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 BPHET-141  

BACHELOR OF SCIENCE (BSCG) 

Term-End Examination 

June, 2022 

 

BPHET-141 : ELEMENTS OF 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 calculator or log tables.  

The values of physical constants are given at the 

end.  

1. Answer any five parts : 52=10 

(a) An inertial observer moves towards a star at 

a constant speed Vo. Another inertial 

observer moves away from the star at the 

same speed. Which of the following 

quantities would the observers measure to 

be the same and which would be different : 

(i) speed of starlight, and (ii) wavelength of 

starlight ? Explain.  
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(b) An inertial frame S is moving at a constant 

speed of 0·8 c with respect to an inertial 

frame S. The time interval measured 

between two events at the same position in 

S is 3·0 s. What is the time interval 

measured by a clock in S ? 

(c) A quantum oscillator in the wall of a black 

body cavity has a frequency of 5·0  1014 Hz. 

Calculate the energy of the first two 

quantum states.  

(d) Calculate the minimum uncertainty in the 

position of a proton if its measured velocity 

has an uncertainty of 0·2  10–3 ms–1.  

(e) Define the Parity Operator. What are its 

eigen values ? 

(f) A particle in a one-dimensional box has an 

energy of 18 eV in its first excited state. 

Calculate its ground state energy.  

(g) What do you understand by prompt and 

delayed neutrons ?  

(h) With the help of a typical energy level 

diagram, show the -decay of 
27

Mg to 
27

Al.  
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2. Answer any two parts : 25=10 

(a) The inertial frame of reference S is  

moving with velocity Vo
^
i  with respect to 

another inertial frame S. Write down the 

Lorentz transformation equations relating 

(x, y, z, t) to (x, y, z, t). From these,  

derive the inverse Lorentz transformation 

equations.  5 

(b) A star emits a blue line of wavelength  

450 nm. Suppose the same line has a 

wavelength of 650 nm on the Earth. What is 

the ‘‘receding’’ speed of the star ?  5 

(c) Show that the relativistic force required to 

give an acceleration 

f  to a particle in the 

direction of its motion is :  

 

F  =  r3 mo 


f  

 where mo is the rest mass of the particle. 5  

 

3. Answer any two parts : 25=10 

(a) Write the time-dependent Schrödinger 

equation. Deduce the time-independent 

Schrödinger equation from it.  1+4 
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(b) The wave function of a particle is given by : 

 (x) = Nxe–x2/a2
,   –  < x <  

 Calculate the normalization constant N.  5 

 

(c) Show that  [ ,L
^

z x
L
^

] = i  .L
^

y
 5 

 

4. Answer any one part : 110=10 

(a) A free particle is confined in a length 

segment lying between x = 0 and x = a. Solve 

the time-independent Schrödinger equation 

and obtain the eigen functions and eigen 

energies of the particle. Determine the 

normalization constant for the eigen 

function.  7+3 

(b) Write down the potential function for a  

one-dimensional potential barrier of width a. 

Write down the time-independent 

Schrödinger equation for a particle of mass 

m for this potential and obtain the general 

solution, when the energy of the particle is 

less than the barrier height. State the 

boundary conditions on the wave  

function.  2+5+3 
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5. Answer any two parts : 25=10 

(a) The half-life of Zn-71 is 2·4 minutes.  

If 100 g of Zn was present at the beginning 

of decay, then how much Zn would be left 

after 9·6 minutes ? 5 

 

(b) What is meant by secular equilibrium ? 

Uranium mineral, in which secular 

equilibrium is obtained, contains one atom of 

radium for every 2·5  106 atoms of uranium. 

If the half-life of radium is 1620 years, then 

calculate the half-life of uranium.  5 

 

(c) Draw a schematic diagram of a nuclear 

reactor showing its general features. What is 

the function of a moderator and a reflector in 

a nuclear reactor ?  3+2 
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Physical Constants : 

h = 6·626  10–34 Js 

me = 9·1  10–31 kg 

mp = 1·6725  10–27 kg 

mn = 1·6747  10–27 kg 

1 eV = 1·6  10–19 J 

c = 3  108  ms–1 

 = 1·054  10–34 Js 
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 ~r.nr.EM.B©.Q>r.-141  

