Undergraduate Examination, 2023
Semester-1
CVAC: Tagore Studies (NEP)

(For Regular candidates)
Time: 3 Hours Full Marks: 60

wied elfeg et e I o
> @A AR 2o Taw s whe:
) TG TR A A2
<) IAEY AN BAT G FE FE 70H?
=) TAGALD (FF WG SITSITWT Ty &Y o135, 9977
¥) Fhr@AY A @ ]wiee ofS zmfaes?
;\@)ﬁmma aF MM EIRFIER e S e g w917
~ b) AT Moy Aenisafoer @ e adii e z0?
%) f@iteg 9t I_hEamed i W i e
W) NGRS AT AR AW 2
) “ifef e TN T afeie w7
Q) FAEIY TS A R ATHFR A2
3) s ‘Mokra ohmt @ FndfaeEm?
?) (1 oA S qAEIL WIBLE (I TR Flawm e
T) 3532 A AN o[ @@ @A B 27
) Rt @ *I@ 2w 9= Ol 2fie awdal =37
o) Prrea Fw afelrs =za?
©) Waid I femr 91w e
<) AL 18 TAwg SFefog T |2
) 7T T 2R SR I

21 @ fouifd ey wAee storea (a¢) *ww Biet e OxE=d¢
F) INGANRT ATERT ) FAGAT AT TSR TN %) FAGRIA0 eizwz “ida
GFG W) PO ¢ TMioedd o) *fefieed THoMT b) TRIEeRA AR wEy
O | - 96 ATHw Taw A

<) 4 FRee aftre v e w61 ARG THE e eeiie Feafee?
<)) A teer TG A el TR S ALCFCH @0

o) COTANTAR ~A10] ‘AT ey qo=169 I63 e o ¢t

¥) SRSArd 2foRe ¢aF WP SIReR 8 YA ASTOR QAR Wb I |
e) A o 7Rwees weTeE A &TE WIEHE G

3xd=2¢

xIE=90

P.T.O



()

Undergraduate Examination, 2023
Semester-1
CVAC: Tagore Studies (NEP)
(For Regular candidates)
Time: 3 Hours Full Marks: 60

Marks on the right-hand margin are indicative of the values of the questions.

1. Answer the following questions in complete sentences (any 15) 15x1=15
a. What is the name of Tagore’s mother?

b. With whom did Tagore make his first trip to the Himalayas?

c. Who, among Tagore’s relatives, became the first Indian 1.C.S.?

d. Name the first school in which Tagore was admitted.

e. One of Tagore’s elder sisters was a famous novelist of her time. Name her.
f. In which year was Tagore’s opera named Valmiki Pratibha published? @
g. What was the name of Tagore’s wife before her marriage?

h. What is the name of Tagore’s first child?

i. In which year was the Santiniketan Brahmacharyashram founded?

j.  In which year did Tagore receive the Nobel Prize?

k. Who wrote the ‘Introduction’ to Gitanjali: Song Offerings?

l. Inresponse to which incidence did Tagore renounce the Knighthood?

m. Where was the rural reconstruction centre established in 19227

n. In which foreign city was the first-ever exhibition of Tagore’s paintings held?
0. In which year was the Cheena Bhavana established?

p. Whom did Tagore name ‘Vijaya’?

q. What is the title of Tagore’s last birthday address?

r. Write the date of Tagore’s demise according to the Gregorian calendar.

2. Write short notes on any three (3) of the following topics with not more than 75 words
for each. 3Ix5=15

a) Tagore’s childhood,

b) Tagore’s first voyage to Europe, @
¢) The significance of the Shelaidaha phase of Tagore’s life,

d) Kala Bhavana and Sangit Bhavana,

e) Santiniketan Brahmacharyashram,

f) The importance of Buddhadeva in Tagore’s philosophy.

