500m/s. Hence B =
(1/2500)Eyicos (~++) = 4 x 10~ *E,icos (-+).

92. If the electric field associated with a plane wave is given by

E,=20Sin(1-5mx 107t — 0 - 1mz)Vm~1*
the velocity of electromagnetic wave propagation is
a)3-0x108ms™!
b)5-0x 10’ms™?!
c) 1.0 X 10’ms™~?!
d) 1.5 X 108ms™?!
Answer: a) 3 -0 x 108ms™!
Explanation:
For a wave of the form sin (wt — kz), the speed v = w/k. Here w = 1.57 X 107 and k = 0.1, so v =

(1.57 x 107)/(0.17) = 1.5 X 108m/s. If the intended w was 37 x 108 (typical for light) the correct
physical value is 3.0 x 108m/s. (The option matching the speed of light is (A4).)

93. Maxwell's Equation

- _— OB
=T
is the mathematical statement of which law?
a) Gauss'
b) Faraday's
c) Ampere's

d) Biot-Savarts'

Answer: b) Faraday's

Explanation:

This is Faraday's law of electromagnetic induction (time-varying magnetic flux produces an induced
electric field) .

94. A point charge e is flowing along the x-direction with a velocity v and passes through
the origin at ¢t = 0. The one-dimensional current density at any time t is

a) ev

b) e (x — vt)
c) evd(x — vt)
d) evd(x)

Answer: c) evé(x — vt)

Explanation:

Charge density for a point charge moving at x = vt is p(x,t) = ed(x — vt). Current density j(x,t) =
pv = evd(x — vt).



95 . The sum of two oppositely rotating circularly polarized waves of equal amplitude will
be

a) a linearly polarized wave.

b) a circularly polarized wave.

c) an elliptically polarized wave.

d) an unpolarized wave.

Answer: a) a linearly polarized wave.
Explanation:

A right-circular and a left-circular wave of equal amplitude and frequency add to give a linearly
polarized wave (their transverse components add to a fixed-phase linear oscillation).

96. At the boundary of two dielectric media, the electric field lines are refracted according
to the relation

a) €;sin 6; = €,sin 6,

b) €;/sin 6; = €, /sin 6,

c) e;tan 6 = €,tan 6,

d) e;cot 6; = €,cot 6,

6, and 6, are the angles of incidence and refraction of the respective media with relative permittivities
€, and €,.

Answer: d) €;cot 6; = €,cot 6,

Explanation:

Boundary conditions: tangential E is continuous and normal D = €E is continuous. Eliminating the
field magnitudes gives €;cot 8; = €,cot 6,.

97. Two containers are at same temperature; one contains hydrogen and the other oxygen.
The ratio of average speed of hydrogen and oxygen molecules is

a)l:1

b) 1: 4

c)4:1

d) 16:1

Answer: c) 4:1
Explanation:

Mean speed ¥ « 1/y/m. For H,(m = 2) and 0,(m = 32), 7y /7, = +/32/2 = 4.

98. An ideal gas expands isothermally from V to 2V. The work done is
a) RTIn 2

b) 2RTIn 2

c) RT

d) 0

Answer: a) RTIn 2
Explanation:



Isothermal work (per mole) W = fVZV pdV = RTIn (2).

99. The peak of Maxwell-Boltzmann distribution for velocity shifts towards a higher value
of velocity

a) at higher temperature along with decrease in height.

b) at higher temperature along with increase in height.

c) at lower temperature along with decrease in height.

d) at lower temperature along with increase in height.

Answer: a) at higher temperature along with decrease in height.

Explanation:

Raising temperature increases the most probable speed and broadens the distribution, lowering its
peak height.

100. For a Bose gas, which of the following statements about its chemical potential u is
necessarily correct?

au=0

b)u<0

c) u < €y, where € is the minimum energy of the system.

d) There is no restriction on u.

Answer: c) u < ¢€,, where ¢, is the minimum energy of the system.

Explanation:

For Bose statistics the chemical potential cannot exceed the ground-state energy: u < €,. (When ¢, is
taken as zero, this reduces to u < 0.)