{dkmZ ñZmVH$ (~r.Eg.gr.Or.) 

gÌm§V narjm 

OyZ, 2022 

 

~r.nr.EM.B©.Q>r.-141 : AmYw{ZH$ ^m¡{VH$s Ho$ VÎd 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> :  g^r àíZm| Ho$ CÎma Xr{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 

`m bm°J gma{U`m| H$m Cn`moJ H$a gH$Vo h¢ & ^m¡{VH$ {Z`Vm§H$m| 

Ho$ _mZ A§V _| {XE JE h¢ &  

 
 

1. {H$Ýht nm±M  ^mJm| Ho$ CÎma Xr{OE : 52=10 

(H$) EH$ O‹S>Ëdr` àojH$ EH$ Vmao H$s Amoa AMa Mmb Vo 

go MbVm h¡ Am¡a Xÿgam O‹S>Ëdr` àojH$ CVZr hr Mmb 

go Vmao go Xÿa OmVm h¡ & `o àojH$ {ZåZ{b{IV _| go 

{H$g am{e H$m EH$ hr _mZ _mn|Jo Am¡a {H$gH$m  

AbJ-AbJ _mn|Jo : (i) Vmao Ho$ àH$me H$s Mmb, Am¡a 

(ii) Vmao Ho$ àH$me H$s Va§JX¡¿`© ? g_PmBE &  
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(I) EH$ O‹S>Ëdr` V§Ì S, O‹S>Ëdr` V§Ì S Ho$ gmnoj AMa 

Mmb 0·8 c go J{V_mZ h¡ & V§Ì S _|, EH$ hr pñW{V 

na KQ>Zo dmbr Xmo KQ>ZmAm| Ho$ ~rM H$m g_`m§Vamb 

3·0 s _mnm OmVm h¡ & V§Ì S _| aIr K‹S>r Ûmam _mnm 

J`m g_`m§Vamb Š`m hmoJm ? 

(J) H¥$pîUH$m Jw{hH$m H$s Xrdma _| EH$ Šdm§Q>_ Xmo{bÌ H$s 

Amd¥{Îm 5·0  1014 Hz h¡ & BgH$s nhbr Xmo Šdm§Q>_ 

AdñWmAm| H$s D$Om© n[aH${bV H$s{OE &  

(K) EH$ àmoQ>m°Z H$s pñW{V _| Ý`yZV_ A{ZpíMVVm 

n[aH${bV H$s{OE, `{X {X`m J`m hmo {H$ CgHo$ _mno 

JE doJ _| 0·2  10–3 ms–1 H$s A{ZpíMVVm h¡ & 

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

_mZ Š`m hmoVo h¢ ?  

(M) EH${d_ ~m°Šg _| EH$ H$U H$s àW_ CÎmo{OV AdñWm 

H$s D$Om© 18 eV h¡ & CgH$s _yb AdñWm H$s D$Om© 

n[aH${bV H$s{OE &  

(N>) VmËH$m{bH$ Am¡a {db§{~V Ý`yQ´>m°Zm| go Amn Š`m g_PVo 

h¢ ?  

(O) àmê${nH$ D$Om© ñVa {MÌ H$s ghm`Vm go 27
Mg H$m 

27
Al _| -j` {XImBE &  
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2. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) EH$ O‹S>Ëdr` {ZX}e V§Ì S, Xÿgao O‹S>Ëdr` V§Ì S Ho$ 
gmnoj doJ Vo

^
i  go J{V_mZ h¡ & (x, y, z, t) Am¡a 

(x, y, z, t) Ho$ bm°aoÝQ²>g ê$nm§VaU g_rH$aU {b{IE & 
BZgo ì ẁËH«$_ bm°aoÝQ²>g ê$nm§VaU g_rH$aU ì`wËnÞ 
H$s{OE &   5 

(I) EH$ Vmam Va§JX¡¿`© 450 nm dmbr Zrbr aoIm CËg{O©V 
H$aVm h¡ & _mZ br{OE {H$ Bg aoIm H$s n¥Ïdr na _mnr 
JB© Va§JX¡¿`© H$m _mZ 650 nm h¡ & ‘‘Xÿa Om aho’’ 
(níMJm_r) Vmao H$s Mmb Š`m h¡ ? 5 

