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FIRST PROFESSIONAL B.TECH DEGREE EXAMINATION

MAY/JUNE 2007

PHYSICS
Answer all the questions.

Draw diagrams wherever necessary.
This test is NOT an open book test.

Use of Scientific calculator is permitted.

Time : Two Hours                                                                             Maximum : 100 Marks

Part A

1. Find the most appropriate answer from the choices. Each question carries 1 mark.
(i) Basic structure of NaCl
(a) Simple Cubic
(b) Face Centred Cubic
(c) Body Centred Cubic
(d) Hexagonal Close Packing
(ii) Motion of a free particle in one dimensional box is
(a) Parabolic
(b) Straight Line
(c) Circular

(d) Sinusoidal
(iii) The plane of vibrations is that plane in which
(a) Vibrations occur
(b) No vibrations occur
(c) Vibrations occur at right angles to the plane of polarization
(d) Vibrations occur parallel to the plane of polarization
(iv) The He-Ne laser consist of a mixture of He –Ne in a ratio of about
(a) 10 : 1
(b) 1 : 10
(c) 3 : 10
(d) 10 : 3
2. Fill in the blanks. 1 mark for each question.
(i) The simplest type of optical fibre in which the refractive index of the core remains constant is known as _________________________________________________.
(ii) A wave is called ___________________________ if the time variation of the field vectors of the wave obeys a harmonic law with constant frequency.

(iii)  When an analyzer is rotated about the direction of incident ray as axis, it is observed that the intensity of the transmitted light increases and decreases, but never become zero. The incident ray is ___________________________ polarized.
(iv) The temperature at which the resistance of a material drops to zero is called _____.
3. State True or False. Each carries 1 mark.

(i) There may be different microstates which correspond to a given macro state.

(ii) Elliptically polarized light is produced using a simple nicol prism.

(iii) Two sources of waves are called coherent if both have the same amplitude of vibration.

(iv) The displacement current is equal to the conduction current.

4. Match the following. Maximum 4 marks.
	System

	Shape of unit cell

	Answer


	(i)
	Tetragonal
	(a)
	Right prism with a square base
	(i)
	

	(ii)
	Orthorhombic
	(b)
	Rectangular parallelopiped
	(ii)
	

	(iii)
	Monoclinic
	(c)
	Right prism with parallelogram as base
	(iii)
	

	(iv)
	Triclinic
	(d)
	Oblique parallelopiped
	(iv)
	

	(v)
	Trigonal(Rhombohedral)
	(e)
	Cube compressed along the diagonal
	(v)
	


5. Consider the equation y = 2 sin( x + π t ). Check whether it satisfies one dimensional wave equation or not.
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6. The equation of a spherical wave is 
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. Find its Amplitude, frequency, wavelength and velocity.
Comparing with the standard equation 
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Amplitude A =

Angular velocity  =

Since  = 2πf, Frequency f = 

Wave number k = 

Since k = 2π/, Wave length  =

7. In a homogeneous non-conducting region where 
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8. In the figure, A and B are faces of a uniformly polarized infinite slab. Find the potential difference between A and B in terms of P, d, ε0 and εr.

[image: image15]
D = ε0E + P

D = ε0 εr E
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9. Calculate the glancing angle on the cube (1 0 0) of a rock salt crystal (a= 2.814 x 10-10 m) corresponding to second order diffraction maximum for X-rays of  = 0.71 x 10-10 m.
To use Bragg’s law 2dsin = n, we need to find d.

Distance between lattice planes with miller indices (h k l) , d= a / √(h²+k²+l²)

Here, h=    , k =        l =                and         a =
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 d = 

From Bragg’s law, 2dsin = n
sin = 








10. Energy band structure of two materials is given below. One of them is Germanium and the other is diamond. Identify which is which and tell me why. Also, draw one for Silver.

[image: image18]
11. Answer both parts.

(i) In a Newton’s ring experiment, the air in the interspace is replaced by a liquid of refractive index 1.44. In what proportion do the diameters of the rings change?

(ii) A parallel beam of white light is allowed to fall axially on the slit of the collimator of a spectrometer and a thin air film of uniform thickness enclosed between two glass plates is placed in front of the slit with the surface air film perpendicular to the path of the light. On viewing through the telescope, 250 fringes are observed in the spectral region between wavelengths 4 x 10-7 m and 6.5 x 10 -7 m. calculate the thickness of the air film.
2t = p = p’’

……………………………… (1)

Here, p’ = p + 250 




’
p = p’’ 
(
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p =
From (1), thickness t =
12. A point light source emits light of   = 5 x 10-7 m in air. A and B are two points 1 cm apart from a screen 100 cm from S. [image: image40.bmp]
(i) How many more waves are there in the path SB than in path SA? 