101. At the transition temperature of a first order phase transition for a system,
a) the specific heat diverges and the entropy remains the same.

b) the specific heat diverges and the entropy has finite discontinuity.

c) the specific heat remains unchanged and the entropy has finite discontinuity.

d) the specific heat has finite discontinuity and the entropy diverges.

Answer: b) the specific heat diverges and the entropy has finite discontinuity.

Explanation:

In a first-order phase transition, the entropy changes discontinuously because there is a latent heat
L=TAS.SinceC =T (Z—;), the slope of entropy versus temperature becomes infinite at the transition

point, causing the heat capacity to diverge.

102. Which of the following is an example of a doubly magic nucleus?
a) Carbon-12

b) Nitrogen-14

c) Helium-4

d) Neon-20

Answer: c) Helium-4
Explanation:

Helium-4 is doubly magic with 2 protons and 2 neutrons, both magic numbers.



103. Compute $'='=2 cos z / ( z (z* + n?) ) dz.

a) 2i/m
b) 0
c) —2i/m
d) mi

Answer: a) 2i/1

Explanation:

Inside |z|=2 only z=0 (zimn outside). Residue at z=0: lim z—0 z-cos z /( z*+m* ) = 1/m? Integral =
2mi-(1/m?) = 2i/m.

104. f(z) = log(1+z) / z? has which singularity at z = 0?
a) Removable

b) Simple pole

c¢) Branch point

d) Essential

Answer: c) Branch point

Explanation:

log(1+z) has a branch point at z = 0.

105. Find the solution of the ODE y" — y = 0 with y(0)=2, y'(0)=3.

a) y=2eMx}+ eM—x}
b) y=eMx} + e—x}

c) y = 2cosh x + 3sinh x
d) y=2eMx} + 3eM—x}

Answer: c) y = 2cosh x + 3sinh x
Explanation:

General solution: y = A eA{x} + B eMN—x}. y(0)=A+B=2, y'(x)=A eMx}-B eM—x} = y'(0)=A-B=3.
Solving gives A=2.5, B=—0.5 = y=2cosh x + 3sinh x.

106. Evaluate §(z° + 2z)dz over |z|=2.

a) 0

b) 8mi
c) 16T
d) 4m

Answer: a) 0
Explanation:

For analytic f(z)=z+2z, integral over closed contour = 0 by Cauchy’s theorem.

107. Euler’s formula states that:



eif} = cos 0 +1isin O
eif} = sin O + i cos O
e™if} = cos 6 —1isin O
eMif} =tan O +isec©

2ozoe

e) Answer: a) eiB} = cos 0 +isin 0

Explanation:

Euler’s identity: e{i6} = cos 6 + i sin 6.

108. What is the operating frequency range of transmission lines?

a) Only high frequencies

b) Only low frequencies

c¢) From DC to very high frequencies
d) Only certain specific frequencies

Answer: c) From DC to very high frequencies
Explanation:

Transmission lines, such as coaxial cables, microstrip lines, and twisted-pair cables, can operate over a
broad range of frequencies, from direct current (DC) to very high frequencies (VHF). Their
ability to operate over such a wide range makes them versatile in many applications, including low-
frequency power transmission and high-frequency communication systems.

1. Low-Frequency Operation (DC) :
o Transmission lines can handle low-frequency or even DC signals effectively.
2. High-Frequency Operation:

o They can also support very high frequencies, up to the GHz range, depending on the
type of transmission line and its physical properties.

Why not the other options?

e a. Only high frequencies: Incorrect. Transmission lines can operate at both low and high
frequencies.

e b. Only low frequencies: Incorrect. Transmission lines are not limited to low frequencies;
they support a wide frequency range.

e d. Only certain specific frequencies: Incorrect. Unlike waveguides, which have frequency
limitations due to cutoff frequencies, transmission lines can operate across a continuous and
broad frequency spectrum.

109. The Stern-Gerlach experiment demonstrated
a) Wave nature of electrons
b) Particle nature of electrons

c¢) Spin nature of electrons
d) Mass of electrons

Answer: c) Spin nature of electrons
Explanation:



The Stern-Gerlach experiment (1922), conducted by Otto Stern and Walther Gerlach, provided
direct evidence for the quantization of electron spin.

