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Answer all the questions in OMR sheet. 

Choose the correct answer.

3. The angle between the body diagonals of a unit cube is

(A) 45°
Each question carries 1^ marks.

(B) 90°
1. Two vectors A and B satisfy the relation A + B = A-B . Neither of them 

is a null vector. The angle between them is —

(A) 0°

(B) 90?

(C) 135°

(D) 180°

2^i-i — 48.7°(C) cos
3J

1>-l - ~ 70.53°(D) cos
3 J

4. C is a closed curve enclosing an area S in the x-y plane. A is a vector given 

by A- -iy + jx* The line integral A. dr will have a value —2. If the linear momentum of a particle moving in a force field at time t is 

p = 2ti + {t2 +1 Jy + 4t2k, the force acting on the particle at t = 0 is —

(A) zero

OS) j

(C) 2 i

(D) 2i+2j+4k

(A) 2S

(B) 5

(C) 3 S

(D) zero

Turn Over

( 3 )1/130 - 700 ( 4 )1/130 - 700

UGB_UG_Question_Physics_Honours_Part-I_Examination_2018



7. The diameter of the orbit of the planet Neptune round the sun is 30 times 
that of the earth’s orbit, both orbits being assumed to be circular. The time 

period of revolution of Neptune round the sun is —

(A) 164.3 earth years (approx.)

(B) 52 earth years (approx.)

(C) 90 earth years (approx.)

(D) 150 earth years (approx.)

5. A solid sphere of radius rolls down an inclined plane from rest. If the 
vertical height of the incline be 4/z’, the velocity of the sphere at the bottom of 

the incline will be —

(A) figh
1

>(B)

X 8. The excess pressure inside a soap bubble of radius 8.0 mm balances 2.0 mm 
column of oil of specific gravity 0.8. The surface tension of soap solution is —

flO(C) I -Jghj

(A) 12.54xl0~2 Nm-1
X\gh

(D) -i(B) 62.72 xl0“3 Nm

6. Three particles of masses 4 gm, 3 gm and 2 gm are at the points (2,0, 1), 
(1 1, 3) and (3,-1, 0) respectively. The co-ordinates of their centre of mass

(c.m.) are —

(C) 12.54xl0-3 Nm-1

(D) 31.36xl0-3 Nm -1

(l 5 17 
(A) I 9’9’ 9

9. A flat plate of area 2x10 3 m2 is separated by a layer of glycerine 2.0 mm 

thick from a large stationary plate. If the coefficient of viscosity of glycerine 
be 2.0 decapoise, the force required to pull the first plate with a uniform

velocity of 1.5x10“2 ms-1 on the oil surface is —17 1_ 5 
9 ’9’9(B)

(A) 0.3 N 

■(B) 3.0 N

(C) 0.03 N

(D) 30.0 N

I 111
9*9*9(C)

5 1 17 
(D) [9’9’ 9
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10. A cube of a metal of side 10.0 cm is subjected to a shearing stress of 

104 Nm 2 ■ The top surface of the cube is displaced by 0.01 cm with respect 

to the bottom. The modulus of rigidity of the metal is —

(A) 107 Nnf2

(B) 106 Atm"2

(C) 105jV/7T2

(D) 104 Nm'2

Turn Over
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2. (a) Find (jA-dl 

the xy-plane, where A = ay x + bx y (a and b being constants).

(b) A periodic function / (x) is given by

P-I (1+1+1) H /18 (N) circular path of radius R, centred at the origin inover a

2018
3

PHYSICS (Honours)
Paper Code : I-B 

[New Syllabus] 0, for - 7i < x < 0 

x, for 0 < x < n

It is also given that f(x + 2tc) = f (x). Expand / (*) in a Fourier

/(*)=<

Time : Three Hours Thirty Minutes 

The figures in the margin indicate full marks.

Answer five questions taking at least one from each group.