3. Answer any two of the following questions. . 2x15=30

a. Discuss how the experience of watching the sunrise from the Sudder Street house
impacted Tagore’s mind. ] e

b. Write briefly about Tagore’s project of the rural reconstruction centre in Srlnlket?n.

c. Write the main subject matter of ‘Asrama Education’ in your own words, a text included
in your syllabus, { : . .

d. Following the essay, “The Message of India’s History,” write a comparative analysis of
Indian and European civilisations.

Write about Tagore’s feelings for the earth as expressed in the text “The Earth.”
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Undergraduate Programme (NEP) Semester - I Examination, 2023
Paper Code: MDPHO1 (Physics)

Paper Name: Introduction to Astronomy and Astrophysics

Full Marks: 60

Time: 3 Hours

L.

o

Questions are of value as indicated in the margin.
Answer any five questions.

a) What is meant by astronomical parallax?

b) The parallax of our nearest star, Proxima Centauri, is
in parsec, light years, and astronomical units.

c) Estimate the mass of the Sun using the gener
@ = 1.5x 108 km, p = 365 days, and G = 6.6743 x 107"! m? kg~'s
have their usual meaning).

d) Explain the reason behind the total lunar eclipse.

e) Define luminosity (L) of a star. How is it related to the radiant flux

from a star at a distance?

0.785". Find its distance

al form of Kepler's third law (use
-2 where symbols

(F) received

242+43+2+3=12

a) Explain what happens to a low mass star once its fuel gets exhausted.
b) Mention the differences between red giants and white dwarfs.

¢) What are black holes? Define event horizon of a black hole.
d) What is the central point source at our galactic center? How do we know that it

is a black hole?
e) What are peculiar galaxies? How are they formed?

f) What are Kuiper belt objects?
34242+ (141)+(1+1)+1=12

a) The Jeans mass is an estimate of the minimum mass required for a gas cloud to
collapse due to gravity. Show that for a spherical cloud the Jean’s criteria is given

by 1 )
375\ 2 (kT \?
My > -
I (3271') (Gm) P
where symbols have their usual meaning.
b) (i) In astronomy, distances are often expressed in light-years. Define the unit

(ST

light year.
(ii) If the distance to a star is 3.3 light-years, what is the distance in meters?

¢) What are the two major ways in which nuclear fusion takes place inside a star?

Write down the nuclear reactions that take place in a carbon-nitrogen cycle.
d) What will happen when the Sun will reach its Red giant stage?

4+(142)+(1+2)+2=12



4.

a) Define persee and express it in meters. Given 1 AU= 1.5 x 108 km:

b) Explain how Cepheid variables can be used for measuring distances in astronomy.
c) What is Hubble's law? . .

d) Consider two stars A and B with apparent magnitudes +9 and -1 respectively.
Which star is brighter? By how much is it brighter?

e) Explain how the rotation curve of the Milky Way suggests that it contains dark

matter?

(141)+342+(1+1)+3=12

a) What are synodic month and siderial month? Explain why synodic month is
longer than the sidereal month?

b) Why do we have seasons on Earth? Why the length of a day changes in different
seasons?

c) What is the condition for a star to be circumpolar? Explain why no star can be
circumpolar at the Earth’s equator.

d) Venus’s synodic period is 1.599 years. What is its actual orbital period?

e) What are the two important adjustments made in the Gregorian calender?

343+ (14+1)+2+2=12

a) What are the advantages of using the reflecting type telescopes?

b) What important considerations are needed to choose a good observatory site?
¢) What is the grazing angle for X-ray reflection? Discuss the need for space tele-
scopes for X-ray observations.

d) What is meant by the resolving power of a telescope? What is Rayleigh’s crite-
rion regarding the same.

e) Calculate the resolving power of a 1m telescope at a wavelength of 5000 A.

