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Time : Three Hours Maximum : 80 Marks

Section A

Answer all questions.

Each correct answer carries a maximum of 1 mark.

1. Emissivity of a black body is ————————.

2. For pair production phenomenon to occur the photon must have energy, greater then or equal to

————————.

3. Probability density is represented by ————————.

4. the experiment that confirms the existence of de Broglie wave is ————————.

5. An electron can circle in a nucleus only if its orbit contains an ———————— of de Broglie

wavelengths.

6. The nuclear mass affects the ———————— of spectral lines.

7. Commutation bracket is ————————.

8. Write down the one dimensional time dependent form of Schrodinger equation.

9. The splitting of spectral lines by a magnetic field is called ————————.

10. The space quantization of electron spin is described by ———————— quantum number.

(10 × 1 = 10 marks)
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Section B (Short Answer Type)

 Answer all questions.

Each correct answer carries a maximum of 2 marks.

11. What do you mean by gravitational red shift ?

12. What does the Heisenberg uncertainty principle imply ?

13. Write down three dimensional form of time dependent Schrodinger equation.

14. Define expectation value.

15. Define zero point energy.

16. Define spin of an electron.

17. Write down the Schrodinger equation of the Hydrogen atom.

(7 × 2 = 14 marks)

Section C

Answer any five questions in a paragraph of about half a page to one page,

Each correct answer carries a maximum of 4 marks.

18. Write a note on pair production.

19. Write a note on electron microscope.

20. Briefly discuss Particle in a one dimensional box problem.

21. What do you mean by tunneling ? Write the principle of scanning tunneling microscope.

22. Distinguish between eigen value and eigen function.

23. Write a note on Zeeman effect.

24. Write a note on Line spectra of Hydrogen atom.

(5 × 4 = 20 marks)

Section D (Problems)

Answer any four questions.

Each correct answer carries a maximum of 4 marks.

25. X rays of wavelength 0.7080 Aº are scattered from a carbon block through an angle of 90°. Evaluate

the Compton shift.

26. Obtain the relation between group velocity and phase velocity.
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27. An electron collides with a hydrogen atom in its ground state and excites into a state of n = 3. How

much energy was given to the hydrogen atom in this inelastic collision ?

28. Find the probability that a particle trapped in a box L wide can be found between 0.45L and 0.55L

for the ground and first excited states.

29. An eigen function of the operator 2 2 2is = e .xd dx ψ  Find the corresponding eigen value.

30. Find the equatorial velocity of an electron under the assumption that it is a uniform sphere of

radius r = 5 × 10–17 m that is rotating about an axis through its center.

31. Discuss the four quantum numbers of Hydrogen atom.

(4 × 4 = 16 marks)

Section E

Answer in about two page, any two question.

Each correct answer carries 10 marks.

32. Give an account of Einstein’s explanation of photoelectric effect on the basis of quantum theory.

33. What is a wave packet ? How is it represented mathematically and diagrammatically ? Define

phase velocity and group velocity

34. Write an essay on Franck Hertz Experiment.

35. Obtain the eigen function and eigen value of a quantum harmonic oscillator.

(2 × 10 = 20 marks)
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Section A

Answer all questions in a word or phrase.

Each question carries 1 mark.

1. Phenomenon in which a photon in the visible region of the spectrum is shifted towards the red end

is called.

2. Expression for de Broglie wavelength is.

3. Write down the name of the experiment that confirms the existence of atomic energy level.

4. Write down the normalization condition of any system.

5. Write any one example of Hermition operator.

Write True or False :

6. In pair production electromagnetic energy is converted into matter.

7. A group of wave need have the same velocity as the waves themselves.

8. If two operators does not commute, then the observable corresponding to them are simultaneously

measurable.

9. For a harmonic oscillator the lowest energy will be E = E0.

10. The quantization of angular momentum direction in the hydrogen atom is described by the orbital

quantum number.

(10 × 1 = 10 marks)

Section B (Short Answer Type)

Answer all questions in two or three sentences.

Each question carries 2 marks.

11. Differentiate between group velocity and phase velocity.

12. State correspondence principle.
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13. What do you mean by zero point energy.

14. State any two postulates in quantum mechanics.

15. What are operators ?

16. Write down the selection rules in hydrogen atom.

17. Write down the Schrodinger equation for hydrogen atom.

(7 × 2 = 14 marks)

Section C (Paragraph Type)

Answer any five questions in a paragraph of about half a page to one page.

Each question carries 4 marks.

18. How classical physics failed to account for the spectral distribution of energy density in a black

body ?

19. State and explain uncertainty principle.

20. Write a note on Frank - Hertz experiment.

21. Write the Schrodinger equation and find the form of the wave functions of a square well potential

with rigid walls.

22. Discuss tunnel effect.

23. What are the quantum numbers used in hydrogen atom ? Explain.

24. Discuss stern Gerlack experiment.

(5 × 4 = 20 marks)

Section D (Problems)

Answer any four questions.

Each question Carries 4 marks

25. X-rays with λ = 1.0 A° are scattered from a metal block. The scattered radiations are viewed at 90°

to the incident direction. Evaluate the Compton shift.

26. Prove that the group velocity of the wave packet Vg is the same as the velocity of the material

particle.

27. A Positronium atom is a system that consists of a positron and an electron that orbit each other.

Compare the wavelengths of the spectral lines of positronium with those of ordinary hydrogen.

255417

255417
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28. Find the energy required to excite an electron in hydrogen atom to its first excited state.

29. Prove that operators having common set of eigen functions commute each other.

30. An eigen function of the operator d2/dx2 is ψ = e2x. Find the corresponding eigen value.

31. Find the average value of l/r for a l’s electron in the hydrogen atom.

(4 × 4 = 16 marks)

Section E (Essays)

Answer any two questions in about two pages.

Each question carries 10 marks.

32. Give an account of Einstein’s explanation of photoelectric effect on the basis of quantum theory.

33. With neat diagram explain Davisson - Germer experiment for the confirmation of de Broglie wave.

34. Derive the one dimensional time dependent Schrodinger equation.

35. Discuss Zeeman effect. With neat diagram show that the normal Zeeman effect consists of splitting

of a spectral line in to three components.

