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Instructions for Laboratory 
 
 

¶ The objective of the laboratory is learning. The experiments are designed to illustrate 

phenomena in different areas of Physics and to expose you to measuring instruments. 

Conduct the experiments with interest and an attitude of learning. 

¶ You need to come well prepared for the experiment 

¶ Work quietly and carefully (the whole purpose of experimentation is to make reliable 

measurements!) and equally share the work with your partners. 

¶ Be honest in recording and representing your data. Never make up readings or doctor them 

to get a better fit for a graph. If a particular reading appears wrong repeat the measurement 

carefully. In any event all the data recorded in the tables have to be faithfully displayed on the 

graph. 

¶ All presentations of data, tables and graphs calculations should be neatly and carefully done. 

¶ Bring necessary graph papers for each of experiment. Learn to optimize on usage of graph 

papers.  

¶ Graphs should be neatly drawn with pencil. Always label graphs and the axes and display units. 

¶ If you finish early, spend the remaining time to complete the calculations and drawing graphs. 

Come equipped with calculator, scales, pencils etc. 

¶ Do not fiddle idly with apparatus. Handle instruments with care. Report any breakage to the 

Instructor. Return all the equipment you have signed out for the purpose of your experiment. 
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OBJECTIVES 
 

This course on Physics lab is designed with 13 experiments in an academic year. It is common to all 
branches of Engineering in B.Tech Ist year. 
 
The objective of the course is that the student will have exposure to various experimental skills which 
is very essential for an Engineering student. 
 
The experiments are selected from various areas of Physics like Physical Optics, Lasers, Fiber Optics, 
Sound, Mechanics, Electricity & Magnetism and Basic Electronics.  
 
Also the student is exposed to various tools like Screw gauge, Vernier Calipers, Physical Balance, 
Spectrometer and Microscope.  
 
 

OUTCOME 
 

The student is expected to learn from this laboratory course the concept of error and its 
analysis. It also allows the student to develop experimental skills to design new experiments in 
Engineering. With the exposure to these experiments the student can compare the theory and 
correlate with experiment.   
 

SCHEME OF EVALUATION 

 For Engineering Physics Lab there shall be a continuous evaluation during a semester for 
25 sessional marks and 50 end semester examination marks. Out of the 25 marks for internal 
evaluation, day-to-day work in the laboratory shall be evaluated for 15 marks and internal practical 
examination shall be evaluated for 10 marks conducted by the laboratory teacher concerned. The 
end semester examination shall be conducted with an external examiner and the laboratory 
teacher. Three (3) credits will be awarded for Engineering Physics Lab  
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  PHYSICAL CONSTANTS  
     

 Planck constant h : 6.6260755 x 10-34  J·s  

 Boltzmann constant kB : 1.380658 x 10-23  J/K ( = 8.617385·10-5  eV/K ) 

 Elementary charge e : 1.60217733 x 10-19  C  

 Avogadro number NA : 6.0221367 x 1023  particles/mol 

 Speed of light c : 2.99792458 x 108  m/s  

 Permeability of vacuum µ0 : µ0  = 4 ̄   x 10-7  T2·m3/J  

   12.566370614 x 10-7  T2·m3/J 

 Permittivity of vacuum ʁ 0 :  ʁ0 = 1 / (0  c2)   

   8.854187817 x 10-12  C2/J·m 

 Electron rest mass me : 9.1093897 x 10-31  kg  

 Proton rest mass mp : 1.6726231 x 10-27  kg  

 Neutron rest mass mn : 1.6749286 x 10-27  kg  

 Bohr magneton µ B : µ B  = e h / (4 ̄   me)  

   9.2740154 x 10-24  J/T  

 Nuclear magneton µ N : µ N  = e h / (4 ̄   mp)  

   5.0507866 x 10-27  J/T  

 Electron magnetic moment µ e : µ e  = -(1/2) ge  µ B  

   -9.2847701·10-24  J/T  

 Charge-to-mass ratio for the electron  : e / me   

   1.75880·1011 C/kg  

 Atomic mass unit amu : 1.66054·10-27 kg  

 Bohr radius a0 : 5.29177·10-11 m  

 Electron radius re : 2.81792·10-15 m  

 Gas constant R : R = N  k   
   A     B   
   8.31451 m2·kg/s2·K·mol  

 Molar volume Vmol : 22.41383 m3/kmol  

 Faraday constant F : F = NA  e   

   9.64846·104  C/mol  

 Proton g factor (Landé factor) gH : 5.585   

 Gravitational constant G : (6.673 +- 0.010)·10-11  m3/kg·s2 

 Acceleration due to gravity g : 9.80665 m/s2   
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EXPERIMENT 1 

TORSIONAL PENDULUM - RIGIDITY MODULUS 

Aim:  To determine the rigidity Modulus of the given wire by dynamical method. 

Apparatus:  Torsional pendulum, stop watch, screw guage, vernier calipers, scale. 

Theory: A heavy cylindrical disc suspended from one end of a fine wire whose upper end is fixed 

constitutes a Torsional pendulum. The disc is turned in its old plane to twist the wire, so that on 

being released, it executes torsional vibrations about the wire as axis. 

Let q be the angle through which the wire is twisted.  

Then the restoring couple set up in it is equal to                           

( )4. . .

2

n a
c

l

p q
q=  

Where  
4( . . )

2

a n
c

l

p
=  --------          is the twisting couple 

 per unit (radian) twist of the wire. 