Group - A

[Mathematical Methods]

1. (a) The scalar triple product of three vectors is a pseudoscalar. Justify. 2

Full Marks : 55

7C2
- series. Hence, show that 1 + — + — + . =

32 52
4+1

8

(c) Two cards are selected at random from 10 cards, numbered 1 to 10. 
If the two cards are drawn together, find the probability that the sum is odd.

3. (a) The following recurrence relation for a Legendre polynomial Pn (*) is

3

true :

nPn (x) = (in -1) xPn_x (x) - (n -1) Pn_2 (*) • Using the above relation, prove that 

P'n-xP^=nP„_x.

(b) Prove that the eigenvalues of a Hermitian matrix are real.

dAdA^4

(b) If A has a constant magnitude and ^ 0, show that A and —
dtdt i

i
4are mutually perpendicular. 2

3(c) A vector r satisfies the equations :

rxb =cxd 311(1 r -a = 0, but a-b* 0.

!
-1(c) If A is a non-singular matrix, show that the eigenvalues of A 'are 

reciprocals of those of A and every eigenvector of A is also an eigenvector of A 1.(£xc)xa 
Prove that r = ------------ 43

d‘b

(d) Evaluate the integral over the triangle

bounded by the lines y = 0, x= 1 and y = x and hence verify Green’s theorem in 
the plane. 4
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6. (a) The total force on a system of particles is zero while the net torque is 
non-zero. Show that the net torque has the same value in any co-ordinate system.

Group - B 

[Mechanics]

4. (a) For a planar motion of a particle in the xy-plane, x = rcos0 and 

y = r sin 0, where the terms bear usual significance. Prove that 

xx + yy

4

(b) For a general vector Q, show that
/ -* \
dG dG + WxG terms being usual.and r0 = ^ 4 dt dt rotation 5r = /fixed v /rotation

Hence, obtain expressions for centrifugal and corioiis accelerations.
rr

moving with a velocity 5/ +7/ ms 1 relative to an

inertial frame S. A particle is moving with a velocity (t + 5)/ + 9 j ms 1 with respect 

to S. Find the magnitude and direction of the acceleration of the particle in the 

frames'.

5+2(b) A frame S’ is

Group - C

[General Properties of Matter]3

7. (a) Define torsional rigidity of a cylinder. Deduce an expression for the 
torsional rigidity of a hollow cylinder of length T and internal and external radii 
Rj and R, respectively. The modules of rigidity of the material is V.

(b) A sessile drop of thickness // rests on a horizontal surface. Show that

PgH2

(c) Define a central force.

The path of a particle of mass Lm\ moving under the influence of a
central force, in plane polar co-ordinates, is given by r = r0 e*0, where r0 and k 

positive constants of appropriate dimensions. The angular momentum of the- 
particle is L and its total energy (E) is zero. Prove that the potential energy V{r)

{k2 +l) J}
of the particle is given by V(r) = - ———|— ■

2 mr

1+5
i

:are
the surface tension of the liquid is given by S =

j
of contact and other terms are usual.

8. (a) Derive an expression for the excess pressure acting inside a curved liquid

, where 4 0 ’ is the angle
2(l-cos0)

5
1+3

4membrane.
5. (a) Define radius of gyration of a rotating body about the axis of rotation.

(b) If the rate of change of surface energy £ of a liquid with temperature

is proportional to the absolute temperature T, show that

and S is a quadratic function of temperature, where S' is the surface tension of the 

liquid

Using spherical polar co-ordinates, find the moment of inertia of a solid
(dE + dS\ 
[dT dTJ