(2 × 10 = 20 marks)
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Section A

Answer all questions in a word or phrase.

Each question carries 1 mark.

1. Einstein’s photoelectric equation is —————.

2. Write down the energy eigen value of particle in a one dimensional box.

3. Write down the uncertainty relation between energy and time.

4. Write down the selection rules for allowed transitions in a hydrogen atom.

5. Write down the one dimensional time dependent Schrodinger equation.

Write true or false :

6. Although they lack rest mass, photons behave as though they have gravitational mass.

7. A group of waves need have the same velocity as the waves themselves.

8. An electron can circle a nucleus only if its orbit contains an integral number of de Broglie

wavelengths.

9. For a harmonic oscillator the lowest energy will be E = 0.

10. The quantization of electron energy in the hydrogen atom is described by the principal quantum

number.

(10 × 1 = 10 marks)

Section B (Short Answer Type)

Answer all questions in two or three sentences.

Each question carries 2 marks.

11. Define group velocity.

12. State the postulates of Bohr atom model.

13. Write down the eigen value equation and define eigen value and eigen function.

13970
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14. What are Hermition operators ? Write one example.

15. Write down the validity conditions of wave functions.

16. State Exclusion principle.

17. Bring out the conclusion of Stern Gerlach experiment.

(7 × 2 = 14 marks)

Section C (Paragraph Type)

Answer any five questions in a paragraph of about half a page to one page.

Each question carries 4 marks.

18. Write a short note on Compton effect.

19. Discuss the principle and working of electron microscope.

20. Discuss Correspondence principle.

21. Write a short note on tunnel effect.

22. Write a note on scanning tunneling microscope.

23. Briefly discuss Zeeman effect.

24. What are the quantum numbers used in hydrogen atom ? Explain.

(5 × 4 = 20 marks)

Section D (Problems)

Answer any four questions.

Each question carries 4 marks.

25. The threshold frequency of a certain metal is 3.3 × 1014 Hz. If light of frequency 8.2 × 1014 Hz is

incident on the metal, then find the cut off voltage for photo electric emission.

26. An electron has a speed of 500m/s with an accuracy of 0.004%. Calculate the certainty with which

we can locate the position of the electron.

27. A Positronium atom is a system that consists of a positron and an electron that orbit each other.

Compare the wavelengths of the spectral lines of positronium with those of ordinary hydrogen.

28. Find the shortest and longest wavelength in the Balmer series.

29. Prove that commuting operators have common set of eigen functions.

13970

13970
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30. A particle limited to the x-axis has the wave function ψ  = ax between x = 0 and x = 1; ψ  = 0

elsewhere : (a) find the probability that the particle can be found between x = 0.45 and x = 0.55 ;

(b) find the expectation value of the position of the particle.

31. A sample of a certain element is placed in a 0.300T magnetic field and suitably excited. How far

apart are the Zeeman components of the 450nm spectral line of this element ?

(4 × 4 = 16 marks)

Section E (Essays)

Answer any two questions in about two pages.

Each question carries 10 marks.

32. Explain ultraviolet catastrophe. With reference to Planck’s formula explain how Max Planck solve

this discrepancy.

33. What do you mean by de Broglie waves ? Explain the experiment that confirms the existence of de

Broglie waves.

34. Explain the different postulates of quantum mechanics in detail.

35. Write the Schrodinger equation for hydrogen atom and obtain the expression for Φ , Θ  and R

using separation of Variables.

(2 × 10 = 20 marks)
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2.
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.Section A (Qne Word)

Answer all questions.
Each question carcies I rnark.

Einstein's photoelectric equation .is based on the law of conservation of 

-.
'Ihe expectation value of enerry i. --- 

-
The de Broglie wavelength of an electron having a kinetic enerry of 10 eV ir . .

The group velq,city for a relativistic particle having a momentum'p'arid energy'f is 

-.
The wave length of'a particle in a finite potential well is smallerthanthatoftheparticle
in a box.

Write True or False :

..a
The quantum mechanical operator for enerry is -Lh 

Ax.

Compton effect iS associated with X-rays.

The wave.velocity of a wave pachet is called group velocity.

Davissons and Germer experiment relates electron diffraction.

10. The value of [Lr, Lrl is ift.

(10x1=10marks)

6.

7.

8.

9.

Turn over
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Section B

Answer at least'six questions.

Each questian carrins 2 marks.

All questions can be attended.

Overall CeitirW 12.

11. Distinguish between {ave and Group velocity.

12. What is photoelectric effect ?
:

13. Explain the term eigen function.

14. Why do we say that Compton effect cannot be explained by classical physics ?

15. What do you mean by expectation values ?

16. What is the basic working principle of an electron microscope ?

It. What is the significanee of eigen values ?

(6x2=12marks)

Section C

Answer at lea* four questions.Answer at lea* fowr quet

Each question camies 5 marks.

All questions can bb attended..

Ouerall Ceiting 2O.

18. Bring out the angular momentum operators and their basic commutation relations. ?

19. Diseuss briefly the wave nature of matter and obtain an expression for de Broglie wavelength for

matter waves..

20. Explain the normal %eeman effect.

21. A hydrogen atom is 5.3 x 10 11 m. in radius. Use the uncertainity principle to estimate the minimum

electron can have in this atom.

. 22. Show that [Lr, L21 = O and [Lr, Lrl = ihL".

.28. Write a note on the physical interoertation of.probalilitV current density.

24. 
lxnlain 

parr production phenomenon. Is it possible for pair production in free 

,::;= 20 marks)
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Section D

Answer at least threp questions.

Each question earrizs 6 marks.

All questions can be attended.

Ouerall Ceiting 18.

26. What is the raiio of the'kinetic energ"y of an electron to that of a proton if their de Broglie

wavelengths are equal ?

26. A hydrogen atom in a state having binding energT of 0.85 eV makes a transition to a state with ari

excitation enerry of 10.2 eV. Calculate the enerry of the emitted photon.

27. X-rays with l, = 1.0,4, are scattered from a metal block. The scattered radiation is vie.ycii at 90'to

the incident direction, Evaluate the Compton shift.