This produces an angular acceleration (ddt) in the disc/ 

¢ƘŜǊŜŦƻǊŜ ƛŦ άLέ ƛǎ ǘƘŜ ƳƻƳŜƴǘ ƻŦ ƛƴŜǊǘƛŀ ƻŦ ǘƘŜ ŘƛǎŎ ŀōƻǳǘ ǘƘŜ 

 wire we have                 

Ὅ Ȣ ὧ—         —       

i.e the angular acceleration () of the angular displacement(q) and therefore its motion is simple 

harmonic hence time period is given by 

¢Ґ нˉ
I

c
   -----------------------  

From               &          – Ø      

In case of a circular disc whose geometric axes coincide with the axis of rotation. The moment of 

ƛƴŜǊǘƛŀ άLέ ƛǎ ƎƛǾŜƴ ōȅ 

I= 
( )2

2

MR
 Where, a ƛǎ ǘƘŜ Ƴŀǎǎ ƻŦ ŘƛǎŎ ŀƴŘ άwέ ƛǎ ǘƘŜ ǊŀŘƛǳǎ ƻŦ ǘƘŜ ŘƛǎŎΦ 

 

 

1

1 

2 

 

1

    

2 

 

2

    

2 

 



   
 

Engineering Physics Lab Manual       Freshman Engineering 

 Page 8 
 

 

B.V.Raju Institute of Technology 
(UGC Autonomous) 

 

 

Table-1: 

Sl.No 
Length of  Wire 

l  ( cm) 

Time for 20 oscillation 
Time 

period 

T=t/20 sec 

T2 sec2 

2

l

T
 

Trial1 Trail2 Mean (t) 

1.  50       

2.  60   

 

    

3.  70       

4.  80       

5.  90       

6.  100       

Table-2 Measuring the diameter of wire using Screw Gauge: 

S.no. P.S.R (X) H.S.R correction  Y= (H.S.R correction)x LC   TOTAL   X+Y 

      

      

  Average diameter =  ___mm 

        Radius = diameter/2 = _____  cm 

Graph: 

Plot a curve for l  Vs T2 and calculate 
2

l

T
. 

  

 

4

8
n

a

p
= ³

( )2

2

MR
  ×

2

l

T
 =_____________  dynes/cm2 

Precautions: 

1. While using vernier calipers see that the readings 

must be taken without any parallax error 

2. Measure the thickness of wire using screw Guage  

3. Note the disc should be rotated along with its own axis. 

Result: The rigidity modulus of the given wire using dynamical method is 

              – = ________________dynes/cm2 
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Space for Observations / Rough work 
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EXPERIMENT 2 

MELDE’S EXPERIMENT 
 

 Aim: To determine the frequency of electrically driven Tuning fork ōȅ aŜƭŘŜΩǎ ŜȄǇŜǊƛƳŜƴǘΦ  

Apparatus: Electrically maintained tuning fork, a stand with clamp and pulley, A light weight pan, A 

weight box, Analytical Balance, A battery with eliminator and connecting wires etc. 

Theory: 

STANDING WAVES IN STRINGS AND NORMAL MODES OF VIBRATION: 

When a string under tension is set into vibrations, transverse harmonic waves propagate along 

its length. When the length of string is fixed, reflected waves will also exist. The incident and reflected 

waves will superimpose to produce transverse stationary waves in the string.  

The string will vibrate in such a way that the clamped points of the string are nodes and the 

point of plucking is the antinode.  

    

                            
        Figure 2. The Envelope of a standing waves 

A string can be set into vibrations by means of an electrically maintained tuning fork, thereby 

producing stationary waves due to reflection of waves at the pulley. The loops are formed from the 

end of the pulley where it touches the pulley to the position where it is fixed to the prong of tuning 

fork. 

(i) For the transverse arrangement, the frequency is given by ὲ ὲ  

ǿƘŜǊŜ Ψ[Ω ƛǎ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘǊŜŀŘ ƛƴ ŦǳƴŘŀƳŜƴǘŀƭ ƳƻŘŜǎ ƻŦ ǾƛōǊŀǘƛƻƴǎΣ Ψ ¢ Ω ƛǎ ǘƘŜ ǘŜƴǎƛƻƴ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ 

ǘƘǊŜŀŘ ŀƴŘ ΨƳΩ is the mass per unit length of thread.  

       ὲ      Hz                    

 όƛƛύ CƻǊ ǘƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ ŀǊǊŀƴƎŜƳŜƴǘΣ ǿƘŜƴ ΨǇΩ ƭƻƻǇǎ ŀǊŜ ŦƻǊƳŜŘΣ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƛǎ ƎƛǾŜƴ ōȅ 

ὲ
Ѝ

Ѝ
 Hz 

 

 

 

ὲ
Ѝ

Ѝ
   Hz 
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Procedure: 

¶ Find the weight of pan P and arrange the apparatus as shown in figure. 

¶ Place a load of 4 To 5 gm in the pan attached to the end of the string 

¶ Passing over the pulley. Excite the tuning fork by switching on the power supply. 

¶ Adjust the position of the pulley so that the string is set into resonant 

¶ Vibrations and well defined loops are obtained. If necessary, adjust 

¶ The tensions by adding weights in the pan slowly and gradually. For finer adjustment, add 

milligram weight so that nodes are reduced to points. 

¶ aŜŀǎǳǊŜ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǎŀȅ п ƭƻƻǇǎ ŦƻǊƳŜŘ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ǇŀǊǘ ƻŦ ǘƘŜ ǎǘǊƛƴƎΦ LŦ Ψ[Ω ƛǎ ǘƘŜ 

distance in which 4 loops are formed, then distance between two consecutive nodes is L/4. 

¶ Note down the weight placed in the pan and calculate the tension T. 

¶ Tension, T= Mg 

¶ Repeat the experiment twine by changing the weight in the pan in steps of one gram and 

altering the position of the pulley each time to get well defined loops. 

¶ Measure one meter length of the thread and find its mass to find the value of m, the mass 

produced per unit length.  

 

OBSERVATIONS AND CALCULATIONS:::: 

 
For longitudinal arrangement: 
 
 
 
 
 
 

Linear density (mass per unit length) 

m = 
    

   
ΧΧΧ ƎƳκŎƳ 

 

S.No Load applied  
(M) gm 

Tension 
T=Mg 

Number of 
Loops(x) cm 

Length of 
thread(y) cm 

Length of 

each 

loop(l=y/x) 
ЍὝ 

ЍὝ

ὰ
 

1        

2        

3        

4        
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Frequency ▪
Ѝ□

Ѝ╣

■
 Hz  =  -------------Hz 

 
For transverse arrangement 

 

 

  

 

 

 

 

Linear density (mass per unit length) m = 
    

   
ΧΧΧ ƎƳκŎƳ 

 

 

Frequency  ▪
Ѝ□

Ѝ╣

■
   Hz     =  ---------------- Hz 

 
PRECAUTIONS: 

¶ The thread should be uniform and inextensible. 

