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 COUPLED OSCILLATOR USER MANUAL  

 

AIM: -To determine the coupling constant of a coupled oscillator performing parallel and anti parallel 

oscillator. 
 

APPARATUS: -Two metallic bobs, Thread & Coupled oscillator set up. 

 

THEORY: -With no coupling and when the bobs are made to oscillator independently the angular 

frequency of the bob A is given by: 

              2 

  W   =       -----------(1) 

              T 

And that of the bob B is given by: 

              2 

  W   =     ------------(2) 

              T 

The frequency of parallel oscillations W   is given by: 

             W    + W 

  W    =      ----------(3) 

       2 

when coupling is made and both the bobs are displaced in the same direction normal to the plane of the 

stringe, the angular frequency of parallel oscillations is given by: 

               2 

  W    =      -----------(4) 

              T 

And for antiparallel oscillations, the angular frequency is given by: 

               2 

  W    =     ------------(5) 

              T 

The coupling constant C, is calculated by the relation: 

          m 

  C = (W   ² - W   ²)  ---------(6) 

           2 

One of the bob (A) is kept rest and the other bob (B) made to oscillate. Due to the coupling energy 

tranfer from B to A takes place and hence after some time, bob A starts oscillating and B comes to rest. The 

process of transfer of energy from B to A and A to B goes on, till both the bobs comes to rest due to friction 

with air. The time lapsed between two sucessive instances of the same bob coming to rest is noted. Let this 

time be T. Then the beat frequency is given by: 

           2 

  W =     -----------(7) 

           T  

  

PROCEDURE: - The masses of the two bobs are weighed. Bobs whose masses are almost equal (m   

= m   ) are also to be selected for experimentation. With a small thread, a knot is made just below the hook 

R  connecting the two threads coming from A and B. keeping B at rest, bob A is allowed to oscillate 

perpendicular to the plane of the string. The time taken for 20 oscillations is noted and the time period T    

is calculated. Then the angular frequency (W   ) of the bob A calculated using equation (1). 

Next the bob A is kept at rest and the bob B is made to oscillate perpendicular to the plane of the 

string. The time taken for 20 oscillations is noted and the time period T    is calculated. Then the angular 

frequency (W   ) of the bob A calculated using equation (2). 

It will be found that W    = W   . The frequency of the parallel oscillations W    is calculated using 

equation (3). 
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The loose knot just below the hook R is brought down by 8cm from R (d=8cm). The two bobs A and B 

are displaced through the same distance in the same direction, normal to the plane of the strings and 

released. Both the bobs oscillate with the same phase. This is called the parallel oscillations. Time taken for 

20 oscillations is noted and the time period T    is calculated. The angular frequency of the parallel 

oscillations W     is calculated using equation (4). 

Next, the two bobs A and B are displaced by equal distance parallel to one another but in opposite 

directions. When the bobs are released they make antiparallel oscillations in the plane normal to the plane 

contained by strings in resting position. The time taken for 20 oscillations of any one bob is noted and the 

time period T    is calculated. The angular frequency W    of antiparallel oscillations is calculated using 

equation (5). 

One of the bobs, say A, is kept at rest and the other bob B is displaced from its resting position and 

released. The bob B which is set into oscillations and the amplitude gradually increases. Thus there is a 

transfer of energy from one pendulum (B) to the other pendulum (A) through the coupling provided 

between them at point 8. the bob B comes to rest after some time. The transfer of energy from A to B takes 

place next and hence the bob B again sets into oscillations. The time lapsed (T) between two successive 

instances of the same bob (A or B) coming to rest is noted. The beat frequency is calculated using equation 

(7). 

The coupling constant e is calculated using equation (8). The experiment is repeated for various 

coupling distances (d) from R. the observations are tabulated in table 1. 

A graph is drawn between the coupling distance ‘d’ (X – axis) and the coupling constant c (Y – axis).   

CIRCUIT DIAGRAM: - 

 

 

 

 

 

 

 

 

 

 
 

 

 

         Arrangement for coupling oscillations 

 

TABULAR COLUMN: - 
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USER MA�UAL FOR : DIFFRACTIO� GRATI�G – �ORMAL I�CIDE�CE & 

MI�IMUM  DEVATIO� EXPERIME�T 
 

AIM: -To determine the wavelength of a given light radiation using diffraction grating with  

                  (a) Normal incidence and (b) Minimum deviation method.   

 

APPARATUS: -Spectrometer, Sodium Vapour Lamp & Grating. 

 

DESCRIPTIO�: - 

A plane diffraction grating consists of a parallel-sided glass plate with equidistant parallel lines 

drawn very closely on it by means of a diamond point. 15,000 lines per inch or (15,000/ 25.u) 

lines per cm are drawn on the grating. Such gratings are known as original gratings. But the 

gratings used in the laboratory are exact replicas of the original gratings on a celluloid film. The 

celluloid film is fixed over as optically plane glass plate. Care should be taken while handling the 

grating. It should be handled by the edge of the plate. 

  

THEORY: - 

A parallel beam of monochromatic light from the collimator of a spectrometer is made to fall 

normally on a plane diffraction grating erected vertically on the prism table. The telescope 

initially in line with the collimator is slowly turned to one side. A line spectrum will be noticed 

and on further turning the telescope the line spectrum will again be noticed. While the former is 

called the first order spectrum, the later is called the second order spectrum. On further rotating 

the telescope, the third order spectrum may also be noticed, depending on the quality of the 

grating. But the number of orders of spectra that can be observed with a given grating limited. 

With the light normally incident on a grating having N lines per cm, if θ   is the angle of 

diffraction of a radiation of wavelength λ in the n 
th
 order spectrum, then 

  n λ   N = Sin θ 

 

   Sin θ 

  or   λ = 

      nN 

 

   Sin θ x 2.54 

 or         λ    =   --------(1) 

   n x 15,000 

Knowing θ   and n, the wavelength of light radiation is calculated using equation (1) for the 

normal incidence method. 

Again when a parallel beam of monochromatic light is incident upon a grating is diffracted in 

such a way that the angle of deviation is minimum; then the wavelength (λ) of the radiation is 

given by: 

   2Sin (D/2) 

      λ   = 

        Nn 

 

   2 x 2.54 x Sin (D/2) 

      λ  =            ----------(2) 

           15,000 

 

Where D is the angle of minimum deviation and ‘n’ is the order of the spectrum. Equation (2) is 

used for the minimum deviation method to calculate the wavelength of the light radiation.  
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PROCEDURE: - 

a. �ormal incidence method: -Preliminary adjustments of the spectrometer are made, focussing 

and adjusting the eye piece of the telescope to a distant object. The grating table is levelled with a 

spirit level. The grating is mounted on the grating table for the normal incidence. The slit of 

collimator is illuminated with sodium light.   

The direct reading is taken, the telescope is turned from the position through 90° and fixed in this 

position, as shown in the fig 1. 

The grating is mounted vertically on the grating platform, the rulings on it being parallel to the 

slit in the collimator. The platform is now rotated until the image of the slit as reflected by the 

glass surface is seen in the telescope. The vertically cross wire is made to coincide with the fixed 

edge of the image. The platform is fixed in this position. The vernier table is now rotated in the 

appropriate direction through 45°, so that the rays of light from the collimator fall normally, on 

the grating.   
 

 

 

 

 

 

 

 

 

 

 

 

 
 

         Fig 1. Grating set for normal incident light 

 

The telescope is now released and rotated it so as to catch the first order-diffracted image on one 

side, say right (or left) as shown in the fig 2. With sodium light two images of the slit, very close 

to each other are seen. These are the D    and D    lines of sodium light. The point of intersection 

of the cross wires is set on the D    line and the reading in the vernier I & II is noted. Similarly, 

the reading corresponding to the D    line is noted. The telescope is now focused to the direct ray 

passing through the grating and the point of intersection of the crosswire is set on the direct ray. 

The reading in the vernier I& II is noted. The difference in the readings corresponding to any one 

gives the angle of diffraction θ for that line in the first order spectrum.    

