Applied Physics –I
Question Bank -1

Topic: Interference of Light

1. What is Interference of light .give the conditions necessary for sustained interference Describe and explain Young’s experiment demonstrating interference of light?

2. Deduce an expression for the intensity at a point in the region of superposition of two waves of same periods and wavelengths. Hence establish the need of two coherent sources for the production of observable interference pattern?
(Hint: Deduce I = a12 + a22 + 2a1 . a2 . cosδ )

3. What will happen in the intensity distribution curve in double slit if,

(a) Slit width is increased.

(b) Separation between the two slits is increased.

(c) Wave length of light increased.

    4.
      Show that the formation of interference fringes is in        
  accordance with the law of conservation of energy?

  (Hint:  Prove Iav = a12 + a22 ).
5.
 Monochromatic light from the narrow slits falls on two parallel slits of the interference fringes are obtained on a screen (Young’s Expt.) . Calculate the spacing between two consecutive maxima or minima (fringe-width). What is the shape of fringes?

6.
Calculate  the displacement of fringes when a thin transparent lamina is introduced in the path of one of the interfering beams in a bi-prism? Show how this method is used to find the thickness of a mica plate?
7.
What will happen to biprism fringes if:


(a) The angle of biprism is increased.


(b) The width of the slit is increased continuously.

8. Discuss the phase change due to reflection of light from the surface of a denser medium?
9.
Explain the phenomenon of interference of light due to this parallel film and find the condition of maxima and minimum. Show that the interference patterns of reflected and transmitted monochromatic light are complementary?
10. Discuss the appearance of colors in thin films illuminated by an extended white light source when seen in reflected light?

11. Describe an interference method to determine the refractive index of a transparent liquid given in a very small quantity. Derive the formulae  used ?
12.
Explain the following:


(a) A ‘Thick’ film shows no colours in reflected white light.


(b) An excessively thin film seen in reflected white light appears perfectly black.


(c) The interference colour pattern of the same place on the surface of a soap bubble changes continuously.

(d)An extended source is necessary to observe colours in thin films.

13. Discuss the formation of interference fringes due to a thin wedge- shaped films seen by normally reflected sodium light. What will happen if white light is substituted for the sodium light?

 14.
 Describe and explain the formation of Newton’s sings in    reflected monochromatic light prove that in reflected light.
(a)
Diameters of bright rings are proportional to square roots of odd numbers.
(b)
Diameters of dark rings are proportional to square root of natural numbers? 

15.
 Account for the perfect blackness of the central spot in Newton’s rings system. Can you obtain a bright centre in the Newton’s rings system if yes how?

16.
State giving reason what change do you expect in Newton’s rings?

(a) 
If the top surface of the glass pate on which the lens is kept is highly silvered.

(b)
If white light is used instead of monochromatic light.

(c)
A plano–convex lens when placed on a flat surface, at t=o first minima is formed. The lens is gradually raised up by λ/4 and λ/2 and again by  λ. Show how intensity varies in this process?
17.
Explain briefly why the fringes in Newton’s rings arrangement are circular and in air wedge are straight and parallel?

18.
Describe Newton’s rings method for measuring the wavelength of monochromatic light and refractive index of a liquid & give the necessary theory.

19.
Show that the diameter Dn of the nth Newton’s ring,  when plano-convex lenses of  radii  R1 & R2 are placed in contact is given by the relation:
                              1/R1  + 1/R2  = 4nλ / Dn2 .

20. 
Find the resultant amplitude & phase of an oscillating particle when “n” simple harmonic motions of equal amplitude & periods but with phase increase in arithmetical progression are simultaneously imposed on the particle?
        21.   How can you determine the difference in wavelength
                between the   two D-lines of sodium using Michelson                  

        22.     Explain the working of a Michelson interferometer mention 
                  the conditions for the formation of:


(a)
Circular fringes


(b)
Localized fringes


in a Michelson Interferometer.
23. Two coherent beams of wavelength 5000A reaching a         point would individually  produce intensities 1.44 & 4.00 units. If they reach these together the intensity is 0.90 units. Calculate the lowest phase difference with which the beams reach that point. ( Phase Difference = 161o  ).
24. Find the ratio of intensity at the center of a bright fringe in an interference pattern to the intensity at a point one –quarter of the distance between the fringes from the centre. ( I1 / I2 = 2 )
25. Two coherent sources having an intensity ratio α interfere.
     Prove that in the interference pattern: 

                 ( Imax  - Imin )  /  (Imax + Imin )  =  ( 2  α1/2   ) / ( 1 + α ) . 
26. Two wavelengths λ1 & λ2 are used in a double –slit     experiment. If one is  λ1 = 430 nm, what value must the other have for the fourth-order fringes (bright) of one to fall on the sixth order bright fringes of the other. ( λ2  = 286.67 nm ) . 
27. In a double slit arrangement fringes are produced using white light of wavelength 48000A.  One slit is covered with a thin plate of glass of refractive index 1.4 & other slit is covered by another plate of glass of the same thickness but of refractive index 1.7.  On doing so the central bright fringe  shifts to the position originally occupied by the 5th bright fringe from the centre.  Find the thickness of the glass plate. (Thickness = 8µm).
28. In a Young’s Double Slit Expt , angular width of  fringes formed on a distant screen is  0.1 degree. The wavelengths of light used is 6000 Ao .What is the spacing between the slits?

29. Two coherent sources are placed 0.9 mm apart & fringes are observed 1m away calculate the wavelength of monochromatic the used if it produces the second dark fringe at a distance of 10 mm from the central fringe.

30. The shortest wavelength of visible light fall on two slits
     2.80x 10-2  mm apart. The slits are immersed in water and the

     viewing screen is 25 cm away.  How far apart are fringes on
     the screen?