¶ Well defined loops should be obtained by adjusting the tension with milligram weights. 

¶ Frictions in the pulley should be least possible. 
 

Result:  

The Frequency of electrically driven Tuning fork in Transverse arrangement =                Hz 

The Frequency of electrically driven Tuning fork in Longitudinal arrangement =              Hz 

 

 

 

Space for Observations / Rough work 

S.No Load applied 
(M) gm 

Tension 
T=Mg 

Number of 
Loops(x) cm 

Length of 
thread(y) 

cm 

Length of 

each loop 

(l=y/x) 

ЍὝ 
ЍὝ

ὰ
 

1        

2        

3        

4        



   
 

Engineering Physics Lab Manual       Freshman Engineering 

 Page 13 
 

 

B.V.Raju Institute of Technology 
(UGC Autonomous) 

 

  



   
 

Engineering Physics Lab Manual       Freshman Engineering 

 Page 14 
 

 

B.V.Raju Institute of Technology 
(UGC Autonomous) 

EXPERIMENT 3 

FREQUENCY OF AC SUPPLY SONOMETER METHOD 

AIM: To determine the frequency of AC supply using Sonometer 

APPARATUS:  

Brass, Steel, Copper Wires, Weight hanger with loose weights, two bar magnets, screw gauge, 

rheostat, step-down transformer ς 230 V A/c to 6 or 9 volts, Sonometer, Crocodile Clips, electric wire 

for connections, plug key. 

DESCRIPTION:   A Sonometer consists of a uniform wire stretched over a long hallow rectangular box, 

called the sounding box. One end of the wire is fixed to a peg situated at one end of the sounding box. 

The wire is stretched tight over two wedge shaped bridges A and B, as shown in figure1. The other 

end of the wire after passing over the wedge shaped bridges passes over a smooth pulley, to which 

tension T is applied. To adjust the length of the vibrating segment, the two bridges A and B are moved 

apart or brought nearer. 

 An alternating current from a step 

down transformer of frequency h is sent 

through the sonometer wire kept under 

magnetic field applied horizontally in a 

direction perpendicular to the length of the 

wire. When a known tension T dynes is 

applied to the wire, under resonance 

condition the wire between the bridges A and B vibrates with maximum amplitude. 

THEORY: 

 When AC is passed through the sonometer wire 

kept under magnetic field perpendicular to the length 

ƻŦ ǘƘŜ ǿƛǊŜΣ ǘƘŜƴ ŦǊƻƳ CƭŜƳƛƴƎΩǎ ƭŜŦǘ ƘŀƴŘ ǊǳƭŜΣ ŀ 

mechanical force acts on the wire and pulls it up and 

down as the sinusoidal current varies from a positive to 

a negative value. Thus, vibrations equal to the 

frequency of AC supply are forced on the wire. If the 

natural frequency of the stretched wire under tension 

becomes the bridges A and B vibrates with maximum 

amplitude. Under the resonance condition, if the length of the wire (I) between the bridges vibrates 

as one loop, then we have 

Frequency (n) of AC supply = Natural frequency of the vibrating loop 

ὲ  
ρ

ςὰ

Ὕ

ά
          Ὄᾀ 

Where T= Mg and M = Mass suspended to the wire. m = mass per unit length of the wire 
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The sonometer wire can also be set to vibrate by keeping an electromagnet carrying 

alternating current near an iron wire as shown in figure 2. However, in this method, the wire has to 

be only a steel wire. This is because the other wires, namely, brass or copper wires are not attracted 

by the electromagnet. 

Observations: 

Mass per unit length of the wire = m = ______________ 

Table 1 

Material of 

the wire 

Brass/ 

Copper/ Steel 

S.No Length of the vibrating 

ƭƻƻǇ ΨƭΩ ŎƳΦ 

Tension T = 

Mg dynes 

Frequency of 

AC supply  

Frequency of 

AC supply  

      

 

 

In each AC cycle the electromagnet gets magnetized twice and hence pulls up the steel wire 

twice. Therefore, in this method, the frequency of AC supply will be half the frequency of the wire so 

determined. 

 Frequency of AC supply (Electromagnet method) = ὲ             Ὄᾀ 

PROCEDURE:  

One of the output terminals of a step down transformer is connected to one end of the 

sonometer wire. The other end of the output terminal of the step down transformer is connected to 

the second end of the Sonometer wire through a plug key and a rheostat, as shown in figure1. Two 

powerful bar magnets are kept with their opposite poles facing each other; so that the sonometer 

wire passes between the poles. 

The magnetic field acting between the bridges A and B, the tension T in the wire and the length 

ōŜǘǿŜŜƴ ǘƘŜ ōǊƛŘƎŜǎ ƛǎ ŀŘƧǳǎǘŜŘ ǘƛƭƭ ǘƘŜ ǿƛǊŜ ǾƛōǊŀǘŜǎ ǿƛǘƘ ƳŀȄƛƳǳƳ ŀƳǇƭƛǘǳŘŜΦ ¢ƘŜ ƭŜƴƎǘƘ ΨƭΩ ƻŦ ǘƘŜ 

ǾƛōǊŀǘƛƴƎ ƭƻƻǇ ƛǎ ƴƻǘŜŘ όƛŦ ǘƘŜ ǿƛǊŜ ǾƛōǊŀǘŜǎ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ƭƻƻǇΣ ǎŀȅ Ȅ ƭƻƻǇǎΤ ǘƘŜƴ ǘƘŜ ƭŜƴƎǘƘ ΨƭΩ ƻŦ 

a single loop is equal to the length of the wire between the bridges divided by x) 

The experiment is repeated by changing T and correspondingly l. The results are tabulated in 

Table 1. 
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Using screw gauge, the diameter of the wire is noted at different places and the average 

diameter of the wire is noted. The density of the material of the wire (r) is taken from the standard 

tables and the mass per unit length of the wire is calculated using the relation;ά “ ” 

 

APPLICATION: 

1. Determination of the frequency of the AC supply in india the frequency of AC supply is 50 c/s 

while in USA it is 60 c/s 

2. Direct current (DC) electricity,  such as supplied by a battery, always flows steadily in the same 

direction along a wire. Alternating current (AC) electricity, however, which is used for mains 

supplies in most countries, flow first in one direction then in the order, reversing its flow at 

certain frequency usually 50 or 60 Hz 

3. Most of the countries, including india, have mains electricity supplied at 240 Volts (USA and 

Canada are exception with 110 V, 60 Hz) But this voltage can not be measure as simply as a 

DC Voltage. 