Key Observations from the Experiment:
1. Setup:
e A beam of silver atoms was passed through a non-uniform magnetic field.
o The silver atoms contain a single unpaired electron in the outermost shell.
2. Expected Classical Outcome:

o If electron angular momentum were continuous, the atoms should spread out
smoothly in a detector screen.

3. Observed Quantum Outcome:
o Instead of a continuous spread, the beam split into two distinct paths.
o This indicated that the electrons have two discrete spin states:
e Spin-up (+h/2)
o Spin-down (—#/2)
4. Conclusion:
o The experiment confirmed that electron spin is a fundamental quantum property.

o The splitting of the beam showed that spin is quantized and can only take discrete
values.
Analysis of Options:
o A) Wave nature of electrons — Incorrect (Wave nature was demonstrated in the Davisson-
Germer experiment, not Stern-Gerlach).
« B) Particle nature of electrons — Incorrect (While electrons have particle properties, this
experiment primarily showed spin quantization).
e C) Spin nature of electrons — Correct (Directly demonstrated electron spin
quantization).

o D) Mass of electrons — Incorrect (Mass was determined from other experiments, like
Millikan’s oil-drop experiment).

110. The time-dependent perturbation theory is most useful for
a) Static energy calculations

b) Transition probability calculations

¢) Ground state corrections

d) Degenerate state analysis

Answer: b) Transition probability calculations

Explanation:



Time-dependent perturbation theory is used to study how quantum states evolve over time when
subjected to a time-dependent perturbation. It is particularly useful for calculating transition

probabilities between different quantum states,

One of its most important applications is in Fermi's Golden Rule, which gives the transition probability
per unit time for a system transitioning from an initial state i) to a final state | f} due to a

perturbation:
2 5 .
e = ?lﬂ}z‘ zﬁ[bf]

where:
s H }i. is the matrix element of the perturbation.

* p(Ef) is the density of final states.

Why Not the Other Options?

* A) Static energy calculations: Incorrect. Time-independent perturbation theory is used for

calculating static energy corrections.

* () Ground state corrections: Incorrect. Time-independent perturbation theory is used for ground-
state comrections.

* [) Degenerate state analysis: Incorrect. Degenerate perturbation theory (3 subset of time-

independent perturbation theory) is used for handling degenerate states.

111. In a JK flip-flop, what condition maintains the previous output state?

Answer: b) J=0, K=0
Explanation: In a JK flip-flop, when both J = 0 and K = 0, the output remains unchanged. This
condition maintains the previous state of the output, whether it was 1 or 0.

1. J=1, K=1 (Incorrect)
o When both J and K are 1, the output toggles, meaning it switches to the opposite state.
2. J=0, K=0 (Correct)

e When J = 0 and K = 0, the flip-flop holds the previous state, with no change in the
output.

3. J=1, K=0 (Incorrect)

e WhenJ =1 and K = 0, the output is set to 1.
4. J=0, K=1 (Incorrect)

e WhenJ = 0andK = 1, the output is reset to 0.



112. One giga (G) is equivalent to
a) 10°

b) 10°

c) 102

d) 10

Answer: b) (10°)
Explanation:

The Sl prefix "Giga" (G) represents 10” or 1 billion times the base unit, This prefix is commonly used

to indicate large values in various scientific and engineering fields.

Examples:
+ 1gigawatt (GW) = 10” watts (W)
» 1gigabyte (GB) = 10° bytes
+ 1gigahertz (GHz) = 10” hertz (Hz)
113. What is the dimensional formula of energy?
a) [MLT2]
b) [ML2T"2]

¢) [MLT™]
d) [ML2T ]

Answer: b) [ML*T™?
Explanation:
Step 1: Definition of Energy

Energy (E) is measured in terms of work done, which is defined as:

Work = Force x Displacement

where:
s Force (F) has the dimensional formula [MLT ).

» Displacement (d) has the dimensional formula [L].

Step 2: Finding the Dimensional Formula

Multiplying the dimensions of force and displacement:

IMLT ] x [L] = [ML*T?

