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Paper - II  
Physical Sciences 

Note: This paper contains FIFTY (50) multiple-choice questions. Each Question carries ONE (1) mark. 

01) The solution for differential equation for y(t):  
ௗమ௬

ௗ௧మ
െ 𝑦 ൌ 2cosh ሺ𝑡ሻ, subject to the initial conditions 𝑦ሺ0ሻ ൌ 0,

ௗ௬

ௗ௧
ൌ

0 𝑎𝑡 𝑡 ൌ 0, is   
A) 𝑡𝑠𝑖𝑛ℎሺ𝑡ሻ 
B) െ𝑠𝑖𝑛ℎሺ𝑡ሻ ൅ 𝑡𝑐𝑜𝑠ℎሺ𝑡ሻ 
C) 𝑐𝑜𝑠ℎሺ𝑡ሻ ൅ 𝑡𝑠𝑖𝑛ℎሺ𝑡ሻ 
D) 𝑡𝑐𝑜𝑠ℎሺ𝑡ሻ 

02) The function 𝑓ሺ𝑥ሻ ൌ 𝑥ଶ െ 𝜋 ൏ 𝑥 ൏ 𝜋, has a Fourier series representation 

𝑥ଶ ൌ
𝜋ଶ

3
൅ 4෍

ሺെ1ሻ௡

𝑛ଶ
𝑐𝑜𝑠𝑛𝑥

ஶ

௡ୀଵ

 

Using this, the value of ∑
ଵ

௡మ
ஶ
௡ୀଵ  is,  

A) 2𝜋ଶ 
B) 𝜋ଶ 

C) 
గ

ଷ

ଶ
 

D) 
గ

଺

ଶ
 

03) Four forces are given below in cartesian and spherical polar coordinates, here K is constant.  

�⃗�ଵ ൌ 𝐾𝑒𝑥𝑝 ቀ
ି௥మ

ோమ
ቁ �̂� ,  �⃗�ଶ ൌ 𝐾ሺ𝑥ଷ𝑦ො െ 𝑦ଷ�̂�ሻ,   �⃗�ଷ ൌ 𝐾ሺ𝑥ଷ𝑥ො െ 𝑦ଷ𝑦ොሻ,   �⃗�ସ ൌ 𝐾 ቀ

ఝ

௥
෠ቁ 

Choose correct option. 
A) �⃗�ଷ and �⃗�ସ are conservative but �⃗�ଵ and �⃗�ଶ are not. 
B) �⃗�ଵ and �⃗�ଶ are conservative but �⃗�ଷ and �⃗�ସ are not. 
C) �⃗�ଶ and �⃗�ଷ are conservative but �⃗�ଵ and �⃗�ସ are not. 
D) �⃗�ଵ and �⃗�ଷ are conservative but �⃗�ଶ and �⃗�ସ are not. 

04) The maximum value of the solution y(t) of the differential equation for 𝑦ሺ𝑡ሻ ൅ 𝑦ሷሺ𝑡ሻ ൌ 0, subject to the initial condition 
𝑦ሶሺ0ሻ ൌ 1 𝑎𝑛𝑑 𝑦ሺ0ሻ ൌ 1 𝑓𝑜𝑟 𝑡 ൒ 0, is 
A)  
B) √2 
C) 2 
D) 2 

05) A vector function 𝐴 ൌ 4𝑦𝑥ො ൅ 2𝑥𝑦ො then ∮𝐴.𝑑𝑙ሬሬሬ⃗  over a circular path of radius R, centred at origin in the xy-plane is 
A) 𝜋𝑅ଶ 
B) 2𝜋𝑅ଶ 
C) െ𝜋𝑅ଶ 
D) െ2𝜋𝑅ଶ 

06) If 𝐴 𝑎𝑛𝑑 𝐵ሬ⃗  are constant vectors and 𝑟 is a position vector of a point P(x,y,z), then ∇ሬሬ⃗ ቀ𝐴൫𝐵ሬ⃗ ൈ 𝑟൯ቁ is 

A) Zero 
B) 𝐴.𝐵ሬ⃗  
C) 𝐴 ൈ 𝐵ሬ⃗  
D) 𝑟 

07) A particle is in ground state of an infinite square well potential given by  

𝑉ሺ𝑥ሻ ൌ ቄ0          𝑓𝑜𝑟       െ 𝑎 ൑ 𝑥 ൑ 𝑎
∞                           𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

The probability of finding a particle between െ
௔

ସ
 and 

௔

ସ
 is? 