 
 

 

 

 

 

 

 

 

 

 

 

 

     

      Fig 2. Diffracted Image 
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The experiment is repeated for the second order spectrum and the results are tabulated in table 1. 

 

The number of lines per inch as marked on the grating is noted and the number of lines N per cm 

is given by: 

  Number of lines per inch 

     N = 

    2.54  

(b) Minimum deviation method: - 

The direct image of the slit is observed through the telescope. The point of intersection of the 

cross wire is set on the sharp image of the slit. The vernier table is fixed and the reading on the 

circular scale is noted. 

The prism table is released from the vernier table. The telescope is turned to one side, (say right) 

and the first order-diffracted image is observed. The prism table is slowly rotated to the right. As 

it is slowly rotated to the right side, the image first moves towards left, reaches a limiting position 

and then retraces its path. In this limiting position, the telescope is fixed such that the point of 

intersection of the cross wire is on the D    line and the reading on the circular scale is taken. The 

difference between the direct reading and this reading gives the angle of minimum deviation for 

the D    line in the first order spectrum. Similarly the angle of deviation for the D    line of the first 

order noted. 

Next, the angle of minimum deviation for the D    and D    lines in the second order spectrum is 

found similarly. The results are tabulated in table 2. 

 

Table 1 

OBSERVATIO�S: - 

 Number of lines (as marked on the grating) per inch = ------------ 

 Number of lines per cm      = N   = ------------ 

 

TABULAR COLOUM: - 

 

 

 

 

            

            

            

            

            

            

            

            

            

            

            

            

            

            

  

Knowing   θ , n and N, the wavelength ( λ  ) of the given source of radiation for D1& D2    lines 

are calculated using equation (1). 
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     Table 2 

 

OBSERVATIO�S: - 

 Direct reading:  Vernier 1 = 

   Vernier 2 = 

Order of the      Line    Telescope in minimum Angle of minimum     Wavelength light 

  Spectrum            deviation position        deviation 
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USER MA�UAL FOR : DISPERSIO� OF LIGHT (Spectrometer – Prism) 

EXPERIME�T 
 

AIM: -To determine the dispersive power of the material of the given prism by the 

spectrometer.   
 

APPARATUS: -Spectrometer, Mercury Vapour Lamp & Prism. 

 
THEORY: -The essential part of the spectrometer are: (a) The telescope, (b) The collimator 

& (c) Prism table. 

 

(a) The Telescope: - 

The telescope is an astronomical type. At one end of a brass tube is an objective, at the other 

end a (Rams den’s) eyepiece and in between, a cross wire screen. The eyepiece may be 

focused on the cross-wires and the length of the telescope may be adjusted by means of a rack 

and pinion screw. The telescope is attached to a circular disc, which rotates symmetrically 

about a vertical axis and carries a main scale, divided in half-degrees along its edges. The 
telescope may be fixed in any desired position by means of a screw & fine adjustments made 

by a tangential screw. 

 

(b) The Collimator: - 

The collimator consists of a convex lens fitted at one end of a brass tube and an adjustable slit 

at the other end. The distance between the two may be adjusted by means of a rack and pinion 

screw. The collimator is rigidly attached to the base of the instrument. 

 

(c) The Prism Table: - 

The prism table consists of a two circular brass discs with three leveling screws between 

them. A short vertical brass rod is attached to the center of the lower disc & this is fitted into a 

tube attached to another circular disc moving above the main scale. The prism table may be 
fixed on the tube by means of a screw. The second circular disc moving over the main scale 

carries two verniers at diametrically opposite points. The vernier disc also revolves about the 

vertical axis passing through the center of the main scale and may be fixed in any position 

with the help of a screw. A tangential screw is provided for fine movements of the vernier 

scale. 

Most Spectrometers have 29 main scale divisions (half-degrees) divided on the vernier into 

thirty equal parts. Hence, the least count of the vernier is one-sixteenth of a degree or one 

minute. 

 

Preliminary Adjustments: - 

The following adjustments are to be made before the commencement of an experiment with 

spectrometer. 

 

(i) Eyepiece Adjustment: - 

The telescope is turned towards a bright object, say a white wall about 2 to 3 meters way and 

the eyepiece is adjusted so that the cross-wires are very clearly seen. This ensures that 

whenever an image is clearly seen on the cross-wires, the eye is an unstrained condition.   

 

(ii) Telescope Adjustment: - 

The telescope is now turned towards a bright object, and its length is adjusted until the distant 

object is clearly seen in the plane of the cross-wires: that is the image suffers no lateral 

displacement, with the cross-wire of the eye shifted slightly to and fro. In this position the 
telescope is capable of receiving parallel rays. This means that whenever any image is seen 
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clearly on the cross-wires, it may be taken that the rays entering the telescope constitute a 

parallel bundle. 

In case the experiment is to be performed in a dark room from which a view of distant object 

is difficult to obtain, the method suggested by Schewster may be adopted. 

A prism is placed on the prism table and a refracted image of the slit is viewed. The prism is 
adjusted to be almost at minimum deviation. At this stage, it will be found that the image is 

fixed telescope for two positions of the prism, which may be obtained by turning the prism 

table one way or the other. The prism is kept in one of these positions and (say) the telescope 
is adjusted until the image is clear. The prism table alone is adjusted so that the image leaves 

the field of vision (traveling towards the direct ray) and returns again. Now the collimator 

alone is adjusted for clarity of image. This is repeated a few times until the image is quite 

clear. 

 

(iii) Collimator Adjustment: - 

The slit of the collimator is illuminated with light. The telescope is turned to view the image 

of the slit and the collimator screws are adjusted such that a clear image of the slit is obtained 

without parallax in the plane of the cross-wires. The slit of the collimator is also adjusted to 

the vertical & narrow. 
The refractive index of the material of the prism is given by 

   Sin (A + D/2) 

        µ   =   --------------(1) 

      Sin (A/2) 

   

 Where    A is the angle of the equilateral prism and 

  D is the angle of minimum deviation. 

 

When the angle of incidence is small, the angle of deviation is large. As the angle incidence is 
slowly increased, the angle of deviation begins to diminish progressively, till for one 

particular value of the angle of incidence, the angle of deviation attains a least value. This 

angle is known as the angle of minimum deviation D.     
The dispersive power (ω) of the material of the prism is given by 

    

   µ B – µ R 

   ω = 
                (µ  - 1) 

 

 Where   µB= the refractive index of the blue rays 

      µR = the refractive index of the red ray and 

 

     µB  + µ R 

     µ   =       2               ; the mean of   µB and   µR 

          

 

Noting the angle of minimum deviation D, for blue & red rays µB and µ R are calculated using 

equation (1). Using equation (2) the dispersive power of the material of the prism is 

calculated.  
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PROCEDURE: - 

The prism is placed on the prism table with the ground surface of the prism on to the left or 

right side of the collimator. Care is to be taken to see that the ground surface of the prism does 

not face either the collimator or the telescope. The vernier table is then fixed with the help of 

vernier screw. 
The ray of light passing through the collimator strikes the polished surface BC of the prism at 

Q and undergoes deviation along QR and emerges out of the prism from the face AC. The 

deviated ray (continuous spectrum) is seen through the telescope in position T2. Looking at 
the spectrum the prism table is now slowly moved on to one side, so that the spectrum moves 

towards undeviated path of the beam. The deviated ray (spectrum) also moves on to the same 

side for some time and then the ray starts turning back even through the prism table is moved 

in the same direction. The point at which the ray starts turning back is called minimum 

deviation position. In the spectrum, it is sufficient if one colour is adjusted for minimum 

deviation position. In this limiting position of the spectrum, deviation of the beam is 

minimum. The telescope is now fixed on the blue colour and the tangent screw is slowly 

operated until the point of intersection of the cross wire is exactly on the image. The reading 

for the blue colour is noted in vernier I and vernier II and tabulated. The reading is called the 

minimum deviation reading for the blue colour. The telescope is now moved on the red colour 
and the readings are taken as explained for blue colour.  

