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WEST BENGAL STATE UNIVERSITY

B.Sc. General PART-I Examinations, 2017

PHYSICS-GENERAL

PAPER-PHSG-I

Time Allotted: 3 Hours Full Marks: 100

The figures in the margin indicate full marks.
Candidates should answer in their own words
and adhere to the word limit as practicable.

~ ~ ~ ~~ 1.¢lR frIrrtKr <fil?11

~ ~ 'i5f7l1?l~'4f~ ·14(~~m ~

m~'
All symbols are usual significance.

Question No.1 is compulsory
~ i{~~ m '6It<1fiCtJClS

1. Answer any ten questions from the following:

f.i~f61~~-~ 1f¥tfU ~ ~~Pft'(3 ~

2x10 = 20

(a) Calculate Vr where r = ix + }y + kz.

Vr-~~~~~<mn~ r=fx+ }y+kz I

(b) What do you mean by a solenoidal vector field? Give one example.

)j~'i{l""Ia,~ ~~ f<ti ~ ? ~<t$~'f lft'e I

(c) State the theorem of parallel axes in the case of moment of inertia of a rigid
body.

~ iSfll?;q'<@~ ~-~~~ )j~I'3~Ia,~ ~9f~~ <mn I
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(b (d) No work is done in moving an object from one point to another on the
surface of a spherical shell. - Explain.

I!l~ C~ ~ ~~ I!l<!l~ ~ ~~ ~ ~ ~ m~
l\t<PtC~~ ~ 1"U I - ~~ I

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

~ Q.T ~ bh'1~C<P~I'tN~ I!l~ ~ ~9f~ ~~~ ~ ~-1M>~
~'fl·

(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?

I!l~ ~ I!l~ ~ I!l~ I!l~ ~9ft ~ ~m ~ I I!l~ ~ <Wf I!l~ ~
~~, (.<1)t"'lfij~~ ~ ?

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

ISirnC"'l~~ ~ 11!l~~ ~~t<1~\tt~~ ~ I

(h) What do you understand by the statement: The coefficient of viscosity of a
liquid is 1poise?

~~ ~ttft\tt~ 1 ~ ~f<ti C<1Wm?

(i) Show graphically the Maxwell's velocity distribution for two different
temperatures T 1 and T2(T 1 > T2).

~~~r-pltm ~"Mf~~~~~~~~~~~~~~Tl '€

T2(T1 >T2)-I!l~~~~1

G) State Kirchhoff's law in connection with radiation emitted by a body.

~~~'f~~~C~~~~~1

(k) What is entropy? What is its SI unit?

I!l~f<ti? \Q~- SI \Q~ ~ I

(1) Establish the differential equation of a progressive wave.
!)¢j\t~(pt~~ ~'f ~ ~ I
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(m) Show that in a stretched wire the velocity of longitudinal waves is always
greater than the velocity of transverse wave.

~ ~ ~~~ ~ ~ '61~~ ~ ~tif ~ ~ ~ ~tif ~~

~~I

(n) State the Gauss's law in a dielectric medium. Write down its differential
form.

~1t<q'l.lNl~~~~\S9f9ftW~<fCm1 ~~~~~~~I.

