B.Sc./Part-1/Gen./PHSG-1/2022

WEST BENGAL STATE UNIVERSITY
B.Sc. General Part-I Examination, 2022

PHYSICS

PAPER: PHSG-I

Time Allotted: 3 Hours Full Marks: 100
The figures in the margin indicate full marks. aNfes FF T0E TN Q"Y/VW fac e
Candidates should answer in their own words AT [NCST @R TR T AT AT M
and adhere to the word limit as practicable. s R

All symbols are of usual significance.

Question No. 1 is compulsory

S TR ATHE Ted SRS

I. Answer any ten questions from the following: 2x10 =20

fafeiie @-cpiea 7o @cis Ted nies

(3) Calculate Vr where 7 =ix + Jv+ kz .
Vi - @@ S fefar Feat @i F:fx+}y+1€z l

(b) What do you mean by a solenoidal vector field? Give one example.
TG (S5 (g JeT00 6 @I 2 A0 Srizgel WS |

(c) State the theorem of parallel axes in the case of moment of inertia of a rigid body.
T TOREH TIG)-ANF IR TN SewFa G Ry e

(d) No work is done in moving an object from one point to another on the surface of
a spherical shell. — Explain.

GF T IR (AETCRA SIS @ R (F Sie e (@i 380 w1 Qe Fosicda
N | — T A

(e) Show that the magnitude of the potential energy is twice that of the kinetic energy
of an artificial satellite orbiting the earth.

male @ 7R PRME enieite a3 Faw Toiaza Ffexie v sfoxifer fawd)

(f) A solid rod and a hollow tube of same material are taken. If their diameter and
length are equal, which one has greater torsional rigidity?

O3 4G 4T FEH @k @6 Fiol 7e1 (e 2o 1 G AZER I @R G I
(&, (0 7ol (&4 9

(g) What is Jurin’s law? What are its limitations?

EECERUHGIRNER CER RN K BRG]
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(h) What do you understand by the statement: The coefficient of viscosity of a liquid
is 1 poise?
(FIA! SR AHOT | A 100 < QIR 9

(i) Show graphically the Maxwell’s velocity distribution for two different
temperatures 7, and 75 (T} > T3).

IR QA (@A FRER Se@ e @@ I @Fhe gio for sivmal 1, ¢ T,
(T] > Tz) -&ﬁwtﬂﬁlﬁiw @ mANe|

(j) State Kirchhoftf’s law in connection with radiation emitted by a body.
IC TR R0l 371 fevicers 5@ fige Fa

(k) What is entropy? What is its SI unit?
GG 5 9 @9-ST GFHH Te|

() Establish the differential equation of a progressive wave.
BT SIAFe ANl 2D Sl |

(m) Show that in a stretched wire the velocity of longitudinal waves is always greater
than the velocity of transverse wave.

e @ @ B 41 O S A0 @9 w68 waea ot sierw @&
A

(n) State the Gauss’s law in a dielectric medium. Write down its differential form.
FRANAYGTST NG SR ST Ko Tl @2 a7 w=wet w16 @0l |

(o) Find the torque applied on an electric dipole placed in an electric field.

ST S ©fbe-fared Tv v 53 age =1 e e |

GROUP-A
feta-5
Answer any three questions from the following 10x3 =30
Fafaiie - foaft emiE Tea wie
2. () Ifthe diagonals of a parallelogram are represented by the vectors 3i + j + 2k and 3

i-3j+ 4k , what is the area of the parallelogram?

@ Areficea 7o 9 TNFW 30 + [+ 2k @R { -3 + 4k @fox crawa ey Fam
(b) Prove that V-Vx A4=0, where 4 is any vector. 3
NI FE V- Vx A=0, TAA 4 @-@A @56 (939 |

1

(c) If ¥ = wx 7, show that =~ Vx¥, where wis a constant vector. 4

8]

V=X T o, (RIS @ W:%?xv,mw «3f5 & (959 |
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3. (a)

(b)

4. (a)

(b)

5. (a)

(b)

(c)

6. (a)

(b)

1088

The three adjacent sides of a parallelopiped are represented by three vectors
3i+4j+5k, 2i-4j+6k and {-2j+3k. Find the volume of the
parallelopiped. What is the physical significance of your result?

afo wmeNe foalt AfHAfEe qA— INFE 3 +4j+5k, 2i-4j+6k &R
[ =2+ 3k | SO SR el M1 (or Terad wiertd frsae Fat

What do you mean by moment of inertia? Derive the formula for the moment of
inertia of a uniform solid sphere (i) about its diameter and (ii) about its tangent.

Y] QNS 00 6 QIR 9 @ JT =6 @It (1) I ACATE, (i) 2T FNCoAT®
SIT) I el e

Find the gravitational field and potential due to a thin spherical shell at a point
(1) outside, (i1) inside the shell.

a6 Bl I (1) A2, (i) FooE e @i Rmre s ke ¢ feq e
AN

Determine the distance of geostationary satellite from the earth’s surface. Given
mean radius of the earth = 6400 km and g = 9.8 m/s”.