28. Calculate the de Broglie wavelength of an electron having kinetic energJ of 5000 eV.

29. An electron has a speed of 500 m/s with an accuracy of 0.004 7o. Calculabe the certainty which we

can locate the position ofthe electron.

30. Find the energy of an X-ray photon which can impart a maximum enerry of 100 keV to an electron.

81. What is the potential difference that must be applied to stop the fastest photoelectrons emitted by

a surface when electromagnetic radiation of frequency 1.5 x 1015 Hz is allowed to fall on it ? The

work function of the surface is 5 eV.

(3x6=18marks)

Section E

Answer any two questions.

Each question carries L0 marhs.

. 32. What is photoelectric efftct ? Give the quantum mechanical explanation of photoelectric effect and

hence obtain Einstein's.equation for it.

33. Explain tunnel effect observed in case of a particle approaching a potential barrier of finite width

wittr kinetic energy less than the barrier height.

Turn over
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PFry.ics/Applied Physics
plry 58 o7lAl,"y 58 O8_QUANTUM MECHANICS

Time: Three Hours

Soction A

Answer allques;frons im,a word,*ir phrase.
Eiack question esrries Lqark.

1. The wave velocty of a wave pa.ch* is cailed
2. The eigen value of the momer'Ltum of the pat'ticle ina box is .

3. Compton effect is associated r vith
4. The quantum mechanical operrator for errerry is

Maximum : 80 Marks

5. rhe de Broglie wave Length.n," 
#;::TJ:;?ffi:"" 

em)rry of ilo ev is _ ___,

6. The value of {x,prl isin
.1

7. The eigenwlrc dtle-murenhrm-of the-pa+tideis-*-be***srdiwxete; .

8. The wavelength of a particle in a finite potential well is sr, ,laller than that of the particle in a box.
9. Dilvissons and Germer experiment establishes the wave n, ature of matter.

10. The duration ofradar pulse is 10-6 s, the uncertainty in en.ergyqtrould be zero.

(10xt=l0marks)
Section B (ShortAnswer TVp--n

. Answer all questions in two.or tltee senl,ences.

Each question camies 2 marhs.

11. State uncertainty principle.

12. What is the physical significance of a wave function ?

13. What is zero point enerry ?

74. Briefly explain Pauli's exclusion prineiple.

15. What is group velocity ? Give example.

16. What are operators ?

77. Give the expression for de Broglie wavelength.

(7xZ=14marks)
Section C (Paragraph Tlpe)

.Answer any five questions in aparagraphof abouthalfa page to one pflge,.
Each question carcies 4 marks.

18. Deduce Einstein's photoelectric equations.
I19. Obtain tirne-dependent form of Schrddinger,s equation. 

Turra over
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20. Explain Bohr radius of a hydrogen atom. Give the expression for radius of orbits in terms of the
Bohr radius.

2L. Normalize the wave function V(x) = e-xla.

22. Find the expectation value <r> of the position of a particle trapped in a box.
23. Give a brief account on gravitational red sift. Obtain the expression for the relative frequency

change.

24. Explain,Frank-Hertz experiment with examples.

(b x 4= 20 marks)
Section D (problems)

Answel anjt fo:ur questions.
Each question caruies 4 marks.

25. When radiation of wavelength 1500 A is incident on a photocell, electrons are emitted ? If the
stopping potential is 4.4 volts. Calculate the threshold frequency, work function and thrJold
wavelength

26. If the position of a 5 keV electron is loacted with 2A. What is the percentage uncertainty in its
momentum ?

27. If a photon has wavelength equal to Compton wavelength of the particle, show that the photon,s
enerry is equal to the rest enerry ofthe particle.

28. Calculate the de Broglie wavelength of an electron having kinetic enerry of 1000 eV.
29. Find the enerry of an X-ray photon which can impart a maximum energlr of 50 kev to an electron.
30. Find the phase and group velocitir5s of the de Broglie waves of an electron whose speed is 0.g C.
31. Calculate the maximum wavelength that hydrogen in its ground state can absorb. What would be

the next maximum wavelength ?

(4x 4= 16 marks)

S..iioo E (Essays)

Ansu)er any two questionsin atbout two pages.
Each question caties l0 marks.

32. What is meant by Compton effect ? Derive an expression for the Compton shift.
33. What is photoelectric effect ? Describe the laws of photoelectric effect. Give the quantum mechanical

explanation of photoelectric effect and hence obtain the Einstein's equation for it.
34. Give an brief account on the quantum numbers associated with hydrogen atom. Give theirvalues.

Explain the significance of the quantum numbers.

35. Discuss the uncertainty principle and its relevance in quantum mechanics.

(2 x tO = 20 marks)
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FIFTH SEMESTER B,SC. DEGBtsE EXAT}IINATION,

(cucBCSs-uG)

Physics/Applied Physics

PITY 58 O7IAPY 5B O8{UANTTIM MECHANICS

firne: ThredHours Maximum:80 Marks

Section A

9.

1. Write down RayleighJeans formula.-'----
2. Average energy ofPlanck's oscillator t. 

-
3. Write down uncertainty principle.

4. Write down enerry time uncertainty relation.qrrvua gglal

5. Write the expression for Balmer series.

6.ThespectralseriesofHydrogeninultravioletregions..','....:-'-..'

7. write down the expression for orbital radius of Hvdrogen atom in termB of Bohr radius.

8. \l'rite down. the condition for normalization of the wave function.

9. Orbital angular momentum quantum number can have the values :: .

Operator correspondence ofenlrry is 

-
(10x1=10marks)

Section B

Answer all questions.
,J

11. What is photoelectric effect.

:

13. Explain Schwarzschild radius.

14" Distinguish between phase and group velocity.

15. Write down the Bohr Postulates.

16. Write down the adrrissibility coirdition for a firnction to become wave function.

17. Distinguish between are'classical state' with'Quantum state'.

(7 x2 = 14marks)

Turrr over
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Section C

r r-:. Answer anY five quePtinns'

18. Derive the expressionfor gravitational red sift.

19. Explain the working of electron microscope using a diagram.

20. Explain Frank-Hertz experiinent

2t. Derive the steady state Schrodinger equation from time dependentschrodinger equation.