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

~~~~~~-NOl~~\S~~U«.~f.r~<fCm I

Group-A
~-Clf

Answer any three questions from the following 10x3 = 30
f4~filmClf-~ ~ ~ mlft'e

2. (a) If the diagonals of a parallelogram are represented by the vectors 3
3f + } + 2k and f - 3}+ 4k , what is the area of the parallelogram?

~~ J11~I~HiC~~~ <fief ~ 3f + } + 2k ~~ f - 3} + 4k ~~ C~~61 f.r~
<fCm1

(b) Prove that V. V x A = 0, where A is any vector. 3

~ct<fCmV.VxA=O,~ A ~-~~~~ I

(c) If - - - h h - 1 n - h - . .v = w x r ,s ow t at w = - v X v, were W IS a constant vector.
2

v=wxr ~,~~ w=!Vxv,~ w ~~~~ I
2

4
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(b
3. (a) The three adjacent sides of a parallelopiped are represented by three

vectors 31+ 4J + Sk, 21 - 4J + 6k and 1- 2J + 3k. Find the volume of the
parallelopiped. What is the physical significance of your result?

~~ '6Il~~'(jC~'$1~ • ~ <T~ 3t +4J+Sk, 2t -4J+6k ~~
1-2J+3k I ~1~~'(j~ro'!1~"R~<ffin1 ~~~~9f<f~<ffin1

(b) What do you mean by moment of inertia? Derive the formula for the 11
moment of inertia of a uniform solid sphere (i) about its diameter and
(ii) about its tangent.
~ ~ ~ f<ti ~ ? ~~ ~ ~ C'illa,c<tS'!1(i) <uPl ~~, (ii) ~
~~"§\'i5J ~"R~ <ffin I

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

~~ <T"f9ftC~ (i) ~, (ii) ~ ~ ~ ~ ~<tS~~ ~ 'e
~"R~~I

(b) Determine the distance of geostationary satellite from the earth's surface.
Given mean radius of the-earth = 6400 km and g = 9.8 m/s2

•

~~ ~ ~-~ ~9f~ ~"R~ <ffinl ~m~, ~ ~ <W!t( =

6400 km ~~ g = 9.8 mls21

S. (a) 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.

~ c<T ~ ~ '6Ij\ba,~ ~ ~'t 'e ~ ~C<tS15C~'!1~ ~~
~~C~~c<m~~~1

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

~ ~ ~ ~ ~ c<T Y=2n(l+cr), ~ ~faf ~ ~

~~<mfl

(c) If n=8xlOll N/m2 and Y=20xl011 N/m2 for iron, calculate Poisson's'
ratio.

~ n=8xl011 N/m2
~~ Y=20xlOlI N/m2

~ ~ \!ifoi~"R~
<ffinl
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6. (a) Derive an expression for the height 'h' through which a liquid of surface 4+2
tension T will rise in a capillary tube of radius r. Explain clearly from where
the energy comes when the liquid rises against gravity in the capillary tube.

T'10'Gl~MfiCtl~<!$~ r ~~ ~<!$~~ 'h' ~~'f~ h ~~
~jG;t f4'4fu~ I '6I~<tlC(~ ~ ~ ~ ~ '6I'lC~l~C~~~ ~Q.lll$T~hl
W~ c<IC<fi9Jrn ?

(b) What will happen if the length of the capillary tube is smaller than 'h'?

~~~~ 'h' lQ~c<IC<fi~~~~~?

2

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

~~~~~~~~'S~;n~~~-~?

2

7. (a) How does a body attain terminal velocity in falling through a viscous liquid?

~~<m~~~~~~c<f'if~~?

(b) 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, fmd the terminal velocity of a spherical body.

~ ~~ ~~ ~ C~ ~ ~ ~ C)j;l<tl~>1~~ ~ ~ ~
~ I c)j;t<tl~>1~~ ~ ~~ C~ ~~ ~ c<fC'i'Kl ~tfil'11jG;tf4'4fu~ I

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

~~ '6I~1~~ ~ I$Ta<1M"'1<f~1C>1~~~ fim:r 1 mls ~ c<f'ifm~ I ~~ ~
~ ~~~ 9@~~~~ C~TGlfG~~ c<f'if~~?

2

2+3

3
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(t Group-B

~-~

Answer any two questions from the following

f4~M~ClT-~ ~ ~m~
10x2 =

8. (a) Write down the Maxwell's law of speed distribution of molecular velocities 2
for a gaseous system in equilibrium. Define speed distribution function.

~9lrn~ ~ ~ ~~~~~m c<f~~~~~~~
~ I c<f~~~~~~l11'81

(b) Obtain the expressions of most probable velocity and average velocity.

~ ~ c<f'>f'8 ~~ mlil)O!l'11ffl-cfu~ I

9. (a) Show that for an adiabatic change in a perfect gaspVr = constant, where
the letters have their usual meaning.

~9f 9jrn<t\!S'c~~~ ~'1 ~ p Vr = constant I

(b) A gas occupying 1 litre at 80 em pressure is expanded adiabatically to 1190
cc. Ifpressure falls to 60 em in the process, deduce the value ofy.

~~~ 80 em Dtt9f~ 1 litre I ~9lrn~~~60 cm Dtt9f 1190
cc ~ 9frn I ~ Yffl-cfu~ I

(c) Calculate the amount of work done during an adiabatic process.

~9f ~ 1~<lllC(~ mfi'1~ta11ffl-cfu~ I

(d) Three moles of hydrogen at N.T.P. are allowed to expand adiabatically so
that the temperature falls to 263 K. Calculate the work done. (y = 1.4)

N.T.P. ~ f\b~C)O!l'1*QIi11C'8T~~ ~9lrn ~~ ~ ~~ ~ ~
263 KI1~<lllC(~ ~'1ffl-cfu~1 (y= 1.4)
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1O.(a) Taking an ideal gas as working substance, describe with the help of p-V 6+2
diagram the working of a Carnot engine. Find out an expression for its
efficiency.