31. Young’s double slit arrangement produces interference
         fringes for Na light ( λ = 5890A0 ) that are 0.20o apart.  What
        is the  angular fringe separation if the entire arrangement is 
        immersed in  water . ( given µ for water as  4/3 ). 
32.    A Fresnel’s bi-prism arrangement is set with sodium light
   ( λ=5893A0)  & in the field of view of the eyepiece , sixty two
   fringes are observed.  How many fringes shall we get in the 
  same field of a Hg lamp using green filter passing light of 
  wavelength λ = 5461A0 .
33.    
Fresnel’s biprism fringes are observed with white light.   When a thin transparent sheet covers one-half part of the biprism the central fringe shifts sideways by 14.97mm. With the same geometry the fringe width with Hg green light (λ=5461A0) comes out to be 0.274mm. Deduce the thickness of the sheet assuming the refractive index of its material as 1.58. 
 ( thickness = 5.14x10-3 mm.).

34. If the angle of wedge is 0.25o  and wavelength of Na lines   


are 5890Ao and 5896Ao find the distance from the apex  of  the     wedge at which  the maximum due to the two wavelengths first coincide when observed in reflected light.

35.   Young’s double –slit arrangement produces interference fringe   for Na light (>=5890Ao). that are 0.20 apart. what is the angular fringes separation if the entire arrangement is immersed in water of (refractive index of water is 4/3).

36.    Two Glass plates enclose a wedge –shaped air film touching at an edge and are separated by a wire of  0.05mm diameter at a distance of 15 cm from the edge calculate the fringe width? Given λ= 6000Ao  from a source of light falling normally on the film?

37.     Fringes of equal thickness are observed in a thin glass wedge of refractive index 1.52. The fringe spacing is 1mm and λ of light used to see the fringes is 5893Ao. Calculate the angle of glass wedge in seconds of arc?

38.    The distance between slit and the biprism and between the 
   bi-prism and the screen are 50cm. each. The obtuse angle of
  bi-prism is 1790 and its µ=1.50.  If the width of the fringes is
  0.0135cm,  calculate the wavelength of the light used?
                                              (  2d = 0.43cm,  λ = 5890A0 ).
39.     A thin sheet of mica (µ=1.6) of the thickness 0.1 mm introduced in the path of one of the interfering beams in a biprism arrangement shifts the central fringe to a position normally occupied by the 7th bright fringes from the centre. Find the λ of light used?

40.    White light is reflected from an oil film of thickness 0.01mm
   and  refractive index 1.4 at an angel of 450  to the vertical? If 
   the  reflected light falls on the slit of the spectrometer find the 
   no. of   dark  bands seen between λ1= 4000A0     and 

   λ2=5000Ao ?   (N=12)

41.   White light falls normally upon a film of soapy water whose 

thickness is 5x10-5 cm. and µ=1.33.  What wavelength in the visible   region will be reflected more strongly?  (λ=5320A0).
    42.    A parallel beam of light of  λ=5890Ao  is incident on a thin glass 

             plate of  µ=1.5,  such that angel of refraction into the plate is 60. 
            Calculate the smallest thickness of one plate which will make it
            appear dark by reflection?  ( thickness=3927A0). 
43.      White  light is incident on a soap film at an angle of sin-1 (4/5),

           the  reflected light on examination by a spectroscope shows dark
           bands. Two consecutive dark bands correspond to wavelengths

           6.1x10-5 cm  &  6.0x10-5 cm.  If µ=4/3 for the film, calculate its
           thickness?                           
44.       In Newton’s ring expt. Diameter of the 10th bright ring changes  

           from 1.40cm to 1.27 cm, when a liquid is introduce between the
           plate and the lens. Calculate the refractive index of the liquid? 

45.    Newton’s rings are observed in reflected light having 

          λ=5.9x10-5cm,  the diameter of the 10th dark ring is 0.50cm. Find
         the radius of  curvature of  the lens and thickness of the air film?

46.     Newton’s rings are formed by reflection in the air film between a 
          plane glass surface and  a spherical surface of radius 100 cm. if 
         the  diameter of the 3rd bright ring is 0.181cm. & that of the 13th 

         bright  ring is 0.501cm find λ?           (λ=5456Ao).
47.   In a Newton’s ring experiment the  radius of 6 successive
        bright rings are ( 100,  152,  198,  248,  302 &  350) x10-4 cm. 
        make the best possible calculation of  λ of light used ? 
       given R = 100cm as the radius of curvature of the plano-convex lens

       used in the experiment.
48.   A Newton’s ring arrangement is used with a source emitting two

        wavelengths  λ1 = 6000Ao  &  λ2 = 4500Ao  and it’s found that the
        nth dark ring due to λ1 coincides with the (n+1)th  dark ring due to
        λ2.  If the radius of curvature of the curved surface of lens is 90cm,

       find the diameter of the nth and  (n+3)th  dark ring for λ1 ?

49.    In Newton’s ring experiment diameters of the 4th and 12th dark 
         rings are 0.40cm and  0.70cm respectively.  Find the diameters of
         the 20th dark ring?

50.
When the moveable mirror of  Michelson’s interferometers is  

         moved through 0.05896 mm, a shift of 200 fringes is observed.
        What is the wavelength of light used?                 (λ=5896Ao).

51.     Calculate the distance through which the mirror of a Michelson’s                                     

          interferometer has to be displaced between 2 consecutive position 
          of  maximum distinctness in the case of  Na lines having
         wavelengths  5890Ao    &  5896Ao   ?    (distance=0.2894mm).
52.   When a thin film of a transparent material of µ=1.45 and

        λ = 5890Ao  is inserted in one of the arms of a Michelson’s 
         interferometer, a shift of 65 circular fringes is observed. Calculate 
        the thickness of the film?                    (thickness=0.00425cm) 

Applied Physics-1

Question Bank-2

Topic: Diffraction of Light, Dispersive Power & Resolving Power

Q-1
Differentiate the single –slit diffraction pattern & double slit interference pattern?