Next, the telescope is released and the prism is removed from the prism table. The telescope is 

now focused on to the direct ray (undeviated path) and the reading in vernier I and vernier II 

are noted. 

The difference of readings between the deviated reading for blue colour and the direct reading 

gives the θ angle of minimum deviation, reading for the blue colour (DB). Similarly, the 

difference of readings between the deviated reading for the red colour and the direct reading 

gives the angle of minimum deviation for the red colour (DR). the refractive indices for the 

blue and red rays are calculated using equation (1) (Assuming the angle of the equilateral 

prism, A = 60°), the values of  µB and  µR are substituted in equation (2) and the dispersive 

power of the material of the prism is calculated. 

 

CIRCUIT DIAGRAM: - 
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OBSERVATIO� TABLE: - 

Least count of the vernier of the spectrometer, LC= 

Angle of prism             A = 

Direct reading   Vernier I = 

                          Vernier II = 

 

 

 

 

 

Colour of        Position of minimum deviation                  Angle of minimum deviation 

the line             Vernier I                   Vernier II                    VernierI               Vernier II 
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EXPERIMENT: 1    LOSSES IN OPTICAL FIBER AT 660nm AND 850nm 

 

1.1 Aim of the Experiment: 

 

The aim of the experiment is to study various types of losses that occur in optical fibers and 

measure losses in dBm of two optical fiber patch cords at two wavelengths. Viz.  660 nm and 850 

nm.  

 

Theory:  Attenuation in an optical fiber is a result of following effects: 

• Losses at connectors and losses due to the length of the fiber cable. The optical power at a 

distance L, in an optical fiber is given by  PL α PoL, Where Po is the input power and α is 

the attenuation coefficient in decibels per length. The typical attenuation coefficient value 

for the fiber under consideration is 0.2dBm per meter at a wavelength 660nm. 

• Losses in fiber occur at fiber-fiber joints or splices due to axial displacement, Angular 

displacement, separation (air core), mismatch of course diameter, mismatch of numerical 

aperture, improper cleaving and cleaning at the ends. The loss equation for simple fiber 

optic link is given by: 

Pin(dBm)-Pout(dBm) =  Lj1+LFIB1+Lj2+LFIB2+Lj3(dB):  Where Lj1(dB) is the loss at LED 

connector junction,   LFIB1(dB) is the loss in cable1,   Lj2(dB) is the insertion loss  in a line 

connector,   LFIB2(dB) is the loss in cable2, and     Lj3(dB) is loss at the connector detector 

junction. 

 

 

 

 

 

 

 

Experiment Procedure for   IR L.E.D 850 nm ( Infra Red Light Emitting Diode ) : 

 

We are mainly finding losses in optical fibers due to its length and bending.  

Following procedure is for study of losses due to length of  optical fibre using  850nm L.E.D. 

 1. Short M2 of I.R L.E.D ( +ve and –ve terminals ) on the Tx unit with patch cords ( for this                          

   experiment M2 is not required ) . 

 2. Relieve all the twists and strains in the fiber cable, ensure that it is as straight as possible, as     

    shown in fig.1.1. 

 3. Connect one end of the cable 1  ( 1 meter )  to the 850nm LED FC ( Fiber Connector ) adapter   

      of the Tx unit and other end to the PIN diode FC ( Fiber Connector ) adapter of Rx unit as  

      shown in figure 1.1.      

4.  Move the S1 switch on Rx unit towards 850 nm IR LED.    

5. Switch ON the AC mains of both Rx & Tx units.. 

6. Rotate Po ( Power Adjustment potentiometer ) pot to extreme clockwise direction to set 

maximum carrier power, note down the “Optical Power Meter Reading “ P1 in µW on Rx unit. 

7. Without altering the position of Po  ( Power Adjustment potentiometer )  pot,  Connect cable 2 

( 3meters ) between 850nm FC adapter and PIN diode FC adapter of Rx Unit.  Note/Tabulate 

“Optical Power Meter Reading “,  P2 on th Rx unit.  

NOTE:  In this particular experiment connections to Voltmeter (M1), Signal generator are 

not required. Connect the circuit as mentioned below in the experiment procedure.   
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8. Without altering the position of Po  ( Power Adjustment potentiometer )  pot,  Connect cable 3 

( 5 meters ) between 850nm FC adapter and PIN diode FC adapter of Tx Unit.  Note/Tabulate 

“Optical Power Meter Reading “, on the Rx unit,  P3 ( As per table 1.1 ). 

9.  Convert the all power meter readings in µW to dBm using formula. Given below. 

         dBm=10*log (Power meter reading in mW/1mW) 
   In this case,                   dBm=10*log (Power meter reading in µW/1000)  

10. Tabulate all the readings in table 1.1 

11. Calculate average loss per meter at 850 nm. The loss per meter in the range of  2±0.5 dBm is 

acceptable ( As per standards ) .  

 

Experiment Procedure for   L.E.D 660 nm (  Light Emitting Diode ) : 

Following procedure is for study of losses due to length of  optical fibre using  660nm L.E.D.: 

1. Short M2 of 850nm LED ( +ve and –ve terminals ) on the Tx unit with patch cords ( for this 

experiment M2 is not required ) . 

2. Relieve all the twists and strains in the fiber cable, ensure that it is as straight as possible, as 

shown in fig.1.1. 

3. Connect one end of the cable 1  ( 1 meter )  to the 660nm LED FC ( Fiber Connector ) adapter 

of the Tx unit and other end to the PIN diode FC ( Fiber Connector ) adapter of Rx unit as 

shown in figure 1.1.      

4. Move the S1 switch on Rx unit towards 660 nm  L.E.D.    

5. Switch ON the AC mains of both Rx & Tx units. 

6. Rotate Po ( Power Adjustment potentiometer ) pot to extreme clockwise direction to set 

maximum carrier power, note down the “Optical Power Meter Reading “ P1 in µW on Rx unit. 

7. Without altering the position of Po  ( Power Adjustment potentiometer )  pot,  Connect cable 2 

( 3meters ) between 660nm FC adapter and PIN diode FC adapter of Rx Unit.  Note/Tabulate 

“Optical Power Meter Reading “,  P2 on th Rx unit.  

8. Without altering the position of Po  ( Power Adjustment potentiometer )  pot,  Connect cable 3 

( 5 meters ) between 660nm FC adapter and PIN diode FC adapter of Tx Unit.  Note/Tabulate 

“Optical Power Meter Reading “, on the Rx unit,  P3 ( As per table 1.1 ). 

9.  Convert the all power meter readings in µW to dBm using formula. Given below. 

         dBm=10*log (Power meter reading in mW/1mW) 
   In this case,                   dBm=10*log (Power meter reading in µW/1000)  

10. Tabulate all the readings in table 1.1 

11.  Calculate average loss per meter at 660 nm. The loss per meter in the range of  0.2 dBm is 

acceptable ( As per standards ) .  

 

 

Experimental Procedure for losses due to OF Bending using 850nm L.E.D: 

 

STEP 1: Short the M2 +ve and –ve terminals of both LED’s on Tx unit, and Connect one end of 

the cable 1mtr to the 850nm LED FC adaptar of the Tx unit and other end to the pin diode FC 

adaptor of Rx unit as shown in figure 1.1. Move the S2 switches on Tx unit towards 850 nm IR 

LED input. Then turn on the AC mains.  

STEP 2: Relieve all the twists and strains in the fiber cable so that it is straight as shown in fig.1.1  

STEP 3: Rotate P0 pot to the extreme clockwise direction to get maximum intensity and note 

down the reading(P01) of power meter on Rx unit.. 
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STEP 4: Now wing one turnt of he OF cable on mandrel and note down the new reading P02. 

STEP 5:Repeat the experiment for 3meter and 5 meter cables with more turns and tabulate the 

readings in the tabular column 1.3  

STEP 6:Above experiment can be repeated for 660nm LED also. 