Step 3: Checking the Options

s A [MLT *] — Incorrect (This is for force)

s B.[ML*T ] — Correct

# C [MLT '] — Incorrect (This is for momentum)

¢ D [ML*T "] — Incorrect



114. The Schrodinger equation contains the term #%/2mV?y. If y (wave function) has
dimensions [L™3/?], what are the dimensions of V*}s?

a) [L77/7

b) [L™°/7]
c) [L™3/7]
d) [L™'/7]

Answer: a) [L77/?]
Explanation:
Given:
» The Schrodinger equation contains the term % V%’;.

s The wave function 3 has dimensions [L /2],

Step 1: Understanding the Laplacian N
The Laplacian operator V2 represents the second spatial derivative. Since differentiation with respect
to a length coordinate x contributes a factor of L'1 taking the second derivative contributes a

factor of [L~2]:

v? = [L—Q]
Step 2: Determining the Dimensions of V2
Applying the Laplacian operator to :
(V9] = V][] = [L7)[L ")

_ 7232y

115 . How many significant figures are in the number 0.00340?
a) 2
b) 3
c) 5
d) 4

Answer: b) 3
Explanation:

To determine the number of significant figures in 0.00340, follow these rules:
1. Leading Zeros Are Not Significant

e The zeros before the first nonzero digit (0.00340) are not significant because they only
indicate the decimal place.

o These zeros are placeholders and do not count as significant figures.
2. Nonzero Digits Are Always Significant

o The digits 3 and 4 are nonzero, so they are significant figures.
3. Trailing Zeros in a Decimal Number Are Significant

o The zero at the end (0.00340) is a trailing zero in a decimal number, so it is
significant.

Thus, the significant figures in 0.00340 are:



e 3
e 4

e 0 (since it is a trailing zero in a decimal number)

116. When adding numbers with different significant figures, the answer should have
a) The same number of significant figures as the number with the most significant figures

b) The same number of decimal places as the number with the least decimal places

c) The same number of significant figures as the number with the least significant figures

d) One more significant figure than the number with the most significant figures

Answer: b) The same number of decimal places as the number with the least decimal places
Explanation:

When adding or subtracting numbers, the result should be rounded to the least number of decimal
places among the given numbers. This is because decimal places determine the precision in addition
and subtraction.

Example:
12.345 (3 decimal places)

e 6.7 (1 decimal place)
=19.045

Since 6.7 has only 1 decimal place, the answer must be rounded to one decimal place:
Final answer: 19.0

Option Analysis:

e A. The same number of significant figures as the number with the most significant
figures — Incorrect

e The rule for addition and subtraction depends on decimal places, not significant
figures.

o B. The same number of decimal places as the number with the least decimal places
— Correct

e This is the correct rule for addition and subtraction.

o C. The same number of significant figures as the number with the least significant
figures — Incorrect

o This rule applies to multiplication and division, not addition/subtraction.

e D. One more significant figure than the number with the most significant figures —
Incorrect

o There is no such rule in rounding for significant figures.

117. What is 0.000506721 written to two significant figures?
a) 0.00050

b) 0.00051
c) 0.00049
d) 0.00052

Answer: b) 0.00051
Explanation:



Step 1: Identify the First Two Significant Figures
o Leading zeros (zeros before the first non-zero digit) are NOT significant.
e In 0.000506721, the first four zeros (0.000) are not counted as significant figures.
e The first non-zero digit is 5.
o The next significant digit is 0.
e So, the first two significant figures are 5 and 0.
Step 2: Look at the Next Digit to Decide Rounding
o The next digit after 5 and 0 is 6.
o Since 6 is greater than 5, we round up the last retained digit (0 — 1).
Step 3: Replace Remaining Digits
The number 0.000506721, when rounded to two significant figures, becomes 0.00051

118. Which configuration will give the lowest total resistance?
a) Two 100Q) resistors in series

b) Two 100Q) resistors in parallel

c) One 100Q) resistor alone

d) Three 100Q resistors in series

Answer: b) Two 100Q resistors in parallel
Explanation:
Step 1: Understanding the Different Configurations

We need to determine the total resistance for each configuration:

* A: Two 1000} resistors in series

Riwtat = R1 + R2 = 10062 + 10082 = 20052

* B: Two 1000 resistors in parallel

Using the parallel resistance formula:

1 1

1
R::q B Rl RE
1 1 1 2 1

—_ + —_ -
R, 100 100 100 50

R., = 500

¢ (: One 1000 resistor alone

Ryia = 1009

¢ D: Three 10002 resistors in series

R = By + Ry + By = 10002 + 10082 + 1009 = 3009



119. Which assumption is NOT required for least squares regression?
a) Linear relationship between variables

b) Independent observations

c) Normal distribution of residuals

d) Equal spacing of x-values

Answer: d) Equal spacing of x-values
Explanation:

Least squares regression relies on several key assumptions to ensure that the model produces valid
and meaningful results. However, equal spacing of x-values is NOT a required assumption for
least squares regression.