22. Write a short note on scanning tunneling microscope

23. Give the idea of allowed transition and forbidden transition.

24. Explain Zeeman effect. 
,.\ (5x4=20marks)

Answer any foar questions.

25. What potential difference must be applied to stop fastest photoelectrons emitted by a surface when
electromagnetic radiation of frequency 1.5 x 1015H2 is allowed to fall on it. The work function of
the. surface is SeV.

26. X-rays of wave length 80pm are scattered 120'by a largest. Find or*]he scattered wave length.

27. Calculate the de-Broglie wave length of an electron having kinetir+nergy of 1000eV. Compare

the result with the wave lengths of X-rays having same energ'y

, 28. The average life'time of an excited atomic state is 10-es. If the sp*al line associated with the

decay of this state is 6000A0, estimate the width of the line.

29. Calculate the maximum wave length that Hydrogen in its ground Ste can absorb.

30. Find the expectation value <x> of the position of a particle trappedia a box L wide.

31. Find out the normalizatibn eonstant'A'of the azimuthal wave funr*ion for Hydrogen atom, with

6 = Anr*o .

(4x4=l6marks)

Section E

Answer any two q:uestions.

32. What is Compton effect ? Derive the expression forshift in the w*r*e length ? Write the salient

features of Compton effgct.

33. Derive the enerry eigen values and eigen function of partied confrmred in a box.

34. Obtain the Schrodinger equation for Hydrogen atom in spherical polar bo-ordinates and obtain

the differential equation for r, 0, 0 by using separation of variable method.

35. What are matter waves ? Derive the expression for wavelengthryf matter waves" Describe

Davisson- Germer experiment to establish the wave nature of partfuie
' (2 x 10 = 20 marks)
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F'IFTH SEMESTER B.Sc. DEGREE EXAIT{IhL-ATION;

(CUCBCSS-UG)

Physics/Applied physics

PHY 5B OTIAPY 58 o8-QUANTUM MECIIANICS

Section A

.4nswer all questians;
Each question carri,es L mark.

1. Give Planck's distribution law.

2' Density of states of Planck's oscillator in black body between frequencies u and u + du.
3. Write down de-Broglie,s equation.

4. Write the formula of Compton effect.

5. Write expression for Lyman series.

6. The spectral series of Hydrogen in visible region.
7' Expression for energy of Hydrogen atom in terms of ground state energJr.
8. Write the expression for probability density of a system.
9. wr"ite down the possible values of magnetie quantum number.

10. Operator correspondence of lineal momenturn is

Time: Three Hours

Section B
Ansuter all questions.

Each questian camics 2 mtrks.
11. Explain Ultra-Violet catastrophe ?

12. Write the salient features of Compton effect.

13. Explain pair annihilation.

L4. Distinguish between gravitationar red shift and Doppler red shift.
15. Explain Bohr correspondence principle.

16. Explain expectation value of an observable.

L7. Write and explain Pauli's exclusion principle.

Maximum : 80 Marks

(l x trO = 10 marks)

(7 x2 = 14marks)

Turn over
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Section C

Atsswer any fle questions.

. Each question canies 4 marks.

18. Show that pair production cannot occur in empty space.

19. Show that group velocity is particle velocity

20. Write a short note on Davisson-Germers experiment

21. Write down the Postulates of Quantum Mechanics.

22. Explain quantum tunneling and write approximate value of traqsmission probability.

23. Explain Stern-Gerlach experiment.

24. Explain anomalous- Zeeman effect.

(5 x 4=20 marks)

Section D

Answer any fottr questinns.

Each questian earries 4 marks.

25. The work function of barium and tungsten are 2.5 eY ard 4.2 eV, respectively. Check whether
- these materials are useful in a photocell, which is to be used to detect visible light.

26. A photon of energy 1.02 MeV. IJndergoes a Compton Scatterings through 180". Calculate the
enerry of scattered photon.

27 .. Deterrrine the de-Broglie wave lengttr of an electron that has been accelerated throug-h a potential

difference of 100 V.

28. An electron has a speed of 500 m/s with an accuracy of 0.004 Vo. Calculatn the certainty with
which we can locate the position of the electron.

29. Determine the ionization enerry of He+ ion. Also calculate the minimum frequency a photon must

r__ d1
30. The operato" L* 

. 
O") has the ergen value a. Find the corresponding eigen function.

31. Normalizethenormalwavefunction e=Ae-M forr20and (D=Aeu forrco,whereoisa
positive constant.

(4x4=16marks)
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Sec{ion E

Answer ony ttto questinns.

Each qu.estion canics lO marks.

82- Derive the time independent Schrtiding'et's equation from time dependent SchrOdinger equation.
Apply it to find the energr eigen value of particle eonfined in a box.

Solve the problem of quanfum hamonic osciilatorby using Schrddinger equation.

Explain Bohr Postulates of the atomic structure. Derive the expression for Bohr orbit and total
energf of the hydrogen atom.

What is Photoelectric effect ? Describe important feittrres of photoetectric effect and derive the
Einstein-photo el,ectric equation.

(2 x 10 = 20 marks)

c 303ftt

88.

84.

85.
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EXAMINATION, NO\mMBER 2016
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Physics/Applied Physics

PH 5B 10/Ap 5B 12-QUANTUM MECr{ANICS

(2OOg-2012 Admissions)

Time : Three Hours

Section A

Answer all questions,

Each question carrins Yt weightage.

1. The problem of ultraviolet catastrophe was predicted by :

Maximum : 80 Weightage

(b) Planck's law.

(d) Rayleigh Jeans law.

2. When the intensity of light incident on a metal surface is increased, the photoelectric current:

(a) Stefan Boltzmann law.

(c) Wien's law

(a) Decreases.

(c) Remains.

(a) Perturbations.

(c) Noncomplimentary.

(Pages :4)

&) Increases.

(d) Becomes zero.

(b) 180 degrees.

(d) 45 degrees.

(b) Complepentary.

(d) None of these.

