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5th Semester Examination
PHYSICS (General)
Paper : DSE 1A/2A/3A-T
[CBCS]
Full Marks : 40 - | Time : TWo Hours

The ﬁguresvin the margin indicate full marks,
Candidates are required to give their answers
in their own words as far as practicable.

[Elements of _Mddern Physics]
Group - A
Answer any five questions : 2x5=10
1. What is Planck’s quantum theory?

2. What is Rutherford’s model of atom? Mention its
drawbacks.

3. If an electron is accelerated through a potential
difference of ¥V volts, then show that its de Broglie
wavelength is given by —

A=12.25/V 4

P.T.O.
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10.

( 2 )
Explain Heisenberg’s uncertainty principle.

_ If the measurement of position of an electron is in the

range 0.01 cm, then what is the uncertainty in its
momentum measurement?

Write down the Schrédinger wave equations for a

particle of mass m moving along the x-axis when it is
‘acted upon by a potential, given by ;

V(x) = V;, constant, for x > 0
=0 for x < 0.

Why the number of neutrons is required to be greater
than the number of protons for the stability of a nucleus?

Write down the Bethe-Weizsicker semi-empirical mass
formula.
Group -B
Answer any four questions : 5x4=20

Discuss on the Einstein’s photoelectric equation. Explain
the photoelectric effect on the basis of Einstein’s light
quantum hypothesis. - ’ 23

Discuss on the wave and particle nature of matter.
Discuss on the results of Davisson and Germer

experiment on electron diffraction. - e
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11.

| (2 )
Write down the postulates of Bohr’s theory for hydrogen

atom. Explain the origin of spectral lines of hydrogen
from Bohr’s theory. » 215

Define nuclear binding energy. Discuss on the main
features of the graph of variation of binding energy per

~ nucleon with mass number. What information is obtained

13,

14.

13

16.

about the stability of nuclei from this graph? 14+3+1

What is basic theory of a-decay? Determine the
expression of kinetic energy of an o.-particle emitted in
an o-decay process. 1+4

What are B-decay processes? Discuss about Pauli’s

neutrino hypothesis in order to explain f-energy

spectrum. , : 2¢3
Group - C

Answer any one question : 10x1=10

(a) What is Compton effect? Derive an expression of
- Compton shift on the basis of light quantum
hypothesis. : 145

(b) Define and derive expression of half-life and mean-
‘life of radioactive substance. Write ‘down the
relation between these. : <

(a) Solve the Schrodinger wave equation for a particle

PTO.
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confined in a one-dimensional infinite potential box
to find the eigenfunction and show that its energy

is quantized. ‘ 6

(b) Discuss about nuclear fission with equation. 4
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(7 )
OR
[Mathematical Physics]
Group - A V

Answer any five out of following eight questions :
' 2x5=1()

S]ai : ——— ldy - dx
1. Explain the expression [xszyz} 54 [xzﬁ-yz} ‘

exact or not.

2. Write down the most general second order linear partial
differential equation. Hence explain the conditions that the
equation will be transformed to hyperbolic, parabolic and
elliptic form. '

3. State and explain the Dirichlet’s conditions for a functlon
in connection, with Fourier expansions.

4. Explain whether the functions tanx,|sinx | in the
interval —oo < x < o0 can be expanded in Fourier series.

5. Find the solutions of z> = 1. Hence plot the solutions
in an Argand diagram on a circle of unit radius.

6. Using Gamma function technique show that
;l =
(2)' e

EO
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7. Define error function (erf(x). From the definition show
that erf(-x) = erf(x).

8. Legendre equation has the form
(1 i )y" ~2xy'+n(n+1)y =0, where n is a constant.
Show that x = 0 is an ordinary point and x =xlare
regular singuiar point of this eéquation.
Group - B

Answer any four out of following six questions :
. 5%4=20

9. The temperature of a point (x, y, z) on the unit sphere
is given by T(x. y, z) = 1 + xp + yz. By using Lagrange
multipliers find the temperature of the hottest point on
the sphere. ‘

10. Write down the Helmholtz equation in cylindrical
coordinates (P, Q. Z). Hence solve it and find the most
general solution.

1. Find the Fourier expansion of the function

f(x):jx ;0<x<

T
|x-27;m<x<2m
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14.

15

g

\

. Using Rodrigues formula to show that

[ () B, (x)ax =2

= )
= 2n+1 ™
(a) For the functions f(z) _Sinzag 1 fing
: 3 z(z+1)
the first order derivative and identify the region

where f(z) is analytic.

(b) State the Cauchy-Riemann conditions for a function
to be analytic. : : 342

~(a) Write down Bessel’s differential equation.

(b) Find the regular singular point with respect to which
Frobenius method can be applied.

(c) Hence find the most general solution in terms of
Bessel's functions of first kind. » 1+1+3

Groﬁ_p -C

Answer any one out of following fwo questions :

10x1=10

(a) Show that, if the function f{(x) is odd function then
the Fourier expansion of f(x) contains only sine

PT.O.
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( 0 )
terms. Hence show that the Fourier expansion of

f(x)=x;—-n<x<m will be

EE =

n=l

sinmx
n

(b) Find out the Branch points of the complex function
A z) = \/_2_2: . Hence show the Branch cuts in
the diagram graphically. 3+3+4=10
‘ 16. (a) The complex Fourier series expansion is given by

© (2minx
flx)= Dicde L for x sxsx,+L

n=—%0

where the coefficient

i x,+L _(M)
A'IZ—L_J.‘ flxle & ' d)

X,

Using this find the value of 4, where
f(x)=x; s <

(b) ‘Show that the relationship between beta and gamma
function

B(m,n-) . F(m)r(n) .