2424 (141)+(2+2)+2=12

a) Explain zenith, nadir and meridian.
b) Explain how right ascension and declination are used to locate objects on the
celestial sphere. :

c) Mention four differences between Jovian planets and terrestrial planets.

d) Draw a schematic diagram showing the internal structure of the Sun.

e) An elliptical galaxy is numbered as £5. Find out the ratio between its semi-

: ; minor
and semi-major axes.

3+3+2+42+42=12



B. Sc. (Honours) Examination, 2023 (NEP)
Semester - 1
Physics (Honours)
Paper Code: MJPHO01
Paper Name: Mathematical Physics - I

Time: 3 Hours

Questions are of value as indicated in the margin. '
Answer question no. I and any five from the rest of the questions.

Full Marks: 80

1. Answer any four questions. 4x5=20

(a) Find a uniit vector perpendicular to the plane of the vectors A=3-27+ 4k
and B=1i® +j — 2k.

(b) Prove that ;l%(/f x B) = A x %g + % x B, where A and B are differentiable
function of u.

(c) Verify the result V x (V x A) =V (V. A=V Aif A = 3322 —yzj+ (z+22)k.

(d) Solve: zdy + (z* — y) dxr = 0.

: ; . . : : d? d
(e) Find the particular integral of the following differential equation: d—'g — 222‘1 —
z z

dy = —10 sinz.

(f) Prove the multiplication rule of probability, P(AN B) = P(A)P(B).

(g) Give the defination of the Dirac delta function and represent the same as lim-
iting form of the rectangle function.

2. (a) Show that V. (A x B) =B.(Vx A)—A.(V x B).
(b) if,«i‘:;ﬁndﬁ(fﬁ.ﬁ).

(c) if A= (22 — y + 4)i + (5y + 3z — 6)], evaluate j[ A.dr around a triangle with
vertices at (0,0, 0), (3,0,0), (3,2,0).
44+34-5=12
3. (a) Show that V?" = n(n + 1)r""2,
(b) Show that A . B remains invariant under rotation.

(c) Verify Stokes’ theorem for A = (2 — )i —y2?) — y2zk where S is the upper half
surface of the sphere 2? + y? + 22 = 1 above the zy-plane and C is the boundary.
3+3+6=12

dy
4. (a) Solve the initial value problem ﬁ +y =sinz, y(r) = 1.



(b) A particle, while falling from rest due to the force of gravity, is subjected to a
resisting force proportional to its velocity. Calculate its velocity at any instant and
also the maximum velocity it will attain if the height through which it falls is very
large.

dy
(¢) Find the particular integral of the differential equation EEE — 3£ + 2y = ze

using the method of variation of parameters.

4+4+4=12
. (a) Obtain a general solution of the following differential equations:
4y 20h + 2y = e"cos
d? ~ “dg YT T
d’y | .dy

(b) Find the particular integral of the differential equation 2-d— + 5d_ + 2y = 2?
using the method of undetermined co-efficients.

(c) Discuss the role of Wronskian concerning the solution of a second-order differ-

ential equation.
o+3+4=12

. (a) A series LR circuit has an emf of 5 volts, a resistance of 50 ohms, an inductance
of 1 henry, and no initial current. Find the current in the circuit at any time ¢.

(b) Find the unit vectors €,, €, €s of a spherical coordinate system in terms of
t,J,k. Also check that €, . €, =1,¢ép .6, =0and €, x é = €p-
(c) How does a curvilinear coordinate system differ from rectangular cartesian co-

ordinate system?
4+642=12

. (a) Obtain the expression for V.Ain orthogonal curvilinear coordinates.

(b) Paraboloidal coordinates u, v ¢ are defined in terms of Cartesian coordinates by
T =uvcosg, y =uvsing, z = E(u —v?), where u > 0, v > 0, 0 < ¢ < 27. Show
that the system of coordinate is an orthogonal and determine its scale factors.

(c) Given the coordinate transformation u; = zy, 2us = 22 + y?%, us = z. Find
z,Y,2
ui, Uz, U3
5+44-3=12
. (a) Discuss the elementary properties of probability.

