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West Bengal State University
B.,A./B.Sc./B.Com ( Honours, Major, General) Examinations, 2014

PART- I

PHYSICS - GENERAL
Paper - I

Duration : 3 Hours J [ Full Marks: 100

Candidates are required to give their answers in their. own words as far as practicable.
The figures in the margin indicate full marks.

Answer of Question No.1 is compulsory.

~ .,~ ~ ~ \5l1<lP'11<fSI

1. Answer any ten of the following questions : 10 x 2 = 20

a) State Gauss' Divergence theorem.

b) Find the value of x for which the vectors

~/\ /\/\ ~ /\ /\ /\

A = i + x j + k and B = 3 i - 2 j - 2 k are mutually perpendicular.

~/\ /\/\ ~ /\ /\ /\

x-~~ C<lSF\ ~ ~ C~~'!tI'll ~ A = i + x j + k ~<f~ B = 3 i - 2 j - 2 k: ~
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c) The position vector 'at any time ( on the XYplane) for a body having mass m
~ A A

is given by r = a cos ill t i + b sin ill t j. Prove that the force acting on the

body acts towards the origin.

~ A A
r = a cos ill t i + b sin ill t j I ~~ ~ ~ ~ '8~ M>~I~ <lG'f~~

d) What is 'angle of contact' ?

e) Calculate the excess pressure in a spherical soap bubble of diameter 1 inch

blown with a soap solution of surface tension 25 dynes/ em .•.

1 ~~ ~ ~~ ,~ ~ 1'(1Ot~~ \5lN,Rl,& D\9f R91r ~ I ~ ~

~ = 25 dyne /cm.

1) What is meant by Doppler effect?

g) Mention at least two defects of ideal gas equation.

h)
~

~ ~ dA
If vector A has constant magnitude, then show that A. -- 0 .

dt

i) Determine the dimension of the coefficient of thermal conductivity.

\51919fRl<1I~lC~'!tl ~ m9f~ ~ I
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j) Find the ratio of C ;.m.s. of gas at 200 K and 800 K where Cr.m.s. is root

mean square velocity of gas molecules.

c<I5R ~ r.m.s. ~'5! C ~, ~ ~ 200 K ~<r~ 800 K ~'3rnr.m.s.
C 2 -~~ \!lFl9fT\3<15\5 ~ ?r.m.s.

k) State the difference between Joule effect and Peltier effect.

1) Find the minimum velocity of projection for a body to escape from the earth's

gravitational field, if the acceleration due to earth's gravity 9 = 980 ctti] see 2

and the radius o'fspherical 'earth r = 6-4 x 108 cm. ( Neglect air resistance).

9ffm \51~~~~ ~ C~ ~ ~ ~<l5tt ~ ~ <15\5 ~'5!~~N9f9 ~ ~,

Rr;fu~1

( \51~~~'8T ~~ ~ 9 = 980 era] see 2, 9ffm <rTPfI~ r = 6-4 x 108 cm , ~

<rT~ ~9f'lf'9TIT )

m) ComI:are the slopes of adiabatic and isothermal curves of ideal gas.

n) How will be the change in frequency of a sonometer wire when its tension is

increased four times and the length is reduced to half?

0) Write down Kirchhoff's laws for an electrical network.

,
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Answer 'any three questions.

Qlc<I5R~~·~~1

3 x 10 = 30

2. a) Obtain a unit vector which is perpendicular to the surface given by

x2 y + 2xz = 4 at the point (2, - 2, 3) on the surface. 3

x2y+2xz=4 ~ (2, - 2, 3) ~ ~~ ~<R'S ~ R*-r ~.~ &~
~~ \5lN:,..,~

b)
I. ~ ~

Show that j r .d' s 3 V , where V is the volume enclosed by the closed

s

surface S.
I. ~ ~

~Ql. j r.ds

s

c) Prove by vector method that for a triangle
a

sin. A
b

sin B
_C_ -where
sin C

the symbols have their usual meaning. 4

b
sin B

C

sin C

3. a) State theorem of perpendicular axes for moment of inertia.

~ I!1I~Cqs~~\5l,*>11~-~~ ~9f9fm ~ ~ I

2

b) Find moment of inertia of a solid circular cylinder about an axis passing

through its .centre of gravity and perpendicular to its length. 4

~1~C<Mr Nrn '8 ~ ~ \5lN:,"'~~IC<q ~~"'iqslm ~ '>1"R9fC'iI' ~~ f.m:ffi cm~~
~~Rcrn~1
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~ 1\ 1\ 1\

c) Show that F = i ( sin y + z ) + j ( x cos y - z ) + k ( x - y) is a conservative
~ ~

force. Find a scalar function <I> such that F = V <1>. Also find work done in

moving a particle from A (0,0,1) to B (1, ~, 1).
2

4

~ 1\ 1\ 1\

~ ~, F = i ( sin y + z ) + j ( x cos y- z ) + k ( x - y) .,,~ffi~ I ~

~. ~
~~ <I> ~ ~ ~~ F = V <I> I ~~ <j)'tWlS A ( 0, 0, 1 ) ~ C~

B ( 1, ~, 1) ~ RnT ~ 1\b<!51C~~ ~Cf f.f"ffi ~ I2 /

4. a) What do you mean by escape velocity ? Find the expression for it. Is it same

