
PH-09

June - Examination 2017

B.Sc. Pt. III Examination

Elementary Quantum Mechanics & Spectroscopy

àmapå^H$ ³dm§Q>‘ ¶m§{ÌH$s Ed§ ñno³Q´>moñH$m°nr

Paper - PH-09
Time : 3 Hours ]	 [ Max. Marks :- 50

Note:	 The question paper is divided into three sections A, B and C. Write 
answers as per the given instructions.

{ZX}e :	 ¶h àíZ nÌ "A', "~' Am¡a "g' VrZ IÊS>m| ‘| {d^m{OV h¡& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE&

	 Section - A	 10 × 1 = 10
(Very Short Answer Type Questions) (Compulsory)

Note:	 Answer all questions. As per the nature of the question, delimit 
your answer in one word, one sentence or maximum up to 30 
words. Each question carries 1 mark.

	 IÊS> - "A'
(A{V bKw CÎmar¶ àíZ)

{ZX}e :	 g^r àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo àíZmZwgma EH$ eãX, 
EH$ dm³¶ ¶m A{YH$V‘ 30 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 
1 A§H$ H$m h¡&
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1)	 (i)	 Define matter waves.
		  Ðì¶ Va§Jm| H$mo n[a^m{fV H$s{OE&

	 (ii)	 What is Compton effect?
		  H$m°ånQ>Z à^md ³¶m h¢?

	 (iii)	 What are the eigen values of parity operator?
		  g‘Vm g§H$maH$ Ho$ AmBJoZ ‘mZ ³¶m hmoVo h¢?

	 (iv)	 What is the law of probability conservation?
		  àm{¶H$Vm g§ajU H$m {Z¶‘ ³¶m h¢?

	 (v)	 Write the angular momentum operator.
		  H$moUr¶ g§doJ L

→
 H$m g§H$maH$ {b{I¶o&

	 (vi)	 Is wave function ψ = A  sin x symmetric or Anti-symmetric?
		  ³¶m Va§J ’$bZ ψ = A  sin x  g‘{‘V ¶m à{Vg‘{‘V h¢?

	 (vii)	Write the total energy of one dimensional simple harmonic 
oscillation.

		  EH$ {d^r¶ gab AmdVu XmobH$ H$s Hw$b COm© H$m gyÌ {b{I¶o&

	 (viii)	What do you mean by spherically symmetric potential?
		  Jmobr¶ g‘{‘V {d^d go ³¶m Ame¶ h¢?

	 (ix)	 Write the all quantum numbers of hydrogen atom for n = 3.
		  hmBS´>moOZ na‘mUw Ho$ n = 3 Ho$ {bE g^r ³dm§Q>‘ g§»¶mAm| H$mo 

{b{I¶o&

	 (x)	 Give two examples of non-polar molecules.
		  Xmo AY«wdr AUwAm§o Ho$ CXmhaU Xr{O¶o&
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	 Section - B	 4 × 5 = 20

(Short Answer Questions)

Note:	 Answer any four questions. Each answer should not exceed 

200 words. Each question carries 5 marks.

(IÊS> - ~)
(bKw CÎmar¶ àíZ)

{ZX}e :	 {H$Ýht Mma àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 
200 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 5 A§H$m| H$m h¡&

2)	 What is photoelectric effect? Write Einstein's photoelectric equation 

and show how does it explain these laws.

	 àH$me {dÚwV à^md ³¶m h¢? AmBgQ>rZ H$s àH$me {dÚwV g‘rH$aU H$mo 
{bImo VWm Xem©B¶o H$s ¶h BZ {Z¶‘mo H$s {H$g àH$ma ì¶m»¶m H$aVr h¢?

3)	 Calculate the ground state energy of a one dimensional simple 

harmonic oscillator using the uncertainty principle.

	 A{ZpíMVVm {gÕm§V H$m Cn¶moJ H$aVo hþE EH$ {d^r¶ gab AmdVu XmobH$ 
H$s ‘yb AdñWm ‘o COm© H$s JUZm H$s{OE&

4)	 Find the expectation value of x of the one dimensional simple 

harmonic oscillator for a quantum number n = 0.

	 EH$ {d^r¶ gab AmdVu XmobH$ Ho$ {bE n = 0 ³dm§Q>‘ g§»¶m Ho$ g§JV x  

H$m àË¶mem ‘mZ kmV H$amo&
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5)	 Give steady-state form of Schrodinger's equation for a particle in a 

three-dimensional rigid box. Solve this equation to obtain the energy 

eigenvalue and eignefunctions of the particle.

	 EH$ {Ì-{d^r¶ ha ~³go ‘o pñWV H$U Ho$ {bE lmoqS>Oa H$s ñWm¶r 
AdñWm g‘rH$aU Xr{OE& H$U Ho$ AmBJoZ’$bZ VWm AmBJoZ‘mZ kmV 
H$aZo Ho$ {bE Bg g‘rH$aU H$mo kmV H$s{OE&

6)	 What do you understand by space quantisation? Explain by drawing 

a suitable diagram.