Q-2
Show analytically that for a single –slit diffraction pattern to hold good , the width of a single slit must necessarily be of the order of the wavelength?

Q-3
Describe Fraunhofer diffraction due to a single slit & deduce the position of the maxima & minimum. Show that the relative intensities of successive maxima are nearly (1) :  (1/22) : (1/61) : (1/121) :  ……  . 

What will be happen if the width of the slit is made equal to the wavelength of light?

Q-4
What is the effect on a two-slit diffraction pattern if:


(a)
slit width is increased.


(b)
wavelength of light is increased.

Q-5
Explain Fraunhofer diffraction due to a double slit. How does its intensity distributions curve differ from that obtained due to a single slit?

Q-6
Give the construction & Theory of a plane diffraction grating of the transmission type & explain the formation of spectra by it?

Q-7
Two Plane diffraction gratings  A&B have same width of the ruled surface but A has greater no of lines ruled on it than B. Compare the intensity of fringes and the dispersive powers in the two cases?

Q-8
Explain & obtain the condition of absent spectra in a plane transmission grating. if the width ’d’ of the opaque surface is equal to the width ‘e’ of the transparent space which order will be absent?  What will happen if  d=2e ?
Q-9
Find the maximum number of orders available with a diffraction grating?

Q-10    Give the theory of a plane transmission diffraction grating and
           show how you would use it to find the wavelength of light?

Q-11
   Plot the diffraction pattern for N= 2, 6 & 12 slits in the
            diffraction grating?
   
   ( Hint N=6 means (N-1) =5 minima & (N-2) =4 secondary 
              Maxima. )

Q-12   Define the dispersive power of a grating & obtain an expression
           for it?

Q-13
   Differentiate between prism spectra & grating spectra?

Q-14
  Two spectral lines have wavelengths  λ & λ+ dλ  respectively. 
           If  dλ << λ ,  find their angular separation dθ in a diffraction

           grating spectrum in the nth order. 
Q-15
  What are Fresnel’s half period zones.  Prove that the area of a half 
          period zone on a plane wave front is independent of the order of 
          the zone & that the amplitude due to a large  wave front at a point 
          in front of it is just half that due to the first half-period zone acting    alone?

Q-16
   Differentiate between Fraunhofer  and  Fresnel classes of 
            diffraction?

Q-17
  What is the zone plate? Show that a zone plate has multiple foci?

Q-18
  Compare the zone plate with a convex lens?

Q-19
  Describe with necessary theory,  Fresnel type of diffraction due to 
          a straight edge. Comment on the intensity distribution?

Q-20
  What happens when:

(a) A diffraction pattern is obtained using a beam of red light & the red    light is replaced by blue light?

(b)
In a plane diffraction grating the distance between rulings is very close compared with the incident light?

Q-21
 Justify why it is easier to observe interference & diffraction in sound waves. Does the radiation antenna show the same phenomenon and is it designed for such observations in the case of light waves?

Q-22
  How many lines /cm must a diffraction grating have if there is to 
           be no second order spectrum for the longest wavelength
           ( λ = 7000Ao ) of the visible light?

Q-23
  Show that the intensity of the principal maxima increases with  the increase in the number of slits for a Fraunhofer diffraction pattern due to N identical slits ?

Q-24  Obtain an expression for resolving power of a prism? With a zone plate for point source of light on the axis, the strongest & the next strongest images are formed at 30 cm & 60 cm respectively from the zone plate. Both the images are on the same side and source is on the other side.


Calculate
( a )  Distance of the source from the zone plate.



( b )  Radius of the first zone.




( c )  Principal focal length of the zone plate. 


Q-25
 If the diameter of the central zone of a zone plate is 2.5 mm & a point source of light of wavelength 7.5x10-5 cm is placed 5 meters away from the zone plate,  find the position of the primary & secondary images?

Q-26
    Find the radius of the first three transparent zones of a zone plate
             whose focal length is 1 meter for λ=5893A0 ?

Q-27
A narrow slit illuminated by light of wavelength 5896A0 is placed at a distance of 20cm from the straight edge. If the measurements are done at a distance of 150cm from the straight edge, calculate the distance between the first & the second dark band?

Q-28    A narrow slit illuminated by light of wavelength 5890A0 is  located at a distance of 10cm from the straight edge.  If measurements are done at a distance of 50cm from the edge calculate the distance between the first & the second dark bands?   (distance=0.0779cm).
Q-29
  Calculate the angular separation between the first order minima  on either side of the central maxima when the slit has a width of  6x10-4 cm & light illuminating it has a wavelength of 6000A0?

Q-30
   A plane wave of wavelength  λ=6x10-5 cm falls normally on a straight slit of width  0.2mm. Calculate the total angular width of the central diffraction maxima & also the linear width as observed on a screen placed 2m away?      ( 2θ = 6x10-3  radians,   linear width = 1.2cm ).
Q-31
  Parallel light of wavelength 5000A0 is normally incident on a single slit. The central maxima fans out at 300 on both sides of the direction of incident light.  Calculate the slit width.  For what width of slit the central maxima spreads out to 900 from the direction of the slit?   ( a=10-4cm ;  and for θ=900 , a=5000A0).
Q-32
   In a double slit pattern the screen is 160cm away from the slits. The slit widths are 0.08 mm& they are 0.4mm apart. Calculate the wavelength of light if fringe spacing is 0.25cm and also deduce the missing orders? ( λ=6250A0,  n = 6th ).
Q-33
    In a plane diffraction grating spectrum which spectral line in the
            fourth order will overlap with the third order line of wavelength
            5461A0 .          (λ=4095.75A0).
Q-34
    A plane diffraction grating used at normal  incidence gives green
             light (λ=5400A0)  in a certain order superimposed on the violet 
            light (λ=4050A0)  of the next higher order if θ = 300  find how 
            many lines per cm are present in the grating? (3080 lines /cm).
Q-35
    Find the maximum number of orders available with a grating. Show that if the width of the grating element is less than twice the wavelength of light, then only the first order is available?