4. A 240 V AC supply is rised to 339 V at the peak of its oscillation. Further more, since the 

vgoltage rises to a peak in opposite direction alternately (+339 V and -339 V) its average value 

is zero volts. The peak value is squared and then halved to give its mean (average) value and 

the square root of this is then taken; i.e. 0.707 of 339 V is 240 V. This value is known as the 

RMS voltage, and is the one that will be registered by the AC Voltmeter connected to the 

mains supply. 

Result: ¢ƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ !/ ǎǳǇǇƭȅ ǳǎƛƴƎ {ƻƴƻƳŜǘŜǊ ƛǎ    ΧΧΧΧΧΦ IȊ 

 

 

 

 

 

 

 

 

 

 

 

 

 



   
 

Engineering Physics Lab Manual       Freshman Engineering 

 Page 17 
 

 

B.V.Raju Institute of Technology 
(UGC Autonomous) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   
 

Engineering Physics Lab Manual       Freshman Engineering 

 Page 18 
 

 

B.V.Raju Institute of Technology 
(UGC Autonomous) 

Experiment -4 

DISPERSIVE POWER OF PRISM 

Aim:  To determine the dispersive power of a material of prism using Spectrometer 

Apparatus: Spectrometer, Prism, Mercury Vapor Lamp etc. 

Theory: A spectrometer is used to measure the necessary angles. The spectrometer consists of three 

units: (1) collimator, (2) telescope, and (3) prism table.  The prism table, its base and telescope can be 

independently moved around their common vertical axis. A circular angular scale enables one to read 

angular displacements (together with two verniers located diametrically opposite to each other). 

In the experiment, we need to produce a parallel beam of rays to be incident on the prism. This is 

done with the help of a collimator. The collimator has an adjustable rectangular slit at one end and a 

convex lens at the other end. When the illuminated slit is located at the focus of the lens (See Fig. 1), 

a parallel beam of rays emerges from the collimator. We can test this point, with the help of a 

telescope adjusted to receive parallel rays. We first prepare the telescope towards this purpose as 

follows: 

Setting the eyepiece: Focus the eyepiece of the telescope on its cross wires (for viewing the cross 

wires against a white background such as a wall) such that a distinct image of the crosswire is seen by 

ȅƻǳΦ Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ǊŜƳŜƳōŜǊ ǘƘŀǘ ǘƘŜ ƘǳƳŀƴ ŜȅŜ Ƙŀǎ ŀƴ ŀǾŜǊŀƎŜ άƭŜŀǎǘ ŘƛǎǘŀƴŎŜ ƻŦ ŘƛǎǘƛƴŎǘ Ǿƛǎƛƻƴέ 

of about 25 cm. When you have completed the above eyepiece adjustment, you have apparently got 

the image of the crosswire located at a distance comfortable for your eyes. Henceforth do not disturb 

the eyepiece. 

Setting the Telescope: Focus the telescope onto a distant (infinity!) object. Focusing is done by 

changing the separation between the objective and the eyepiece of the telescope. Test for the absence 

of a parallax between the image of the distant object and the vertical crosswire. Parallax effect (i.e. 

separation of two things when you move your head across horizontally) exits, if the cross-wire and the 

image of the distant object are  not at the same distance from your eyes.  Now the telescope is adjusted 

for receiving parallel rays.  Henceforth do not disturb the telescope focusing adjustment.  

Setting the Collimator: Use the telescope for viewing the illuminated slit through the collimator and 

adjust the collimator (changing the separation between its lens and slit) till the image of the slit is 

brought to the plane of cross wires as judged by the absence of parallax between the image of the slit 

and cross wires. 
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Optical leveling of the Prism:   

The prism table would have been nearly leveled before use have started the experiment. However, 

for your experiment, you need to do a bit of leveling using reflected rays. For this purpose, place the 

table with one apex at the center and facing the collimator, with the ground (non-transparent) face 

perpendicular to the collimator axis and away from collimator. Slightly adjust the prism so that the 

beam of light from the collimator falls on the two reflecting faces symmetrically (Fig. 2) When you 

have achieved this lock the prism table in this position. Turn the telescope to one side so as to receive 

the reflected image of the slit centrally into the field of view. This may be achieved by using one of the 

leveling screws. The image must be central whichever face is used as the reflecting face. Similarly, 

repeat this procedure for the other side.   

 

 

Finding the angle of the prism (A):   With the slit width narrowed down sufficiently and prism table 

leveled, lock the prism table and note the angular position of the telescope when one of the reflected 

images coincides with the cross wires.  Repeat this for the reflected image on the otherside (without 

disturbing the prism and prism table).  The difference in these two angular positions gives 2a.   

Finding angle of minimum deviation (Dm) 

 Unlock the prism table for the measurement of the angle of minimum deviation ( Dm).  Locate the 

image of the slit after refraction through the prism as shown in Fig. 3.  Keeping the image always in 

the field of view, rotate the prism table till the position where the deviation of the image of the slit is 

smallest.  At this position, the image will go backward, even when you keep rotating the prism table 

in the same direction.  Lock both the telescope and the prism table and to use the fine adjustment 

screw for finer settings.  Note the angular position of the prism.  In this position the prism is set for 

minimum deviation. Without disturbing the prism table, remove the prism and turn the telescope 

(now unlock it) towards the direct rays from the collimator. Note the scale reading of this position.  