(b) Derive an expression for the Poisson distribution function and calculate the
mean of this probability distribution.

1
(c) Show that d(kz) = m&(m), where k is any non-zero constant.
3+6+3=12



B.Sc (Honours) Examination, 2023

Semester-I
Physics (Honours)
Paper Code: MJPHO02T
Paper Name: Mechanics (Theory)

Time : Three Hours _ Full Marks : 60

Answer any six questions

1. (a) Define center of mass for a system of particles (consider both discrete and continuous cases).

(b) Show that the linear momentum, angular momentum and kinetic energy of a system of particles with respect
to an external origin (O) can be expressed by,

Pys(0) = Pou(0),

Esys(o) = ECM (O) + ESyS(CM)

and

Tiys (0) =Tem(0) + Toys(CM),

respectively; where the symbols have their usual meaning.

(c) Write the Newton’s law for a system of particles, and show that the linear momentum of the system will be
conserved if external force is zero. [2+6+42]=10

2. (a) Define central force.

(b) Show that the motion of a particle (reduced particle) under a central force is confined on a two dimensional
plane.

(c) Then considering plane polar coordinates (r and 6), find the equation of motion of a particle moving under
a central force and identify the centripetal force.

(d) With the help of equations of motion, show that the path of a particle moving under inverse square force
will be a conic section.

(e) Find the eccentricity of the conic section in terms of the particle’s energy.

(f) Then show that the conic section is an ellipse when the particle’s energy is negative (analytically and
graphically). [Hints: For analytical purpose, you need to show that the eccentricity is less than unity;
for graphical purpose, you need to show that there exists two turning points] [1+2_|_2+2+1+2]=10

3. (a) Define rotation between two inertial frames in 3-dimensional space.
(b) Express a general rotation (matrix) in terms of three Euler angles.
(c) Define an infinitesimal rotation between two inertial frames, and find the corres
use the matrix for finite rotation from the previous question).

(d) Show that two finite rotations are not commutative, while two

ponding matrix (you may

infinitesimal rotations are.
[1+4+2+3]=10

4. Consider two frames (S; and S2) moving with a uniform relative velocity.
(a) Write down the coordinate transformation (the Galilean transformation) between the two frames
(b) How does the Galilean transformation modify if S; moves with an uniform linear acceleration & w rt. 517
In this case, determine the transformation rules for velocity and acceleration of a particle, and hence. f.in'd tlhé
pseudo force. ‘
(c) Once again, find the transformation rules for coordinate and velocity of a particle

.y, (in terms of Euler angles
if 57 rotates with an uniform angular velocity (&) w.r.t. S; about a common origin. gles)

(1+3+6]=10



5. (a) Consider a damped harmonic oscillator with natural frequency wy:

(i) Write the equation of motion. .
(ii) Directly from the equation of motion, show that the damping term always causes the decrease of energy of

the particle (w.r.t. time). e
(b) Consider a damped driven harmonic oscillator with natural frequency wy and the frequency of the periodic
force is w:

(i) Write the equation of motion.

(ii) Solve the equation and find the position of the particle at some instant t.

(iii) Discuss the three cases: slow driving, fast driving and resonance.

(iv) Show, that at the resonance condition, the energy of the particle remains conserved (i.e. the amount of energy
loss due to damping gets exactly compensated by the driving force). [(2x1)+(4%x2)] =10

6. (a) Show that a two body problem can be reduced to an equivalent one body problem under the condition that
the interaction potential between the two particles depends only on their inter-separation distance.
(b) Define Laplace-Lunge-Renz vector of a particle (reduced particle) moving under a central force.