1+4sphere about a diameter. is a constant

(b) A uniform chain of length ‘a’ rests on a frictionless table so that a length 
‘6’ dangles over the table. Prove that the time taken by the chain to slide off the

a + yja2 -62

4

6table is t b
Turn Over

( 11 )1/130 - 700( 10 )1/130 - 700
a‘ xsaiatv

UGB_UG_Question_Physics_Honours_Part-I_Examination_2018



(c) Water flows steadily through a composite system consisting of 
two narrow tubes ‘A9 and ‘B9 joint end to end. ‘A9 has a length 25 cm and radius 
0.03 cm, while iB> tube has a length 10 cm and radius 0.04 cm. If the total pressure 
difference between the extreme ends be 16 cm of water, calculate the pressure 
difference between ends of tube ‘A\ 3

%
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3. Given : Boltzmann’s constant k = 1.38xl0"23 JK~X• The number of molecules 

per m3 of a gas at a temperature of 27°C and pressure 105 N/m2 is —
Answer all the questions in OMR sheet. 

Choose the correct answer.

(A) 2.42 xlO18Each question carries marks.

(B) 2.42xlO24
Q ^

1. For an ideal gas, y =— has a value 1.40. The number of degrees of
V ck y

freedom of each molecule of the gas is —

(A) Three

(B) Four - ‘

(C) Five ■

(D) Six

(C) 2.42xlO23

(D) None of the above

4. Two closed pipes of lengths 1.1m and 1.175m are sounded together at the 
fundamental modes. If the speed of sound in air is 340 ms-1, the number of 
beats produced per second is nearly —

(A) 8

(B) 7
2. The temperature at which oxygen molecules will have the same r.m.s. speed 

as that of hydrogen molecules at -100°C is — (C) 6

(D) 5(A) 2495 °C

(B) 2768 °C

(C) - 6.25°C

(D) - 100°C

5. A tension of 245 N is applied to a uniform rope having mass 0.05 kg.m~l. Its 
length is 30m. A transverse pulse is created at tire free end. The time it will 
take to reach the other end is nearly —

(A) 0.43 second

(B) 0.85 second

(C) 0.61 second

(D) 1.28 second

:
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9. The electric potential at a point is given by <j> = x2y+ 2z. The magnitude of 

the electric field intensity at the point (2, 1, 2) is —

(A) 4 units

(B) 6 units

(C) 8 units

(D) 10 units

6. The electric field in a certain region of space is given by E-by j, where b
is a constant and E and y have been expressed in SI units. A cube of side 
Vm is placed in the field with one comer at the origin. Then the charge (q) 
inside the cube is —

(A) e0 ab3 coulomb

(B) e0 a2b2 coulomb

(C) e0 b4 coulomb

(D) e0 ba3 coulomb
10. A long thin wire carries a current of 15 amp. Taking

the magnitude of the magnetic field at a distance of 1.0 cm would be —

(A) 3 x 10-4 tesla

(B) 3 x 10~6 tesla

(C) 6 x 10~ 4 tesla

(D) 3 x 10-7 tesla

Ho =4tcx1 0~7 Hm~\

7. Why is a resistance coil (as used in a resistance box) doubled on itself before
winding?

(A) To eliminate any. error due to non-uniformity in diameter

(B) To make it non-inductive

(C) To make Joule heating a minimum

(D) To make it an equivalent capacitor

108. In the region r> 1, the dielectric displacement D = —Jr in spherical 

co-ordinates. The corresponding volume density (p) of free charge is —

(A) p < 10 coulomb/m3

(B) p> 10 coulomb/m3

(C) p = 0

(D) p < 0 coulomb/m3

Turn Over
( 5 ) ( 6 )1/131 - 7001/131 - 700

!
'

UGB_UG_Question_Physics_Honours_Part-I_Examination_2018



P-I (1+1+1) H/18 (N)
3. (a) State and deduce Dulong- Petit’s law.

(b) Deduce expressions for the critical constants of a gas obeying van der 
Waals’ equation of state.

(c) Calculate the van der Waals’ constants for dry air, given Tc =132/:, 

Pc= 37.2 atm, R = 82.07 cm3 atm mole"1 JT1.

