H(I)-Physics—G-1

2017
PHYSICS — GENERAL

First Paper
Full Marks — 100

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

Group-A

Answer question no. 1 and any four from the rest
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1. Answer any five of the following :

2x5
(a) State Stoke’s theorem of vector calculus.
(b) Two spheres have the same mass and external radii, one is solid
and other is hollow. Which one has the greater radius of gysation? ™~
(c) What is Boyle temperature 9 Write the relation between Boyle
temperature and van der Waals’ constants a and b.
(d) Define entropy. What is its Physical significance ?
© If ®=x2>-x%,findV@at(2,-2,-1).
() What is escape velocity ? Is it same for heavier and lighter
bodies ?
(g) Distinguish between thermal conductivity and thermometric
conductivity.
(h) Does the gas work in case of adiabatic expansion ? If so, what is
the source ?
2. (a) State Gauss’s divergence theorem. 2
(b) If O(x,y,z) isa scalar function of co-ordinates X, y, z, then
prove Vx(V®)=0. 4
(¢) If @ is a constant vector and T is the position vector so that
v=®xT, prove that V-v=0. 4
3. (a) Find the radial and transverse components of acceleration of a
particle moving in a plane. 4
(b) What do you mean by the “path integral” of a force ? Hence
establish the principle of conservation of mechanical energy. Mention if any
condition exists on the nature of the force. 2+4
4. (a) What do you mean by moment of inertia ofabody ? Isita
fundamental physical quantity of the body ? Find the expression for kinetic
energy of a body rotating about an axis. 2+1+2
(b) Calculate the gravitational potential and intensity at any point
inside and outside of a thin spherical shell. ’ 5
5. (a) Write Maxwell’s law of distribution of molecular speeds. Draw
the molecular speed distribution graph. 2+1
(b) Discuss briefly how van der Waals modified the perfect gas
equation to get equation of state for real gases. 3
©) Define degrees of freedom. 1
(d) Calculate the RM.S speed of molecules of nitrogen gas at 300K.
(R=8.314J/mol K; Mol. Wit. of nitrogen = 14). 3



6. (a) What do you mean by the internal energy of a thermodynamic
system ? For an ideal gas, how does the internal energy depend on the volume of
a gas and its temperature ?

- (b) A Carnot engine working between temperatures 100°C and 30°C
takes in 5000 Cal of heat at high temperature. What will be the work done by the
engine in completing a cycle ?

(c) State the difference between isothermal and adiabatic change.

7. (@ Establish Cpr—Cv =R, where the symbols are of usual meanings.
(b) Define emissive power and absorptive power.
(c) State Stefan’s law of radiation. How Newton’s law of cooling is
obtained from this law ?

Group-B

Answer question no. 8 and any four from the rest

8. Answer any five questions :
(a) Why the globules of mercury are spherical in shape ?
(b) What is Reynold’s number ? What is its significance ?
(c¢) A wire suddenly breaks when some load is applied. Will there be
any change of temperature of the wire ?

(d) The equation of a progressive wave is y =10sin 2!!{501—%].

What is the wavelength of the wave ?

(e) Why the velocity of longitudinal wave in solid medium is higher
than that in gaseous medium ?

(f)  Will the focal length of a convex lens increase or decrease when
it is immersed in water ? Why ?

'(g) The power of a lens is -3D. Find the focal length and type of the
lens. -

(h) Why Ramsden’s eyepiece is always used in a spectrometer ?

9. (a) Establish the relation Y = 3k(1-2c), where the symbols have
their usual meanings.
(b) From the relations Y = 3k(1-2c) and Y = 2n(1+0), discuss the
limiting values of . Here, Y = Young’s modulus, k = Bulk modulus,
1 = modulus of rigidity and o = Poisson’s ratio.

% in cross-section is stretched by a

(c) A wire | metre long and 2 mm
load 1 kg. Calculate the energy stored in the wire. Y for the rnaterlal of the wire

is 10" N/m?

2+2

1+1

2+2

2x5
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10. (a) Obtain an expression for the critical velocity of a fluid from

dimensional homogeneity principle. 2
(b) Deduce Poiseuille’s equation for the flow of liquid through a
narrow tube. 5

(¢) Calculate the amount of energy needed to break a drop of
mercury of 2 mm diameter into 8 droplets of equal size, taking surface energy of
mercury as 0.465 J/m>. 3

I1. (@) When two SHM of same frequency but of different amplitudes

and phases are acting on a particle in two perpendicular directions, show that the

resultant motion is elliptic. What happens when the phase difference is (i) zero
(i) =/2? 4+2

(b) What is Doppler effect ? What is the velocity of approach of an

observer towards a stationary source of frequency 500Hz so that the apparent
frequency seems to be 520 Hz ? (velocity of sound 340m/s). 1+3

12. () Determine the expression for energy density of any progressive

wave. 5
(b) Define bel and phon. 2
(¢) Calculate the velocity of sound in a gas in which two waves of

wavelengths 50 cm and 50.5 cm produce 6 beats per second. 3

13. (a) Establish Laws of reflection of light at plane surface using

Fermat’s principle. 4
(b)  What do you mean by the dispersive power of a prism ? 2
(©) Compare the advantages and disadvantages of Huygen’s and

Ramsden’s eyepiece. 4

14. (a) Establish the relation

n - . ;
L B T for refraction through a spherical

vV o u r

surface where symbols have their usual meanings. 4
(b)  Prove that the least distance between an object and its real image

formed by a convex lens is four times its focal length. 3

(c) What is spherical aberration ? Mention one remedy for
minimizing this. 2+1
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