A) 
ଵ

ଶ
൅ √ଶ

గ
 

B) 
ଵ

ସ
൅

ଵ

√ଶగ
 

C) 
ଵ

ସ
െ

ଵ

√ଶగ
 

D) 
ଵ

ଶ
െ √ଶ

గ
 

 
08) A particle of mass m, confined in two-dimensional harmonic oscillator. If non-normalized wave function is given by 

𝜓ሺ𝑥,𝑦ሻ ൌ 𝑦𝑒𝑥𝑝 ቂെ
௠ఠ

ଶħ
ሺ2𝑥ଶ ൅ 𝑦ଶሻቃ, what will be the corresponding energy eigen value? 

A) 𝐸 ൌ ħω 

B) 𝐸 ൌ
ଷ

ଶ
ħω 

C) 𝐸 ൌ
ହ

ଶ
ħω 

D) 𝐸 ൌ
଻

ଶ
ħω 

09) In a basis, in which the z-component SZ of spin is diagonal, an electron is in a spin-state 
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𝜓 ൌ ൬ሺ1 ൅ 𝑖ሻ √6⁄
𝑎

൰ 

Where, a is constant. The probabilities that the measurement of SZ, will yield the values 
ħ

ଶ
 and െ

ħ

ଶ
 are, respectively, 

A) 1/2 and 1/2  
B) 1/4 and 3/4  
C) 2/3 and 1/3 
D) 1/3 and 2/3 

10) A hydrogen atom is found in a state having wave function  

𝜓ሺ𝑟, 𝑡ሻ ൌ
1

√14
𝑒𝑥𝑝 ൬

𝑖𝐸ଵ𝑡
ħ
൰𝜓ଵሺ𝑟ሻ ൅ ඨ

2
7
𝑒𝑥𝑝 ൬

𝑖𝐸ଶ𝑡
ħ
൰𝜓ଶሺ𝑟ሻ ൅

3

√14
𝑒𝑥𝑝 ൬

𝑖𝐸ଷ𝑡
ħ
൰𝜓ଷሺ𝑟ሻ 

Where E1, E2, E3 and Ψ1(r), Ψ2(r), Ψ3(r) are ground state, first excited state and third excited state, respectively. If E0 is 
the ionization energy of hydrogen atom then average energy is given by, 

A) െ
ହସ

଻
𝐸଴ 

B) െ
ଷ

ଵସ
𝐸଴ 

C) െ
ଵ

଻
𝐸଴ 

D) െ
ଵ

ଵସ
𝐸଴ 

 
11) A particle of mass m in a cubic box of size a. The potential inside the box (0 ൑ 𝑥 ൑ 𝑎, 0 ൑ 𝑦 ൑ 𝑎, 0 ൑ 𝑧 ൑ 𝑎)is zero 

and outside is infinite. If the particle is in an eigenstate of energy 
଻గమħమ

௠௔మ
, its wave function is. 

A) 𝜓 ൌ ቀ
ଶ

௔
ቁ
ଷ
ଶൗ
𝑠𝑖𝑛

గ௫

௔
𝑠𝑖𝑛

గ௬

௔
𝑠𝑖𝑛

ଶగ௭

௔
 

B) 𝜓 ൌ ቀ
ଶ

௔
ቁ
ଵ
ଶൗ
𝑠𝑖𝑛

గ௫

௔
𝑠𝑖𝑛

గ௬

௔
𝑠𝑖𝑛

ଶగ௭

௔
 

C) 𝜓 ൌ ቀ
ଶ

௔
ቁ
ଵ
ଶൗ
𝑠𝑖𝑛

గ௫

௔
𝑠𝑖𝑛

ଶగ௬

௔
𝑠𝑖𝑛

ଷగ௭

௔
 

D) 𝜓 ൌ ቀ
ଶ

௔
ቁ
ଷ
ଶൗ
𝑠𝑖𝑛

గ௫

௔
𝑠𝑖𝑛

ଶగ௬

௔
𝑠𝑖𝑛

ଷగ௭

௔
 

12) Consider a potential 𝑉ሺ𝑥ሻ ൌ െ
ħమ௔మ

௠
𝑠𝑒𝑐ℎଶሺ𝑎𝑥ሻ, if the ground state wave function is 𝜓ሺ𝑥ሻ ൌ 𝐴𝑠𝑒𝑐ℎሺ𝑎𝑥ሻ, then 

corresponding energy is given by, 

A) െ
ħమ௔మ

ଶ௠
 

B) െ
ħమ௔మ

௠
 

C) െ
ଶħమ௔మ

௠
 

D) െ
ଷħమ௔మ

ଶ௠
  

13) Which of the following CANNOT be explained by considering a harmonic approximation of lattice vibrations in 
solids? 
A) Debye’s T3 law 
B) Thermal expansion  
C) Optical branches in lattices 
D) Dulong Petit Law  

