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INSTRUCTIONS

Each question is printed both in English and in Kannada.

Answers must be written in the medium specified (English or
Kannada) in the Admission Ticket issued to you, which must
be stated clearly on the cover of the answer book in the space
provided for this purpose. In case of any doubt in the Kannada
text, please refer to English text.

This paper has four parts :

A 20 marks
B 100 marks
C 90 marks
D 90 marks

Marks allotted to each question are indicated in each part.

All questions in Part A, Part B and Part C are compulsory.
Answer any three questions in Part D.
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PART A 4x5=20

Answer each question in about 50 words. Each question carries 5§ marks.

1. (a) Define Coriolis force. Give its relevance to rotating frames of
reference.

(b) Explain streamline flow and turbulent flow as applied to fluids.

(c) State the law of equipartition of energy. Explain how it is useful in
estimating the specific heat of a diatomic molecule.

(d) Develop the concepts of phase and group velocities. Give the

relation between them for light waves.
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PART B 10x10=100

Answer each question in about 100 words. Each question carries 10 marks.

9. A rocket is under the action of a constant force field. Discuss the
resulting motion. .
3. State Kepler's second law. Explain how the law implies conservation of

angular momentum.

4. What is meant by Galilean relativity ? Write down the relevant
transformation equations and compare with those in special theory of
relativity. Under what conditions do the two sets of equations become
identical ?

5. Explain Brownian motion. Bring out its importance in providing
experimental support to the kinetic theory of gases.

6. Give the expression for the energy distribution in black body radiation as
obtained by Planck. Explain the various factors in it. Also, obtain an
expression for the solar constant ¢ therefrom.

7. Describe the basic principle of the dilution refrigeration method for
producing low temperatures.

8. Distinguish between stationary and travelling waves, giving relevant
expressions and diagrammatic representation for the same.

9. What is interference ? Give the necessary conditions for observing stable

interference pattern for two light beams. Compare the bands with
diffraction bands.

10. Explain the process of diffraction of light, giving one example. Show how
the process can be viewed as a Fourier transformation.

11. What is a hologram ? Explain how it is constructed.
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PART C 6x15=90

Answer each question in about 150 words. Each question carries 15 marks.

12. (a) Give a short account of the Rutherford scattering experiment. What
are the general features of the force field effective in producing this
scattering ?

(b) What was the main outcome of the experiment with regard to the
development of nuclear physics ?

13. (a) Derive the addition theorem of velocities according to the special
theory of relativity.
(b) Explain mass-energy equivalence. Hence obtain the relativistic
expression for the kinetic energy.

14. (a) State and explain Stefan - Boltzmann law.

(b) What is the expression for the Maxwellian distribution of velocities ?
Give the corresponding plot. Derive the expressions for the root
mean square velocity and most probable velocity and indicate their
positions in the above plot.

15. (a) Describe the process of thermal ionization of atoms.

(b) Basing your arguments on the above process, give an account of
the observed stellar spectra in relation to the stellar temperature.

16. (a) Write down the differential equation and its solution for the normal
motion of an undamped simple harmonic oscillator. Explain the
motion.

(b) What modification is made in the equation and the solution when
one considers (i) damping and (ii) a periodic driving force ? Explain
resonance.

17. (a) Descuss the construction and working of a semi-conductor diode
laser.

(b) Explain the concepts of spatial and temporal coherence as applied
to laser.
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PART D 3x30=90

Answer any three of the following questions, each in about 300 words. Each
question carries 30 marks.

(a)
(b)

(c)

(a)

(b)

(c)

(a)

(b)
(c)

Explain the law of conservation of energy.

Write down and explain all the terms in Bernoulli’s equation.
Describe one practical application in the measurement of the flow
rate of a fluid in a pipe.

A water pipe having an inside diameter of 5 cm at the bottom
carries water to the basement of a house at a speed of 40 cm/s and
a pressure of 300 kPa. The pipe reduces to 2-5 cm diameter as it
rises to the second floor 6 m above the basement level. Apply the
Bernoulli equation to calculate the speed and pressure at the
second floor.

Explain under what conditions a body qualifies to be called a rigid
body.

Describe the rotational motion of a rigid body under the action of
forces, explaining the terms moment of inertia, angular momentum
and torque.

A steel cylinder supported from the roof of a room is free to rotate
about its axis which is held horizontal. Assume no friction. It has a
mass of 1 kg, a radius of 4 ¢cm and a length of 2:5 cm. Two masses
of 5 kg and 10 kg are connected by a massless string slung over
the cylinder. The masses are initially at rest and then released.
Calculate the acceleration of the masses. (Assume no slipping).

State and explain the second law of thermodynamics. Explain
Carnot’s cycle.

Define and illustrate the concept of entropy.

A lump of ice whose mass is 400 g, melts reversibly in water with
the temperature remaining constant at 0°C. Given the heat of
fusion of ice = 333 kJ/Kg.

(i) What is the entropy change of ice ?

