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Group-A
Answer any five questions

1. Write D’ Alemberts Principle. Obtain Euler Lagrange equation of motion from D’Alembert’s
equation. 1+4

2. A body of mass m connected to a spring of force constant k is capable of vibrating in a linear
direction on a horizontal table. Find Lagrangian of the system. Write Euler Lagrange equation
and then find the angular frequency. What will be Hamiltonian of the system? Write Hamilton’s
canonical equation. 1+(1+1)+1+1

3. What is Canonical transformation? What are Generating Functions? What are the common
four Generating Functions? What is the. Poisson Bracket of [Q, P] if transformation is
canonical? ' I+1+1+2

4.-Obtain equation of motion of a body of mass m in a rotating frame lofi‘éféfénce"ro'tating with a
constant angular velocity w. Describe the terms in the equation.. 342

*3. What do you mean by rigid body? How many degrees of freedom are there for a rigid body?-
Explain your answer, What are Euler angles?-Draw a diagram to describe them
1+2+2

6. Obtain Lagrangian of a system undergoing small oscillations about equilibrium. Then obtain
equation of motion in terms of kinetic energy T and potential energy V. Write it in matrix form,
2+2+1

7. What do you mean by generalized momenta? How a generalized momenta conjugate to a
cyclic co-ordinate behaves? Show that torque acting on a particle in a central force field is zero, |
Write the Hamiltonian of a free particle in three dimensional space. :

1+1+2+1
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Answer Q. No. 1 (any four) and any Three from the rest.

Some physical constants and their values:
c=3x 108 m/s; h = 6.62 x 1073 J.s; kp = 1.38 x 10728 J/K; e = 1.6 x 1077 C;
me = 9.11 x 1073 kg; m, = 1.672 x 1077 kg; m, = 6.6447 X 10727 kg;
€0 = 8.85 x 10712 C?/N.m?; N4 = 6.023 ¥ 102 mol™!; Ry = 1.097.x 107 m™"

1. (i) A beam of X rays is scattered by electrons af rest. What is the energy of
the X rays if the wavelength of the X rays scattered 60° to the beam axis is
0.035 A. . [2.5]

1 \
. . b , :
{ii) What is the approximate sumiber of photons-emitted per second by a 5.00
mW laser pointer 7 _ ' - [2.5]

(ii) Compute the wavelength of the Hg spectral line, that is, the second line of
the Balmer series predicted by Bohr’s model. E [2.8]

(iv) The half-life of radium is 1590 years. In how, many years will 1 gm of
radium be reduced to 1 centigram 7 '

(v) What is maaﬂmum velocity of photo-elecirons emitted when 250 nm light.
strikes a clean aluminum plate? The work function of Al = 4.20 eV." 12.8]

“(vi) What should be the cut-off \;xfavelerigth of X-ray for'an accelerating voltage

of 30 kV. ) . ! ' (2.5]
2. (i) Calculate the change in minimum energy of an atomic oscillator for each

case when it is sending out 540-nm light (green) and 700-nm light (red).

(ii) Now you consider a pendulum undergoing small oscillations with length

! = 1 m. According to classical theory, if air friction is present, the amplitude



of swing and consequently the energy decrease continuoqsly with time. Actu-
ally, all systems vibrating with 'frelquency v are quantized (according to equation
E, = nhr) and lose energy in (iscrete packets or quanta, hv. This would lead
to a decrease of the pendulum’s energy in a step-wise manner. How you will
show that there is no contradiction between quantum theory and the observed
behavior of laboratory pendulums and springs. Calculate the fractional change
in energy of the pendulum. For this purpose, you use classical physics to cal-
culate the total energy of a pendulum having mass m = 10g and displacement .
through an angle ¢ = 10°. . ng-g]

. (i) N1g be the number of parent atoms initially and A; and A, are the decay

constant of the parent and daughter respectively. Show that the time at which
the number of daughter atoms is a maximum is given by

b= 11’1(A1 / )\2)
m _— _".‘—'l

AL — A .
Assuming that there is no daulgh”ger atoms at the beginni\ng-of decay of parent
atoms i.e. Ny =0att=0. , ‘
(ii) The half-life of a radioactive nucleus is 2.5 days. What % of the original
substance will have disintegrated in 7.5 days ? [3+2]

. (i) Find the quantum number n corresponding to the excited state of Het if

on transition to the ground state that ion emits two photons in succession with
wavelengths 108.5 and 30.4 nm.

(i} Calculate the Rydberg’s constant R, if He* ions are known to have the
wavelength difference between the first (longest wavelength) lines of the Balmer
and Lyman series equal to AX = 133.7 nm. [2.5+2.5]

. (1) A beam of X-rays spectrometer is induced on a crystal of inter-planner

spacing 2.82 A at an angle 14°, The operating voltage is gradually increased.
An intense reﬂectipn appears ?vh:?n the operating is 9.1 kV. Find the value of
the Planck’s constant,. L ‘

(ii) Find the wavelength of the short-wawve Emit of the, continuous x-ray spec-
trum, if it shifts by 0.50 A when the-voltage applied to an x-ray tube increases
2.0 times. [2.6+2.5)

- (1) How can Moseley’s law be derived from Bohr’s theory ?

