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 PHE-11  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2021 

PHYSICS 

PHE-11 : MODERN PHYSICS 

Time : 2 hours Maximum Marks : 50 

Note :  Attempt all questions. The marks for each question 

are indicated against it. Symbols have their usual 

meanings. You may use a calculator. The values of 

physical constants are given at the end.   

1. Attempt any five parts : 53=15 

(a) The total energy of a particle is exactly twice 

its rest energy. Calculate its speed. 

(b) Calculate the de Broglie wavelength of an 

electron having kinetic energy 100 MeV. 

(c) Define parity operator and obtain its  

eigenvalues. 

No. of Printed Pages : 8 



PHE-11 2  

(d) Write the electronic configuration for atoms 

having Z = 27 and Z = 35. 

(e) Calculate the expectation value of the 

momentum of a particle inside a  

one-dimensional box of length L. The wave 

function of the particle is 

 (x) = 
2/1
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(f) The half-life of a radioactive substance is  

10 days. Calculate the time required for 70% 

of the element to decay.  

(g) Give the charge, baryon number and spin of 

a photon and a proton. 

2. Attempt any one part : 15=5 

(a) Derive the relativistic energy-momentum 

relation for a free particle.  

(b) The mean life time of a particle is measured 

as 4  10–8 s in the laboratory, when its 

speed is 0·6 c. Determine its proper mean life 

time.  

3. Attempt any two parts : 25=10 

(a) The wave function of a particle is given by 

  = N x exp 
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, –  < x < . 

 Determine the normalization constant N. 
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(b) The position and momentum of a 1 KeV 

electron are simultaneously determined. If 

the uncertainty in its  position is 1 Å, what 

is the percentage of uncertainty in its 

momentum ?  

(c) Calculate the most probable value of r for the 

ground state of the hydrogen atom given by 

 (r) = 
2/13

0
)a(

1


 e–r/a

0 

4. Attempt any two parts : 25=10 

(a) Define a Hermitian operator and show that 

it has real eigenvalues.  

(b) What is the maximum frequency of the  

X-rays produced in a tube operating at 10 kV 

and 20 kV ? 

(c) State Hund’s rules and using them find the 

ground state of helium atom. 

5. Attempt any two parts : 25=10 

(a) Describe the shell model for atomic nuclei. 

(b) Describe the working of the Wilson Cloud 

Chamber. 

(c) Draw the schematic diagram of a nuclear 

reactor. State the function of control rods or a 

moderator in a nuclear reactor. 
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 Physical Constants : 

me = 9.1  10–31 kg  

h = 6.626  10–34 Js  

mp = 1.67  10–27 kg  

mn = 1.67  10–27 kg 

RH = 1.09677576  107 m–1 

RHe = 1.09722267  107 m–1 
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 nr.EM.B©.-11  

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

OyZ, 2021 

^m¡{VH$ {dkmZ 

nr.EM.B©.-11 : AmYw{ZH$ ^m¡{VH$s 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> : g^r àíZ H$s{OE & àË`oH$ àíZ Ho$ A§H$ CgHo$ gm_Zo {XE JE 

h¢ & àVrH$m| Ho$ AnZo gm_mÝ` AW© h¢ & Amn H¡$ëHw$boQ>a H$m 

à`moJ H$a gH$Vo h¢ & ^m¡{VH$ {Z`Vm§H$m| Ho$ _mZ A§V _| {XE JE 

h¢ & 
 

1. H$moB© nm±M  ^mJ H$s{OE : 53=15 

(H$) EH$ H$U H$s Hw$b D$Om© CgH$s {dam_ D$Om© H$s XþJwZr 

h¡ & H$U H$s Mmb n[aH${bV H$s{OE & 

(I) J{VO D$Om© 100 MeV dmbo EH$ BboŠQ´>m°Z H$m Xo ~«m°½br 

Va§JX¡¿`© n[aH${bV H$s{OE & 

(J) n¡[aQ>r g§H$maH$ H$s n[a^mfm Xr{OE Am¡a CgHo$  

AmBJoZ_mZ àmßV H$s{OE & 
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(K) Z = 27 Am¡a Z = 35 dmbo na_mUwAm| Ho$ BboŠQ>́m°{ZH$ 
{dÝ`mg {b{IE & 