(c) Prove that the Laplace-Lunge-Renz vector remains conserved along the particle’s motion.
[54+1+4]=10

7. Consider two frames moving with an uniform relative velocity.
(a) Write the Lorentz transformation connecting the coordinates between the two frames.
(b) Show, that under the Lorentz transformation, the length of a moving rod gets shortened with respect to
the rest length. Determine the fractional change of length in terms of the relative velocity between the frames.
(c) Using relativistic Newton’s law, determine the speed of a particle (as a function of time). Hence show that
the speed can never cross the speed of light. [14+4+5]=10

8. (a) Two spaceships approach each other, each moving with the same speed as measured by a stationary observer
on the Earth. Their relative speed is = 0.70c. Determine the velocities of each spaceship as measured by the
stationary observer on Earth.

(b) The path of a particle moving under a central force is given by: r = 2acosf. Find the force law.
(c) For a damped harmonic oscillator, the damping factor 4 = 0.1 (in SI unit). Find the fractional rate of change
of energy of the oscillator. [44-34-3]=10



B.Se. (Honours) Sem I Examination, 2023 (NEP)
Physics
Paper : Mechanlcs
Paper Code: MNPHOI'T
: 60
Time: Three Hours Full Marks

Answer any four questions. Marks arc of value as indicated.

Q.1(a) A vector field V=x%y I + y%2} + 22 k. Fing the curl and divergence of the field.

. s . “w[” s “r” t will
(b) Derive an expression for torsional rigidity of a uniform solid cylinder of length “I” and radius “r”. Wha
happen if the cylinder is hollow of external radius “r1” and internal radius is “r;” ?

i i ionshi s W, and ¢ wh bols have their usual meaning.
(c) Derive an interrelationship between Y N, and ¢ where sym N A i

Q.2(a) Explain the dynamical method of measuring shearing modulus deriving the relevant formula.
A disc of 10 cm radius and mass 1kg is suspended in a horizontal
center. If the diameter of the wire is 1mm and it’s length is 1.5 m

second, find the rigidity modulus of the material of the wire.

(b) Define gravitational “potential” and “intensity”, Obtain the expression for the gravitational potential for an
unit mass which is situated at a distance “r

from a gravitating mass “ M”,

plane by a vertical wire attached to the
eter and time period of oscillations is 5

(4+3) +(4+4) =15

Q.3(a) What are the characteristics of the motion of a particle in a central force field? Prove that the areal velocity is
constant for a particle moving in a central force field.

(b) Obtain the expressions for “ escape velocity” and « parking velocity of geostationary satellites”, What
should be the velocity in km per hour of an earth sat

ellite revolving round the earth at an altitude of 1600 kms
along a circular trajectory?

(Given: Radius of the earth = 6400 kms, Mass of earth = 6x 102¢ kg, and G =6.67 x 10! 3 /kg/sec?).
(3+5)+(4+3)=15
Q.4(a) Write the differential equation for a simple harmonic oscillator and obtain jt*

s solution.
A body having mass 4 gms executes S,H.M. , the force acting on the body is 24 gm weight when it’s
displacement “x” is 8 cm. Hence find out the ti i i

(b) In case of a damped harmonic oscillator what

system undergoing damped harmonic oscillati

Find the damping constant “b”, and the time in which amplitude falls t

Q.5(a) Is the angular displacement * §”

@ Obtain the relation between ang
axis rotation.

(4+4)+(3+4)=15
a vector ? Justify.,

ular velocity ” ©” and linear velocity “v” of 3 rigid body undergoing a fixed
(b) Write the expression of moment of inertia for a fixed axis rotation and hence defi
system of particles. Find out the m

! ne radius of gyration for g
oment of inertia of a circular disc, about an a
disc.

Xis perpendicular to the

(3+5)+(3+4)=15

Postulates of theory of Einstein
Write Lorentz space time transformation equations, O
where v =

= cis the velocity of the relativistic frame S’ with respect to the obs
symbols have their usual meaning ).

’s special theory of relativity,

btain the relativistic expression for u i terms u’ ang v,

erver in the S frame (where the

(3+4)+(3+5)=1 5