for a small body and a large body? Explain. 1 + 3 + 1

~~ ~ f<ri c<m<IR ? ~~ mfAl~l"l f.f"ffi ~ ~~ ~ '8 ~~ ~ ~

~~~ f<ri ~~ ~? ~~ ~I

b) "Poisson's ratio is not an elastic modulus." Explain the statement. Establish

the relationship between Y,K and a, where the symbols have usual meaning.

1 + 4

"~ \5Ff9f1\5 ~9f<p" ~9ni>" 'TIT I" ~~ ~ Y, K ~<f~ cr-~~ ~ ~ ~

~I m~fc1~~~~<rmf I

5. a) Find the expressions of potential and field at a point inside a hollow

spherical shell of mass M and radius a. 5

M~ ~<f~ a ~({ ~ ~~ ~9fl C~ ~ ~:~ ~ ~ ~ ~<f~

~~ mfAl~l"l f.f"ffi ~ I

b) Two rotating bodies A and B of moments of inertia I A and I B respectively

t I A > I B) have equal angular momentum. Which one will have greater

kinetic energy ? 3

~ \5Il;q~"lM ~ A ~<f~ B-~~ ~ ~ ~~ I A ~<f~ I B tI A > I B) I llN

~ c<lSlfCf<p~~ ~~, 'Wf C<!5HJG?l~"1fu; ~ ~?

,
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c) A couple of 108 dyne-ern is applied to a fly-wheel of mass 10 kg and radius

of gyration 0·5 m. Find the resulting angular acceleration. 2

10 kg ~~~ ~.g 0·5 m Wj>~ ~~-~ ~~ ~-~ 108dyne-cm ~ ~

~ ~~'Vffl ~~ ~9 Rc;fu~ I

6. a) State and prove Bernoulli's theorem in hydrodynamics.

~~<I'ffi ~,~ ~ ~9f9fNr .~ ~ ~<f, ~9 ~ I

2+4

b) Find an expression for the height to which a liquid may rise in capillary
tube. 4

~~~~~Ql~~9~,~~Rc;fu~1

7. a) What is critical velocity?

~ c<f"f f<Ts ?

2

b) Write two defects of Poiseuille's equation.

98JPlQ;Cc'BI >j~<p'!tlC~ ~ \Q'fG ~~ ~ I

2

c) Water is escaping from a chamber through a horizontal capillary tube of
length 10 cm and of diameter 0-4 mm, at a distance of 50 em below the free
surface of water in the chamber. Calculate the rate at which water is
escaping if the coefficient of viscosity of water be 0·01 gm cm - 1s -1. 3

~~ ~G1l<®" C~ ~ ~9fRl~C"1'!tl 50 em .'fuD ~ 10 em ~, 0-4 mm <I\I>j~,&

~~ \5li';?~<P 'C<Pl1Cf<P ~ ~<fr ~ ~ c<rfuGr ~ I ~ R~ ~ Rc;fuffi
~ ~ >j11'1~1~~ 0·0 I g~ cm-] s -1 .

d) Two arms of a U-tube have diameters 10 mm and 1 mm. The tube is partially
filled with water and is held with the arms vertical. Find the difference in
the levels of water in the two limbs if the surface tension of water is
0·072 Nm·-1 . 3

~~ U-'W@ ~ ~ <rWf <r~ 10 mm ~<f, 1 mm I ~ \5ll,~ ~'19
~~"C<I ~ ~I ~ ~ 0·072 Nm-l~ ~ ~ ~ ~ C"105C"1'!tl

9f1$lsT Rc;fu~ I
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Group - B

~~-~

Answer any two questions. 2 x 10 = 20

8. a) Establish one-dimensional Fourier equation of heat flow.

~<tl~lf~<tl \5T9f ~ lfRl~c~~~'1 ~ ~I

4

It

b) State Stefan-Boltzmann law. ·2

c) At what temperature a perfectly black body will radiate energy at the rate of

90·72 x 104 Wm-2 ?

Given: c = 5·67 x 10-8 Wm-2 K-4. 4

c<fSR~~1~ ~~ ~ ~~ 90·72 x 104 Wm-2 ~ *~'1 ~? CIf-em

~ ~ c = 5·67 x 10-8 Wm-2 K-4.