(i} How many elements are there in a row of the periodic table between those
whose wavelenghts of K, line are equal to 250 pm and 179 pm ? [2.5+2.5]
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1. Write D’ Alemberts Principle. Obtain Euler Lagrange equation 'of motion from D’Alembert’s
equation. 1+4

2. A body of mass m connected to a spring of force constant k is capable of vibrating in a linear
direction on a horizontal table. Find Lagrangian of the system. Write Euler Lagrange equation
and then find the angular frequency. What will be Hamiltonian of the system? Write Hamilton’s
canonical equation. 1-+(1+1)+1+1

3. What is Canonical transformation? What are Generating Functions? What are the common
four Generating Functions? What is the Poisson Bracket of [Q, P] if transformation is
canonical? 1-+1+1+2

4. Obtain equation of 1iotion of 4 body of mass m in a rotating frame of reference rotating with a
constant angular velocity w. Describe the terms in the equation. 3+2

5. What do you mean by rigid body? How many degrees of freedom are thete for a rigid body?-
Explain your answer. What are Euler angles?-Draw a diagram to describe them
1+2+2

6. Obtain Lagrangian of a system undergoing small oscillations about equilibrium. Then obtain
equation of motion in terms of kinetic energy T and potential energy V. Write it in matrix form.
2+2+1

7. What do you mean by generalized momenta? How a generalized momenta conjugate to a
cyclic co-ordinate behaves? Show that torque acting on a particle in a central force field is zero.
Wirite the Hamiltonian of a free particle in three dimensional space.

1+142+1
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Answer Q. No. 1 (any four) and any Three from the rest.

Some physical constants and their values:
c=3x 108 m/s; h = 6.62 x 107 J.s; kp = 1.38 % 1078 J/K; e = 1.6 x 107 C;
Me = 9.11 x 107% kg; m, = 1.672 X 10~% kg; m, = 6.6447 X 1077 kg;
€0 = 8.85 x 10712 C?/N.m?; N = 6.023 x 102 mol™; Ry = 1.097 x 10"m ™"

1. (i) A beam of X rays is scattered by electrons at rest. What is the energy of
the X rays if the wavelength of the X rays scattered 60° to the beam axis is
0.035 A. [2.5]

. .
: : - -
(i) What-is- the approximate sumber. of photons emitted per second by a 5.00
mW laser pointer 7 . ! [2.5]

(iil) Compute the wavelength of the Hg spectral line, that is, the second line of
the Balmer series predicted by Bohr’s model. [2.5]

(iv) The half-life of radium is 1590 years. In how. many years will 1 gm of
radium be reduced to 1 centigram ?

(v) What is maximum velocity of photo-electrons ernitted when 250 nm light
strikes a clean aluminum plate? The work function of Al =4.20 eV.’ 12.5]

4 c (vi) What should be the cu‘t—of'f \;\{avelength of X-ray for an accelerating volﬁage
‘£ of 30 kV. B : ' [2.5]

2. (i) Calculate the change in minimum energy of an atomic oscillator for each
case when it is sending out 540-nm light (green) and 700-nm light (red).
(ii) Now you consider a pendulum undergoing small oscillations with' length
=1 m. According to classical theory, if air friction is present, the amplitude
of swing and consequently the energy decrease continuously with time. Actu-
ally, all systems vibrating with ,fré‘quency v are quantized (‘according to equation
E, = nhv) and loe energy in discrete packets or quanta, hw. This would lead
to a decrease of the pendulum’s energy in a step-wise manner. How you will
show that there is no contradiction between quantum theory and the observed
behavior of laboratory pendulums and springs. Calculate the fractional change
in energy of the pendulum. For this purpose, you use classical physics to cal-
culate the total energy of a pendulum having mass m = 10g and displacement
through an angle ¢ = 10°, L%'—g]

. (1) Ny be the number of parent atoms initially and A; and A, are the decay

constant of the parent and daughter respectively. Show that the time at which
the number of daughter atoms is a maximum is given by

o= 111(/\1 / /\2)
m = TN .

)\1 — /\2
Assuming that there is no daugﬁtger atoms at the beginni\ng of decay of parent
atoms i.e. Ny = 0". ati=0. . '
(i) The half-life of & radioactive nucleus is 2.5 days. What % of the original
substance will have disintegrated in 7.5 days ? [3+2]

- (i) Find the quantum number n corresponding to the excited state of He™ if

on transition to the ground state that ion emits two photons in succession with
wavelengths 108.5 and 30.4 nm.

(if) Caloulate the Rydberg’s constant R, if He™ ions are known to have the
wavelength difference between the first (longest wavelength) lines of the Balmer
and Lyman series equal to AX = 133.7 nm. [2.5+2.5)

- () - A beam of X-rays spectrometer is induced on a crystal of inter-planner

spacing 2.82 A at an angle 14°. The operating voltage is gradually increased.
An intense reflection appears Wﬁgn the operating is 9.1 XV. Find the value of
the Pl'?,nck’s const'_gmt. ) '

(i) Find the wavelength of the short-wave limit of the continuous X-ray spec-
trum, if it shifts by 0.50 A when the voltage applied to an x-ray tube increases

2.0 times. [2.5+2.5)

- (i) How can Moseley’s law be derived from Bohr’s theory ?

(ii) How many elements are there in a row of the periodic table between those

whose wavelenghts of K, line are equal to 250 pm and 179 pm ? [2.5+2.5]