3. In Compton scattering the incident photon looses maximum energy to the electron when the photon
is scattered at :

(a) 0 degree.

(c) 90 degrees.

4. If a proton and an electron have the same de Broglie wrivelength then :

(a) Both have same kinetic energies.

(b) Proton has more I(E than electron.

(c) Electron has more I(E than proton.

(d) Both have same velocity.

5.' The particle and wave aspects of a physical entity are :

.,.. - ;...;;.r. :. :: r:,..] *!
A;i ,=.:. .i *

Turn over
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6. Davisson Germer experiments confrrm the existence of.:

(a) Matterwaves. G) Electromagneticwaves.

(c) Gravitational waves. (d) Black body radiation.

7, Stern Gerlach exfriment gives a direct confirmation of :

(a) Space qgantization.

(b) SPin of electron. '
(c) Wave nature of electron.

8. fire ground state energy of a hydrogen electron is :

,

, (a) 13.6 Joules (b) 13;6ev'

(c) - 13.6ev. (d) - 3.4ev.

(a) Single wave. &) Wave Pocket.

(c) Light wave. (d) None of these.

10, Of the following morling with the same velocity which has the largest wavelengfh ?

(a) Photon. G) Neutron.

(c) a particle. (d) Electron'

11. According to wave machine a free particle can posses' :

(a) Discrete energies.

(b) Only one single value of enerry.

(c) Continuous energies.

LZ. Which one ofthe foUowing pairs of phenomena illustrates the particle aspeet of wave particle

duality ?

(a) Compton effeet and Braggis law.

(b) Photo electric effect and Compton effect.

(c) Compton effect and Pauli's exclusionprinctple.

(d) Photo electric effect and Bragg's law.

(L2x%=Sweightage)
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Each question carries I weightage

18' Under what conditions does the average enerry of a quantum oscillator & classical oscillator
coincide. Reason your answer.

14 Low frequency light cannot trigger photoelectric effect. Why.?

15 What are the conservation laws satisfied in a Compton scattering experiment ?

16 Distinguish between Phase velocity and group velocity.

17 What intrinsic property of electron is reflected in the fine structure splitting of spectral lines of
hydrogen like atoms ?

18 Show that eigen values of a Hermitian operator are real.

19 Explain zero point enerry.

20 Distinguish between allowed transitions and forbidden transitions.

2L Why is it that a particle in a thr6e dimensional box requires three quantum numbers for its
description ?

(9x1=gweightage)

Section C

Answer any frve questions.

Each q'uestion carri.es 2 weightage

22 Find the average enerry ih ev of a Planck's oscillator of frequency 1.9 x 10ra Hz at 1527"C
(Assume es - t48).

28 Describe Millikan's 
"*p*"i*"rrt 

for the verification of Einstein's photoelectric equation.

24 Light of wavelength 4500'A ejects photo electrons from a ,oiio* surface of work function
2.3ev. The stopping potential is experimentally forurd to be 0.46 volts. Calculate Planck's

constant.

25 A free electron at rest is struck by a photon of wavelength 0.5 nm. Calculate its speed after
collision if the photon is scattered backwardi. (Assume electron motion is non relativistic)

26 Calculate the de Broglie wavelength of a l kev electron and lkev proton.

27 Explain spin orbit interaction example.

28 Explain Zeematsplitting of the sodium D lines in a weak magnetic field.

(S x 2= 10 weightage)
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Seition D

Answer any two qucstions.
.--:^^,t -..^:-Lt--^Each questian caties 4 weightage.

What is Cornpton effect ? Derive an expression for the frequency shift of protons as a function
of the angle of scattering for Compton effect using energT momentum conservation.

Explain Bohfs postulates of the atomic struiture. Derive expressions for the radius of the
Bohr orbit and total enerry of the hydrogen atom.

Derive tLe Schrtidinger's equdtion for a linear harmonic oscillator and solve-it to obtain the
elgen values and eiggn functions;

rtization ? Describe stern Gerlach's experiment. How does it prove the
existence of magnetic moment and electron spin ?
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Maximum:80 MarksTime : Three Hours

The symbols used in this questiory paper haie their wsual meanings.

Section A

Answer allquestinns in a word or a phrase.
Each questian carries I mark.

1. Ia photoelectric effect, for a particular frequency, the number of photoelectrons emitted is
proportional to 

- 

of the radiation.

2. What is the relation between particle momentum and the wave number of the de Broglie wave

associated with it ?, r

\\ 3. Which spectral series of hydrogen falls in the visible region of the electromagnetic spectrum ?

4. What are the eigen functions of a quantum harmonic oscillator ?

t'" .u. What Gtreurynitude of aurylar momentum due to spin of an electron ?

Write ltre or False :

6. Davissons and Genner experiment confirms wave nature of electrons.

7. In most of the practical situations, group velocity is higher than the particle velocity.

8. Due to nuclear motion, all enerry levels of hydrogen are increased by a very small fraction.

"10. An electron in an orbit does not radiate energy

(10x1=10marks)

Section B

- Answer a[l qu,estions in two ar three sentences.
' Each questinn carrizs 2 ntqrks.

11. Draw the spectrum of a btackbody and indicate the regions obeying RaleighJeans law and Wien's
law.

12. ,Write down the Einstein photoelectric equation. What are the terms involVed ?

(D.; Wt 
"t 

are de Broglie waves ? Give an expression for the de Brogliewavelength\./
L4. What is the basic working principle of an electron microscope ?

w

Ii

t

Ihm over



15. What do you mean by the Bohr radius of a
radius of orbits in terms of the Bohr radius.

>
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hydrogen atom ? Write down the expression for the

Answer any five questions in a paragraphof abouthalf a page to one Me-Each questian carri.es 4 ma,rks.
18' Explain the pair production phenomenon. Does it violate any conservation law ? rs it poesible forpair production to occur in free space ? 

-:- -v !'v{

19' What is gravitationar red shift ? obtain an expression for the rerative frequency change.20' Discugs the energy-time uncertainty principle. Does uncertainty;r;chssical mechanics ?2l' what are the purpose of Franck-Hertz experiment ? Draw the schematic of Franck-Herrzexperiment setup and indieate the parts.