(J) {gÕ H$s{OE {H$ EH$ H$U H$mo CgH$s J{V H$s {Xem _| 

ËdaU 

f  àXmZ H$aZo Ho$ {bE Amdí`H$ Amno{jH$s` 

~b {ZåZ{b{IV h¡ : 

 

F  =  r3 mo 


f  

 Ohm± mo H$U H$m {dam_ Ðì`_mZ h¡ &   5 

 

3. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) H$mbm{lV lmoqS>Ja g_rH$aU {b{IE & Cggo  

H$mb-ñdV§Ì lmoqS>Ja g_rH$aU ì`wËnÞ H$s{OE & 1+4 
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(I) {H$gr H$U H$m Va§J \$bZ {ZåZ{b{IV h¡ : 

 (x) = Nxe–x2/a2
,   –  < x <  

 àgm_mÝ`rH$aU {Z`Vm§H$ N n[aH${bV H$s{OE & 5 

 

(J) {gÕ H$s{OE {H$  [ ,L
^

z x
L
^

] = i  .L
^

y
  5 

 

4. H$moB© EH$  ^mJ H$m CÎma Xr{OE : 110=10 

(H$) EH$ _wº$ H$U, x = 0 Am¡a x = a Ho$ ~rM AdpñWV 

b§~mB© Ho$ Ad`d _| n[aéÕ h¡ & Bg H$U Ho$ {bE 

H$mb-ñdV§Ì lmoqS>Ja g_rH$aU H$mo hb H$s{OE Am¡a 

CgHo$ AmBJoZ \$bZ Am¡a AmBJoZ D$Om©Am| Ho$ _mZ 

àmßV H$s{OE & AmBJoZ \$bZ Ho$ {bE àgm_mÝ`rH$aU 

{Z`Vm§H$ ^r {ZYm©[aV H$s{OE & 7+3 

(I) Mm¡‹S>mB© a dmbr EH$ EH${d_ {d^d amo{YH$m Ho$ {bE 

{d^d \$bZ {b{IE & Bg {d^d _| Ðì`_mZ m Ho$ 

EH$ H$U Ho$ {bE H$mb-ñdV§Ì lmoqS>Ja g_rH$aU 

{b{IE Am¡a CgH$m ì`mnH$ hb àmßV H$s{OE, O~ 

H$U H$s D$Om© {d^d amo{YH$m H$s D±$MmB© go H$_ hmo & 

Va§J \$bZ na bJZo dmbo n[agr_m à{V~§Y  

{b{IE &  2+5+3 
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5. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) Zn-71 H$s AY©-Am`w 2·4 {_ZQ> h¡ & `{X j` àmaå^ 

hmoZo Ho$ g_` Zn H$s _mÌm 100 g hmo, Vmo kmV 

H$s{OE {H$ 9·6 {_ZQ> Ho$ ~mX Zn H$s _mÌm {H$VZr 

hmoJr &  5 

 

(I) XrK©H$m{bH$ gmå`mdñWm H$m Š`m AW© h¡ ? Eogo 

`yao{Z`_ I{ZO {OZ_| XrK©H$m{bH$ gmå`mdñWm àmßV 

hmo MwH$s h¡, _| àË òH$ 2·5  106 `yao{Z`_ na_mUwAm| 

_| EH$ ao{S>`_ na_mUw {_bVm h¡ & `{X ao{S>`_ H$s  

AY©-Am ẁ 1620 df© hmo, Vmo `yao{Z`_ H$s AY©-Am ẁ 

H$s JUZm H$s{OE & 5 

 

(J) gm_mÝ` bjU {Zê${nV H$aVo hþE Zm{^H$s` [aEŠQ>a 

H$m ì`dpñWV AmaoI It{ME & Zm{^H$s` [aEŠQ>a _| 

{d_§XH$ (moderator) Am¡a namdV©H$ H$m {H$g {bE 

Cn`moJ {H$`m OmVm h¡ ? 3+2 
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^m¡{VH$ {Z`Vm§H$$ : 

h = 6·626  10–34 Js 

me = 9·1  10–31 kg 

mp = 1·6725  10–27 kg 

mn = 1·6747  10–27 kg 

1 eV = 1·6  10–19 J 

c = 3  108  ms–1 

 = 1·054  10–34 Js 