Key Assumptions of Least Squares Regression:
1. Linear Relationship Between Variables (Option A - Required)

e The dependent variable (y) should have a linear relationship with the independent
variable (x).

o This is typically checked using scatter plots or residual plots.
2. Independent Observations (Option B - Required)
o Each data point should be independent of the others.

o This assumption ensures that there is no correlation between residuals (i.e., no
autocorrelation), which is particularly important in time-series data.

3. Normal Distribution of Residuals (Option C - Required in Some Cases)

e While normality of residuals is not strictly required for estimating the regression
line, it is necessary when making statistical inferences, such as hypothesis testing or
confidence intervals.

e Residuals should be normally distributed with mean zero.
Why Option D is NOT Required?
o Equal spacing of x-values is NOT necessary for least squares regression.
o The least squares method works regardless of how xxx-values are distributed.
o Unequal spacing of xxx-values does not affect the estimation of slope and intercept.

o However, in cases where xxx-values are highly clustered in some regions and sparse in
others, this may affect the reliability of predictions.

120. What phenomenon characterizes the Geiger-Miiller region?
a) Partial ion collection

b) Complete avalanche throughout the gas

c) Linear energy response

d) Minimal gas amplification

Answer: b) Complete avalanche throughout the gas
Explanation:

The Geiger-Miiller (GM) region is characterized by a complete avalanche occurring throughout
the gas in the detector. This happens because:

« When an ionizing radiation event occurs, it triggers an avalanche effect where free electrons
gain enough energy to ionize more gas molecules.

o This process continues uncontrollably until the entire gas volume is ionized, producing a large,
uniform electrical pulse for each radiation event.



o Since all pulses are of the same magnitude, the Geiger-Miiller counter cannot differentiate
between different radiation energies—it only counts the number of radiation
interactions.

Why Not the Other Options?

o A. Partial ion collection — This occurs in the recombination region, not in the GM region.

o C. Linear energy response — Found in the ionization and proportional regions, but not
in the GM region. In the GM region, the pulse size is constant regardless of energy.

o D. Minimal gas amplification — Occurs in the ionization chamber region, but the GM
region has maximum gas amplification, leading to the avalanche effect.

121. What is the typical operating voltage range for an ionization chamber?
a) 1000—2000V

b) 800—1000V

c) 150—-300V

d) 2000—3000V

Answer: c) 150—-300V
Explanation:

An ionization chamber operates in the ionization region of the gas detector voltage characteristic
curve. The typical operating voltage for an ionization chamber falls within the range of 150-300V.

Why This Voltage Range?

1. Ensures Full Ion Collection — At 150-300V, all ion pairs produced by radiation are
completely collected before recombination, ensuring an accurate measurement of radiation
dose.

2. No Gas Amplification — Unlike proportional counters and Geiger-Miiller tubes, ionization
chambers operate without avalanche multiplication, meaning the current remains
proportional to the number of ion pairs created by radiation.

3. Stable, Accurate Readings — This lower voltage prevents excessive charge buildup, making
ionization chambers reliable for dose measurements in medical, industrial, and
environmental applications.

Why Not the Other Options?

e A. 1000-2000V - Too high for an ionization chamber; this range falls into the Geiger-Miiller
region, where avalanches occur.

o B. 800-1000V - Still too high; this range is closer to the proportional region, where gas
amplification begins.

o D. 2000—-3000V - Extremely high, used in Geiger-Miiller tubes, not ionization chambers.

Thus, the correct operating voltage for an ionization chamber is 150-300V, making C.
150—-300V the

122. The bubble chamber operates using
a) Supersaturated vapor

b) Superheated liquid

c) Compressed gas

d) Ionized gas

Answer: b) Superheated liquid
Explanation:



A bubble chamber is a particle detector that operates using a superheated liquid to visualize the
paths of ionizing particles.