3 I:t- 
suitable figures, explain the origin of'emission and absorption lines of atoms.

;;;;;
{)nxotain the nomal Zeeman e,&et.u

t5",.f-5s;6,
Section D

Answer any fot:tl" qucstions.
. Each questibn carries 4 marks.

Problems write all releuant foit",t"r,-;A hnportant steps carry selrumte rrurhs.

L,f#$H*ffi.1f:"*"T:,::111::::::_T :*,",.i* ,r"r".t"*s having kinetic enersiesill3H* l.se' ev respectivery from sodium. o"t".*i,i" i,"1;I;Ti?Hi,S#::""Tffi;

16' 
ffif,o 

rou mean by the term zero point energy of a quantum harmonic oscillator ? what is its

77. Illustrate the pauli,s exclusion prihciple.

Sectibn C
(7x2=14marks)

this data.

25.

26.

27.

Estimate the deBrogliewavelength ofan electron which is accelerated through apotential differeneof 100 V"

ltte average period that elapses between the excitation of an atom and the time it emits radiationis 10{ s. Determine the width of the 
"*"it"a 

state.
Determine the wavelength of the photon required to ionize a hydrogen atom in the ground stateand gives the ejected electron a kinetic energy of l0.E eV.
Find the expectation value of the momentum of a particle enclosed.in a onedimensional box.

,l'ffi*:"Ti:t Tilflr,fl 
is incidence on a banie*rh"ish;;; ";;, *;;;", ,,*]#o'rn"

31' compare the angular mome5rtum of a ground state electron in the Bohr model of the hydrogenatom with its value in the quantum theory.

(4x4=16marks)



32.

33.

34t 
_

35.

3

Section E (Essays)
''. Answer any two questians in about two pages.

fflx;H:Tilffiffi::*ton effect ? obtain an expression for the change in wavelengrh of
what are the essential features of Bohr atom moilel ? Discuss the origin of the spectrar series ofhydrogen. :------v!

Dllcuss qualitatively the t,nnel effect ob^ser,ed incase of a particre approaching a potential barrierof finite width, with kineti" 
"rr"ag5.r,r* 

than the t*t""ilignt. rc
Explain the quantum numbers associated with hydrogen atom. what are their values ? Explainthe signifisance of the quantum;;;;..

D u169

(2 x 10 = 20 marks)
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fime: Three Hours

I. Objective questions (Answer all questions) :

1 the low frequency limit to plancks law is :

Maximum : 80.I[eightage

(a) Wien's law.

(c) Newton'slaw.

2 Compton effect confims:

(a) Wave nature of radiation.

(c) Particle n4ture of matter.

3 Photonspossess: '

(a) Gravitational mass only.

(b) Best mass only.

(c) Both gravitational and rest mass.

(d) No mass at all.

(a) Particle nature of protons. (b) Wave nature of protons.

(c) Particle nature of electrons. (d) Wave nature of electrons.

5 When the number ofwaves forming a wave ppcket is increased, what happens tothe width of
the wave packet ?

(a) Becomeswider.

(c) Becomes zero.

(b) RayleighJeans law.

(d) Boyle's law.

(b) Particle nature of radiation.

(d) Wave nature of matter.

(b) Becornes narrower.

(d) Becomes infrnity.

Turn over
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6 Franck-Hertz experiment confirms :

(b) De Broglietryptiresis

ie onercv lovals(c) Discreteness of atomic enerry levels.

(d) Spin of electr:on.

7 The quantum mechanical operator for energ5r is 

-.
" .-a

(c) -io*. (d) ,o*.

' 8 Among the following, which system has energr levers equally spaced ?

(a) Hydrogen atom. (b) Particle in a box.

(c) Harmonicoscillator. (d) Bigid rotator.

I The magnetic quanfum number is related to the conservation of :
(a) Mass.

(c) Angular momentum direction.

(d) EnergY.

10 For the principal quanttrm numtier 3, which among the following is a possible value for the
orbital angular momentum quantum number ?

(a) o. (bi 1.

(c) 2. (d) 3.

11 fire spacequantization of electron spin was first demonstrated by -- experiment.

LZ Ttre momentum expectition value of a particle enclosed in a [ox is 

---$2 1' Yt = 8 weightage)
III. Short enswer questions(Answer all questions) :a- --------

13 Draw the spectrum of a black body.

L4 What is gravitational red shift ?

15 Discuss the probability interpretation ofthe wavefunction.

16 Explain the terrns phase velocity and group velocity.

17 What are the basic postulates in Bohr,s atom model ?



3

18 Discuss the effect of nuclear mass on the atomic spectrar lines.

I 19 what are the essentiar conditions on a wavefunction ?

20 What doyou rnean by the term zero pointenergy of a hannonic oscillator ?
2l State Pauli's exclusion principle.

D 11560

(9x1=gweightage)

metal block. Determine the

III. Shgrt essay questions (Answer any fiue questions) :

22 X-rays of wavelength 10 p.m. are complon scattered from a
maximum waveleagth present in the scattered rays.

23 Determine the de Broglie wavelength ofan electron accelerated through a potential difference
of 100 V.

24 An ergen function of the operator
d2

w is eb. Find the corresponiling eigen value.

25 A particle moving in one dimension has the wavefunctiorr qrr = ox2 inthe interval * = 0 and
* = l and zero elsewhere. Find the expectation value of the position of the particle.\

26 Compare a quantum mechanical harmonic oscillator to its classical counterpart.
27 A proton in a one-dimeasional box has energx 4@kev in its first,excited state. Deter:rrine the

width of the box. -----;--*- *"

28 Explain normal Zemaneffect.

(5x2 = l0weightage)

29 What is photoelectric effect ? Discuss the eqrerimental findings and give Einstein,s explanations.
30 Discuss the Bohfs theory of hydrogen atom and explain the various spectral series.
31 Discuss the theory of quantum mechanical tunneling

(2x4=gweightagp)



T

\ 90920 (Pages:3)
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Time : Three Hours

I. Objective questions. Answer oll questions :

1 The speed of eleetromagnetic waves in free space is given by :

6) +ro';(a)

(c) (d)

(b) Work- function.
(d) Mass of electron.

r(b) Electron and photon.