(ii) What is the entropy change of the universe ?
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21. (a)

(b)

(c)

22. (a)

(b)

(c)

(i) E, = E, sin (ot + kz); E;

(10)

Explain Joule-Kelvin effect and its importance in obtaining low
temperatures.

Describe the method of adiabatic demagnetization for producing low
temperatures.

Explain the concept of negative temperature.

Illustrate using a diagram the phenomenon of polarization of light.
Show how the phenomenon throws light on one important
characteristic of light waves.

Differentiate between linear, circular and elliptic polarizations.
Explain how one can experimentally detect the type of polarization
of a given light beam.

Obtain the state of polarization of light when the X and Y
components of the electric field are given by following equations :

E
(i) E, =E_ cos (ot + kz); Ey —2 cos (ot + kz + 1)

J2

Eo cos (ot + kz)

(iii) E, = E, sin (kz - ot + %); E, = E_ sin (kz - ot - %)

y

E
(iv) E, = E_ sin (kz — ot + %); E, = 72 sin (kz - o)
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INSTRUCTIONS

Each question is printed both in English and in Kannada.

Answers must be written in the medium specified (English or
Kannada) in the Admission Ticket issued to you, which must
be stated clearly on the cover of the answer book in the space
provided for this purpose. In case of any doubt in the Kannada
text, please refer to English text.

This paper has four parts :

A 20 marks
B 100 marks
C 90 marks
D 90 marks

Marks allotted to each question are indicated in each part.

All questions in Part A, Part B and Part C are compulsory.
Answer any three questions in Part D.
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PART A 4x5=20

Answer each question in about 50 words. Each question carries 5§ marks.

1. (a) Define electric field, electric potential and give the relation between
them.

(b) Explain electron spin. What was the necessity for introducing this
concept ?

(¢) Describe the essential principle of mass spectroscopy.

(d) Tlustrate the process of modulation. Explain why it is required.
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PART B 10x10=100

Answer each question in about 100 words. Each question carries
10 marks.

Explain what is a magnetic shell. Bring out the equivalence of a current
carrying loop to a magnetic shell.

An electric circuit is constructed by connecting a capacitor in parallel
with a series combination of an ideal inductor and a resistor. Derive an
expression for the impedance of this combination. Explain what happens
at resonance.

Discuss magnetic domains and their role in a magnetic material.
Compare ferro- and ferri- magnetism.

What are the two types of the angular momentum of the electron ?
Briefly describe each and their coupling schemes according to the vector
atom model.

Give a short account of the process of Compton scattering of a gamma
ray. How does the process differ from the photoelectric effect ?

State and explain the law of radioactive decay. Explain the term half life
and derive an expression which can be used to experimentally determine
this quantity.

Write down the semi-empirical mass formula and explain all the terms.
Account for the mass parabola.

Explain the phenomena of fusion and fission of nuclei. Account for the
release of large amounts of energy in both phenomena based on binding
energy arguments. ’
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10. What are intrinsic and extrinsic semiconductors ? Draw the energy level
diagrams for the two types of extrinsic semiconductors. Explain the
position of the impurity levels in each case.

11. What is a NAND gate ? Give the truth table. Show how a NOT gate and
an AND gate can be obtained in the simplest way using NAND gate(s).
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PART C 6x15=90

Answer each question in about 150 words. Each question carries
15 marks.

12. (a) State and explain Kirchhoffs circuit laws. Illustrate using an
example each.

(b) Four equal resistances of magnitude 10 ohms each are connected
together to form the sides of a square. A fifth resistor of 20 ohms
is connected across a pair of opposite corners, forming one diagonal.
Use the above laws to calculate the effective resistance across the
other two corners of the square.

13. (a) Explain the transverse nature of the electromagnetic waves. Which
light phenomenon gives experimental evidence for this property of
light waves ?

(b) What is Poynting’s vector ? Give an expression for the same and
explain its direction.

14. (a) Develop the general form of the Schrodinger equation from first
principles.

(b) Apply to the case of a particle confined inside a potential well of.
depth Vy, and width ‘2’ Obtain the eigen values and eigen
functions.

15. (a) An alpha particle inside a nucleus encounters a potential barrier on
its way out of the nucleus. Explain the origin of the barrier.
Develop the elementary theory of alpha decay based on this.

(b) Distinguish between alpha, beta and gamma radiations with regard
to their nature and their interaction with electric and magnetic
fields.
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16. (a)

17.

(b)

(a)

(b)

(10)

Elaborate on the basis of the classification of elementary particles
into leptons, mesons and hadrons. Distinguish between m mesons
and | mesons.

List the three important forces of interaction operating in nuclei.
Compare them with respect to the strength, range and dependence
on the electric charge.

Give the structure and working of a zener diode. Explain its
IV characteristics.

In what way does this characteristics differ from that of an
ordinary diode ? Use this to describe how diodes can be used for
full wave rectification of an ac input signal.
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18.

19.

20.
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PART D 3x30=90

Answer any three of the following questions, each in about 300 words. Each
question carries 30 marks.

(a)

(b)

(c)

(a)

(b)

(c)

(a)

(b)

(c)

Give Gauss’s law and its proof in the case of electrostatics.