Q-36
    A plane diffraction grating has 5000 lines /cm & is used in normal incidence of light.  If the width of the opaque part be double that of the clear part in the grating, then which orders of the spectrum will be absent?                     (3rd, 6th, 9th).
Q-37
   In relation to a plane diffraction grating with 5000 lines/cm, if illuminated by a light of wavelength  λ = 6.0x10-5 cm, what is the highest order of spectrum which may be observed?

Q-38
   A plane diffraction grating is just able to resolve two lines of wavelengths 5140.34 A0 & 5140.58A0 in the first order. Will it resolve the lines 8037.50A0  &  8037.58A0  in the second order?

Q-39
    A plane transmission grating having 6000 lines /cm used to obtain a spectrum of light from a sodium source in the second order. Find the angular separation between the two Na lines whose wavelength are 5890A0 and  5896A0 respectively?


( θ1 = 440 59′ ,  θ2 = 450 2′ ,  θ2 - θ1 = 3َ′ ). 
Q-40    Calculate the minimum thickness of the base of prism which will just resolve the D1 & D2  lines of sodium given that the refractive indices for the wavelengths 6563A0 & 5270A0 are 1.6545 &1.6635 respectively.              (prism base thickness = 14.5cm ).
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                          TOPIC:  POLARIZATION

1.       What is ‘polarization of light’?

2. What is Brewster’s law? Show that when a ray is incident at the Brewster’s angle the reflected ray is perpendicular to the refracted ray.

3. Define Double refraction. What are ordinary and extraordinary rays in a uniaxial crystal?

4. Describe the construction of a Nicol’s prism. Explain how it can be used as a polarized and as a analyzer?

5. State and prove the law of Malus. How can you verify the law in the laboratory?

6. Un-polarized light falls on a polarizing sheet. Show that the intensity of the transmitted plane polarized light is half the intensity of the incident un-polarized lights?

7. Define positive & negative crystals ?

8. What do you mean by optical rotation?

9. Define Specific rotation. Describe the construction and working of a Laurent’s half shade polarimeter, explaining fully the action of half shade device.

How you would use it to determine the specific rotation of a sugar solution .

10. A glass plate is used as a polarizer. Find the angle of refraction.  Given  the refractive index for glass µ = 1.54.

11.    With a slab of flint glass, the angle of polarization for reflection is found to be 620 24′ . Calculate the refractive index of the flint glass. 

12.    A glass plate is to be used as a polarizer by the reflection method.  Find the angle of polarization for it, given that µ for glass is 1.54 . Also find the corresponding angle of refraction for it.

13.   Two polarizing sheets have their polarizing directions parallel so that the intensity of the transmitted light is maximum. Through what angle must the either sheet be turned so that the transmitted intensity through them become one half of the  initial value.

14.   An analyzing Nicol prism examines two adjacent plane polarized beams A and B whose planes of polarization are mutually perpendicular. In one position of the analyzer , the beam B shows zero intensity.  From this position, a rotation of 30 degrees shows the two beams as matched in intensity. Deduce the intensity ratio IA/IB of the two beams. 
15.   Two Nicol prisms are crossed to each other. Now one of them is rotated through 600 . What percentage of incident un-polarized light will pass through the system of the two Nicols. 
16.   What is the optical thickness of a quarter wave plate for the light of wavelength 600 nm, the bi-refringence of the plate           (µE – µO)  being 0.172?
17. Two polarizers are oriented with their planes at an angle of 300. What % of incident un-polarized light of wave length 6000 A0  shall pass through the system.  

18.   Plane polarized light is incident on a piece of quartz cut parallel to the axis. Find the least thickness for which the ordinary and extra-ordinary rays combine to form plane polarized light. Given that
  µO = 1.5442 ,  µE = 1.5533 , and  λ = 5x10 - 5  cm.
19.     Calculate the thickness of a Mica sheet required for making a quarter wave plate for λ = 5460 A0  The indices of refraction for the ordinary and extra-ordinary rays in mica are 1.586 and 1.592 respectively.

20.   Calculate the thickness of (i) a quarter wave plate and (ii) a half wave plate, given that 

 µO = 1.544 ,  µE = 1.553 , and  λ = 5000  A0 . 
21.    Plane polarized light of wavelength 6000 A0 is incident on a thin quartz plate cut with their faces parallel to the optic axis. Calculate:

(i)  The ratio of the intensities of the ordinary and extra-ordinary light if the plane of vibration of the incident light makes an angle of 300 with the optic axis. 

(ii) The minimum thickness of the plate which introduces a phase difference of 600 between the ordinary and the extra-ordinary rays. 

(iii) The minimum of thickness of the plate for which the ordinary and extra-ordinary waves will combine to produce plane polarized light. 

22. Calculate the specific rotation S if the plane of polarization is turned through  26.40 ,  traversing 20 cm length of 20% sugar solution .
23. A length of 25 cm of a solution, containing 50 gram of solute per liter causes a rotation of the plane of polarization of light by 

50 .  Find the rotation of plane of polarization by a length of 75 cm of a solution containing 100 gm of solute per liter. 

24. A 15 cm tube containing cane sugar solution ( specific rotation of cane sugar solution is 660 ) shows optical rotation of 
 70 .   Calculate the strength of the solution.