(d) Eleetron and positron.

(b) Becomes narrower.

(d) Becomes infinity.

G) Balmer.

(d) Brackett.

Maximum :30 Weightage

Poeo.

1-_
VFoeo

2 In photoelectric effect, w-hat is the slope ,f ,hJfLmum photoelecfron-kinetic energy versus
incident frequency curve ?

(a) PlanelCs'constant.

(c) Charge of electron.

S to pul, prriduetion, a photon materializes into :

(a) Eiectrorr- and neutron.
(c) Eleetron and proton.

(a) Becomeswider.

(c) B'ecomes zero.

(a) I;yman.

(c) Paschen.

6 Which spectral series of hydrogen falls in the visible region of the electromagnetie spectrum ?

Davisson Germer experiment confirms :

(a) Particle behavior of electrons. (b) wave behavior of protons.
(c) Farticle behavior of protons. (d) wave behavior of electrons.

When the number of waves forming a wave packet is increased, what happens to the width of
l

the wave packet ?

Ihrn over
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7 The quantum mechanical operator for momentum is :

(a) -ih+. (b) ih9..ax -'- 
orc'

(c) -ih!. (d) ro*.
at

8 Among the following, which system has energy levels equally spaced :

:" (u) Hydrogen atom. (b) Particle in a box.
(c) Harmonic oscillator. (d) Rigid rotator.

I The principal quantum number is related to the conservation of :

(a) Mass. (b) Angular momentum magnitude.' (c) Angular momentum direction. (d) Energy.
10 For the principal quantum number 2, which among the following is a possible value for the

orbital angular momentum quantum number ?

(a) L. (b) 2.

(c) 3. (d) 4.

11 Stern-Gerlach experiment demonstrates the of electron spin.

LZ For a particle in a box, the expectation value of momentum is 

-

(L2xy+=3weightage)
II. Short answer questions. Answer oll questions :

13 What do you mean by ultraviolet catastrophe ?

14 What is the origin for the incident wavelength component ih the Compton spectrum ?

15 Discuss the probability interpretation of the wavefunction.

16 Explain the terms phase velocity and group velocity.

L7 What is Bohr's correspondence principle ?

18 What do you mean by the terrn ionizatjon enerry of an atom ?

, 19 What are the essential conditions on a wavefunction ?

20 Write down the expression for the energy eigen values of a harmonic oscillator.
2t Wly is only one component of electron's angular momentum quantized ?

(S x l. = gweightage)

UI. Short essay questions. Answer any fiue questions :

22 X-rays of wavelength 5 pm are Compton scattered from a target. Determine the minimum' and maximum wavelength of the scattered X-rays.

23 Calculate the de Broglie wavelength of an electron having a kinetic energy 1000 eV.

24 An eigen function of the operator **r2'. Find the corresponding eigen value.
dxz
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25 .A, partiile moving along the *-direction has the wavefrrnction \r = o" ir, ,t U tr"*rr;":TIl
x, = 1 and zero elsewhere. Determine the probability that the particle canibe found between
x=O.4andr=0.6.

26 Compare a quantum mechanical harmonic oscillator to its classical counterpart.
27 An electron is enclosed in a box of length t A.. Determine the energy eigen rraloes.

(Ex2=l0weightage)

IV: Essay questions. Answer any twoquestions

29 Explain de Broglie hlpothesis. DiscusS'the Davisson-Germer experiment.
30 Explain the Bohr's theory of hydrogen atom and discuss the spectral series.

31 Set up the time-dependent Schriiedinger equation and discuss the steady-state case.

*.
-i:.

*+
-.4*l
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fime : Three Hours Maximum : B0 Weightage

Section A

Answer all questi.ons.

1. Photoelectric phenomenoR was first explained by:
(a) Bohr. (b) Millikan.

. 
(b)M

(c) Einstein. (d) Planck.

2. Neglecting relativistic change of mass, the wavelengttr assOciated with an electron of kinetic enerry
E is proportional to :

(a) Bvh. (b) 5"-+h.

(d) B-1.

'elocity (uo) and group velocify (uu) of a de-Broglie wave in free space ae related urt'

FIFTH SEMESTER B,sc. DEGREE EXAMTNATTON, NO\EMBER 2014

(a) 
;=A {b) t)oru=c2.

(c) 
ff=o'is.

Turn'ov.er

(d) upus =J* .

4. Of the following moving with the same velocity, the one which has largest wavelength is :

(a) An electron. (b) A proton.

' (c) A neutron. (d) An cr,-particle.

5. . The existence of matter waves is confirrned by:

(a) Sten-Gerlach experiment. (b) Frank-Hute experiment.

(c) Millikan's oil drop experiment. (d) Davidson and Germer experiment.
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12. The expectation value of potential

(a) 13.6 eV.

(c) -13.6 eV.
.\

(12xr/*=Sweightdge)

Seetion B

Answer all questions.

13' Show that for a non-relativistic free particle, the phase velocity is half the group velocity.

14. What is meant by normalised and orthogonal wave functions ?

15. What are eigenvalves and eigenfunctions ?

e 16. Explain Zeemaneffect.

t, 17. Write Schrridinger's time-independent wave equation.

18. What is Compton effect ?

19. What is zero point energy ?

20- Explain any one application of Heisenberg's uncertainty principle.

2L. State the postulates of quantum mechanics.

(9x 1=gweightdge)
Section C

Answer any five questions.

22. The average lifetime of hydrogen in excited state is 2.5 x L|-ras, calculate the uncertainty in the
measurement of enerry in this state.

23. Calculate the energy difference between the ground state and the first excited state for an electron
in one-dimensional'rigid box of length L0-10m (mass of electron = g.1 x 10-31 kg.and
h -- 6.69 x 10-34 Js).

24. A particle is in motion along a line between* = 0 andr ='o with zero potential energy, and at points
for which * < 0 and r > o the potential enerryis infinite. The wave function for the particle in the
nth state is given by :

nTx
vn = Asln-. Find the expressions for the normalized wave functions.o,

Calculate the wave of Bohr magneton. Given e = L.6 x 10-19 C,'h = 6.62 x L0-44 Jr,
m = g.LL x 10-31 kg.