9. a) Deduce the relation between Cp ,Cv and R. 3

b) Define entropy. What is its physical significance ? Prove that entropy

remains constant in a reversible process. 1 + 1 + 2

~oWf98r ~~~ ~ ~~ ~ \5T~~ ~ ? ~'1 ~ ~ 2j\!)11;q~<tl~ ~~ ~

~'I

c) 1 mole of an ideal gas is expanded isothermally from initial volume VI to

final volume V2. Calculate the change in entropy of the gas. 3

1 mole ~'1 ~ ~ ~~, ~~ ~ VI C~ ~~ V2

~~'1~~ I ~~~~oWf98r~~~1

\
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10. a) Deduce critical constants in terms of van der Waals constant. 3

b) . The degree of freedom of each molecule of an ideal gas is X. Show that

y = I + 2,where y is, the ratio of C and Cv. 4X p

G<ISTRl ~ ~ ~ \5T~?TI~ ~ X~, ~ Ql y=1+2 , Ql~ y
X

c) State and explain Maxwell's velocity distribution law with the help of a

graph. 3

11.' a) Show that, for an ideal gas, any adiabatic process obeys the law

PVY = constant, where the symbols bear usual meanings. 4

~ Ql, ~ ~ ~ ~9f ~ PVY = ~ ~ ~ l)CG1 ~~M

~ \5TQ{ ~ <fS@ I

b) State both the Kelvin-Planck and Clausius statements for the second law of

thermodynamics. 2

c) Describe the operation of a Carnot engine with an ideal gas as working

substance, with reference to P- V diagram. 4

~ ~ ~ ~ ~ m P-V ~ fR~ ~ ~~ <!5Wfl ~~ <Wf2!~

<fr;f.:n ~ I

,

I
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Group - C

~~-~

Answer anyone question.

8T c<lSR \£l~ ~ ~ ~ I

1 x 10 = 10

12. a) Deduce Newton's formula for the velocity of sound in air. How was the

formula modified by Laplace? 3+3

~ ~ ~Sl jf~\!I>I~ H@'Gc'1~ ~ f.f"ffi ~ I G1TI~ ~~ ~ ~

9ffir:r~- ~ \51 \5I1C"115'11~ I

b) The ratio of densities of oxygen and nitrogen is 16 : 14. At what temperature,

the velocity of sound in oxygen will be equal to its velocity in nitrogen at

4

\51~ ~<r\ ~~ ~ \5119fl\5 16 14 I <!i\5~W I5lf1ilciST"I~ ~

c<r~, 14°C ~~ ~QeR ~ ~ c<fC~ ~ ~ ?

13. The equation of a progressive wave is y = 3 sin 600 1t (x)t- cm.
32000

a)

Calculate its amplitude, frequency and wave velocity. 3

~<l$ 5C'j\b~C5'!~~~ ~ Y = 3 sin 600 rr (x)t- cm
32000

b) How are stationary waves formed ? Distinguish between stationary and

progressive waves. 2+2

c) What do you mean by 'sharpness of resonance' ? 3

,

------
I I I I \
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Group - D

~'f 'il

Answer any two questions.

~c:<I5R~~~WTI

2 x 10 = 20

14. a) What is an electric dipole? Obtain an expression for electric field at a point
( r, e ) in free space due to an electric dipole. 1 + 4

~e,.~ <m<fS <rCC1? ~~ ~e, N~ ~ ~ ~~ ( r, e ) ~ ~e,~ .

~ ~rM~I"11 Rcofu ~ I

b) State Gauss' theorem in electrostatics. Apply it to obtain electric field due to
a uniformly charged infinite cylinder at an outside point. 1 + 4

~e, ~~~ ~ ~9{9fT'1T ~ ~ I ~fG 2ftmSl <JS@ ~~ >J~~~IC"l ~

~ ~ c<f"1"[-Bf~ ~q>-m~ ~e,~ ~ Rofu ~ I

15. a) Find the capacitance of a parallel plate capacitor assuming space between
the plates is filled with a dielectric of dielectric constant EO. 5

~<!$ )j~I~~I"1 9fl\5 ~ ~ ~ ~ I ~ m 9fl\5 ~ ~ ~ ~

~ ~ ~f0 \5@ 9{~f<1'fl~I~ EO I

b) How does the resistance of a metallic conductor vary with increasing

temperature?

~ 9{BI;qI~~ @I~ \5T~ ~">iTC~ ~9{ 9{BI;qf0~ ~ ?

c) If the thermo-emf is given by e = at + bt 2, where t is the temperature

2

difference between the two junctions of a thermocouple and a, bare
constants, find the inversion temperature and neutral temperature in terms

of a, b. 3

llN \5T~ \!5~E6I"1<P <fC'l e = at + bt2 ~, ~~ t, \5T9f1.lC"1f.f~ ~ \5T~

9fI~ ~ ~<i~ a ~<i~ b ~ ~ ~, \5C<l ~~ \5T~"1f.f ~e,~C1 \5T~ -e ~9f'll>

\5T~ a, b-~~ ">iTC9fN Rcofu ~ I

,

-- --- - - - -' - - -- ~ - ------ ..
I I I I I I I I •. •• L... L... ••••.. •••.. .•• •.
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16. a) Three capacitors of capacitances C], C2 and C3 are connected In series.

Find their equivalent capacitance. 3

C1, C2 ~.,.~ C3 tll'i1~C~'i1fuRfG- ~ ~~<!ffiT ~ I ~~ '¥IT ~ f.'rcfN ~I

~ ~ ~ Vth ~.,.~ Rth f.'rcfN ~ .~
sn 411

c) State the two laws of thermoelectricity. 2

,