 

 

Note: 1. Do not repeat the bending losses experiment more than 3 turns as it may cause permanent    

              damage to FO cable. 

         2. While doing experiment with 660nm LED move switch towards 660nm input.  

         3. Convert the all power meter readings in µW to dBm using formula. Given below. 

         dBm=10*log (Power meter reading in mW/1mW) 
   In this case,                   dBm=10*log (Power meter reading in µW/1000) 

 

 

  

 

               TX Unit                                                                                                            Rx Unit 

                 A 

                660nm                                                                                      PT FC              

                                                                                                                           S1 

M2 850nm                     Pin FC         PM             

                                                   OF cable 
 

                                                      Fig 1.1 
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Table 1.1 

 

Table of readings for 850nm 

           

  SI     P1      Rd1      P2      Rd2     P3      Rd3   M0=Rd1-Rd2/2 M1=Rd2-Rd3/2  M2=R1-R3/4     L/M 

   No. in µW(dBm)in µW(dBm) in µW (dBm)      (dBm)           (dBm)              (dBm)                (dBm)                             

 

 

 

 

 

 

 

Table of readings for 660nm 

           

  SI     P1      R1      P2       R2         P3        R3     M0=R1-R2/2  M1=R2-R3/2  M2=R1-R3/4     L/M 

   No. in µW(dBm)in µW(dBm) in µW (dBm)      (dBm)             (dBm)           (dBm)                 (dBm) 

 

 

 

 

                              

 

Where L= Mo + M1 + M2 

                             3 

 

Table 1.3 

Table of readings for 850nm 

n=No of Turns on mandrel……… 

 Cable P01     R01        P02     R02      R01-R02   P11      R11       P12     R12       R11-R12    No of  

    L     in µW  in dBm   in µW  in dBm     n         in µW    in dBm  in µW in dBm       n           Turns(n) 

 

 1 mtr 

 

 

 3 mtr 

 

 

  5mtr 
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EXPERIMENT 2: CHARACTERISATION OF 660 NM AND 850 NM   L.E.D. 

 

 

Aim of the experiment 2.1: 

The aim of the experiment is to study the relationship between the LED dc forward 

current and the L.E.D. optical power output and determine the linearity of the device at 

660nm as well as 850 nm. 

Theory: 

L.E.D  and Laser diodes are commonly used sources in optical communication systems, 

whether the system transmits digital or analogue signals. In case of analogue transmission, 

direct intensity modulation of optical source is possible, provided the optical out put from 

the source can be linearly varied as a function of the modulating electrical signal 

amplitude. L.E.D have a linear optical out put with relation to the forward current over a 

certain region of operation. It may be mentioned that in many low cost, short-lenght and 

small bandwidth applications, L.E.D at 660nm, 850nm and 1300nm are popular. While 

direct intensity modulation is easy to realize, higher performance is achieved by FM 

modulating the base band signal prior to intensity modulation. 

The relationship between an L.E.D optical output Po and the L.E.D forward current Iғ is 

given by Pо=K *Iғ (over a limited range) where K is constant. 

 

 

Experiment Procedure: 

 

1.  Connect one end of the cable1(1mtr) to the 850nm L.E.D. FC adaptor of Tx unit and the   

     other end to the PIN photodiode FC adaptor of Rx unit. 

2.  Connect  on board Ammeter to 850nm IR L.E.D M2 meter (to its respective +ve and – 

      ve terminals) provided on the circuit panel of the Tx unit as shown in fig 2.1, Move the   

      S2 switch on Rx unit towards 850 nm IR LED and Then turn on the AC mains.   

3.  Rotate Po pot to the extreme anticlockwise direction to reduce the Iғ (L.E.D. forward  

     current) to 0Amps and power meter should be zero. 

4. Slowly rotate the Po knob in clockwise direction to increase Iғ. The power meter should 

read 5µW approximately. 

5.  Now change Iғ in steps of 3mA  by rotating Po in clockwise direction and note the 

     power meter readings. 

6. Tabulate the readings as in Table 1.2. and Repeat the above complete experiment for 

660nm L.E.D. also.  

     

 

AC                                                                                                                                      AC 

      Tx Unit               Rx Unit 

 

             A      660nm                                                                                        PT              

 P0                                                                  OF Cable 

                     850nm                                                                                        Pin             PM 
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    M2  
                                                      Fig 2.1 

  

Table for 850nm LED                                                                                                                                                                                                                                                                

Table 1.2 

     

    SI            IF in mA     Power mtr reading Power mtr reading 

                                          In µW                     in(dBm) 

 

     1. 

 

     2. 

 

     3. 

 

     4.                                                                                                  

 

Table 1.3 

Table for 850nm LED 

     

    SI            IF in mA     Power mtr reading Power mtr reading 

                                          In µW                     in(dBm) 

 

     1. 

 

     2. 

 

     3. 

 

     4.                                                                                                  

 

 

             Note: Convert the power meter reading from µW to dB using formula. Given below. 

       dBm=10*log (Power meter reading in mW/1mW) 
                In this case, dBm=10*log(power mtr reading in µw/1000) 

 

 

Conclusion: 

From this experiment, It  will be observed that the L.E.D. at 660nm and 850 nm have a 

linear response for Po vs Iғ in a limited region of Iғ. By selecting this region of Iғ for 

operation, a linear intensity modulation system for signal transmission can be designed.  

 

 

EXPERIMENT 3:  CHARACTERISATION OF A FIBER OPTIC PHOTO 

TRANSISTOR. 
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Aim of the Experiment 3.1: 

Aim of the experiment is to study the relationship between the optical input power on 

photo detector and the resultant photo current Ip. The photo detector in this case is a 

photo transistor. 

 

Theory: 

PIN photodiodes, avalanche photo diodes and photo transistors are commonly used photo 

detectors used in optical communication systems. 

In analogue signal reception, where intensity modulated light signal is to be received and 

demodulated to give an electrical output, the linearity of the device is of paramount 

importance. The relationship Between photo transistor  photo current Ip and the optical 

Power (Pin) input at a given wavelength is given  by    Ip=Q.Pin   Where Q is a constant. 

 

Experiment Procedure: 

1.  Short the M2 of I .R LED (+ve and –ve terminals) of Tx Unit and Connect the photo 

transistor output terminals of Rx unit to  M1 volt meter on Tx Unit as shown on fig 3.1,  

2. Connect one end of OF cable1 to the 850nm L.E.D. FC adaptor of Tx unit and the 

other end to PIN diode FC adaptor, Move the S1 switch on Tx unit towards 850nm IR   

    L.E.D.  and Then turn on the AC mains. 

3. Set the carrier power Po to approx,3µW value. 

4. Remove the cable from PIN diode FC adaptor and Connect to Photo transistor FC   

    adaptor of Rx unit. 

5. Rotate the Rin pot to the extreme clock wise direction to get minimum gain. Now note   

    down the Vout on the volt meter provided on Tx unit. 

6. Photo transistor current can be calculated as    Ip = Vout / (Rin*G).  Where G is the   

    internal gain of the amplifier.                                                                                         

    Hence G =       For 660nm  L.E.D.      and    G  =       For 850nm L.E.D. 

7. Repeat the above steps by increasing in steps 3µW of Po values. And tabulate the   

    readings in table 3.1. 

Entire experiment can be repeated for 660nm L.E.D, during this S1 switch should be 

moved towards 660nm red L.E.D. throughout the experiment. 

  

 

 

                   V      660nm                                                                                        PT                

                                                                           OF Cable                                          S1 

                            850nm                                                                                        Pin             PM 

             M2                                 
 

                                                                       Fig 3.1 
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Table 3.1: 

Table for 850nm LED 

 

        SI          Power meter          P0                          Vout                          Ip=Vout/Rin*G 

        NO.       Reading in µW   in (dBm)                  in Volts 

 

         1. 

 

         2. 

 

         3. 

 

         4. 

 

         5                                                                                                                                              

 

Table 3.2: 

Table for 660nm LED 

 

        SI          Power meter          P0                          Vout                          Ip=Vout/Rin*G 

        NO.       Reading in µW   in (dBm)                  in Volts 

 

         1. 