1+2 •2018

PHYSICS (Honours)
Paper Code : II-B 

[New Syllabus]

5

3
Full Marks : 55 Time : Three Hours Thirty Minutes 

The figures in the margin indicate full marks.

Answer/ive questions taking at least one from each group.

Group - B 

[Sound]

4. (a) Show that the function f(vt—x) represents a plane progressive 

propagating in the positive x-direction.
waveGroup - A 

[Heat]

1. (a) Derive an expression for the pressure of an ideal gas in terms of its 
density and mean squarred speed of its molecules. From the above expression obtain 
Dalton’s law of partial pressure.

(b) Define mean free path of gas molecules. Deduce the survival equation : 
Nx = Ne~xlx, where the terms are usual.

3

(b) Show that the fractional change in the natural frequency of a damped 

simple harmonic oscillator is
i1

, where Q is the quality factor. 38 Q2
4+2

(c) The second harmonic of the note emitted from a bar, free at both ends, 
coincides with the third harmonic of the note emitted from another bar, clamped at

end and free at the other. Find the ratio of the lengths of the two bars, assuming 
that both the bars execute longitudinal vibrations.

(d) What are the requirements of a good auditorium ? Define optimum 
reverberation time in a ‘live’ room.

1+2 one

(c) A shower of 1000 gas molecules, each originally moving with the same 
velocity, traverses a distance equal to the mean free path. Calculate the number of 
molecules which will remain undeflected.

2. (a) What is Brownian motion ? From Einstein’s theory of the translational 
Brownian motion, find an expression for the coefficient of diffusion for the inegular 
motion of the suspended particles.

(b) From the standpoint of kinetic theory of gases, deduce the relation :
_ 1

^ 3 Pc > terms being usual. Discuss the effect of temperature of the gas

2

2 2+1

5. (a) A string of length 7’ is stretched along x-axis. It is struck at a point 
at a distance ‘a’ from one end with a light hammer of width Ax. Deduce an
expression for the general displacement y(x,/) of the string by Fourier method.1+3

Why is the note emitted from a struck-string instrument more melodious 
than that emitted from a plucked-string instrument ?

(b) Define phase velocity and group velocity of a group of waves travelling 
in a dispersive medium and obtain a relation between those two velocities.

on ‘r)\ 5+1
5+2
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8. (a) Using Biot-Savart law, find an expression for the magnetic field at an 
axial point of a circular coil carrying a steady current.

Group - C 

[Electricity -1]
6. (a) State Gauss’s theorem in electrostatics and obtain its differential form.

4

(b) Deduce the equation of continuity: V• J = , terms being usual. 3
1+2

(c) State Ampere’s circuital theorem and obtain its differential form. 1+1

(d) A copper wire is carrying a current of 2.0 amp and has a cross-sectional 

area of 10-6 m2 • If the number of free electrons per m3 be 8><1028, calculate the

current density and the average drift velocity. Take e = 1.6xl0“19 coulomb.

(b) Show that the force experienced by an electric dipole of moment p 

kept in a non-uniform electric field E is given by F = (p-V^E.

(c) A long charged cylinder of radius ‘a’ has a volume charge density 
p = Y r , where y is a constant and r is the distance from the axis of the cylinder. 
Show that the electric field is given by

4

2

Yr2
E(r) = r for r < a, and

3e0 
_ ya3

3e0r
4

r forr<a

7. (a) A point charge 6q’ is placed at a distance ‘/’ from the centre of a

grounded conducting sphere of radius ‘a’ {ci < /). Calculate the magnitude and
location of the image charge. Find also the potential and field at an external point. 
Hence calculate the surface density of induced charge on the sphere. 3+2+3

(b) At the plane interface between two dielectrics with Kx= 3 and K2 = 2, 

electric field & =1200 Vm-l in the upper medium makes an angle 0j =45° with 

the normal to the interface (see figure). Find E2 and 02 . 3
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