25. A tube of sugar solution of 20 cm length is placed between two crossed Nicols and illuminated with light of wavelength 6000 A0 .  If the optical rotation produced is 130 and the specific rotation is 650 ,  determine the strength of the solution.

26. A  20 length of a certain optically active solution causes right handed rotation of 400 , and a 30 cm length of an another solution causes a left handed rotation  of 240 . What will be the optical rotation produced by 30 cm length of the mixture of the above solution in volume ratio 1 : 2  for the first to second respectively. It is given that the solutions do not react chemically with each other.  
27. For quartz the refractive indices for right – handed and left- handed vibrations are 1.55810 and 1.55821 respectively for 
λ = 4000 A0 . Find  the amount of optical rotation produced at this wavelength by a plate  of quartz 2.00 mm thick, with its faces perpendicular to the optic axis. 

 Use formula for optical rotation as  θ = π . (d / λ) . ( µL  - µR ) . 
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TOPIC: OPTICAL FIBERS

1. What is an optical fiber? Give its construction with a neat diagram?
2. What types of fibers are used for long-range communication? Explain with reason? What are the advantages of optical communication over microwave / satellite comm.?
3. Derive an expression for the numerical aperture of an optical fiber. Also mention its physical significance?
4. Draw the block diagram of an optical fiber communication system and explain the function of each block? Give the causes of losses in optical fibers?
5. What is pulse dispersion? Derive an expression for the time-interval for the rays to reach the output?
6. Discuss in brief the attenuation and dispersion mechanism in optical fibers. Further explain how its controlled in a graded index fiber ? 
7. Differentiate between optical fiber and fiber optics? Find the expressions for acceptance angle? Explain why an optical fiber transmits light around bends?
8. Discuss the propagation of light in fibers? What do you mean by single-mode & multimode fibers? Explain clearly? Which of the two do you prefer & Why?

9. In an optical fiber, refractive index of core is 1.6 and that of the cladding is 1.3? Find the critical angle & the acceptance angle? Also find the value of the acceptance cone? [ 54.340 ; 68.860].
10. Determine the numerical aperture of a step-index fiber for which core is of n1 = 1.5 &  cladding  is of n2 = 1.48? Find the maximum angle for entrance of light, if the fiber is placed in air?

                                         [0.24413 ; 14.0130]
     11.     Calculate the refractive index of core & cladding material of a fiber from the following data:  NA = 0.22,   and Δ   = 0.012?
12. Calculate the number of reflections for a fiber of length 1 km 
     when n1 = 1.6 and n2 = 1.5 & radius of the fiber is 30 µm?
13. An optical signal has lost 85% of its power after traversing 500
      meter  of fiber? What is the loss in dB per Km of this fiber?
                                                    

 [ 1.41 dB per Km]
14. A step-index fiber is made with a core of index 1.52, a diameter
    of 29 µm & fractional difference of 0.0007.  It is operated at a 
    wave-length of 1.3 µm. (i) Find fiber  V-number , 

    (ii) The number of modes the fiber will support. 

15. Find the core radius necessary for single-mode operation at 850 
    nm in step-index fiber with n1 = 1.48 & n2 = 1.47. What is the
    numerical aperture & maximum acceptance angle of this fiber?

[a = 1.89 µm].
16. A glass clad fiber is made with core glass of n1 = 1.5  and the cladding is doped to give a  fractional index difference of 0.0005.

Find  (i) the index n2 of the cladding.

         (ii) The critical internal reflection angle.

         (iii) The external critical acceptance angle.

         (iv)  Numerical Aperture of the optical fiber. 

17. An optical fiber has a NA of 0.20 & a cladding refractive index
    of 1.59.  Determine the acceptance angle for the fiber in water
     which has a refractive index of 1.33?    
18.  Consider a step-index fiber for which n1 = 1.475 for core and

     n2 = 1.46 for cladding, and the core diameter is a = 25 µm. Find 
(A) The maximum value of the angle of inclination (θ) of the rays with the central axis of the fiber for which the rays will be guided through the optical fibers?

(B) Corresponding to this maximum value of angle θ, calculate the number of reflections that would take place in traversing 1 km length of the fiber?

19. Calculate the dispersion in time for an optical pulse traveling through an optical fiber of 1 km length having core of refractive index  n1 = 1.45 & cladding of refractive index n2 = 1.40?




20. Calculate the power loss in decibel (dB) if an optical pulse after traveling 1 km length of optical fiber losses its power by the fraction :      Pout / Pin =   0.5 ?   

21.     The V- parameter for an optical fiber is given by :

            V = (2π/λ). a . √(n1 2 –  n2 2 ) .
which decides the modes of transmission of optical pulses in the optical fiber, & for V< 2.4048, the optical fiber transmits only one mode of the optical pulse. Find the maximum allowed radius ‘a’ of the core of the fiber for single mode transmission if :

(i)     λo = 1.30 µm,  n1 = 1.48 , and  n2 = 1.46 ,      and if 
(ii) λo  = 1.55 µm,  n1 = 1.48  and n2 = 1.46 .
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Question Bank -5

Topic: SHM, Forced & Damped oscillations

1. Set up the equation of motion of a simple harmonic oscillator, solve it and hence derive the formula for velocity and acceleration?

2. Prove that for Simple Harmonic Motion, the average kinetic energy equals the   average potential energy, when the average is taken with respect to time over one period of motion ?

3. Discuses the motion of simple pendulum and establish that it is     

Simple Harmonic.  Deduce its time-period?

4. A particle of mass ‘m’ is suspended between rigid supports by       

means of two identical springs. If T is the tension in each                   spring , find the frequency of the transverse oscillations?