 

         2. 

 

         3. 

 

         4. 

 

         5                                                                                                                                              

 

 

             Note: Convert the power meter reading from µW to dBm using formula.  

                        Given below : 

                                   dB=10*log(power mtr reading in µw/1000) 

 

Conclusion:  

It will be observed from the above results that for the both 660nm and 850nm 

wavelengths the Photo transistor responds linearly to the optical input over wide range of 

Iғ values.  
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EXPERIMENT 4 : DESIGN AND STUDY OF A LINEAR INTENSITY 

MODULATION SYSTEM FOR ANALOGUE TRASMISSION. 

 

Aim of the experiment 4.1: 

The aim of the experiment is to study the following AC characteristics of linear intensity 

modulation systems. 

(a).    Gain characteristics of a Fo Linear intensity modulation system Vin(ac) vs. 

Vout(ac) for fixed carrier power Po and signal frequency fo. 

 

(b).    Frequency Response of a Fo Linear Intensity Modulation System Vout (ac) vs. Fo 

at fixed carrier power Po and Vin(ac) 

 

(c).   Waveform distortion in a Fo Linear intensity Modulation system Vin(ac)(Max)vs. 

P0 at fixed Fo. 

 

(d)   Gain bandwidth product of a Fo linear intensity modulation receiver Gain vs.  Band 

width for fixed Vin. 

  

 

Experiment Procedure (4a):: 

Gain characteristics of a Fo Linear intensity modulation system Vin(ac) vs. Vout(ac) for 

fixed carrier power Po and signal frequency fo. With the Use of external dual trace CRO. 

 

1. Connect the Sine wave frequency generator output terminals to the Vin and ground   

     terminals of the Tx unit using patch cords, Short the M2 of IR LED ( +ve and –ve 

terminals ) on the Tx Unit. 

2. Connect one end of cable 1 to the 850nm L.E.D.  FC adaptor of Tx unit and the other   

    end to PIN diode FC adaptor of Rx unit and fix the carrier power Po at 5µW. 

3. Remove FC connector from PIN diode FC adaptor and connect it to Photo Transistor  

    FC adaptor. 

4. Connect the CH1 ( Channel 1 ) of CRO across the Vin +ve and Gnd terminal of the Tx   

     unit. And CH2 ( Channel 2 ) of CRO across the CRO inputterminals of the Rx unit. As 

shown in fig.4.1(a) 

5.  Fix the input frequency  at 500Hz using frequency setting pot on Tx unit from the sine  

     wave generator. 

6.  Now Increase the amplitude of the input signal in steps of 100mV,  and   

     note the input and output signals Peak to Peak voltages on the CRO. 

7.  Tabulate the readings in Table 4.1   
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                                                           Fig 4.1(a) 

       Tx Unit         Rx Unit 

 

                     660nm                                                                                       PT 
fin      vin     850nm                                   OF Cable 

                                                                                                                       Pin 

amp    gnd     M2                                                                                                              PM     

                                                                                                              CRO 

 

 

 

 

 

 

                              

Table 4.1  

Fo=2KHz,P0=1µW  

 

     SI           Vin(mVp-p)           Vout(mVp-p)         Gain=Vout/Vin 

     No 

 

     1. 

 

     2. 

 

     3. 

 

     4. 

 

     5. 
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Experiment Procedure(4b): 

 

Frequency Response of a FO ( Fiber Optic ) Linear Intensity Modulation System,       

Vout (ac)    vs.    Fo(out put frequency)    at fixed carrier power     Po and Vin(ac) With 

the Use of external dual trace CRO. 

 

1. Connect the frequency generator output terminals to the Vinput and ground terminals 

of the Tx unit using patch cords, Short the M2 of IR LED ( +ve and –ve terminals ) of Tx 

Unit. 

2. Connect one end of cable 1 to the 850nm L.E.D. FC adaptor of Tx unit and the other     

    end to PIN diode FC adaptor of Rx unit and fix the carrier power Po at approx. 10µW. 

3. Remove FC connector from PIN diode FC adaptor and connect it to Photo Transistor   

    FC adaptor. 

4. Connect the CH1 ( Channel 1 ) of CRO across the Vin +ve and Gnd terminal of the Tx  

    unit. And CH2  ( Channel 2 ) of CRO across the output and Gnd terminals of the Rx   

    unit. As shown in fig.4.1(a) 

5. Now fix input signal amplitude Vin(ac)  at 500mv. 

6. Increase the Frequency of the input signal in suitable steps of 100hZ.    

    and note the input frequency and output signal Vout Peak-Peak voltage on the CRO   

    channel 1 and channel 2 respectively. 

7. Tabulate the readings in Table 4.2.  

  

Table 4.2 

P0=1µW; Vin (ac) =-500mVp-p 

 

     SI              fo(Hz )                 Vout                   SI                    F0(Hz)      Vout(mv) 

     No.                                       (Vp-Vp)              No. 

 

       1.              100                                                  6.                  1000 

 

       2.               200                                                7.                   1500 

 

       3.               300                                                 8.                  2000.  

 

      4.               400                                                9.                   2500. 

        

      5.               500                                              10.                   3000 
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Experiment Procedure(4c): 

Waveform distortion in a FO Linear intensity Modulation system Vin(ac)(Max)vs. P0 at 

fixed FO. With the use of dual trace CRO. 

 

STEP 1: Connect the frequency generator output terminals to the Vin and ground 

terminals of the Tx unit using patch cords, Short the M2 of IR LED +ve and –ve 

terminals of Tx Unit. 

STEP 2: Connect one end of cable 1 to the 850nm LED FC adaptor of Tx unit and the 

other end to PIN diode FC adaptor of Rx unit and fix the carrier power Po at 5µW. 

STEP 3: Remove FC connector from PIN diode FC adaptor and connect it to Photo 

Transister FC adaptor. 

STEP 4: Connect the CH1 of CRO across the Vin +ve and Gnd terminal of the Tx unit. 

And CH2 of CRO across the output and Gnd terminals of the Rx unit. As shown in 

fig.4.1(a) 

STEP 5: Fix the input frequency  at 800Hz using frequency setting pot on Tx unit. 

STEP6:Now increase Vin(ac) gradually from 10mv(p-p) and Observe Vout on the 

oscilloscope. Note the reading of Vin(p-p)max for which distortion sets in output voltage 

Vout(p-p). Repeat this for other values of P0. 

STEP 7: Tabulate the readings in Table 4.3. 

 

 

 

Table 4.3. 

Frequency fo=800Hz 

 

       SI.N0                    Po(1µW)                                       Vin(Vp-p) max                     

 

       1.                          5µW 

 

       2.                          10µW 

 

       3.                          15µW 

 

       4.                          20µW    

   

          

 

 

Experiment Procedure4(d): 

 

Gain bandwidth product of a FO ( Fiber Optic )  linear intensity modulation receiver  

Gain vs Band width for fixed Vin. 

 

1. Connect the Sine wave frequency generator output terminals to the Vin and ground 
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    terminals of the Tx unit using patch cords, Short  M2 of IR LED( +ve and –ve 

terminals ) on Tx  Unit with patch chords. 

2. Connect one end of cable 1 ( 1 meter ) to the 850nm L.E.D. FC adaptor of Tx unit and   

     the other end to PIN diode FC adaptor of Rx unit and fix the carrier power Po at   

     approx. 10µW. 

3. Remove FC connector from PIN diode FC adaptor and connect it to Photo Transistor   

    FC adaptor. 

4. Connect the CH1 ( Channel 1 ) of CRO across the Vin +ve and Gnd terminal of the Tx  

    unit. And CH2 ( Channel 2 ) of CRO across the output and Gnd terminals of the Rx   

    unit. As shown in fig.4.1(a) 

5.  Now Fix input signal amplitude Vin(ac)  at 500mv. 

6. Increase the Frequency of the input signal to 800Hz observe the transmitted Vin and  

    Received Vout signals on the oscilloscope. Set the Rin such that the gain   

    (Vout/Vin)=1.0. Repeat the experiments for other gains(2,3,4 etc) and note the input,  

    output signal Pk-Pk voltages on the CRO channel 1 and channel 2 respectively. 