5+5

(m+n)
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[Quantum Mechanics]
Group - A
Answer any five que_stions : 2x5=10
1. What are eigenfunctions and eigeﬁvalues?

2. Which of the wave funcfcion is the solution of
Schrodinger wave equation?

@) A tan x (i) de™*

. Write down the spectroscopic notation of the electron

(U8 ]

for the ground state of sodium atom L 11
4. Define gyromagnetic ratio.

5. What was the aim of Stern-Gerlach experiment? The
magnetic field used in this experiment is homogeneous
or non homogeneous?

6. What is Bohr magneton? Write down its value?

7. Write down the expression for the wave function of a
free particle of energy £ moving along + ve x-direction.

8. Distinguish between normal Zeeman effect and anomalous
Zeeman effect.

PLO
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12.

V-5/233 -

(a)

(b)

(a)
(b)

(a)

(b)

(b)

¢ 6
Group - B
Answer any four questions : 5x4=20

State Pauli’s exclusion principle. Show that in a
state of principal quantum number 7, the maximum

number of electrons is 272 142

Name the essential elements that characterize the
vector atom model. _ . 2

Define probability current density. L2

Calculate the probability current density

corresponding to the wave function y = %eik’ and
interpret the result. 3

State the conditions of normalization and
orthogonality of two wave functions. 2

Normalize the one-dimensional wave function
ylxl=de™ forx>0
ylxj=4e®  forx<0

where ¢ is a positive constant. 3

) Write down Schrédinger wave equation. Starting

from Schrédinger time dependent equation, establish
Schrodinger time independent equation. 142

What do you mean by stationary state? 2

800




14.

16.

V-5/233 -

. (&) What do you mean by LS-coupling? How does it

differ from jj-coupling? : 2+1

(b) Find out the L, S and J values of the state 2D5p.
2

(a) State Heisenberg’s uncertainty principle. 2

(b) An electron has a speed of 1 km/s with an
accuracy of 0.05%. Calculate the uncertainty with
which the position of the electron can be located.

‘ 3

Group - C
Answer any one question : 10x1=10

(a) Define normal Zeeman effect. Using classical theory
of normal Zeeman effect, the expression of the
o eR)?
wave length shift AA=+°""_-_ where the
; 4mmce »

symbols have usual meaning. 2+5

(b) In a normal Zeeman effect experiment, the used
magnetic field is 0.6 7. Find the wavelength shift?

The original wavelength is used 40004. 3
(a) What do you mean by free particle and bound
particle? .
P1.O.
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(b) A particle is confined in a one-dimensional potential

‘box under the potential V(x) =0 for 0 <x < L
and V(x) = © forx =0 and x = L.

(i) Write down the Schrodinger wave equation.
' 2

(i) Solve it to obtain the eigenfunctions. 4

(i) Hence show that the energy eigenvalues are

quantized. 2
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OR
[Medical Physics]
Group - A
Answer any five questions : 2x5=10

. Does rod cells have a tunic curve similar to the cone
cells?

. What pressure acts for a person weighing 80 kg on his
foot surface, by standing on one foot and the area
considered is 100 cm?2?

. What is the frequency range used in ultrasonic imaging
devices?

. Wit is the advantagé of IMRT over 3DCRT?
. What is the SI unit of ionizing radiation dose?
. What is Compton effect? |

. Describe a thimble chamber.

. Draw the circuit diagram of full-wave rectifier.

Group - B
Answer any four questions : 5x4=20

. When a patient’s upper leg is absorbing X-rays, the
X-ray, after leaving the X-ray tube with original intensity

V-5/233 - 800
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I, = 4 W/m?2, passes through the following layers :
— layer of air, of distance X; = 30 cm, attenuation

coefficient p - 0.001cm™!:

— soft tissue of thickness X,, = 7 cm; attenuation
coefﬁcient g, =018 em™!

- bone with a dlameter of X, = 2 cm; attenuation
coefficient p, =L 6cm !

— soft tissue of thickness X, = 6 cm.

What is the intensity ’of the X-ray when it strikes the
photo plate? 5

[Note : the bone should be considered to be solid, not
hollow] :

10. A Dopler ultrasound measurement device is used to
measure the flow velocity of blood in an artery. The
emitting and simultaneously receiving instrument is brought

~ to the skin above the artery to be investigated,‘ at angle
o= 45. In this case, a blood cell located exactly in the
flow axis of the artery is struck with ultrasound. The
frequency of the emitted sound wave is /= 5.5 MHz. -
The Doppler device shows the response to have a
frequency shift of | Af |= 920 Hz. What is the velocity
(v) of the blood cell being mvest1gated° The speed of
sound (¢) is 1500 m/s. 5

PO
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13.

14.

15.

V-5/

1)
)

(2 )
Discuss in brief how human body temperature is
regulated. 5

Draw a clear diagram showing inner parts of the ear and
label them properly. ' 243

Describe the working principle of semiconductor radiation
detector. What are-the advantages of Ge detectors over
Si detectors? , 3+2

Explain the working principle of a Gamma camera. 5

Group - C
Answer any one question 10x1=10

Discuss in brief about the principle of operation of a
GM counter. What is dead time of a GM counter? Why
are halogen gases added to GM counter? Why cannot
the GM counters be used for detecting high-activity
samples? L 4+2+242

Describe the working principle of Positron Emission

Tomography. Mention the different types of PET scans

and describe their working. What are its applications?
3+4+3

)

3 - 800
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