	 AmH$mer¶ ³dm§Q>rH$aU go Amn ³¶m g‘PVo hmo? {MÌ Ûmam ñnîQ> H$s{OE&

7)	 Describe the Stern-Gerlach experiment. Discuss how it verifies the 

concept of electron spin.

	 ñQ>Z©-JaboH$ à¶moJ H$m dU©Z H$s{OE& g‘PmB¶o H$s ¶h Bbo³Q´>mZ àMH«$U 
H$s AdYmaUm H$s ì¶m»¶m {H$g àH$ma H$aVm h¢?

8)	 Prove that [L2, Lx]  = 0 for the angular momentum operator L
→

.

	 H$moUr¶ g§doJ g§H$maH$ L
→

 Ho$ {bE {gÕ H$s{O¶o {H$ [L2, Lx]  = 0

9)	 Describe Franck-Hertz experiment and show that it provides a direct 

evidence of the existence of discrete energy levels in an atom.

	 ’|«$H$ - hQ>©²O à¶moJ H$m dU©Z H$s{O¶o& VWm ¶h Xem©B¶o {H$ ¶h na‘mUw ‘| 
{d{^³V COm©-ñVam§o H$s {dÚ‘mZVm H$m grYm à‘mU àñVwV H$aVm h¢&
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	 Section - C	 2 × 10 = 20
(Long Answer Questions)

Note:	 Answer any two questions. You have to delimit your each 
answer maximum up to 500 words. Each question carries 10 
marks.

(IÊS> - g)
(XrK© CÎmar¶ àíZ)

{ZX}e  :	� {H$Ýht Xmo àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 500 
eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 10 A§H$m| H$m h¡& 

10)	 (i)	� Explain Wien’s displacement law and Rayleigh Jean’s law of 
radiation.

		�  drZ H$m {dñWmnZ {Z¶‘ VWm a¡bo OrÝg H$m {d{H$aU {Z¶‘ H$mo 
g‘PmB¶o&

	 (ii)	� What are the postulates of Planck's quantum theory? Derive 
Planck's radiation, formula, explaining how the short comings 
of classical theory were overcome.

		�  ßbm§H$ ³dm§Q>‘ {gÕm§V H$s n[aH$ënZmE± ³¶m h¢? ßbm§H$ {d{H$aU Ho$ 
gyÌ H$mo ì¶wËnÝZ H$aVo hþE g‘PmB¶o H$s Bggo {Magå‘V {gÕm§V H$s 
H${‘¶mo§ H$mo H¡$go Xÿa {H$¶m J¶m&

11)	 (i)	 Explain the properties of wave function.
		  Va§J ’$bZ Ho$ JwUY‘m} H$mo g‘PmB¶o&
	 (ii)	� Derive an expression for the continuity equation of probability 

density. 
		�  Determine the probability current density of one dimensional 

plane wave ψ = Ae i k x.
		�  àm{¶H$Vm KZËd H$s gm§V§Ë¶ g‘rH$aU Ho$ {bE ì¶§OH$ ì¶wËnÝZ 

H$s{OE& 
		�  EH$ {d^r¶ g‘Vb Va§J ψ = Ae i k x  Ho$ àm{¶H$Vm Ymam KZËd H$s 

JUZm H$s{O¶o&
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12)	 A particle of energy E travelling along x - axis is incident on a 
rectangular potential barrier of height V0 > E and width L. Solve the 
Schrodinger equation for the particle and calculate its transmission 
co-efficient. How does it explain the emission of a - particles from 
an atomic nucleus?

	 E COm© H$m EH$ H$U Omo {H$ x - Aj Ho$ AZw{Xe J{V‘mZ h¢, EH$ Am¶VmH$ma 
{d^d àmMra na Amn{VV hmoVm h¢ {OgH$s D±$MmB© V0 > E h¡ VWm Mm¡‹S>mB© L  
h¡& Bg H$U Ho$ {bE lmoqS>Oa g‘rH$aU hb H$s{OE VWm àmMra ‘| BgHo$ 
nmaJ‘Z JwUm§H$ H$s JUZm H$s{OE& ¶h Zm{^H$ go a - H$Umo Ho$ CËgO©Z H$s 
ì¶m»¶m {H$g àH$ma H$aVm h¢?

13)	 Obtain an expression for rotational energy levels of a diatomic 
molecule and the frequency of rotational spectra. State clearly 
selection rules for it.

	 {Û - na‘mUwH$ AUw Ho$ KyU©Z COm© ñVamo VWm KyUu ñno³Q´>m H$s Amd¥{V hoVw 
ì¶§OH$ àmßV H$s{O¶o& BgHo$ daU {Z¶‘mo§ H$mo ~VmB¶o&


