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BACHELOR OF SCIENCE (B.Sc.) .

Term-End Examination-2020
| PHYSICS
PHE-11: MODERN PHYSICS

Time : 2 Hours] " [Maximum Marks : 50

Note: Attempt all questions. The marks for each quesﬂon
are indicated againstit. You may use calculators.
The values of the physical constants are given at
the end. Symbols have their usual meaning.

1. Attempt any five parts: . 2%5=10
(a) . Aspaceship moves relative to an observer at
a speed of 0.6 C. The observer measures its
length to be 20 m. How long would it be when
at rest? '

(b) Calculate the de Broglie wavelength of an
electron which has an energy of 10 V.

(c) Whatisthe probablllstlc mterpretatlon of the -
wave function?

(d) Write down the electronic configuration for
atoms with Z = 25 and Z = 32.
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(e)

;)

State the selection rules for atomic transitions
that yield a characteristic X-ray spectrum.

(f) Calculate the binding energy of 17CI35. (m,=
1.0078 u, m,, = 1.0087 u, m, = 0.0005 u and
1u =931.3 MeV).

Give any four uses of radioisotopes as tracers.

Attempt any two parts: 5x2=10

e

(b

(©)

The average lifetime of muons at rest is 2.2
us. In a laboratory measurement on muons
emerging from a particle accelerator, the
average lifetime of the muons as measured in
the lab frame is 6.6 us. What is the speed of
the muons and their kinetic energy in the lab
frame? (Rest energy of the muonis 108 eV).

A transmitter of light flashes with a period t
1
and frequency Y(=;] in its rest fram S.

Derive an expression for the frequency (y )

of the light wave, as measured in a frame §'
moving with a velocity ;,; with S.

Write down the expression for the relativistic
force law. Show that the force required to

give an acceleration ; to a particle in the
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direction of its motionis 7 = y3mya, where mq
is the rest mass of the particle and
1 . .

-3 | Attempt any two partsﬁ . 5x2=10
(@) (y Thewave function of a particle moving

(b)

along the x-axis is given by: - 3
w(x)= Nx(a-x) . O<x<u ~
: 0 , elsewhere
Determine the.nomalization constant V.
(i) Show that [x, p.]=in. 2

Wirite down the time-dependent Schrédinger
equatlon for the one-dimensional motion of a
particie of mass m moving in a potential V(x ?).

- From this derive the time-independent

(c)

Schrsdinger equation for a potential {x) which
is independent of time.

Show that the rate of change ofan observable
D which does not depend explicity on tlme is
given by:

o )
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4. Attembt anyonepart: 10

(a) Calculate the mean kinetic energy and mean
' potential energy for a harmonic oscillator for
the ground state defined by the wavefunction:

o]

where «*="2_ |t is given that

Vix)

h

= —;—mmzxz . Sketch the eigenfunction of

the harmonic oscillator in the ground state.

(b) ()

(ii)

8+2

State the selection ruies for X-ray
spectra. Explain with the help of a
diagram the transitions that give rise to
K, lines. 4

Characteristic X-rays of frequency
4.2x1078 Hz are produced when
transitions from L to X shell, take place
in a material. Use Moseley's law to
determine the atomic number of the
material. Take ¢ = 1. 6
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5. Attempt any two parts: - - o%x2=10

(a) Define the activity of a radioactive substance.
. The initial activity of a radioactive sample of

P22 which has a half life of 14.2 days is
5.22%108 Bq. Determine the number of nucleii

of P32 which will be left after 10 days. 1+4

(b) Describe the liquid drop model of fission.
5

('c)' Draw a schematic diagram of a nuclear
reactor showing its general features. Explain
the purpose of sheilding and how it is carried
out. . ' 3+2

Physical constants:
h=6.626x1034 Js
m, =9.1x10-31 kg
c= 3X108. ms"1

——

PHE-11/2350/ 12 - ® P.T.O.



@t.u9.3.-11

e e (df.oEd.)
Aiq  qeEr-2020
M P
Ragdo ;SR AR

g5y : 2 v _ SR HF : 50

e o v ot b oo I & o g R e ¥
3T AR B AT FX TR 8. Aewp Pt B
a o & BT b gdet B o EHe o B

1. P GE 9 BT 5x2=10

() o S 3 % S & WU 06 C B AW
¥ Praar 31 Do SO @RI 20 m HIERI B
fRrraen ¥ ofafed & e 4 aune

(@) Tt 10 eV TR T TR B A ARA
Ui I

(7) T T @ witereE e @ 2 S

(7) 2=25 X 2=32 AR RAVGA H FoIH
g TR

(3) o7 w3 R o e s,
R aTfrRrs X-Feer QFgH IO a2

® " PHE-11



2.
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3.

4.

FE A AR B | 5x2=10
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& 3+2

Aifas feie:
h=6.626x10"34 Js
m,=9.1x1031kg
c = 3x108 ms™1
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