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Elementary Quantum Mechanics 

¼izkjafHkd Dok.Ve ;kfU=dh½ 

Bachelor of Science (BSC–12/16) 

Third Year, Examination, 2017 

Time : 3 Hours   Max. Marks : 40 

Note : This paper is of forty (40) marks containing three 

(03) sections A, B and C. Learners are required to 

attempt the questions contained in these sections 

according to the detailed instructions given therein. 

uksV % ;g iz’u i= pkyhl ¼40½ vadksa dk gS tks rhu ¼03½ 

[k.Mksa ^d*] ^[k* rFkk ^x* esa foHkkftr gSA f’k{kkfFkZ;ksa dks 

bu [k.Mksa esa fn, x, foLr`r funsZ’kksa ds vuqlkj gh iz’uksa 

ds mŸkj nsus gSaA 

Section–A / [k.M&d 

(Long Answer Type Questions) / ¼nh?kZ mŸkjh; iz’u½ 

Note : Section „A‟ contains four (04) long answer type 

questions of nine and half (9 1
2

) marks each. 

Learners are required to answer two (02) questions 

only. 
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uksV % [k.M ^d* esa pkj ¼04½ nh?kZ mŸkjh; iz’u fn;s x;s gSaA 

izR;sd iz’u ds fy, lk<+s ukS ¼9 1
2
½ vad fu/kkZfjr gSaA 

f’k{kkfFkZ;ksa dks buesa ls dsoy nks ¼02½ iz’uksa ds mŸkj nsus 

gSaA 

1. What is Photoelectric Effect ? Give the experimental 

results of photoelectric effect. How can photoelectric 

effect be explained with the help of Einstein‟s 

theory ? 

izdk’koS|qr izHkko D;k gS \ izdk’koS|qr izHkko ds fy, iz;ksxksa 

}kjk izkIr fu”d”kZ crkb,A vkbaLVhu ds fl)kUr }kjk izdk’k 

oS|qr izHkko dh fdl izdkj O;k[;k dh tk ldrh  

gS \ 

2. Define operator. Give some examples of operators in 

quantum mechanics. Define linear operators and its 

properties. 

ladkjd dh ifjHkk”kk nhft,A Dok.Ve ;kaf=dh ds iz;ksx esa 

vkus okys dqN ladkjdksa ds mnkgj.k nhft,A js[kh; ladkjd 

dh ifjHkk”kk nhft, rFkk bldh fo’ks”krk,¡ Hkh fyf[k,A 

3. Solve the Schrödinger wave equation for a particle in a 

one-dimensional box. Find out energy eigen value and 

eigen functions also. 

,dfoeh; ckWDl esa d.k dh xfr ds fy, JksfMUtj lehdj.k 

dks gy dhft, rFkk blds ÅtkZ vkbxu eku rFkk vkbxsu 

Qyu izkIr dhft,A 
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4. What is one-dimensional simple harmonic oscillator ? 

Solve the Schrödinger wave equation for one- 

dimensional harmonic oscillator. Also draw wave 

functions. 

,dfoeh; ljy vkorhZ nksyd D;k gS \ ,dfoeh; ljy 

vkorhZ nksyd ds fy, JksfMatj lehdj.k dks gy dhft,A 

blds rjax Qyuksa ds izfr:i fp= cukb,A 

Section–B / [k.M&[k 

(Short Answer Type Questions) / ¼y?kq mŸkjh; iz’u½ 

Note : Section „B‟ contains eight (08) short answer type 

questions of four (04) marks each. Learners are 

required to answer four (04) questions only.  

uksV % [k.M ^[k* esa vkB ¼08½ y?kq mŸkjh; iz’u fn;s x;s gaSA 

izR;sd iz’u ds fy, pkj ¼04½ vad fu/kkZfjr gSaA 

f’k{kkfFkZ;ksa dks buesa ls dsoy pkj ¼04½ iz’uksa ds mŸkj nsus 

gSaA  

1. In Compton scattering if incident photon has 

wavelength 102.0 10 m  and  deduce : 

(i) Compton shift 

(ii) Wave length of scattered photon 

Given : 

31
0 9.1 10m  kg, 346.67 10h  J-s,  

8=3 10c  m/s 
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dkWEiVu izdh.kZu esa ;fn vkifrr QksVWsu dh rjaxnS?;Z 

102.0 10 m rFkk izdh.kZu dks.k  gks rks x.kuk 

dhft, % 

(i) dkWEiVu foLFkkiu 

(ii) izdhf.kZr QksVkWu dh rjaxnS?;Z 

fn;k gS % 

31
0 9.1 10m  kg, 346.67 10h  J-s, 

8=3 10c  m/s 

2. Explain de-Broglie hypothesis. Give the experimental 

verification of de-Broglie hypothesis. 

ns czkWXyh ifjdYiuk dks le>kb,A ns czkWXyh ifjdYiuk dk 

izk;ksfxd lR;kiu nhft,A 

3. Define Hermitian operator. Show that momentum 

operator i
x

  is a Hermitian operator. 

gehZf’k;u ladkjd dks le>kb,A fl) dhft, fd laosx 

ladkjd i
x

  ,d gehZf’k;u ladkjd gSA  

4. What is the meaning of expectation value ? Find out 

the expectation value of position for wave function 

,r t . 

izR;k’kk eku ls D;k rkRi;Z gS \ rjax Qyu ,r t  ds 

fy, fLFkfr ds izR;k’kk eku dh x.kuk dhft,A 
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5. Find out the stationary state solution of the time 

independent Schrödinger wave equation. 