14) The cubic lattice with lattice parameter 𝑎௖, undergoes transition into a tetragonal structure with lattice parameters 𝑎௧ ൌ
𝑏௧ ൌ √2𝑎௖ and 𝑐௧ ൌ 2𝑎௖, below a certain temperature. The ratio of interplanar spacing of (1 0 1) planes for the cubic 
and tetragonal structure is 

A) ට
ଵ

଺
 

B) 
ଵ

଺
 

C) ට
ଷ

଼
 

D)   
ଷ

଼
 

15) From the X-ray diffraction study, the lattice constant of a certain material is found to be 0.36nm. If the specific gravity 
of the material is 8.96 and its atomic weight is 63.5. Then the crystal structure of the material can say to be 
A) FCC 
B) SC 
C) BCC 
D) HCP 
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16) The dispersion relation for a one-dimensional monoatomic crystal with lattice spacing 𝑎 is given as 𝜔 ൌ 𝐴 ቚ𝑠𝑖𝑛
௞௔

ଶ
ቚ, at 

the boundary of the first Brillouin Zone, the derivative of the angular frequency with respect to wave vector is 

A) ට
௔஺మ

ଶ
 

B) √𝑎𝐴ଶ 
C) 0 
D) 1 

17) Consider a one-dimensional lattice with weak periodic potential 𝑈ሺ𝑥ሻ ൌ 𝑈଴𝑐𝑜𝑠
ଶగ௫

௔
 . Find the gap at the edge of the BZ 

(k=/a).   

A) 
௎బ
ଶ

 

B) 𝑈଴ 

C) 
௎బ
ସ

 

D) 2𝑈଴ 
18) Consider a 3-D cubic lattice, the ratio of kinetic energy of a free electron at the corner of the first Brillouin Zone (EC) 

to that of at the face centre of anyone face (EF) is, 
A) 1/3 
B) 2 
C) 3 
D) 2/3 

19) An electric charge distribution produces an electric field 𝐸ሬ⃗ ൌ ሺ1 െ 𝑒ିఈ௥ሻ
௥⃗

௥య
, where 𝛼is constant. The net charge within 

a sphere of radius 𝛼ିଵcentres at origin is 
A) 4𝜋𝜀଴ሺ1 െ 𝑒ିଵሻ 
B) 4𝜋𝜀଴ሺ1 ൅ 𝑒ିଵሻ 
C) െ4𝜋𝜀଴

ଵ

ఈ௘
 

D) 4𝜋𝜀଴
ଵ

ఈ௘
 

20) A point charge q of mass m is released from the rest at distance d from the infinite grounded conducting plate. How 
long does it take for the charge to hit the plate (ignore gravity)? 

A) 
ඥଶగయఌబ௠ௗ

௤
 

B) 
ඥగయఌబ௠ௗయ

௤
 

C) 
ඥగయఌబ௠ௗ

௤
 

D) 
ඥଶగయఌబ௠ௗయ

௤
 

21) Two uniformly charges insulating solid spheres A and B both of radius R, carries total charge +Q and -Q respectively. 
The spheres are placed side by side such that their boundaries are touching each other as shown in figure. If the 
potential at the centre of sphere A is VA and at the centre of sphere B is VB, then the potential difference VA-VB is?  

 
 
 

 

 

A) 
ொ

ଶగఌబோ
 

B) 
ொ

ସగఌబோ
 

C) 
ொ

଼గఌబோ
 

D) 0 
22) Consider a thin long wire carrying current I. It is now wound once around an insulating thin disc of radius R to bring 

wire back to same side as shown in figure. The magnetic field at the centre of the disc is equal to: 
 
 
 
 
 

A) 
ఓబூ

ଶோ
 

+
A B 

+

+
+

+

-

-
-

-

-
+ -

I 

R 

I 
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B) 
ఓబூ

ସோ
ቂ3 ൅

ଶ

గ
ቃ 

C) 
ఓబூ

ଶோ
ቂ1 ൅

ଶ

గ
ቃ 

D) 
ఓబூ

ଶோ
ቂ3 ൅

ଵ

గ
ቃ 

23) If the electrostatic potential in spherical coordinates is 𝜑ሺ𝑟ሻ ൌ 𝜑଴𝑒
ି௥ ௥బൗ , where 𝜑଴ and 𝑟଴ are constants, then the 

charge density at 𝑟 ൌ 𝑟଴ is: 
A) 