(L>) b§~mB© L Ho$ EH$-{d_r` ~m°Šg _| pñWV EH$ H$U H$m 
Va§J \$bZ {ZåZ{b{IV h¡ : 

 (x) = 
2/1
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 H$U Ho$ g§doJ H$m àË`mem _mZ n[aH${bV H$s{OE & 

(M) EH$ ao{S>`moEopŠQ>d nXmW© H$s AY ©-Am ẁ 10 {XZ h¡ & Bg 
VÎd Ho$ 70% ^mJ H$m j` hmoZo _| bJo g_` H$s JUZm 
H$s{OE & 

(N>) EH$ µ\$moQ>m°Z Am¡a EH$ àmoQ>m°Z Ho$ {bE Amdoe, ~o[aAm°Z 
g§»`m Am¡a pñnZ H$m _mZ {b{IE & 

2. H$moB© EH$  ^mJ H$s{OE : 15=5 

(H$) EH$ _wº$ H$U Ho$ {bE Amno{jH$s` D$Om©-g§doJ g§~§Y 
ì`wËnÞ H$s{OE &  

(I) à`moJembm _| 0·6 c H$s Mmb go J{V_mZ EH$ H$U  
Ho$ Am¡gV OrdZH$mb H$m _mZ 4  10–8 s _mnm OmVm 
h¡ & H$U H$m C{MV Am¡gV OrdZH$mb {ZYm©[aV  
H$s{OE &  

3. H$moB© Xmo  ^mJ H$s{OE : 25=10 

(H$) EH$ H$U H$m Va§J \$bZ {ZåZ{b{IV h¡ :  

  = N x exp 
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, –  < x < . 

 àgm_mÝ`rH$aU {Z`Vm§H$ N {ZYm©[aV H$s{OE & 
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(I) D$Om© 1 KeV dmbo EH$ BboŠQ´>m°Z Ho$ pñW{V Am¡a g§doJ 
H$mo EH$ gmW _mnm OmVm h¡ & `{X CgH$s pñW{V _|  
1 Å H$s A{ZpíMVVm h¡, Vmo CgHo$ g§doJ H$s 
A{ZpíMVVm H$m à{VeV Š`m h¡ ? 

(J) hmBS´>moOZ na_mUw H$s _yb AdñWm Ho$ {bE r H$m g~go 
A{YH$ àg§^mì`Vm dmbm _mZ n[aH${bV H$s{OE & 
CgH$s _yb AdñWm {ZåZ{b{IV Va§J \$bZ Ûmam 
n[a^m{fV h¡ : 

 (r) = 
2/13

0
)a(

1


 e–r/a

0 

4. H$moB© Xmo  ^mJ H$s{OE : 25=10 

(H$) h{_©Q>r g§H$maH$ H$s n[a^mfm Xr{OE Am¡a {gÕ H$s{OE 
{H$ BgHo$ AmBJoZ_mZ dmñV{dH$ hmoVo h¢ & 

(I) {d^dm§Va 10 kV Am¡a 20 kV na {H«$`mpÝdV X-{H$aU 
Z{bH$m go CËnÞ X-{H$aU H$s A{YH$V_ Amd¥{Îm Š`m 
hmoJr ?  

(J) hþÊS> Ho$ {Z`_m| H$m H$WZ Xr{OE Am¡a CZH$m à`moJ H$aVo 
hþE hr{b`_ (He) na_mUw H$s _yb AdñWm kmV  
H$s{OE & 

5. H$moB© Xmo  ^mJ H$s{OE : 25=10 

(H$) na_mÊdr` Zm{^H$m| Ho$ H$moe _m°S>b H$m dU©Z H$s{OE & 

(I) {dëgZ _oK H$j H$s H$m`©àUmbr H$m dU©Z H$s{OE & 

(J) Zm{^H$s` [aEoŠQ>a H$m `moOZm~Õ AmaoI ~ZmBE & 
Zm{^H$s` [aEoŠQ>a _| {Z §̀ÌU X§S> AWdm {d_§XH$ Ho$ 
H$m`© ~VmBE & 
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^m¡{VH$ {Z`Vm§H$ :  

me = 9.1  10–31 kg  

h = 6.626  10–34 Js  

mp = 1.67  10–27 kg  

mn = 1.67  10–27 kg 

RH = 1.09677576  107 m–1 

RHe = 1.09722267  107 m–1 