dky vukfJr JksfMatj rjax lehdj.k ds fy, LFkkbZ voLFkk 

gy izkIr dhft,A 

6. Explain zero point energy. 

‘kwU; fcUnq ÅtkZ dh O;k[;k dhft,A 

7. Analyse the spherical Harmonics of hydrogen atom. 

gkbMªkstu ijek.kq ds fy, xksyh; izlaoknh dk fo’ys”k.k 

dhft,A 

8. Discuss the energy eigen value and energy levels of 

hydrogen atom. 

gkbMªkstu ijek.kq ds ÅtkZ vkbxsu eku rFkk ÅtkZ Lrjksa dh 

ppkZ dhft,A 

Section–C / [k.M&x 

(Objective Type Questions) / ¼oLrqfu”B iz’u½ 

Note : Section „C‟ contains ten (10) objective type 

questions of half ( 1
2

) mark each. All the questions 

of this section are compulsory. 

uksV % [k.M ^x* esa nl ¼10½ oLrqfu”B iz’u fn;s x;s gSaA izR;sd 

iz’u ds fy, vk/kk ¼ 1
2
½ vad fu/kkZfjr gSA bl [k.M ds 

lHkh iz’u vfuok;Z gSaA 

1. The momentum of photon is given by : 

(a) /h c   

(b) k    

(c) /hc   

(d) /ck     
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QksVkWu ds laosx dks fn;k tkrk gS % 

¼v½ /h c  

¼c½ k  

¼l½ /hc   

¼n½ /ck  

2. If an electron can be stopped by a potential 5 volt, its 

kinetic energy is : 

(a) 5 Volt 

(b) 5 Joule 

(c) 5 Calorie 

(d) 5 eV 

;fn fdlh bysDVªkWu dks 5 oksYV ds foHko ls jksdk tk lds, 

rks bldh xfrt ÅtkZ gksxh % 

¼v½ 5 oksYV 

¼c½ 5 twy 

¼l½ 5 dSyksjh 

¼n½ 5 eV 

3. Heisenberg‟s uncertainity principle is : 

(a) E. x    

(b) E. /2t    

(c) . /2p t    

(d) . /2x t    
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gkbtsucxZ dk vfuf’prrk dk fl)kUr gS % 

¼v½ E. x   

¼c½ E. /2t   

¼l½ . /2p t   

¼n½ . /2x t   

4. A free particle has : 

(a) definite energy but indefinite momentum 

(b) definite momentum but indefinite energy 

(c) definite energy and definite momentum 

(d) indefinite energy and indefinite momentum 

,d eqDr d.k dh gksrh gS % 

¼v½ fuf’pr ÅtkZ rFkk vfuf’pr laosx 

¼c½ fuf’pr laosx rFkk vfuf’pr ÅtkZ 

¼l½ fuf’pr ÅtkZ rFkk fuf’pr laosx 

¼n½ vfuf’pr ÅtkZ rFkk vfuf’pr laosx 

5. The energy of a one-dimensional harmonic oscillator 

in the first excited state is : 

(a) 0 

(b) 
1

2
   

(c) 
3

2
   

(d) 
5

2
   
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,dfoeh; vkorhZ nksfy= dh izFke mŸksftr voLFkk dh ÅtkZ 

dk eku gS % 

¼v½ 0 

¼c½ 
1

2
  

¼l½ 
3

2
  

¼n½ 
5

2
  

6. The reflection coefficient for a particle incident on a 

potential step with energy E less than the height of the 

slip is : 

(a) 1 

(b) 0 

(c) 1/2 

(d) 1/3 

;fn d.k dh ÅtkZ E dk eku foHko lh<+h dh Å¡pkbZ ls de 

gks rks d.k ds ijkorZu xq.kkad dk eku gksxk % 

¼v½ 1 

¼c½ 0 

¼l½ 1@2 

¼n½ 1@3 

7. The wave function of hydrogen atom depends on : 

(a) n 

(b) l 

(c) n and l 

(d) n, l and lm   
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gkbMªkstu ijek.kq dk rjax Qyu fuHkZj djrk gS % 

¼v½ n ij 

¼c½ l ij 

¼l½ n rFkk l ij 

¼n½ n, l rFkk lm  ij 

8. The z component of orbital angular momentum in the 

ground state of hydrogen : 

(a) 0 

(b) 1 

(c) 2 

(d) 3 

gkbMªkstu ijek.kq dh ewy voLFkk esa d{kh; dks.kh; laosx ds 

z v{k esa ?kVd dk eku gS % 

¼v½ 0 

¼c½ 1 

¼l½ 2 

¼n½ 3 

9. The maximum value allowed for orbital quantum 

number for a given principal quantum number n is : 

(a) n 

(b) n + 1 

(c) n – 1 

(d) n – 2 
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eq[; Dok.Ve la[;k n ds fy, vf/kdre lEHko d{kh; 

Dok.Ve la[;k dk eku gksxk % 

¼v½ n 

¼c½ n + 1 

¼l½ n – 1 

¼n½ n – 2 

10. The ratio of proton mass to electron mass is : 

(a) 1.837 

(b) 18.37 

(c) 183.7 

(d) 1837 

izksVkWu ds nzO;eku rFkk bysDVªkWu ds nzO;eku ds vuqikr dk 

eku gS % 

¼v½ 1-837 

¼c½ 18-37 

¼l½ 183-7 

¼n½ 1837 
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