7. Tabulate the readings in Table 4.4. 

    

Table 4.4 

Fin=800Hz,Vin(ac)=500mV,P0=5µW. 

 

   SI.N0                    Gain                                       Vin(Vp-p)                      

 

       1.                        0.25 

 

       2.                         0.5 

 

       3.                         1.0 

     .                      

4 2        

 

5. 3 
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EXPERIMENT 5: DETERMINATION OF NUMERICAL APERTURE OF 

OPTICAL FIBERS 

 

Aim of the Experiment : 
The aim of the experiment is to determine the numerical aperture of the optical fibers 

available. 

 

Theory: 

Numerical aperture of any optical system is a measure of how much light can be collected 

by the optical system. It is the product of refractive index of the incident medium and sine 

of the maximum ray angle. 

 

 NA=ni.sinӨmax           ni for air is 1, Hence NA=  

 

 

 

 

 

 

 

Experiment Procedure: 

 

The experimental set up for numerical aperture measurement system is as shown in below 

figure 5.1. 

                       AC mains                                                                          NA Jig 

 

 

 Tx unit 

 

                                  Set P0 

 

 

                                                            Fig 5.1 

 

1. Connect one end of the cable one to the 660nm L.E.D.  FO connector of Tx Unit and  

    other end to the NA jig as shown in the above figure 5.1. 

2. Plug the AC mains Turn the Po knob to clockwise direction to set maximum P0.  

    The light intensity should increase at the end of the fiber on the NA Jig. 

3: Hold the white scale-screen, provided in the Kit vertically at a distance of 15mm(L)   

    from the emitting fiber end and view the red spot on the screen  (A dark room is   

    necessary to facilitate a good contrast). 

    Now measure the maximum diameter(W) of the spot. 

4. Compute   NA   from the formula      NA  =  sinӨmax = W / (4L²+W²)½,            

    Repeat the experiment at 10mm,  20mm  an d 25mm distances and tabulate the   

    readings in the table 5.1  

    

NOTE:  In this particular experiment connections to Voltmeter (M1), 

Ammeter(M2),Signal generator are not required. Connect the circuit as mentioned below 

in the experiment procedure.   
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         Table 5.1 

       

     SI N0          L (mm)              W(mm)               NA                 Ө(degrees) 

 

        1. 

 

        2. 

 

        3. 

 

        4. 

 

        5. 

 

 

 

  Specifications of PMMA Fiber optic cable 

 

 



 

User manual for : LASER diode Characteristics 
 
 

Theory: 
Introduction:  
A laser diode is a laser where the active medium is a semiconductor similar to that found 
in a light-emitting diode. The most common and practical type of laser diode is formed 
from a p-n junction and powered by injected electric current. These devices are 
sometimes referred to as injection laser diodes to distinguish them from (optically) 
pumped laser diodes, which are more easily produced in the laboratory. 
 
A laser diode, like many other semiconductor devices, is formed by doping a very thin 
layer on the surface of a crystal wafer. The crystal is doped to produce an n-type region 
and a p-type region, one above the other, resulting in a p-n junction, or diode. 
 
When an electron and a hole are present in the same region, they may recombine or 
"annihilate" with the result being spontaneous emission — i.e., the electron may re-
occupy the energy state of the hole, emitting a photon with energy equal to the difference 
between the electron and hole states involved. (In a conventional semiconductor junction 
diode, the energy released from the recombination of electrons and holes is carried away 
as phonons, i.e., lattice vibrations, rather than as photons.) Spontaneous emission gives 
the laser diode below lasing threshold similar properties to an LED. Spontaneous 
emission is necessary to initiate laser oscillation, but it is one among several sources of 
inefficiency once the laser is oscillating. 
 
In the absence of stimulated emission (e.g., lasing) conditions, electrons and holes may 
coexist in proximity to one another, without recombining, for a certain time, termed the 
"upper-state lifetime" or "recombination time" (about a nanosecond for typical diode 
laser materials), before they recombine. Then a nearby photon with energy equal to the 
recombination energy can cause recombination by stimulated emission. This generates 
another photon of the same frequency, travelling in the same direction, with the same 
polarization and phase as the first photon. This means that stimulated emission causes 
gain in an optical wave (of the correct wavelength) in the injection region, and the gain 
increases as the number of electrons and holes injected across the junction increases. The 
spontaneous and stimulated emission processes are vastly more efficient in direct 
bandgap semiconductors than in indirect bandgap semiconductors; therefore silicon is not 
a common material for laser diodes. 
 
As in other lasers, the gain region is surrounded with an optical cavity to form a laser. In 
the simplest form of laser diode, an optical waveguide is made on that crystal surface, 
such that the light is confined to a relatively narrow line. The two ends of the crystal are 
cleaved to form perfectly smooth, parallel edges, forming a Fabry-Perot resonator. 
Photons emitted into a mode of the waveguide will travel along the waveguide and be 
reflected several times from each end face before they are emitted. As a light wave passes 
through the cavity, it is amplified by stimulated emission, but light is also lost due to 

 1

http://en.wikipedia.org/wiki/N-type_semiconductor
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absorption and by incomplete reflection from the end facets. Finally, if there is more 
amplification than loss, the diode begins to "lase". 
 
 
 

 
 
 
Diode lasers have been called “wonderful little devices.” They are small and efficient. 
They can be directly modulated and tuned. These devices affect us daily with better 
clarity in our telephone system, higher fidelity in the music we play at home, and a host 
of other, less obvious ways. 
 
 
Electrical Characteristics 
The V/I Curve.  
The voltage drop across the laser is often acquired during electrical 
characterization. This characteristic is similar to the analogous characteristic of any other 
type of semiconductor diode and is largely invariant with temperature, as depicted in 
Figure 1. (Note: Diode laser manufacturers usually place the forward voltage on the 
X axis, in compliance with conventional practice in the electronics industry for other 
types of diodes. Companies manufacturing instrumentation to characterize diode lasers 
often present the curve in the manner of Figure 1, with the forward current on the X 
axis. Conventional electronics people would call this an I/V curve, 
rather than accept our nomenclature of a V/I curve). The typical voltage drop across a 
diode laser at operating power is 1.5 volts. V/I data are most commonly used in 
derivative characterization techniques. 
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Figure 1 : The V/I Curve 
 
The L/I Curve.  
The most common of the diode laser characteristics is the L/I curve 
(Figure 2). It plots the drive current applied to the laser against the output light intensity. 
This curve is used to determine the laser’s operating point (drive current at the rated 
optical power) and threshold current (current at which lasing begins). The efficiency of a 
diode laser is also derived from the L/I curve. It is most commonly expressed as slope 
efficiency and measured in units of mW/mA. 
 
 

 
Figure 2 : The L/I Curve 
 
A note of caution. It is extremely damaging to apply a large reverse bias to a laser diode. 
Manufacturers of diode lasers may look at the reverse bias breakdown characteristics of 
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the laser to control some of the device geometries. Even in that limited instance, 
manufacturers are careful not to exceed about 10 µA of reverse current. 
 
 
 
 
IMPORTANT NOTICE : 
 
DO NOT LOOK AT THE LASER DIRECTLY WITH THE LASER TURNED ON! 
 