The angle of the minimum angular deviation, viz, Dm  is the difference between the readings for these 

last two settings.    
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Principle: Refractive Index (µ): It is defined as 

µ = 
velocity of light invaccum

velocity of light in air
 

And 

sin
sin 2

sin
sin

2

mA D

i

Ar
m

+å õ
æ ö
ç ÷= =  

Where   A "Angle of Prism 

             Dm " Angle of minimum deviation 

Observation tables:  
1. For angle of the prism: A=600 

2. For angle of minimum deviation:   

Color of 

the 

spectral 

line 

Readings of Spectrometer Difference in Vernier 

Readings Angle of Min. 

Deviation 
Direct Reading Minimum Deviation 

Vernier-1 

X1 

Vernier-2 

Y1 

Vernier-1 

X2 

Vernier-2 

Y2 
X1 ͯ X2 Y1 ͯ Y2 

Color-1        

Color-2        

Color-3        

 

Dispersive power (w):- Angular rotation for a given wavelength is called dispersive power of the 

material of a prism 

Readings:- Direct ray reading = R 

  Green colour reading =R1 

  Blue colour reading = R2 

Minimum deviation angle for green Dg= R ~ R1 

Minimum deviation angle for blue Db = R ~ R2 
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\          

sin
2

sin
2

B

b

A D

A
m

+å õ
æ ö
ç ÷=
å õ
æ ö
ç ÷

 ,        

sin
2

sin
2

g

G

A D

A
m

+å õ
æ ö
ç ÷=
å õ
æ ö
ç ÷

 

\ 
1

b g

av

w
m m

m

-
=

-
  Where     

2

b g

av

m m
m

+
=  

Precautions: 

1. Take the readings without any parallax errors 
2. The focus should be at the edge of green and blue rays 

 

Results: - Determined the dispersive power of a material of prism using spectrometer 

=  
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Experiment 5 
NEWTON’S RINGS 

Aim:  
To observe Newton rings formed by the interface of produced by a thin air film and to 

determine the radius of curvature of a plano-convex lens. 
Apparatus: 

Traveling microscope, sodium vapour lamp, plano-convex lens, plane glass plate, magnifying 
lens. 
I. Introduction: 
LΦм ¢ƘŜ ǇƘŜƴƻƳŜƴƻƴ ƻŦ bŜǿǘƻƴΩs rings is an illustration of the interference of light waves reflected 
from the opposite surfaces of a thin film of variable thickness. The two interfering beams, derived 
from a monochromatic source satisfy the coherence condition for interference. Ring shaped fringes 
are produced by the air film existing between a convex surface of a long focus plano-convex lens and 
a plane of glass plate. 
I.2. Basic Theory: 
When a plano-convex lens (L) of long focal length is placed on a plane glass plate (G) , a thin film of air 
I enclosed between the lower surface of the lens and upper surface of the glass plate.(see fig 1). The 
thickness of the air film is very small at the point of contact and gradually increases from the center 
outwards. The fringes produced are concentric circles. With monochromatic light, bright and dark 
circular fringes are produced in the air film. When viewed with the white light, the fringes are coloured. 
A horizontal beam of light falls on the glass plate B at an angle of 450. The plate B reflects a part of 
incident light towards the air film enclosed by the lens L and plate G. The reflected beam (see fig 1) 
from the air film is viewed with a microscope. Interference takes place  
and dark and bright circular fringes are produced. This is due to  
the interference between the light reflected at the lower surface  
of the lens and the upper surface of the plate G. 

For the normal incidence the optical path difference  
Between\ the two waves is nearly 2µt, where µ is the refractive 
 index of the film and t is the thickness of the air film. Here an  
extra phase difference ̄ occurs for the ray which got reflected from 
upper surface of the plate G because the incident beam in this 
reflection goes from a rarer medium to a denser medium. Thus the 
conditions for constructive and destructive interference are (using µ 
= 1 for air)                                 

 
2 t = n‗     for minima; n =  лΣмΣнΣоΧ Χ Χ Χ (1) 

and 
1

2
2

t n l
å õ
= +æ ö
ç ÷

  for maxima; Τ Ƴ Ґ лΣмΣнΣоΧ Χ Χ(2) 

Then the air film enclosed between the spherical surface  
of R and a plane surface glass plate, gives circular rings  
such that (see fig 2) 

rn
2  =  (2R-t)t 

where rn is the radius of the nth order dark ring .     Fig.2 
(Note: The dark ring is the nth dark ring excluding the central dark spot). 
Now R is the order of 100 cm and t is at most 1 cm. Therefore R>>t. Hence  (neglecting the t2  term ), 
giving 

2

2 nrt
R
º  
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tǳǘǘƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ ά н ǘέ ƛƴ Ŝǉόмύ ƎƛǾŜǎ        
2

2 nr

R
lº  

With the help of a traveling microscope we can measure the diameter of the nth ring order dark ring 

= Dn  Then 
2

m
n

D
r =  and hence, 

2
1

4

nD
R

n l
=  

The value of 
2

nD

n
is calculated from the slope of the graph drawn in between n Vs 2

nD  

\R =  
╓□ ╓▪

ⱦ□ ▪
     cm 

So if we know the wavelength l , we can calculate R(radius of curvature of the lens). 
II. Setup and Procedure: 

1. Clean the plate G and lens L thoroughly and put the lens over the plate with the curved 
surface below B making angle with G(see fig 1). 
 

2. Switch in the monochromatic light source. This sends a parallel beam of light. This beam of 
light gets reflected by plate B falls on lens L. 

3. Look down vertically from above the lens and see whether the center is well illuminated. On 
looking through the microscope, a spot with rings around it can be seen on properly focusing 
the microscope. 

4. Once good rings are in focus, rotate the eyepiece such that out of the two perpendicular 
cross wires, one has its length parallel to the direction of travel of the microscope. Let this 
cross wire also passes through the center of the ring system. 