AR (AT T Tolated wEe [ @ e Wiy, RS T end
= 6400 km @ g = 9.8 m/s” |

Show that a shear is equivalent to an extension and an equal compression at right
angles to each other and each is half of shearing angle.

A8 @ P AATAfE WGeTT T 2PiIFe 8 AT FRIFIHET FAGe R ATSNFE
T (I SEF |

Show that for a homogeneous isotropic medium Y =2n(1+ o), where letters have
their usual meaning.

I TTg Wi & (w8 @ Y = 2n(1+ o), @ omef sitm o sz
FEN

If n=8x10" N/m* and ¥ =20x10" N/m? for iron, calculate Poisson’s ratio.

EMRE n=8x10" N/m? @& ¥ =20x10" N/m? 2 7RPTa Siegeite faefa st

Derive an expression for the height ‘4’ through which a liquid of surface tension
T will rise in a capillary tube of radius ». Explain clearly from where the energy
comes when the liquid rises against gravity in the capillary tube.

T *powiRE @36 o3&  TPIET a3 RS T B Tl WEREE FAE h-aF
it [T st wfeaa e oaet [ Thel AEeee & ey “fe
R (UG AT 2

What will happen if the length of the capillary tube is smaller than ‘4’?
Tt (ST TeT07 MG </’ -7 (A FN W O F (1 9

3+1

1+3+2

4+4

4+2
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(©)

7. (a)

(b)

(©)

8. (a)

(b)

(c)

9. (a)

(b)

1088

Explain why a liquid is either raised or depressed in a capillary tube.

(R T W O T S €T Al ZW AN A — (el 9

How does a body attain terminal velocity in falling through a viscous liquid?

G TC AT TACH 21Sa TN [FOIF A [@9f @i 27 9

Derive Stokes’ formula for the velocity of a small sphere falling through a
viscous medium using the method of dimensions. With the help of Stokes’
formula, find the terminal velocity of a spherical body.

A TG @36 (@G IET T AT & CHIFER @i Nl sfafore aife! Tl |
CHIFER 7 (AT G315 (T IER &) AT (J0oi Afrsen el et

Two drops of water of same size are falling through air with terminal velocities
1 m/s. If the two drops combine to form a single drop, what would be the new
terminal velocity?

9P IFIER Y T AR N1 T 1 ny/s 28R @91 (9 #iecz) I okl g 2@
GFb G RS 27 O3 e PIvILe 2SR (39 O 2(F 9

GROUP-B
etat-4

Answer any fwo questions from the following

fmfeire -l 75 era Tea we

Write down two reasons for deviation of real gas from ideal behaviour.
AT IR SGRC vt 9ip1 (=S oot 2317 1o Flaet Seard Fe |

State and explain Maxwell’s velocity distribution law. Draw the graph of velocity
distribution.

ST 9 1B 3@ (6 [KRF© TR WY FCAN | 9691 IBCa @b (h o el |

The degrees of freedom of each molecule of an ideal gas is x. Show that
C
7=1+%; where y=—£.
X v
C
7 o1 2ol wem AR M 7 T S @ =142 | G y= =
X

v

Define entropy. What is its physical significance? Prove that entropy remains
constant in reversible process.

GG T W8 | T (oTe wieAd F 9 e 9 (@ G ey afEy awH
$IF A |

Describe the operation of Carnot engine with an ideal gas as working substance
with reference to a P-V diagram and deduce an expression for its efficiency.

T 7@ S 91 LR AR P-V 0 AR G0 DI fercea T 36671 Fi @
a3 el e el

2+3

10x2 =20

3+1

1+1+2

2+4
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10.(2)

(b)

(©)

11.(a)

(b)

(©)

12.(a)

(b)
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State Newton’s law of cooling. Deduce it from Stefan Boltzman’s law.
fTehCa Meeteeel it e T 1 IBIFI @I & (F 92 @l 2ot Tt

Find the temperature of the surface of the earth, if earth is in thermal equilibrium
with the Sun. Provided that the temperature of the upper surface of the Sun is
5700°C, radius of the Sun is 7.1x10° mt and the distance between the earth and
the Sun is 1.5x10'" mt.

AR @R FE AT AT A IR R TAROER ©ENGl 5700°C 2RI
ToifereTa wlemia [ Tl 4@ e R I 7.1x10° mt @k, 7S 8 7 o
wag 1.5x10" mt |

What is an ideal black body?
G35 S e 3 F ¢

What is thermal diffusivity?