5. A particle in Simple Harmonic Motion has velocities u1 and u2 when its displacements from mean position are x1 and x2 respectively.  Calculate the period,  amplitude and maximum speed of the particle?

6.   Find an expression for the frequency of a diatomic molecule  

whose nuclei have masses m1 & m2 and the force constant is  K? 

7.     Two SHM’s of same frequency but differing in phase and  

amplitude is acting in the same direction on a particle. Shows that the resultant motion is simple harmonic.  Deduce expression for the resultant amplitude and phase and find the conditions of maximum & minimum of amplitudes ?

8.     Set up & solve the differential equation of motion of a damped harmonic oscillator & discuss specially the case when it is under- damped?
9.
Set up & solve the equation of a damped mechanical harmonic   oscillator executing its motion along the axis, using the initial conditions:  t = 0, x = 0,  v = V0 .  

10.    Set up & solve the differential equation of motion of a forced    

          harmonic oscillator?  

11.   What is meant by sharpness of resonance? Discuss the effect of    

damping on the sharpness of resonance?  Discuss it with a diagram for a forced oscillator?

12.     Determine the condition for the velocity amplitude to be maximum and distinguish between amplitude resonance velocity resonance ?

13.  
Show that the power absorbed by a driven oscillator from the  

         driving force is maximum at velocity resonance?

14.   Discuss the variation of the average power absorption with the
  driving frequency ω and  find the difference of the two value of ω for which the average power absorption is one half of its maximum value?

15.   Prove that for a driven oscillator the Quality Factor is : 
Q = ( 1/2 ) . [ 1 + (ω0 / ω )2 ] . ω τ  . 
        where symbols have usual meanings.
16. Solve the equation of motion of a forced harmonic oscillator for the steady state displacement response function. Also show that the displacement response function is:

(a)  In phase with the driving force for the low driving frequency      


   limit.

(b)  1800 (or π  radians) out of phase with the high driving   


    frequency limit.

(c)   900 ( or π/2  radians) out of phase with the driving force for the 


    resonance frequency limit.

17.    Show that in a forced oscillator resonance occurs at frequency   slightly less than the natural frequency?

18.    Discuses two practical uses of resonance?

19.  A rifle bullet weighing 10g moving with a velocity of 1600cm/sec strikes and embeds itself in a 790gm block which rests on a horizontal frictionless surface and is attached to a spring of force constant 8x104 dynes/cm.  Compute the amplitude of resulting SHM of the block . What happen to the kinetic energy of the bullet?

20.   what is the time period of a simple pendulum of length 2meters assuming acceleration due to gravity as  g = 9.8 m/sec .

   What would be its time period if this pendulum is in an  elevator
    accelerating upwards at an acceleration of  2.0 m/sec2 ,  in addition to 

    the acceleration due to gravity of the earth?

21.    A particular of mass 10g is placed in a potential field given by       

V = ( 50 x2  + 100 ) erg/gm. Calculate the frequency of oscillations?

22.    The equation of motion of an oscillating body is: 

          x = 6 cos(3πt + π/3) meter. 
 What is the period , frequency,  and phase constant of the motion?
    Also find the displacement, velocity and acceleration 
    at time  t = 2sec? 
23.
The vibrational energy levels in HCl molecules made from H & Cl 

Isotopes of atomic weights 1 & 35 are separated by 0.36ev. Obtain: 

(i) Frequency of waves limited in a pure vibrational transition. 

(ii) Force constant. 
(iii) Separation of energy levels if  HCl is made from D2 & Cl37 isotopes.  Mass of Hydrogen atom is  1.6x10-24  gm ?
24.    Find the resultant of the following three collinear SHM’s:

         x1 = a sin(ωt) ,  x2 = b sin(ωt) ,   and x3 = c sin( ωt + φ ) . 
25.
The differential equation of an oscillating system is :
               d2x/dt2  + 2 γ dx/dt  + ω2 x = 0 .

if   ω >> γ  then calculate the time in which 
(i)         amplitude becomes 1/e of its initial value 
(ii) energy becomes 1/e of the initial value 
(iii)  energy becomes 1/e4 of its initial value?

26.
A 2g particle is subjected to an elastic force of 30 dynes / cm and   

a frictional force of 5 dynes / (cm/sec).   If it is  displaced through 2cm and then released,  find whether the resulting motion is oscillatory or not and if so , find its period?

27.     If the relaxation time of damped harmonic oscillator is 50 second.   

         Find the time in which:
a. The amplitude falls to 1/e times the initial value.

b. Energy of the system falls to 1/e times the initial value.

c. Energy falls to 1/e4 of the initial value.

28.    The amplitude of an oscillator of frequency 200 cycles /sec falls to
      1/10 of its initial value after 2000 cycles. Calculate:

(a) Its Relaxation time. 

(b) Its quality factor.
(c) Time in which its energy falls to 1/10 of its initial value.
(d) Damping constant. 

29. The quality factor Q of a tuning fork is 5.0x104 . Calculate the time interval after which its energy becomes 1/10th of its initial value.  The frequency of the fork is 300/ sec. ( take loge (10) = 2.3 ). 
30.    Q-factor of a sono-meter wire is  2 x 103 .  On plucking, it executes
   240 vibrations /second. Calculate the time in which the amplitude  decreases to  1 / e2  of  its initial value?
31.   The oscillations of a tuning fork of frequency 200 cps in air die away to 1/e  of  their initial amplitude in 1 sec. Show that the reduction in frequency due to air damping is exceedingly small?

32.     A damped vibrating system from rest has initial amplitude of 20 cm which reduces to 2cm after 100 complete oscillations,  each of period 2.3 sec. Find the logarithmic decrement of the system?