5. Now move the microscope to focus on a ring (say, the 20th order dark ring). On one side of 
the center. Set the crosswire tangential to one ring as shown in fig 3. Note down the 
microscope reading .  

 
fig 3 _ 

(Make sure that you correctly read the least count of the vernier in mm units) 
6. Move the microscope to make the crosswire tangential to the next ring nearer to the center 

and note the reading. Continue with this purpose till you pass through the center. Take 
readings for an equal number of rings on the both sides of the center. 

 
 
Observations  
1. Least count of vernier of traveling microscope = ___________________mm  
 
2. Wave length of light source = _______________________ cm 
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Table 1: Measurement of diameter of the ring 

S.No Order of 
the ring 

(n) 

Microscope reading Diameter 

Left side(L) Right side(R) 

MSR+(VCxLC)  MSR+(VCxLC) D=L Ḑ R D2  

1      

2      

3      

4      

5      

6      

7      

 
Graph:  
Plot the graph of D2 Vs n and draw the straight line of best fit. 
Give the calculation of the best fit analysis below. Attach extra 
sheets if necessary. 
From the slope of the graph, calculate the radius of curvature R 
of the plano convex lens as 

\R =  
╓□ ╓▪

ⱦ□ ▪
   cm. 

 (One graph paper required). 
 
Precautions: 
Notice that as you go away from the central dark spot the fringe width decreases. In order to minimize 
the errors in measurement of the diameter of the rings the following precautions should be taken: 

i) The microscope should be parallel to the edge of the glass plate. 
ii) If you place the cross wire tangential to the outer side of a perpendicular ring on one side 
of the central spot then the cross wire should be placed tangential to the inner side of the 
same ring on the other side of the central spot.(See fig 3) 
iii) The traveling microscope should move only in one direction 

Calculations:   

\R =  
╓□ ╓▪

ⱦ□ ▪
   cm 

 
Results: Radius of Curvature of given plano convex lens is  R =__________ cm 
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Experiment 6 
DIFFRACTION GRATING- MINIMUM DEVIATION METHOD 

Aim:  To determine the wavelength of a given light using a plane diffraction grating in minimum 
deviation position. 

Apparatus:  Spectrometer, Sodium Vapour Lamp, Grating (15000<PI), Grating holder 

Principle: When a light passes through a small aperture whose dimensions are comparable with the l 

of light then light deviates from its rectilinear path and bends round the corner of the placed aperture 

of its geometrical shadow, this phenomenon is called diffraction. Because the source and the screen 

are placed effectively at infinite distance from the diffracting element it forms a class of fraunhoffer 

diffraction 

An arrangement consisting of a large member of parallel slits equal opaque space is called diffraction 

grating. The distance between the centers of two successive slits is called the grŀǘƛƴƎ ŜƭŜƳŜƴǘΦ LŦ άŀέ 

ƛǎ ǿƛŘǘƘ ƻŦ ǘƘŜ ǎƭƛǘ ŀƴŘ άōέ ƛǎ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǎƭƛǘǎΦ ¢ƘŜƴ όŀҌōύ ƛǎ ŎŀƭƭŜŘ ǘƘŜ ƎǊŀǘƛƴƎ 

element or grating construction. 

When a wave from is incident on a grating surface light is transmitted through the slits and abstracted 

by the opaque portions such a grating is called a transmission grating. In a transmission grating the 

grooves scatter light and so are opaque while the un ruled surfaces transmit and act like slits. Typically 

a high quality grating (used for studying spectra in the visible range) has about 15000 grooves per inch, 

which gives a slit spacing of the order of a micron. 

The condition for maximum intensity is  

2 (a+b) sin
2

n
q

l
å õ
=æ ö

ç ÷
  if a+b = d 

d"Distance between lines on grating =1/N 

N" Number of lines on the grating = 15000 lines per inch 

2sin
2

.N n

q

l

å õ
æ ö
ç ÷=  

2sin / 2

.
A

N n

q
l=  

n" the Order of the Spectrum 

q" the angle of diffraction 
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Procedure: 

Adjust telescope for parallel rays i.e. focus telescope on the object at infinity. Here we can adjust 

telescope on an object which is at very large distance. Level the spectrometer and prism table on 

which grating is mounted using a spirit level. Fig. 5 schematically shows the arrangement of the grating 

and the spectrometer.   

               
2. Switch on the power supply for spectral lamp. 

3. Place the grating on the prism table such that the surface of the grating is approximately 

perpendicular to the collimator of the spectrometer (i.e. perpendicular to the incident slit falling 

on the grating). Fix the prism table in this position. With the Hg source observe first order spectrum 

on left hand side and right hand side. Measure the angle of diffraction of each line by rotating 

telescope so that cross-wire coincides with particular spectral line. Note down each measurement 

on the observation table I. The diffraction angle is equal to difference between LHS and RHS 

observation divided by two for a particular spectral line.  (See Fig. 5). 

4. In first order spectrum of sodium measure the angular position qL of yellow 1 (D1) on the left 
side. Use the micrometer screw to turn the telescope to align the crosswire at the second yellow 

line (D2) and read its angular position qL  

 5. Likewise measure qR on the RHS for D1 and D2.       
Method to make light fall normal to the grating surface:   

a) First mount grating approximately normal to the collimator. See the slit through telescope and 
take reading from one side of vernier window. Note down the reading.   
b) Add or subtract (whichever is convenient) 900 from reading taken in step (a) and put telescope 
to this position. In this position telescope is approximately perpendicular to the collimator.  

c) Now rotate prism table until the slit is visible on the cross-wire of the telescope. At this position 
the incident light from the collimator falls at an angle 450 with the plane of the grating. Note down 
this reading.  

d) Next add or subtract 450 to step (c) reading and rotate the prism table so as to obtain this 
reading on the same window. In this situation, light incident in the grating surface is perpendicular. 
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Observations and Results: 

S.N

o. 