Experimental Procedure 
 
Apparatus: 
Mikron/Micro Laser Diode Characteristics board comprising of: 
 

1. Laser diode 
2. 0-5V variable Supply for laser diode 
3. 20mW Digital Optical power meter to measure optical power of Laser diode 
4. 20V Digital Voltmeter to measure voltage across laser diode 
5. 200mA DC Digital Ammeter to measure Laser diode Current 

 
Procedure for V/I characteristics of a laser diode: 
 
1. Connect the Laser diode circuit as shown below: 
 
 

- 

+ 
200mA Ammeter

20V DVM
- 

+
Laser Diode 

100Ω 

0-5V Variable Supply 
FineCoarse   

 
 
 
 
 
 
 
 
 
 
 
 
 
2. Slowly increase supply voltage using variable Power supply using coarse and fine 
knobs. 
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3. Note down current through the laser diode at increasing values of Laser diode voltage 
of 0.5V, 1.0V, 1.5V, 2.5 V. 
4. Do not exceed current limit of 30mA else the laser diode may get damaged. 
5. Plot a graph of Laser diode voltage V/s Laser diode current as shown in figure 1.(As 
this experiment is conducted at room temperature, only one graph for a single 
temperature will be obtained.) 
 
 
 
Procedure for L/I characteristics of a laser diode: 
 
1. Connect the Laser diode circuit as shown below: 
 
 0-5V Variable Supply 

FineCoarse   
 

- 

+ 

Laser Diode 

100Ω 

 
 
 
 

Inbuilt Optical 
power meter      
(20 mW) 

 
 
 
 200mA Ammeter
 
 
 
 
2. Slowly increase supply voltage using variable Power supply coarse and fine knobs. 
3. Note down the optical power measured by the optical power meter in mW at increasing 
current through the laser diode of 5mA to 26 mA at 1 mA step. 
4. Do not exceed current limit of 30mA else the laser diode may get damaged. 
5. Plot a graph of Laser diode optical power V/s Laser diode current as shown in figure2 
.(As this experiment is conducted at room temperature, only one graph for a single 
temperature will be obtained.) 
6. Calculate the slope of this curve. 
7. This slope is efficiency of Laser diode in terms of mW/mA. 
8. Draw a line through the curve cutting the X axis. The point of intersection of X axis 
and this line will give the threshold current of Laser diode. 
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USER MA�UAL FOR: DETERMI�ATIO� OF LASER RADIATIO� 

EXPERIME�T 

 

AIM: To determine the wavelength of a given source of  laser using a plane transmission grating 
by normal incident method. 
 
APPARATUS: Plane diffraction grating, laser source, a scale and prism table. 
 
DESCRIPTIO�:  

A plane diffraction grating consists of parallel sides glass plates with equidistant fine parallel 
lines drown very closely upon it by means of a diamond point. The number of lines drown per 
inch are written on the diffraction grating by the manufacturers. 
The laser consists of a mixture  in the ratio of about 10:1, placed inside a long narrow discharge 
tube. The pressure inside the tube is about 1 mm of Hg. 
The gas system is enclosed between a pair of plane mirror or pair of concave mirror so that a 
resonator system is formed. One of the mirrors is of very high reflectivity while the other is 
partially transparent so that energy may be coupled out of the System. The 6328 A˚ transition of 
beam corresponding to the well-known red light of Laser are light amplification by stimulated 
emission of radiations. 
 
THEORY:  

An arrangement consisting of large number of parallel slits of the same width (e) and separated 
by equal opaque space (d) is known as the “diffraction grating” (e+d) is known as the grating 
element. A grating is constructed by rubbing equidistant parallel lines ‘N’ ruled on the grating per 
inch are written over it. 
 Hence (e+d) = 1”= 2.54 cm 
i.e. the grating element  (e+d)= 2.54 cm. 
 The normal critical incidence the condition for obtaining principle maxima is- 
  (e+d) sinθ= ±λ 
 
                                       2.54 sinθ 
                               λ =  
    nN                      Where  λ is wavelength of light. 
                                                       N Lines per inch on the plane diffraction grating 
                                  And n is order of diffraction light. 
 
 Second  

 
 
  
RAY DIAGRAM:  

 First order 

 

 Central              

                          Maxima 

 First order 

 

 

 Second 

Laser                                       Grating                                                                  Screen    
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PROCEDURE: 

Keep the grating in front of the laser beam such that light is incident normally on it. When light of 
laser falls on the grating the central maxima along with four other lights are seen on the screen. 
The light next to central maxima is called the first order maxima and the light next to first order is 
second order maxima. 
Now measure the distance between the grating and the screen and tabulate it as “d1” and the 
distance between central maxima to first order and then central maxima and second order is “d2” 
and it is also tabulated.     
 
OBERVATIO� TABLE: 

Number of lines on the grating  N= 
The distance between grating and the screen D =        cm 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRECAUTIO�S: - 

1 Do not look at the laser beam directly. 
2) The prism table should be perpendicular to the laser beam and the grating should be horizontal. 
 

 

RESULT: 

 The wavelength of laser beam=       nm. 
 

Order  Left side        right side     Mean      sin θ  =                         
No             d1              d2                d              d / √d2 +D2          λ=  sin θ/nN 
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USER MA�UAL FOR : STUDY OF �ORMAL MODES I� A STRI�G USI�G 

FORCED VIBRATIO�S I� RODS   (MELDE’S APPARATUS)  EXPERIME�T 
 

AIM: -To determine the frequency of a vibrating bar, or tuning fork using Melde’s arrangement. 

 

APPARATUS: -Smooth pulley fixed to a stand, tuning fork, Connecting wires, Weight box, Pan, 

Thread & Power supply. 

 

THEORY: - 

(a) Transverse arrangement: The fork is placed in the transverse vibrations position 

and by adjusting the length of the string and weights in the pan; the string starts 

vibrating & forms many well-defined loops. This is due to the stationary 

vibrations set up as results of the superposition of the progressive waveform the 

prong and the reflected wave from the pulley. Well-defined loops are formed 

when the frequency of each segment coincides with the frequency of the fork. The 

frequency η of the transverse vibrations of the stretched string by the tension of T 

dynes is given by: 
  1  

        η =         T/m  

               2l 

 

              1     T        1 

       η  =   -----------(1) 

              2     l         m 

 

 Where m = mass per unit length of the string 

              l = length of a single loop.   

 

(b) Longitudinal arrangement: When the fork is placed in the longitudinal position 

and the string makes longitudinal vibrations, the frequency of the stretched string 

will be half of the frequency (η) of the tuning fork. That is, when well-defined 

loops are formed on the string, the frequency of each vibrating segment of the 

string is exactly half the frequency of the fork. 
During longitudinal vibrations, when the prong is in its right extreme position the string 

corresponding to a loop gets slackened string moves upto its initial horizontal position & becomes 

light. But when the prong is again in its right extreme position, thereby completing one vibration, 

the string goes up; its inertia carrying it onwards and thereby completes only a half vibration. 

Hence, the frequency of each loop is:  

     1 

                           η1 =         T/m  

               2l 

 Hence, the frequency of tuning fork: 

     1 

           η= 2 η1 =            T/m 

     l 

 

              T      1 

         =    -----------(2) 

             l         m 
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PROCEDURE: - 

The apparatus (tuning fork) is first arranged for transverse vibrations, with the length of the string 

3 or 4 meters & passing over the pulley. The circuit is closed vary the pot till the fork vibrates 

steadily. The load in the pan is adjusted slowly, till a convenient number of loops (say between 4 

and 10) with well-defined nodes & maximum amplitude at the antinodes are formed, the 

vibrations of the string being in the vertical plane. 

The number of loops (X) formed in the string between the pulley and the fork are noted. The 

length of the string between the pulley and the fork (d) is noted. The length (l) of a single loop is 

calculated by: 

 

  d 

      l =        cm. 

  x  

 

Let:   m = mass of the pan. 

               M = load added into the pan. 

 

: Tension, T = (M + m)g dynes 

  Where g = acceleration due to gravity at the place. 

 

Increasing or decreasing the load M repeats the experiment, so that the number of loops increases 

or decreases by one. The experiment is repeated till the whole string vibrates in one or two loops 

& the observations are recorded. 

Next the tuning fork is arranged for the longitudinal vibrations. The experiment is repeated as was 

done for the longitudinal vibrations & the observations are recorded. 

At the end of the experiment, the mass m of the pan, the mass of the string (w) and the length (Y) 

of the strings are noted. 