33.  A harmonic oscillator of quality factor 10 is subjected to a sinusoidal  applied force of frequency one and half times the natural frequency of the oscillator.  If the damping be small obtain:

(a) The amplitude of the forced oscillation in terms of the maximum amplitude.

(b) The angle by which the amplitude will be out of phase with the driving force?

(c) If power transfer versus frequency of the applied force is drawn near natural frequency of the oscillator, then what is the “full width at half maximum” of this power transverse graph?

(d) At what frequency of the applied force the power transfer is maximum & what is the expression for the maximum power transfer?

34.    A forced harmonic oscillator shows equal amplitudes of oscillation at angular frequencies  ω1 = 300 rad/sec & ω2 = 400 rad/sec .What will be the value of the resonant angular frequency at which amplitude becomes maximum?

35.
A particle is initially displaced by 5cm from its equilibrium position & then left. The particle executes damped linear oscillations with a logarithmic decrement of  λ = 0.02.  Find the total distance the particle covers before it finally stops?
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          QUESTION PAPERS -6 







TOPIC : SPECIAL THEORY OF RELATIVITY

1. State Einstein’s postulates of special relativity. On the basis of these postulates derive the standard Lorentz transformation equations?
2. Using Lorentz transformation equations, prove that a moving clock appears to go slow?
3. Explain the Working of Michelson Interferometer? How will you produce circular fringes with it? How will you measure the difference in wave-length between D-lines of sodium light? What were its main consequences?
4. What are the two types of frames of reference? Define each? Give examples of each?
5. What are Lorentz Transformations for space-time. Show that
 x2  + y2 + z2  - c2t2  is invariant under the Lorentz transformations ?
6. Using the law of addition of relativistic velocities, show that in no case can the resultant velocity of a particle be greater than c, the velocity of light in free space. 
7.  What do you understand by time dilation, explain? Give its experimental proof?
8. Explain Einstein’s mass-energy equivalence. Prove the relation 
E2 = p2 c2 + mo2 c4, where p is the relativistic momentum?
9. In Michelson-Morley experiment, the length of the arm of interferometer is 11.5 meter, the wavelength of light is 
5.0x10-7 m & earth’s velocity is 30 km/sec. Calculate the fringe shift?                                                              [0.46]

10. The half life of a particle as measured in the laboratory comes out to be 4x10-8 sec when its speed is 0.8c, and it becomes 3x 10 -8 sec  when its speed is  0.6 c.  Explain this?
11. How fast would a rocket go relative to an observer for its length to be contracted to 99% of its length at rest? 

                                                                        [4.2 x 109 cm/sec]

12. If the total energy of the particle is thrice its rest mass energy, what is the velocity of the particle?


    [0.943 c]
13. A relativistic electron & a photon both have linear momentum 2.0 Mev/c.  Find the total energy of each.
14. At what speed does the Kinetic energy of an electron equal  to its rest mass energy. The rest mass energy of electron is 0.5Mev. What is the corresponding momentum of the electron.
15. Determine the fractional increase of mass of a particle  with velocity 0.1c?
16. Calculate the expected fringe shift in a Michelson- Morley experiment if the distance of each path is 2 m & light is of wave length 6000 Ao .                                                 [1/15 of a fringe]
17. An event occurs at x = 100 m, y=10m, z = 5m on 

 t = 1*10-4 sec in a frame S. Find the co-ordinates of this event in a frame S′ which is moving with velocity 2.7*108 m/sec  with respect to the frame S along  xx′ axes  using :

a)  Galilean transformation. 

b)  Lorentz transformation. 
18. Use Lorentz transformations to show:
            x2+ y2 + z2 -  c2t2  = (x′)2  + (y′)2 + (z′)2  - c2(t′)2  .
19. A rocket ship is 100 m long on the ground. When it is in flight, its length is 99 m to an observer on the ground. What is its speed?                                                           [ 4.23 x 109 cm/s]
20. A rod has length 100 cm. When a rod is in a satellite moving with  velocity that is one-half of the velocity of light relative to laboratory, what is the length of the rod as determined by an observer :
a) in the satellite, and

b) in the laboratory                                              [(a) 86.6 cm]
21. A certain particle called µ-meson has a life-time 2x10-6 sec.

a) What is the mean life time when the particle is traveling with a speed of 2.994 x1010cm/sec?

b) How far does it go during one means life?

c) What distance would be traveled without relativistic effects?    

                                        [31.7 x 10-6 sec, 9510 m,  598.8 m]

22.      Calculate the Length & the orientation of a meter rod in a frame of reference which is moving with a velocity equal to 0.6 c, in a direction making an angle of 300 with the rod? 
                                                 [ 0.854 m ,  θ = tan -1 (0.72) ]

23.
 Two particles are moving in opposite directions, each with a speed of 0.9 c in the laboratory frame of reference. Find the velocity of one particle relative to the other?               [ 0.994 c]

24.    An electron of rest mass 9.1 x 10-31 kg is moving with a speed of 0.99c. What is its total energy?  Find the ratio of Newtonian kinetic energy to the relativistic energy?
                                                   [ 5.8x10-13 joules ]
25.
 It is assumed that sun gets energy by fusion of four Hydrogen atoms into a helium atom. The rest mass of Hydrogen & Helium atoms are 1.0081 & 4.0039 atomic mass units respectively. Calculate the energy released in each fusion process?

26.
 Rockets A & B are observed from the earth to be travelling with velocities 0.8c & 0.7c in the same line in the same direction. What is the velocity of B as seen by an observer on A? 
                                                                                     [ -0.23c]

27.
 A charged particle shows an acceleration of 4.2 x 1012 cm/sec2 under an electric field at low speed. Compute the acceleration of the particle under the same field when the speed has reached a value 2.88 x 1010 cm/s.