(ii) A glass plate of refractive index1.5 is placed in the path of SA with its faces normal to SA. What thickness is required if the number of waves in SA is equal to that in the path SB?

Let the number of waves be n. Now, n = SB  –  SA =

Thus n = 
If t is the thickness of the plate then, t (µ-1) = n 

13. Parallel light is incident normally on a diffraction grating having 6 000 lines per cm. Find the angular separation between the maxima for 1= 5 x 10-7 m and2= 6 x 10-7 m.
1/d = 6000 per cm
(
d = 

d sin = n where n = 2

sin=





sin=

=





=

 –  = 

14.  How should an analyzer be oriented with respect to a polarizer so that a beam of natural light is reduced to 
(i) ½ of its original intensity

(ii) ¼ of its original intensity

Hint: Intensity α (Amplitude)². From the polarizer, A becomes A cos√2
15. Calculate the energy difference between the ground state and the first excited state of an electron in one dimensional rigid box of length 10-8 cm. Take mass of electron = 10-30 kg, Plank’s constant h = 6.625 x 10-34 Js
En = n²h² / 8mL²
For ground state, n =

Eground = 

For first excited state n =

Eexcited =

Energy difference = Eexcited – Eground 

16. What is a quarter wave plate? For calcite for a particular , µ0 = 1.659 and µe = 1.488. If the minimum thickness of a plate that can be made from calcite is 30 µm, what should be the minimum thickness for preparing a quarter wave plate?

Hint : µ0–µet=/4 As .Cleave > 30 µm an odd multiple of this thickness is required.

17. Match the position of the mirrors to the fringes produced in Michelson’s Interferometer.

	System
	Shape of unit cell
	Answer

	(i)
	________________

M1 and M2’ coincide
	(a)
	
[image: image20]
	(i)
	

	(ii)
	______________ M1
--------------------- M2’
	(b)
	
[image: image21]
	(ii)
	

	(iii)
	[image: image41.bmp]
[image: image22]
	(c)
	
[image: image23]
	(iii)
	

	(iv)
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	(d)
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	(iv)
	

	(v)
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	(e)
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	(v)
	


18. Normalize the wave function
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Normalization property is

Here, 
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Complex conjugate 
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19.  Attempt both parts:
(i) Fermi Energy of conduction electrons in an element is 7 eV. Find the number of conduction electrons in unit volume.

EF = 
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EF = 7 x 1.6 x 10-18 J,
m = 10-30 kg,
h = 6.625 x 10-34 Js
(ii) For electron in a metal, find its average kinetic energy in terms of Fermi energy EF as the temperature approaches 0K.

Exact form of Fermi Dirac law of distribution of energy 

n(u)du = 
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At 0K, all electrons have energies less than EF. 
So, u – EF is negative.
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What is graded index optical fibre? Show the ray paths in a parabolic index fibre.

Part B
20. Answer any two. 10 Marks each.
(i) Derive the equation for the transverse vibration of a string.

(ii) Deduct Maxwell’s equations from basic laws of electricity and magnetism.

(iii) What do you know about the magnetic properties of superconductors? How can you identify the two types of superconductors using Meissner effect?
21. Answer any two. 10 Marks each.

(i) Derive the band width expression  = D/d in young’s double slit experiment using monochromatic light. What is the nature of fringes if white light is used?

(ii) Show that the first minimum of a circular aperture of diameter d assuming Fraunhofer diffraction is given by sin = 1.22 /d where  is the wavelength of light and is the angle from the normal to the circular aperture.

(iii) I have absolutely no idea what these are. Could you please tell me about any two of these:

(a) Kerr Effect

(b) Pockel Effect

(c) Cotton Mouton Effect

(d) Faraday Effect

22. Answer any two. 10 Marks each.
(i) Calculate the expectation value of P and P² for the wave function 
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 for 0 < x < L
= 0 for |x| > L

where the operator associated with x component of momentum is 
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(ii) Plank’s Law Derivation
(iii) Ruby Laser





































M2’





M1





M2’





M1





M2’





M1





0.67 eV





5 eV





Valence Band





B





A





S





Conduction Band





B





A





P





d





B





A




















Turn Over


[image: image42.bmp]_1242126422.unknown

_1242126751.unknown

_1242150620.unknown

_1242152146.unknown

_1242152505.unknown

_1242152537.unknown

_1242152660.unknown

_1242152216.unknown

_1242152067.unknown

_1242131650.unknown

_1242131743.unknown

_1242131417.unknown

_1242127249.unknown

_1242127285.unknown

_1242126638.unknown

_1242126653.unknown

_1242126517.unknown

_1242126557.unknown

_1242125979.unknown

_1242126016.unknown

_1242126091.unknown

_1242126007.unknown

_1242125689.unknown

_1242125929.unknown

_1242125841.unknown

_1242125459.unknown