ఌబఝబ
௘௥బ

మ  

B) 
௘ఌబఝబ
ଶ௥బ

మ  

C) െ
ఌబఝబ
௘௥బ

మ  

D) 0 
24) Consider the superposition of two coherent EM waves whose electric field vectors are given as 𝐸ሬ⃗ଵ ൌ 𝚤̂𝐸଴𝑐𝑜𝑠𝜔𝑡 and 

𝐸ሬ⃗ ଶ ൌ 𝚥̂𝐸଴cos ሺ𝜔𝑡 ൅ 𝜑ሻ, where 𝜑 is phase difference. The intensity of resulting wave is given by 
ఌబ
ଶ
〈𝐸ଶ〉, where 〈𝐸ଶ〉 is 

the time-average of 𝐸ଶ. The total intensity is: 
A) 0 
B) 𝜀଴𝐸଴

ଶ 
C) 𝜀଴𝐸଴

ଶ𝑠𝑖𝑛ଶ൫𝜑 2ൗ ൯ 

D) 𝜀଴𝐸଴
ଶ𝑐𝑜𝑠ଶ൫𝜑 2ൗ ൯ 

25) A plane EM wave has the magnetic field given by, 𝐵ሬ⃗ ሺ𝑥, ,𝑦, 𝑧, 𝑡ሻ ൌ 𝐵଴𝑠𝑖𝑛 ቂሺ𝑥 ൅ 𝑦ሻ
௞

√ଶ
൅ 𝜔𝑡ቃ 𝑘෠, where 𝑘 is the wave 

number and  𝚤̂, 𝚥̂, 𝑘෠ are the Cartesian unit vectors in x, y and z direction respectively. The electric field 𝐸ሬ⃗ ሺ𝑥, ,𝑦, 𝑧, 𝑡ሻ 
corresponding to the above wave is given by: 

A) 𝑐𝐵଴𝑠𝑖𝑛 ቂሺ𝑥 ൅ 𝑦ሻ
௞

√ଶ
൅ 𝜔𝑡ቃ

ప̂ିఫ̂

√ଶ
 

B) 𝑐𝐵଴𝑠𝑖𝑛 ቂሺ𝑥 ൅ 𝑦ሻ
௞

√ଶ
൅ 𝜔𝑡ቃ

ప̂ାఫ̂

√ଶ
 

C) 𝐵଴𝑠𝑖𝑛 ቂሺ𝑥 ൅ 𝑦ሻ
௞

√ଶ
൅ 𝜔𝑡ቃ �̂� 

D) 𝐵଴𝑠𝑖𝑛 ቂሺ𝑥 ൅ 𝑦ሻ
௞

√ଶ
൅ 𝜔𝑡ቃ 𝚥̂ 

 
26) What is the wavelength of the radiation emitted when the electron in H atom jumps from n=∞ to n=2 ? 

A) 356 Å 
B) 356 nm 
C) 565 Å 
D) 565 nm 

27) Which element has the highest electronegativity?   
A) F 
B) Ne 
C) Ni 
D) Fe 

28) The direction of the magnetic moment vector for an atomic orbit is: 
A) Normal to the plane of the orbit and parallel to l 
B) Normal to the plane of the orbit and anti-parallel to l 
C) Tangent to the orbit 
D) In the direction of the motion of the orbiting electron 

29) An electron collides with a hydrogen atom in its ground state and excites it to a state of n=3. How much energy was 
given to the hydrogen atom? 
A) 13.6 eV 
B) 16.8 eV 
C) 12.1 eV 
D) 1.51 eV  

30) When an electric dipole is placed in a uniform electric field, at what angle will the torque be maximum? 
A) 0 degree 
B) 45 degree 
C) 90 degree 
D) 180 degree 

31) A rigid body is an example of the following constraint: 
A) Holonomic 
B) Nonholonomic 
C) None of these 
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D) Both holonomic as well as nonholonomic 
32) Moment of force is defined as: 

A) 𝑟 ൈ 𝑃 
B) 𝑟 ൈ 𝐹 
C) 𝑟 ∙ 𝑃 
D) 𝑟 ∙ 𝐹 

33) D’Alembert’s principle helps in: 
A) Adding unknown forces 
B) Changing the constraint from one another 
C) Removing forces of constraint 
D) None of these 