 

OBSERVATIO�S: - 

1. Mass of the string (thread) = W = -------gm        (correct to a mg) 

2. Length of the (thread) string = Y = -----cm 

3. Linear density of the thread = (W/Y) = --------gm/cm 

4. Mass of the pan = m = --------gm        (correct to a mg) 

 

TABULAR COLUM� :- 

For transverse and longitudinal arrangement  
 

 

 

 

                           

 

 

 

 

 

     

S.�o.     Load applied into       Tension          �o. of loops     Length of ‘X’      Length of  each loop         T               T 

               the pan M gm           T=(M+m)g            “X”             loops=d cm                l=d/X cm             

   dynes                  l 
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USER MA�UAL FOR : �EWTO�’S RI�GS EXPERIME�T 

 

AIM: -To determine (a) the wavelength of sodium vapour light and / or (b) the radius of 

curvature of the surface of the lens, by forming Newton’s rings. 

 

APPARATUS: -Newton’s ring set & Plane mirror. 

 

THEORY: - 

 Let   R = Radius of curvature of the surface of the lens in contact with the glass plate (Pı). 

               Dı = Diameter of the nı
th
 ring. 

                                               D2   = Diameter of the n2th ring.  

 Then, the relation gives the wavelength of the light radiation: 

   (D ² - D1²) 

          =       ……..(1) 

   4R (n2 – n ı) 

The radius of curvature of the lens is determined with a spherometer. The values of Dı and D   

are very small and occur to the second power in equation (1). Hence they are to be measured 

carefully with the traveling microscope. Care is to be taken in moving the microscope to travel in 

a direction without moving back and forth while taking readings. This is very essential since the 

variation in the diameter of the rings is in the second decimal place and any back and forth 

movement of the microscope will result in wrong readings. It can be seen from equation (1) that 

the diameter of the rings increase with the increase in the radius of curvature R of the lens. With a 

lens of radius of curvature of about 100 cm, the rings formed will be convenient for measurement. 

Hence, it is desirable to select a Plano convex lens of long focal length for forming rings. 

    

PROCEDURE: -The apparatus consists of a light source. The light from it is rendered parallel 

by means of a convex lens. The parallel rays are incident on a plane glass plate through the 

magnifying glass inclined at 45º to the path of incident rays. Alternate bright & dark rings are 

observed through a traveling microscope. 

 

The point of intersection of cross wires in the microscope is brought to the center of ring system, 

if necessary, turning the cross wires such that one of them is perpendicular to the line of travel of 

the microscope. The wire may be set tangential to any one ring; & starting from the center of the 

ring system, the microscope is moved on to one side, say left, across the field of view counting 

the number of rings. After passing beyond 25
th
 ring, the direction of motion of the microscope is 

reversed and the cross wire is set at the 20
th
 dark ring, tangential to it. The reading on the 

microscope scale is noted. Similarly, the readings with the cross-wires set on 18
th
, 16

th
, 14

th
, ------

2
nd

 dark rings are noted. The microscope is moved in the same direction and the readings 

corresponding to the 2
nd

, 4th, 6th-------20
th
 dark ring on the right side are noted. Readings are to 

be taken with the microscope moving in one & the same direction to avoid errors due to backlash. 

The observations are recorded in table 1. 

The Plano convex lens is taken out from the traveling microscope and the radius of curvature 

is determined by a spherometer. 

A graph is drawn with the number of rings as abscissa (X-axis) and the square of diameter of 

the ring as ordinate (Y-axis). The nature of the graph will be a straight line as shown in the fig. 

From graph the values of Dı² and D2 ² corresponding to two number n1 and n2 are noted. Using 

these values in equation (1) the wavelength of the source λ is calculated. 

To determine the radius of curvature, R, of the lens; the wavelength, λ of the source used is to 

be taken from standard tables. 
 

2 
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DIAGRAM: - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Arrangement of �ewton’s Ring 

 
OBSERVATIO�S: -Radius of curvature of the lens in contact with glass plate R =      cm. 

 

TABULAR COLUM�: - 
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    S.�o          Microscope Reading         Diameter of n    Square of diameter 

of rings n      Left side L      Right side R      ring (L       R   )           of the ring 
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USER MA�UAL FOR : DETERMI�ATIO� OF RIGIDITY MODULUS OF THE 

MATERIAL OF A WIRE (TORSIO� PE�DULUM) EXPERIME�T 

 

AIM: To determine the rigidity modulus (n) of the material of the given wire using torsional 
pendulum. 
 
APPARATUS: - Torsion pendulum, Stop clock, meter scale, and vernier caliper, Screw Gauge   
Rough balance. 
 
THEORY:  

A torsional pendulum is a flat disk, suspended horizontally by a wire attached at the top of the 
fixed support.  
When the disk is tuned through a small angle, the wire is twisted .On being released the disk 
performs torsional oscillations about the axis performs torsional oscillations about the axis of the 
support .The twist wire will exert a torque on the disk tending to return it to the original position. 
This is restoring torque. For small twist the restoring torque is found to be proportional to the 
amount of twist, or the angular displacement, so that  
                 τ  = - k θ  ------------(1) 
                                 Here k is proportionality constant that depends on the properties of the wire 
is called torsional constant. 
The minus sign shows that the torque is directly opposite to the angular displacement θ.Eqn 1, is 
the condition for angular simple harmonic motion. 
 
         The equation of motion for such a system is 
                τ = I  α = I d2θ/dt2 

 
So that, on using the equation (1) we get 
 
             -k θ= I d2θ/dt2 
 
             d2θ / dt2 + k / I θ =0      (3) 
 
The solution of the equation 3 is, therefore, a simple harmonic oscillation in the angle co-ordinate 
θ, namely 
                    θ = θm cos (ω t + δ) 
Here θm is the maximum angular displacement i.e. the amplitude of the angular oscillation. 
 
  The period off oscillation is given by 
                   T = 2 π √  I /k  
                                                  Where I = rotational inertia of the pendulum 
                                                            K= torsional constant 
 
If k and I are known, T can be calculated. 
 
PROCEDURE: 

Torsional pendulum consists of a uniform circular metal (brass or iron) disc of diameter about 10 
cm and thickness of 1 cm. Suspended by a metal wire (whose n is to be determined) at the center 
of the disc .The other end of the wire is griped into another chuck, which is fixed to a wall 
bracket. The length (l) of wire between the two chucks can be adjusted and measured using meter 
scale .An ink mark is made on the curved edge of the disc. A vertical pointer is kept in front of 



 

 2 

the disc such that the pointer screens the mark when straight. The disc is set into oscillations in 
the horizontal plane, by tuning through a small angle .Now stopwatch is started and time (t) for 
20 oscillations is noted. 
 
 
This procedure is repeated for two times and the average value is 
Taken. The time period T (=t/20) is calculated. 
The experiment is performed for five different lengths of the wire 
And observations are tabulated in table. 
 
The diameter and hence the radius (a) of the wire is determined  
accurately at least at five different places of the wire using screw gauge , 
since the radius of the wire is small in magnitude and appears with forth 
power in the formula of rigidity modulus. 
 
The mass (M) and the radius (R) of the circular disc are determine 
by using rough balance and vernier respectively.                                               l 
 

 

 

 

 

A graph is drowning between “ l “ on x-axis and T2 on Y-axis. 
Rigidity modulus (n) of given wire is determine using the formula 
       4 π MR2           l 
n =                                     dyne /cm2 
          a2                T2 
 
 
OBSERVATIO� TABLE:-  

Mass of the disc m =       gm           
Radius of the disc R =   cm 
Radius of the wire, a 

 
 
 
 
 
 
 
 
 
 

Sr.no   PSR      HSR      L.C             PSR + (HSR*LC)                Diameter (cm)                 Radius ,a (cm) 

Sr. No  Length of  the wire            Time taken for 20             time period         T 2                  l/T2 

             ‘l’ between chucks (cm)    Oscillations (sec)              T (sec) 
                                                                                      Trial I  Trial II    Mean 

l 

T2 