[ 1.176 x 1012 cm/sec2] 
28.
 Deduce the velocity at which the mass of a particle becomes 1.25 times its rest mass? 
[1.8 x 108 m/s]
29.
 Deduce the rest energy of an electron in joules & in electro-volt. Also, deduce the speed at which the total relativistic energy becomes 1.25 times the rest energy?        [0.6c]

30.
 Show that the mass of an electron is equivalent to 0.51 Mev energy. State the minimum energy of X-ray photon which can produce an electron-position pair?                       [1.02 Mev]

31.  How much work must be done in order to increase the speed of an electron from 1.8x108 m/sec to 2.4x 108 m/sec.   [0.215 Mev]
32.  Deduce the speed of an electron accelerated through a potential difference of 1.0 million volt?                                       [0.94c]
33.   Show by means of Lorentz transformation between inertial frames S and S′ with S′ moving with velocity v in x direction with respect to S frame  that                 

                              (x′)2 – (ct′)2 = x2 – (ct)2
34.
 A bean of particles of half-life 2x10-6 seconds travels in the laboratory with 0.96c speed. How much distance does the beam travel by the time the flux of the beam falls to ½ times its initial flux?

35.
 Determine the time (as measured by a clock at rest on the rocket) taken by a rocket to reach a distant star & return to the earth with a constant velocity v = (0.9999)1/2 c, if the distance of the star from earth is 4 light years?

36.  The velocity of a particle is  6 i + 5 j + 4 k  in a frame of reference S′, moving with a velocity 0.8c along the axis of x, relative to a reference frame S at rest. What is the velocity of the particle in the latter frame S ?

37.
 A proton of rest mass m0 = 1.67x10-24 gm is moving with a velocity 0.9c. Find its mass & momentum in motion, as it appears from  a stationary frame of reference?

38.
 Calculate the speed of an electron having kinetic energy 
           1.02 Mev,  given that m0 = 9.11 x 10-31 kg for electron?

39
. Given a proton moving with a velocity v such that v/c = 0.995 measured in the laboratory frame (at rest). What are the corresponding relativistic energy & momentum of the proton. Given that m0 = 1.67 x 10-27 kg for the proton?

40.
 The binding energy of an electron to proton (i.e. of hydrogen atom) is 13.6 ev.

i) Find the loss of mass in the formation of one atom of hydrogen?

ii)  Calculate the binding energy of  the  deuteron?

Given :  Rest mass of electron = 9.1x10-31 kg

              Rest mass of  proton = 1.672x 10-27 kg

                   Rest mass of   Neutron = 1.6748 x 10-27 kg

                   Rest mass of deuteron = 3.3433 x 10-27 kg
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Question Bank -7

Topic: Central Forces

1. Solve the equation of motion of a particle under an inverse square force and show that the path of the particle is in general a conic section?  

2. What is meant by a central force? Show that in a central force a particle always moves in a plane and its angular momentum about of the center is conserved.  Hence show that areal velocity of motion remains constant?

3.  Write the most general form of central force and discuss the cases for n= - 1 & n=2 respectively?

4. What are the main properties of central force? Give two examples of non-central forces?

5.  What are conservative forces? Show that work done by a conservative force along a closed path is zero?

6. Are all central forces necessarily conservative? Justify your answer?

7.  Find the central force under which the trajectory of a particle is given as:    r = α . eβθ .
8. The mean distance of sun  from a planet is four times The distance of  sun from the earth. In how many years will that planet complete one  revolution around the sun?

9.  The polar co-ordinate ( r , θ ) of a particle at time t are given by:
  r  =  e ω t   +  e – ω t ,    θ = t  ,   where ω is a positive constant.
Find the velocity and acceleration vectors of the particle at t=0.  

10. The potential energy of a diatomic molecule (two-atoms
         system) is   given by:

                             U(r) = A/(r12) - B/( r6) .
   r being the separation between the two atoms , and A & B  are   positive  constants. Find the equibrium separation, i.e. distance between the  two atoms at which the force is zero.  Is the force repulsive or attractive?

11. In hydrogen atom the mass of the proton  mp & that of the electron  me  have the ratio mp/me = 1836 .  Find the effective mass of the electron in  terms of me to represent the hydrogen atom as a one body problem moving under a central force around a fixed origin. What will be the effective mass of electron if its revolving around a positron  instead of a proton (positron mass is equal to the electron mass) ?

12.       Calculate the mass of the sun,  if the earth in circular revolution  around  the sun has a radius 1.5x1011 meter and period of revolution is  1 year = 3.15x107  sec,   given that the gravitational constant 
  G = 6.67x10 -11 Nm2/Kg2 , the mass of earth is 6x1024 Kg.

13.  Kepler’s third law of planetary motion around the sun states that the period of revolution of the planet around the sun divided by the cube of the major axis of the orbit is a constant. What is the value of this constant if the mass of sun is 2x1030 Kg ,  and  
               G = 6.67x10 -11 Nm2/Kg2   
14. The motion of a particle under the influence of a central force is   described by r = a . sin(θ).  Find the expression for force .
15.
A particle follows a spiral orbit given by r = c θ2 under a central force law. Find the form of the force law f(r).

16.
A satellite of mass 100 Kg. moves in an elliptical orbit around the earth such that its perigee and  apogee are 3000 Km and 4300 Km above the earth surface. Find.

(1)  The minimum and maximum distance of the satellite from the centre of the earth?


(2)  The equation of the orbit.


(3)  The eccentricity of the orbit.

(4)  Velocities at perigee and at apogee of the satellite.


(5)  Period of revolution of the orbit.

(6)  Total energy  (K.E. + P.E. ) of the satellite.
Given: Mass of the earth = 6x1024 Kg. 
Radius of Earth = 5700 Km 
 G = 6.67x10 -11 Nm2 /Kg2.