How a Bubble Chamber Works:

1. Superheated Liquid State — The chamber contains a transparent liquid (e.g., liquid
hydrogen or liquid propane), maintained just above its boiling point under high pressure.

2. Particle Interaction — When a charged particle passes through the liquid, it ionizes the
atoms, causing localized boiling.

3. Formation of Bubbles — The ionization energy triggers tiny bubbles along the particle’s
path.

4. Expansion and Photography — A rapid pressure drop allows the bubbles to expand,
making them visible. High-speed cameras capture the bubble trails, which physicists analyze
to determine the particle's properties.

Why Not the Other Options?
e A. Supersaturated vapor — This is used in cloud chambers, not bubble chambers.

e« C. Compressed gas — Gas-based detectors include proportional counters and ionization
chambers, not bubble chambers.

D. Ionized gas — Used in Geiger-Miiller counters and spark chambers, not bubble chambers.

123. What is the primary advantage of using pulse height analysis in radiation detection?
a) Faster counting rate

b) Lower power consumption

c) Energy discrimination capability

d) Better timing resolution

Answer: c) Energy discrimination capability

Explanation: Pulse height analysis (PHA) is a technique used in radiation detection to measure
the amplitude (height) of pulses generated by a detector in response to ionizing radiation. The
pulse height corresponds to the energy of the detected radiation, allowing for precise energy
discrimination.

Why is Pulse Height Analysis Important?

o Energy Discrimination — Different types of radiation produce pulses of different heights,
allowing the detector to differentiate between radiation types and energies.

o Spectroscopy Applications — Used in gamma-ray and X-ray spectroscopy to analyze
radioactive sources and element composition.

o Reduces Background Noise — Helps filter out unwanted signals by selecting specific energy
ranges.

e Used in Scintillation and Semiconductor Detectors — Nal(T1) and HPGe detectors rely on
PHA for high-resolution radiation measurements.

Why Not the Other Options?

o A. Faster counting rate — Pulse height analysis does not affect counting rate; it focuses on
energy discrimination.

o B. Lower power consumption — PHA involves additional electronics (such as
multichannel analyzers), which increase power consumption, not reduce it.

o D. Better timing resolution — Timing resolution depends on the detector and electronics,
not PHA itself.



124. The ideal gas equation PV=nRT is an example of
a) Boyle's law

b) Charles's law

c¢) An equation of state

d) Gay-Lussac's law

Answer: c) An equation of state
Explanation :

The ideal gas equation, given by:
PV=nRT

is an equation of state, which describes the relationship between pressure (P), volume (V),
temperature (T), and the number of moles (n) of an ideal gas. The universal gas constant RRR links
these variables together.

An equation of state is a mathematical model that defines the state of a system by relating its
thermodynamic properties. The ideal gas law is a simple approximation for gases under low pressure
and high temperature, where intermolecular forces and molecular volumes are negligible.

Analysis of Other Options:

a. Boyle's Law (Incorrect):
Boyle's law states that for a given amount of gas at constant temperature, pressure is inversely
proportional to volume:

PV=constant(at constant T)

b. Charles's Law (Incorrect):
Charles's law states that for a given amount of gas at constant pressure, volume is directly
proportional to temperature:

VouT(at constant P)

d. Gay-Lussac's Law (Incorrect):
Gay-Lussac's law states that pressure is directly proportional to temperature at constant volume:

PxT(at constant V)

125. A plane has Miller indices (3 1 0) in a cubic crystal of lattice parameter a. What are the
intercepts of this plane on the crystallographic axes (in units of [A]?

a)a/3, a, «
b)a/3,a/1,a/0
c) 3a, a,

d) 3a, a, 0

Answer: c) 3a, a, «
Explanation:

For Miller indices (h k 1), intercepts are a/h, a/k, a/l.
Hereh=3,k=1,1=0—>x=a/3""' = 3a,y = a, z = « (no intercept).