34) Kepler’s second law of planetary motion states that: 
A) The orbits of planets are circular 
B) The force is given by inverse square law 
C) The orbits of planets are elliptical 
D) The radius vector sweeps out equal area in equal time 

35) A reduced mass is defined as: 

A) 𝜇 ൌ
௠ଵ௠ଶ

௠ଵା௠ଶ
 

B) 𝜇 ൌ
௠ଵ௠ଶ

௠ଵି௠ଶ
 

C) 𝜇 ൌ
௠ଵା௠ଶ

௠ଵ௠ଶ
 

D) 𝜇 ൌ
௠ଵି௠ଶ

௠ଵ௠ଶ
 

36) The Gibbs function of a thermodynamic system is given by: 
A) G= U-TS-PV 
B) G= U+TS+PV 
C) G= U+TS-PV 
D) G= U-TS+PV 

37) Which one of the following is NOT a thermodynamic potential: 
A) Internal Energy 
B) Enthalpy 
C) Entropy 
D) Helmholtz Function 

 
38) In a micro canonical ensemble, a system A of fixed volume is in contact with a large reservoir B, Then: 

A) A can exchange only energy with B 
B) A can exchange only particles with B 
C) A can exchange neither energy nor particles with B 
D) A can exchange both energy and particles with B 

 
39) According to Debye’s theory of specific heat at low temperature specific heat is proportional to: 

A) T 
B) T2 
C) T3 
D) T4 

 
40) Which of the following relations between free energy F and the microcanonical partition function Z is correct: 

A) F = -N 
ௗ

ௗ்
ሺlog Zሻ 

B) F = NkT log Z 
C) F = NkT2 log Z 

D) F = Nk 
ௗ

ௗ௏
ሺlog Zሻ 

 
41) In case of Bose-Einstein condensation: 

A) Number of particles increases in lower energy levels at low temperatures and high pressures 
B) Number of particles decreases in lower energy levels at low temperatures and high pressures 
C) Number of particles increases in lower energy levels at high temperatures and low pressures 
D) Number of particles decreases in lower energy levels at high temperatures and low pressures 

 
42) For an active operation of a transistor, base emitter junction and collector-base junction should biased in which of the 

following pairs: 
A) FORWARD; REVERSE 
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B) REVERSE; FORWARD 
C) REVERSE; REVERSE 
D) FORWARD; FORWARD  

 
43) For an ideal operational amplifier (OP-AMP), which of the following is NOT true:  

A) Infinite voltage gain 
B) Infinite input resistance 
C) Zero output resistance 
D) Zero bandwidth 

 
44) An 8-bit D/A converter has an output of voltage range of 0 to 2.55 V. The resolution of the system will be: 

A) 0.1 V  
B) 0.01V  
C) 0.001 V  
D) 0.025V 

 
45) A high pass filter allows:  

A) low frequency to pass 
B) high frequency to pass 
C) mid band frequency to pass 
D) upper and lower frequency to pass 

 
46) At elevated temperatures, the extrinsic semiconductor behaves like:  

A) Extrinsic Semiconductor 
B) Intrinsic Semiconductor 
C) An Insulator 
D) Conductor 

 
47) Two resistances 100 Ω ± 10 Ω and 250 Ω ± 15 Ω are connected in series. If the deviations are standard deviations, the 

resultant resistance can be expressed as: 
A) 350 Ω ± 250 Ω 
B) 350 Ω ± 5 Ω 
C) 350 Ω ± 16.4 Ω 
D) 350 Ω ± 18.7 Ω  

 
48) The mass density of a nucleus in kg.m-3 is of the order of: 

A) 10-13  
B) 1017 
C) 10-17  
D) 1013  

 
49) If an electron is assumed to exist in a nucleus, then its energy on the basis of uncertainity principle will be: 

A) 20 keV  
B) 20 eV 
C) 200 eV  
D) 20 MeV  

 
50) According to Fermi gas model of the nucleus, which of the following statement is TRUE for an actual nucleus (N > Z): 

A) Neutron depth being slightly greater than the proton depth 
B) Neutron depth being slightly smaller than the proton depth 
C) Neutron Fermi energy being slightly greater than the proton Fermi energy 
D) Neutron Fermi energy being slightly smaller than the proton Fermi energy  

 
********************************* 
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Rough Work: 