What voltage must be applied to an electron microscope to produce electrons of wavelength of

0.5 A? Given e = 1..6x .10-1e C, n1 =9 x l-0-31 kg, h = 6.62 x10-84 Js.

3

energ"y in hydrogen atom is :

(b) Zero.

(d) -27.2 eY.

25.

i

26.

Turn over
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a

27 . Calculate the enerry and pomentum (in eV) of an X-ray photon of, wavelen gtt- ZA _

-\i-l28. Calculate the work function in electron volt for sodium metal giv6n that photoelectric threshold
^-- - 9' wavelength is 6800 A.

lE r. 6 
- 

1A(5xZ = l0weightagd)
&ffirffi-Dl,

Attswer amy ttio questions. , ,

o 29. Obtain Schriidinger.wave equation for a'paiticfdi,ir one-dim)tbnsional rigfld box. Solve ii'to obtain
I

eigenfunctions and show that eigenvalves are discrete.
:.

G) E. 5p1"i" the physical signifilimce of,wave function.

31. Describe the Stern-Gerlach expeitment for verification of space quantiaatton. ,, ' , ;" , .t

. , ., 1,:: (2x.4=Swdightage)
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(a) Single wave.

(c) Li-&ht wave.

(Pages:4)

(b) \[Isvs-packet.

(d) Cannot behave as wave.

(b) In a box of rigid walls.

(d) Neither (o) nor (b).

Maximum : 30 Weightage

FIFTII SEMESTER B.Sc. DDGBEE EXAMINATION,

(UHCSS)
Physics-Core Course

PH 5B 10 / Ap 5B I2-QUANIUM MECHANICS

(Comrnon'for Applied Physics)

fime : Three Hours

Section A

Answer allauestions.

1. Matterwaves

(a) Are longitudinal. G) Areelectromagaetic.

(c) Always travel with speed of light. (d) Show diftaction.

2. According to Schrtidinger, a particle is equivalent to a :

3. fire uncertainty relation cannot hold for the following pairs :

(a) Position and momentum. (b) Energy and time.

(c) Linear momentum and angle. (d) Angular momentum and angle.

4. A particle possesses discrete energy levels :

(a) In free space.

(c) Both (o) and (b).

5. Ttre allowed enerry valves of a particle in box of length L are grven by :

n2 n2 hz(a) -m-.
n2 h2(c)ffi.

6: Itre energy operator is :

n2 n2 h2(b) -ffi
nnh(d) 2*L.

G) ih+.
dt

(d) ihv.

(a)
ha
iat

4v.
I

(c)
Turn over
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7. The potential function of harmonic oseillator is :
.*"'1

(c)i ''Efitptieal.

&) Parabolic.

(d) Hyperbolic.

B. When a particle of enerry E < Vo is incident on a potential barrier ofheight V6, then the probability

ofpenetration is: .

(a)

(a) Zero.

(c) Finite.

(a) An eleetron.

(c) Neutron.

(.b) l.
(d) Infinite.

(d) o -Particle.

(b) Sound waves.

(d) Transverse waves.

Section B

Answer all questians.

D 60730

(l2x%,=3 weightage)

g. Ttre enerry levels of harmonic oscillator according to Schrfiinger's equation is :

(a) nhw. (b) (".*)*.

(c)

hw

(;-l) (d) ("2 -t\n .

10. Of the following having the same liinetic enerry, which has the longest wavelength :

11. For orthogonal wave functions, the value of Jvl" ryo dr is :

(a) 1. G) 0.

(c) @. (d) - 1.

L2. The waves associated with electrons are called :

13.

L4.

15.

(a) Light uraves.

(c) Matterwaves.

State the princrple of superposition of waves.

State the postulates of quantum mechanics.

Explain uncertainty principJe.
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16.

L7.

q9
19.

3

What is electron spin hypothesis.

What do you mean by tunnelling through a barrier ?

Explain the significance of wave function.

What is correspondence principle ?

20. Distinguish between phase velocity and group velocity.

6i Write Schrodinger's time dependent wave equation.

22.

(9x1=9 weightage)

Section C

Answer any frve questions.

Find the change in wavelength of an X-ray photon when it is scattered through an angle of 90 by

a free electron.

What voltage must be applied to an electron microscope to produce electrons of wavelength 1A'.

Find the normalisation constant of a particle constrained to move rn p one dimensional infinite

potential well of width L, such that 0 3 r <L,whose wave function is Vr = A sin 
tT) , where n

is an integer.

Calculate the total energ'y of the electron in the first Bohr orbit, in electron Volt. (Given

electron rest mass m = 9.Ll x 10-31 kg, electron charge e = L.6 x 10-19 C, Planck's constant

ft. = 6.63 x 104a Js), permittivity of free space eo = 8.85 r10-12 C2 /Nm2 and leV = 1.6 x 10- 19 J)

An electron has a speed of 300 m/s accurate to 0.01 Vo.Withwhat fundamental accuracy can we

locate the position qfthe electron, 
,

Calculate the value of Bohr radius.

Calculate the de Broglie wavelength of neutrons of Kinetic enerry 1eV.

(5x2 = l0weightage)

Section D

Answer any two questions.

23.

24.

25.

26.

27.

28.

V9 ** is a wave function ? Derive Schrddinger's time Independent equation.

30. Describe Davisson and Gemer experiment for the study of diffraction of electrons and show that
the results of this experiment are closely in agreement with de-Broglie wavelength of electrons.

Turn over
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. -; , ,. .l ..' .,i

Write the time- independent Schrddinger wave equation foi thehydrogen atom in spherical

polar co-ordinates and separate it'ifito'th?e6,atiffefbAWil'tqddtioirs br the threepaits of the

total wave-function. :.. - : .: .

Solve the azimuthal wave function and show that ttreilagletic quattum Mtiber /2" muit be

zero or a positive or negative integer.

,(lrx 4,sSveightqp)

(b)

-,6**:r--=:__ -