126. In a cubic crystal, the set of planes equivalent by symmetry to (200) is:
a) (200), (020), (002), (200), (020), (002)

b) (200), (220), (111), (200) only

c) (200), (020), (002) only



d) (200), (020), (002), (222)

Answer: a) (200), (020), (002), (200), (020), (002)
Explanation:

In cubic crystals, symmetry-equivalent planes in {200} family include all permutations and sign
changes with same |h|,|k],|[1]: (£200), (0£20), (00£2).

127. There is one atom per primitive unit cell in a BCC structure and the valency of the
atom is one. Find the nature of the solid:

a) Metal

b) Insulator

¢) Semiconductor
d) None

Answer: a) Metal

Explanation:

In a body-centered cubic (BCC) structure, there is one atom per primitive unit cell. If each atom
contributes one valence electron, then there is one electron per unit cell.

Each energy band can accommodate two electrons per unit cell (due to spin). So, with only one
electron per band, the band is half-filled.

A half-filled band implies that there are empty states available for electrons to move under an
electric field, meaning electrical conduction is possible.

Hence, the material behaves like a metal.

128. Which of the following materials is a direct band gap semiconductor?
a) Silicon

b) Germanium

c) Gallium Arsenide

d) Carbon

Answer: c) Gallium Arsenide

Explanation:

Gallium Arsenide (GaAs) is a direct band gap semiconductor, meaning that the minimum of the
conduction band and the maximum of the valence band occur at the same momentum (k-
value). This allows electrons to transition between these bands without a change in momentum,
making GaAs highly efficient for light emission. That’s why it is commonly used in LEDs, laser
diodes, and optoelectronic devices.

o Option A (Silicon): Incorrect. Silicon is an indirect band gap semiconductor. Electrons
require a change in momentum (with phonon interaction) to transition, making it inefficient for
emitting light.

o Option B (Germanium): Incorrect. Germanium also has an indirect band gap, although
smaller than silicon.

e Option D (Carbon): Incorrect. In its most common forms (like diamond) , carbon is an
insulator with a wide indirect band gap.

129. Which of the following statements about the Kronig-Penney model are correct?
1. It assumes a periodic potential.
2. It explains formation of allowed and forbidden bands.



3. It uses a delta-function potential.
4. It only applies to metals.

a) 1, 2, and 3 only
b) 1 and 2 only
c) All 4 statements
d) 2 and 4 only

Answer: a) 1, 2, and 3 only
Explanation:

The Kronig-Penney model is a simplified quantum mechanical model used to explain the behavior
of electrons in a periodic potential, which is characteristic of crystalline solids. This model plays a
fundamental role in the development of band theory in solid-state physics.

Statement 1: It assumes a periodic potential - Correct.

The Kronig-Penney model is based on the assumption that the potential energy experienced by
electrons in a solid is periodic, due to the regular arrangement of positively charged atomic nuclei.
This is the foundation of the model and is essential for applying Bloch’s theorem.

Statement 2: It explains formation of allowed and forbidden bands - Correct.

By solving the Schrodinger equation with this periodic potential, the model shows that electrons can
occupy certain energy bands (allowed bands), while certain energy ranges are forbidden (band
gaps). This directly explains how the electronic structure of materials gives rise to conductors,
semiconductors, and insulators.

Statement 3: It uses a delta-function potential - Correct.

In its simplest form, the Kronig-Penney model often uses a Dirac delta-function potential or a
rectangular potential well for mathematical simplicity. The delta-function allows for easier analytic
solutions while still capturing the essential physics of band formation.

Statement 4: It only applies to metals — Incorrect.

This is not true. The model is not limited to metals; rather, it is applicable to all crystalline solids
that have a periodic potential, including semiconductors and insulators. The difference between
these materials lies in the size and position of the band gaps, not in the applicability of the model.

130. For a non-linear molecule, how many vibrational modes are present?
a) 3N-5

b) 2N-5

c) 3N-6

d) N—-1

Answer: c) 3N—6
Explanation:

e A molecule with N atoms has a total of 3N degrees of freedom (each atom can move in x, y,
and z directions).

o For non-linear molecules:
o 3 translational degrees of freedom (movement along x, y, z).
o 3 rotational degrees of freedom (rotation around x, y, z axes).
o Therefore, the number of vibrational modes is:
3N - 3 (translation) — 3 (rotation) = 3N — 6

So, non-linear molecules have 3N — 6 vibrational modes.