St Aol 5 9

Calculate thermal conductivity for flow of heat through cylindrical tube.
G35 BrIFRS e OI7t 2]tz (Feq Oi9t »ifFaifZeizs At faefy s

A boiler is made of iron plates 1.2 cm thick. If the temperature of the outer
surface be 120°C and that of the inner is 100°C, calculate the mass of water
evaporated per hour. Assume the area of the heating surface to be 50000 cm’,
thermal conductivity of iron = 0.2 cgs unit and latent heat of steam =540 cal/gm.

O3 AR 1.2 cm @4 [E#E @=F e M@ tod1 AZE ©EE el 120°C @R
oo Oea Txewl 100°C Z(E &S 96/ AEiiie ek ©F 9 S 4@ e Teg
OER GFaTe 50000 cm’, GIRA OF ARFIESE 0.2 cgs @FF @R AR
Soi?f 540 cal/gm |

GROUP-C
retat-of

Answer any one question from the following

FefEie @-@m 95 emie Tea wie

Establish the differential equation of simple harmonic motion (S.H.M.) and find
the solution of the equation.

e (RieTsIfeq SRet ARG &feP St @R @ ANFAER TN e e

A particle is subjected to two mutually perpendicular SHM’s having same period
but different amplitudes and phases. Show that the resultant motion of the
particle, in general, is elliptic. Hence discuss what would happen when the phase

difference is 7.

I (ieTeiet fog fon fare @ vt vib s7we (rieroife aafs i Tofm Agia sTaifesl
it fuees el S (il @ 9iifba sl Mol Trgei | @ w7e mEsie 1iba
T T 7 20 6 2 (ree

2+2

10x1 =10

2+2

4+2
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13.(a) Obtain a mathematical expression for stationary wave. Hence determine the 2+2
positions of nodes and antinodes.

Fgeard slifafes afemE et F@h @i @F Freim ¢ ovm R e fad
I

(b) Show that in a stationary wave, the pressure amplitude is maximum at nodal 3
points and minimum at anti-nodal points.
e (@ FTeard CFeg foriw Rmre bist sifiaecma RS st @ @ Fooiw
famee FFiee s

(¢) Two tuning forks produce 4 beats /sec when sounded together. One of them is in 3
unison with 1.2 m length of a wire and the other with 1.25 m of it. Calculate the
frequencies of the forks.
it TR @A T2 20 4- 7o 1o R | 9ora @36 1.2 m TR @
2126 1.25 m T3 SIER TN A& 27 | FRHeN! 7foa F=11% ey e

GROUP-D
freta-1
Answer any fwo questions from the following 10x2 =20
fwferiie -ttt ZI% ATH Ted IS
14.(a) Using Gauss’s theorem in electrostatics find electric field at a point inside and 3+2

outside of a uniformly charged spherical shell containing charge Q.

o ofte e MeEr TG I T O o [RE g3l 3w i wifze
(o4 footRa @3k TR e ©fte 2leena i foefa st

(b) Show that the energy stored per unit volume in an electrostatic field is lgr g E*. 3

2
2l Al @, OfUR (FCad 2l TS SR Akee =Ifes st %ngEzl

(c) State the two laws of thermoelectricity. 2
7ofbe-a9 39 7t g el
15.(a) Calculate the capacitance per unit length of a cylindrical capacitor with inner and 4

outer radii a and b respectively. The outer surface is grounded and the space
between the cylinders is filled up with air.

GF BIeFle W effs 3 s 4RFeea e el Feal | foocam wives IHE ‘o’
R ARE@INL b’ 1 (Bl 77 fowtaa = g @t o))
(b) For a thermocouple, whose junctions are at 0°C and ¢°C, the Seebeck e.m.f is 2+2+2

e=16¢—0.04t nV . Calculate neutral temperature, inversion temperature and
thermoelectric power at inversion temperature.

a3 O g WEeEE 0°C @R °C A A Teoim HiwE em.f

e=16t—0.04¢2 pV | O TR Olowgl, SeFNe OleiNEl @R SiTfefve el
TS ?
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16.(a) State Kirchhoff laws in electrical network.

e IENR (FCT FHF-97 F@eler @Al

(b) For the following circuit, obtain Vy, and Ry,:

ATE IO &) Vyy, @R Ry, Wl Fcate

5Q 4Q
MW MW

10V — %IOQ %RL

(c) ABCD is a square of side x metre long and is made up of wire of resistance

1088

r ohm/metre. Similar wires are connected across the diagonals AC and BD. Show
that the effective resistance of the framework between the corners 4 and C is

(2—~2) xr ohm.

ABCD &35 9frwq 117 2fofb area o x fioR @3k &fSf e @ o7 frca todt o @ik
92 [ 51 | @32 217 o fea wfd 39 4C @R BD T& | (e @ 4 @R C-93 N

TG G (2 —/2) xr SR

N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp
to their own respective colleges on the same day / date of examination within 1 hour after
end of exam. University / College authorities will not be held responsible for wrong
submission (at in proper address). Students are strongly advised not to submit multiple
copies of the same answer script.
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