Compare with the equivalent law in magnetostatics. Give its
implication with regard to the existence of magnetic monopoles.

Give valid arguments to show that the electric field inside a
conductor is identically equal to zero at very point. Hence apply
Gauss’s law to show that p = 0 inside a conductor. Also prove that

all points of a conductor are at the same potential.

Explain the process of electromagnetic induction with reference to a
solenoid and a bar magnet.

State and explain Faraday’s law of electromagnetic induction.

Explain diamagnetism and paramagnetism. How will you
experimentally distinguish between the two types of materials ?

Discuss how discrete spectral lines originate in the case of atoms.
Differentiate between optical and X-ray spectra.

Explain the gross and fine structure of electronic band spectra.

A hypothetical molecule has a single excited state. When excited
with radiation of wavelength 435:8 nm, the Stokes line is observed
at 460 nm. What is the excitation energy of the molecule ? Predict
the wavelength of the anti-Stokes line. Arrange the three lines in
the order of decreasing intensity.
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21. (a)

(b)

(c)

22. (a)

(b)

(c)

(14)

What are particle accelerators ? Differentiate between linear and
cyclic accelerators.

Describe the structure and working of a linear accelerator. What is
its main disadvantage and how is it overcome in a cyclotron ?

One section of a LINAC has five drift tubes and is driven by a
50 MHz oscillator. Assuming that protons are injected into the first
tube at 100 kV and gain 100 kV at each gap crossing.

(i) Calculate the output energy after the fifth drift tube.

(ii) What is the total length of the section, neglecting the gap
lengths ? '

[Rest mass of proton = 931 MeV]

Draw the circuit diagram for a transistor inverter. Show that it
functions as a NOT gate. Give its working and obtain the truth
table.

Give the basic principle of amplitude demodulation. Which is the
simplest electronic component that can perform this function and by
which process ? '

A silicon p type silicon wafer has an electron concentration of
3 x 108 per cm3 at 300 K. Calculate the hole concentration of the
wafer as also its conductivity. (Given mobilities of electron and
hole : 1400 cm?2/V.s and 450 cm?/V.s respectively, intrinsic carrier
concentration at 300 K, n; = 1-08 X 108 per cm3).



(15) 17/2

21. (2) 80 Serwcsmeansd  oomded  ?  Sedeod  Borwe  wWLoD
Sertaca, TNV SEDIT TToRTTY, BO%. |

(D) TBeDeod BertecE,eTT TBS DR FoodE ATETBODTY, DTWOR. AIT
Do, VDIV o ? R avg  aasy @
é’bmbm’@%mhd ?

() LINAC S wom ong om Q57 3e9a3ndsy Beodd & omd
50 MHz 28330808 93monad. Sez0de 2evEodd 100 kV o
3 100 kV oQobd Todsom T AR ARHPDITIR
eaoef:%ea;‘sar!n%mhd QOTD LONRBROR.

(i) oo a7, 2avdod So3T YOI, TP IF, Tot.

(i1) méw ZNI @tﬁd, B3 QN L3, G DT, ?
[BpERT DTS T2 = 931 MeV]

22. () 200D ERJIRT® e Sucotn oSG TesuddmRy Tuk. amd NOT
AetdSod  ToodE  ATELWIE  DowodRy  BwedA.  AGT  TODE
ATEBHODTY, NTHJR DFY FT BReFITTY BRTER.

@) wodBAr® BATRHMUEBYT BV IIIS, 0Rk. B PODEIT,
ATFWIT ©Io3 TOY HIFYIF  evToon ORI WFY oI
T3,000D Do B FUR IEHIT ?

(%) 2OFJ 2,00 p SPED AOFT SegFo® 300 K o T2
Z.oved 3 x 108 QST TOZZod, Brodd. JeTos Becest
ToZ oD, VB,Tod DY VGT TOBIZWR, VFFT0L. (B8R : oI5y 3°
HZ Becef HoOFBOI ODBIFTN 1400 cm*V.s I 450 cm?/V.s
oy 530¢0° ToEd 300 K o n; = 1.08 x 108 8 cm? )

L




17/2

2011
aﬁém@

5388F 2

&l

Too® : 3 modrred] [Og 080 : 300

BRWINEH
T8 THOO), RONCT? ToNe FYEIS TLOTINT.

AT TSeT TFETY ITNRATIT SRFEHTYe (Rofew® e
FYE) Jeiy vIONYRY w0oIEE; WY, VIT TEFoD
mw@wdg TFeFTN  AeFRT 2T TFason
TIHOTIEDX. FYE TITEFonY Todew evoiES), BofeT®
THTEFDT, TV M.

& TPTFond Toey, LOTeS :

A 20 eozNed
B 100 eo3ned
C 90 @oTNed
D 90 e0FNed

T8 TYe INOTERE SOFNY 2.08008 GNIDoBR FXPETIINS,

gor A, B %) C odOF o8 TFNv, saponaen oL,
g7 D ao@od e mTonth &t TRy ev3oA.

Note : The English version of the instructions is printed on the front cover
of this question paper.