Spectr

al Line 

Position of Telescope 

2

L Rq q
q

-
=

 

Sinq 
2sin

2

.N n

q

l

å õ
æ ö
ç ÷=  Left Side qL(degree) 

minutes) 

Right side qR 

qR(degree 

minutes) 

MSR VSR total MSR VSR Tota 

1 D1          

2 D2          

 
Precautions:  

1. The experiment should be performed in a dark room. 

2. Micrometer screw should be used for fine adjustment of the telescope. For fine adjustment 

the telescope should be first licked by means of the head screw. 

3. The directions of rotation of the micrometer screw should be maintained otherwise the play 

in the micrometer spindle might lead to errors. 

4. The spectral lams (mercury source) attain their full illuminating power after being warmed up 

for about 5 minutes, observation should be taken after 5 minutes. 

5. One of the essential precautions for the success of this experiment is to set the grating normal 

to the incident rays (see below). Small variation on the angle of incident causes 

correspondingly large error in the angle of diffraction. If the exact normally is not observed, 

one find that the angle of diffraction measured on the left and on the right are not exactly 

equal. Read both the verniers to eliminate any errors due to non-coincidence of the center of 

the circular sale with the axis of rotation of the telescope or table. 

Result: Determined the l of a given light using a plane diffraction grating in minimum deviation 

position. 

    D1= deviation position l = 5.89 × 10-5 cm 

    D2= deviation position l = 5.896× 10-5 cm 
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Experiment 7 

TIME CONSTANT OF RC CIRCUIT 

AIM: ¢ƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǘƛƳŜ Ŏƻƴǎǘŀƴǘ ΨtΩ ƻŦ ǘƘŜ ŎƛǊŎǳƛǘ ōȅ ŎƘŀǊƎƛƴƎ ŀƴŘ ŘƛǎŎƘŀǊƎƛƴƎ 

APPARATUS:  D.C. Voltage source, resistors, a capacitor, digital micro ammeter, Charge   and discharge 

key. 

PROCEDURE:  

I.1 The basic circuit for charging and discharging a  

capacitor is shown in fig 1.  If switch S1 is closed 

 keeping S2 open, then the battery charges the  

capacitor and current flows through the resistor 

 R until the capacitor is fully charged. If the  

charge on the capacitor at time  t is q(t) , then 

 the voltage across the capacitor C is  q/C  

and the current through R1 is i = dq/dt . By  

applying YƛǊŎƘƘƻŦŦΩǎ  second law. 

 iR1 Ҍ όǉκ/ύ Ґ ʶ Č R1όŘǉκŘǘύ Ҍ όǉκ/ύ Ґ ʶ   ΧΧΧΧΦΦόмύ 

which has the solution 

1 1/ /

0

0

( ) (1 ) (1 )t R C t R Cq t C e q e

Where q C

e

e

- -= - = -

=
ΧΧΧΧΧΧΧΦΦόнύ 

The quantity t= R1C is the charging time constant which characterizes the rate at which charge is 

deposited on the capacitor .As t ĄқΣ Ŝǉ όнύ ǎƘƻǿǎ ǘƘŀǘ ǉ Ą /ʶ Ґ ǉ0. In Practice the Capacitor charges 

to its maximum value q0  after a time interval equal to a few time constants. Once the capacitor is fully 

charged then the current i  through the resistor become zero.  

I.2  At this point if the switch S1 is opened and S2 is closed the charge in the capacitor   discharges  
through the resistor R2 

 
.ȅ YƛǊŎƘƻŦŦΩǎ ǎŜŎƻƴŘ ƭŀǿ 

2

2

0

/

0

( ) ( ) 0

( 0)

( ) t R C

dq q
R

dt c

with solution taking q q at t

q t q e-

+ =

= =

=

 

     

Thus the charge on the capacitor decays exponentially with time. In fact after a time t=R2C 

(equal to the discharging time constant) ǘƘŜ ŎƘŀǊƎŜ ŘǊƻǇǎ ŦǊƻƳ ƛǘΩǎ ƛƴƛǘƛŀƭ ǾŀƭǳŜ ǉ0 by a factor of  e-1.   
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Observations and results: 

Measurement of time constant for discharging of a capacitor   

 R= ________________________  

 C  = ________________________     

S.No. Current (I) µA Discharging 

time (t) Seconds 

1.    

2.    

3.    

4.    

5.    

6.    

7.    

8.    

9.    

10.    

11.    

12.    

13.    

 

 

GRAPH:   

Plot a graph time in seconds on the x-axis and 

current in mA on y-axis and find the time for a fall to 0.37 

× I max. Let this be t 

 

Results:  

RC Time constant for given combination 

Theoritical value (t=RxC)      t =  ____________ sec 

Practical value (from graph)   t  =  ____________ sec 

 

  

S.No. Current (I) µA Discharging time 

(t) Seconds 

14.   

15.   

16.   

17.   

18.   

19.   

20.   

21.   

22.   

23.   

24.   
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Experiment 8 

RESONANCE IN LCR - CIRCUIT 

Aim: To study resonance effect in series and parallel LCR circuit.  

Apparatus:  A signal generator, inductor, capacitor, ammeter, resistors, AC milli voltmeter. 

Basic methodology:   
In the series LCR circuit, an inductor (L), capacitor (C) and resistance(R) are connected in series 

with a variable frequency sinusoidal emf source and the voltage across the resistance is measured. As 
the frequency is varied, the current in the circuit (and hence the voltage across R) becomes maximum 

at the resonance frequency
1

2
rf

LCp
= . In the parallel LCR circuit there is a minimum of the current 

at the resonance frequency. 
Power Resonance:  
 The power dissipated at the resistor is P = I V = I2R = V2R 

 The average power dissipated over one cycle is  
2

0

2

I R
p=  

Fig 4 shows graph of p as a function of the driving frequency rf  .  

The maximum power value mP occurs at the resonating frequency  

1

2
rf

LCp
=  

 It can be shown that to a good approximation, which the power falls to half of the maximum value, 

mP /2 at
2

rf f
g

= ° . Hereg is related to damping in the electrical circuit and is given by g = R/L. 

