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Term-End Examination

December, 2021

PHE-11 : MODERN PHYSICS

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions. The marks for

each question are indicated against it.
(it) You may use a calculator.

(iti) The values of physical constants are

given at the end.

(iv) Symbols have their usual meanings.

1. Answer any five parts : 3 each

(a) An electron is moving with a speed of
0.85 ¢ in a direction opposite to that of a
proton moving at the same speed.
Calculate the relative velocity of the proton

with respect to the electron.

P.T.O.

(b)

(©

(d)

(e)

®

()
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Compare the de-Broglie wavelengths of a

200 eV electron and a ball of mass 0.01 kg

travelling at a speed of 20 ms-1.

Calculate the mass of the electron when it

1s moving with a kinetic energy of 10 MeV.

A neutron is confined to a nucleus of radius
1014  m. Calculate the minimum
uncertainty 1in its momentum. Also
calculate the minimum kinetic energy the

neutron should have.

Write the spectral terms for n = 3 for a

hydrogen like atom.

The half life of a radioactive element is
16 days. Calculate the time required for
60% of the element to decay.

Calculate the B. E. per nucleon (in MeV) in

12C. Mass of 2C =12.0u,

n

m, =1.007276u, m, = 1.008665 u,

m, = 0.00055u and 1 u =931 MeV.
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(h) Use Moseley’s law to determine the

frequency of an X-ray line for an L to K
transition in an atom. Take o =4 and

Z =417.

2. Answer any one part :

(a)

(b)

Derive the relativistic veloicty addition

formula. 5

Write down the relativistic force law.
Determine the magnitude of the force
needed to give a proton an acceleration of
2.0 x 10" ms? in the direction of its motion

giventhat r = 2. 5

3. Answer any one part :

(a)

Write the one-dimensional time-dependent
Schrodinger equation and deduce the time-

independent Schrodinger equation from it.

P.T.O.

(b)

(a)
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The wave function of a particle having

energy E and momentum p is given by :

v (x, t) _ Aei(kx—mt)

Is y(x,t) normalizable ? Calculate the

probability current denisty for this wave

function. 1+4+2+3

The wave function of a particle of mass m
is given by wy(x)= Ne‘axg,(O <x < o).

Determine N and the expectation value of

the kinetic energy of the particle. 4+6

4. Answer any one part :

Write the time-independent Schrodinger
equation for a particle confined in a length
segment 0 < x < a. Solve the equation and
obtain the normalized wave function and

energy eigen values for the particle.

1+4+4+1
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(b) Determine the most probable value of r

and the expectation value of the potential
energy for the ground state of the hydrogen

atom : 6+4

—rlay

5. Answer any two parts :

(a)

(b)

Explain the shell model of the atomic

nucleus. 5

What is a self-sustained chain reaction ?
Define multiplication factor for a neutron
chain reaction. State the conditions for
which a nuclear reactor is (1) supercritical,

(11) critical and (i11) sub-critical. 1+1+3

P.T.O.
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(c) List the four broad groups into which

elementary particles are classified. Classify

the following particles into these groups : 5
Photon, t,n,7°%A,v,

Physical constants :

h = 6.626 x 10734 J-s

m, = 9.1x10731kg

- =27
m, = 1.6725 <1077 |

m, =1.6747x10727 kg

n

R=2.18%x1018J
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1.
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forl gier O & S AT J&h 3
(%) ThH ToiggH IR TH Wed TH-I@ 9
faqdia fewmsti H 0.85 ¢ =1 ¥9H =< 4
Tfaa ¥ SO ® 9N WeH @i

amaferer a7 ufterfaa smifsm)

(@) T 200 eV SoiaR 3 20 ms! &1 =

g TfaqH §9HE 0.01 kg &1 TH T8 &

S-aifrelt aUREAl 1 der Tl

(M) 10 MeV Tfast s ¥ Tfqe T Selagi

&1 gIHM YRehfad shifsu|

(N TF =2H =1 104m & T Afgs o
Tfeg B WA O ® I H <A

Affr=aar afwfea sifsul =g &1 =ad
Tfast Sef A BF AMeT, JE ot 9fefad
HIfSTl
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(T)EESH-99 T & fau n =3 & fau
et ug fafau)

(9 T Aeanfaa aa #1 -3 16 & 2
TH q % 60% WFT i & BH H o A
! TOMT SHifS(Tl

(®) 2¢ = fau wfa =feaei™ s
(MeV &1 Tarredi ®) dRawfaa sifse, afe
fean e = fo

12C 1 FHIHE =120,
m, = 1.007276 u,m, = 1.008665u,
m, = 0.00055u 3 1u = 931 MeV.

() At & 9| &1 99 &k foedt T
% fou L ¥ K §ha0 8F W I X-
fetor W@ &1 emafd g #ifeul o =4
AR 7 = 47 ®

P.T.O.
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2. IS Tek YN HIfSW

() 3TMUTeTeR T o I GaY ki T hifSu|

5
(@) 3mfererig ad fam fafew s gie[@ =i

Ikt Wfa w fem " 2.0 x 1015 ms2
GRETT 1 @R 3 & fau eewEs 99 &
i &t o wifse, afe e B R
r=2 @l

. IS Tek 9N HIfST :

() Uhfadg wentyd dife® g fafee
3R ITY A Wad AfSR g urE
HIfUl S B 3R GaT p arel Tk 1

T Fed ©

W(x,t):Aei(kx—mt)
T 59 T HeAd H1 JHHEIRIOT B Hehdl
2 ? 3O a9 %o & foau wified o™

La W e

¥ cd URehfaid hifsu| 1+4+243
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(@)FFTH m & TH &HU & T HeH 5. % g 9 HifT
y(x) = New®* (0 < x <o) Bl () ITHUSE I T FHI9T Al gHA=U 5
N 3R 0 i Tfas Sl k1 g HA (@) T sfeen sfafwar = e 7 2 =R
aRenfera Hifsu 4+6 Taen sAfafear & fau o wReE

gt €Sl wdee foe foea wfaesl =
far  =fgsm oy (@)  sifasifdss,
(i) ifdes, 3T (iii) SUHIfde Bl 2l

4. HIE ek 9N HIfST :

(F)WETE 0<x <a H IEE TH & &
fau = wWaa gifem gaier fafau) 39

1+1+3
TR HT A HH TH HU & fau () 7 HOT Hl A AR W fpd @R e |
THEEed T B R Sel et qH affera fofan < waal 2, s
9T it 14l fAfafea &l &1 33 o W affied
HifeT : 5
(@RS TWHUT &1 Ha &R &1 q "
1ZIﬁE'F!, T,n,T°% A, L,
T € A Pz
1 _ h = 6.626 x 10734 J-
oo (1) = — e <109
(nag’) m, =9.1x103 kg
_ 27
meh fau r &1 gag stfuss wifdsmar amen m, = L6726 1070, o
I R fefes =i ®1 gemEn 9. m, =1.6747x107%" kg
P ne R=2.18x10"18J
qeh{cId hiTsIu| 4+6
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