\5i~1JI)jC<tl ~ ~~ ~ ~ ~ \Q~ <m~ ~~ ~~'fMt
~m~<f~~1 \Q~~~~~~f'1I~~~1

(b) If there is no wastage of energy in the Carnot engine, then why is the
efficiency less than 100%?

<m~~@W1 ~ ¥1Mo,*~en~, \Q~~ 100% \Q~~~ ~?

2

11.(a) What do you mean by the entropy of a system?

~~~\Qrmf9r~~~?

2

(b) Calculate the change in entropy of a system containing 1 kg ice at O°C 2
which melts at the same temperature. Latent heat of ice is 79.6 kcal/kg.

O°C~~l kg~~~~~~~~\Q-.mf~~~~~ I~

~~9f79.6kcal/kg.

(c) Prove from Kirchhoff's law that good emitters are good absorbers. 2

(d) State Rayleigh-Jeans energy distribution law. What is the defect of this law? 2+2

1088 7 TurnOver
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~-~

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

~ 0fM~~~'t ~~ I.!!~~ ~~<fS~C"Rf~~R4fu~1

(b) 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 1t.

~ Cl'tl'4"'l<fStai~ ~ ~ 'e ~ W ~ 0fM ~ I.!!<t$~'tm ~~ ~
'4~lN;~ W ~ ~ ~l ~ ~ ~~ ~~ ~~~ ~~l<fSl~ I ~
~~'4Cl'ttai~~~~~~ 1t~~~~ I

(b) Show that in a stationary wave, the pressure amplitude is maximum at nodal
points and minimum at anti-nodal points.

~ ~ ~"i~~OJt~ ~ ~ ~ "619f9jRl:q-tC"'l~~ ~9f'1fif ~ I.!!~
~~~9f'1fif~ I

(c) Two tuning forks produce 4 beats /sec when sounded together. One of them
is in unison with 1.2 m length of a wire and the other with 1.25 m of it.
Calculate the frequencies of the forks.
W~"1'4t<fSll.!!~~~ 41t~~~ 11.!!'OOf1.!!<t$1.2 m ~
1.!!~~~1.25m~~~'<t~~~I~t<fSt~~R4fu .
~I

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

"a.1"i~~C5f~~~1fi'1~l'41 R4fu ~ I I.!!~ ~ ~ 'e ~~ ~~
R4fu~1

1088 8
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Answer any two questions from the following 10x2 = 20
: 10 f4tfM~ ClT-~ ~ ~ ffilTt'e

14.(a) State and prove Gauss's theorem in electrostatics. 2+3
~+2 m~~~~~9f9f'rlUfU~~'8~'t~1

(b) Apply Gauss's theorem to calculate the electric field due to an infinitely 3
long charged straight wire -.

1+2 ~~9f~~'if~~~~~~~~~~~
~~~~~~R4fu~1

(c) Radius of the earth is 6400 km. Find its capacitance.

~'WIt(6400001 ~~~R4fu~1

!+2

3

3

15.(a) Obtain an expression for the galvanometer current in an unbalanced
Wheatstone bridge network of conductors. Hence find the condition of
balance.

~~ ~~[)(}f;I"1~ <t\!)~~ 'ifJl'1~1C"1lf$lC'iHl~~ ~ ~ ~~~~ mRlIl'11
R4fu~1 ~~~~~~'tR4fu~1

3+1

(b) Explain how emf of a cell is determined using a potentiometer. Draw the
necessary circuit arrangement.

C~ f$IC~~ ~ ~ ~ ~ ~~~1'1<tS~ R4fu ~ ~ ~
~I ~C{lllS!efl{l~~~1

(c) What are the reasons for the development of thermo-emf?

~9f-~~~1'1<tS~~~~~'t~~ I

. 2

16.(a) State and explain Norton's theorem for a simple two terminal network of 4
conductor.

1088 9 TurnOver
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(b) Find the current through the load L by the application of Norton's theorem 4
to the circuit shown in the following figure.

~ m ~ ~C\!) ~ ~9f9ffOU ~'it ~ ~ L-~~ ~~ ~<lt~Mt ~~
~l

30 70

6012V

(c) State Kirchhoffs laws for the distribution of current in a network of 2
conductors.
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