The width or range of  f  over which the value of p falls to half the maximum at the resonance is 

called the Full Width Half Maximum (FWHM). The FHWM is a characteristic of the power resonance 
curve and is related to the amount of damping in the system. Clearly FWHM = g = R/L. One also 

defines the quality factor Q as 
1rf L

Q
R Cg

= = which is also measure damping. Large Q (small R) 

implies small damping while small Q (large R) implies large damping. Clearly we have FWHM = g = 

R/L. Thus, the quality factor Q can be determined from the FWHM of the power resonance graph.  
Procedure: 
1. The series and parallel LCR circuits are to be connected as shown in fig 1 & fig 2.   
2. Set the inductance of the variable inductance value and the capacitances the variable capacitor to 

low values ( L ~ 0.01H , C ~ 0.1 µ F ) so that the resonant frequency  
1

2
rf

LCp
=  is of order of a 

few kHz .  
3. Choose the scale of the AC milli voltmeter so that the expected resonance occurs at approximately 
the middle of the scale.  
4. Vary the frequency of the oscillator and record the voltage across the resistor.   
5. Repeat (for both series and parallel LCR circuits) fir three values of the resistor   (say R = 100, 200 

& 300 W).                                        
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I.1. Series LCR circuit :  Circuit Diagram;        I.2. Parallel LCR circuit:  Circuit Diagram; 
            

  
 
 
 
 
 
 
 
 

Model Graph: 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Observations and results: 
  
Part A: Series LCR Circuit.    Part B: Parallel LCR Circuit. 
     L = _______________________ mH     L = _______________________ mH    

C = _______________________ µF.   C = _______________________ µF.   
 R=________________________Ohms  R=______________________Ohms   

 
 

S.No Frequency (Hz) Current 
(mA) 

    

   

   

   

   

   

   

   

   

   

   

   

   

S.No Frequency (Hz) Current 
(mA) 
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Results:    

Using 
1

2
rf

LCp
=

 

and by locating the maxima / minima in the graphs 

 i) Resonance frequency for series LCR circuit   =________________Hz   
 
ii) Resonance frequency for parallel LCR circuit   =________________Hz  
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Experiment 9 

MAGNETIC FIELD ALONG THE AXIS OF A COIL (STEWART & GEE’s METHOD) 

AIM: -To study the variation of magnetic field along the axis of a circular coil carrying current. 

APPARATUS: -Stewart and Gees, Rheostat, Ammeter, Battery eliminator, Plug key single, 

Commutator four plugs.  

THEORY: -  

The magnetic field (B) at a point on the axis ƻŦ ŀ ŎƛǊŎǳƭŀǊ Ŏƻƛƭ ŎŀǊǊȅƛƴƎ ŎǳǊǊŜƴǘ άƛέ ƛǎ ƎƛǾŜƴ ōȅ ǘƘŜ 

expression  

                                         

                   ²ƘŜǊŜ ΨƴΩ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘǳǊƴǎΣ άŀέ ǘƘŜ ƳŜŀƴ ǊŀŘƛǳǎ ƻŦ ǘƘŜ Ŏƻƛƭ ŀƴŘ άȄέ is the distance of 
the point from the center of the coil along the axis. To measure this field the Stewart and Gees type 
of tangent galvanometer is convenient. 

 
                 ¢ƘŜ ŀǇǇŀǊŀǘǳǎ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ŎƛǊŎǳƭŀǊ ŦǊŀƳŜ άŎέ ƳŀŘŜ ǳǇ ƻŦ ƴƻƴ-magnetic substance. An 
insulated Copper wire is wounded on the frame. The ends of the wire are connected to the other two 
terminals. By selecting a pair of terminals the number of turns used can be changed. The frame is fixed 
to a long base B at the middle in a vertical plane along the breadth side. The base has leveling screws. 
A rectangular non-magnetic metal frame is supported on the uprights. The plane of the frame contains 
the axis of the coil and this frame passes through the circular coil. A magnetic compass like that one 
used in deflection magnetometer is supported on a movable platform. This platform can be moved on 
the frame along the axis of the coil. The compass is so arranged that the center of the magnetic needle 
always lie on the axis of the coil.  

 
                The apparatus is arranged so that the plane of coil is in the magnetic meridian. The frame 
with compass is kept at the center of the coil and the base is rotated so that the plane of the coil is 
parallel to the magnetic needle in the compass. The compass is rotated so that the aluminum pointer 
reads zero zero. Now the rectangular frame is along East-²Ŝǎǘ ŘƛǊŜŎǘƛƻƴǎΦ ²ƘŜƴ ŀ ŎǳǊǊŜƴǘ άƛέ Ŧƭƻǿǎ 
through the coil the magnetic field produced is in the perpendicular direction to the plane of the coil. 
The mŀƎƴŜǘƛŎ ƴŜŜŘƭŜ ƛƴ ǘƘŜ ŎƻƳǇŀǎǎ ƛǎ ǳƴŘŜǊ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǘǿƻ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘǎΦ ά.έ ŘǳŜ ǘƻ Ŏƻƛƭ 
ŎŀǊǊȅƛƴƎ ŎǳǊǊŜƴǘ ŀƴŘ ǘƘŜ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ά.Ŝέ ǿƘƛŎƘ ŀǊŜ Ƴǳǘǳŀƭƭȅ ǇŜǊǇŜƴŘƛŎǳƭŀǊΦ ¢ƘŜ ƴŜŜŘƭŜ 
ŘŜŦƭŜŎǘǎ ǘƘǊƻǳƎƘ ŀƴ ŀƴƎƭŜ ΨлΩ ǎŀǘƛǎŦȅƛƴƎ ǘƘŜ ǘŀƴƎŜƴǘ ƭŀǿΦ  

                                       

                             

The theoretical value of B is given by--------- 
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PROCEDURE: - 

                        With the help of the deflection magnetometer and a chalk, a long line of about one meter 

is drawn on the working table, to represent the magnetic meridian. Another line perpendicular to the 

line is also drawn. The Stewart and Gees galvanometer is set with its coil in the magnetic meridian as 

shown in the fig. The external circuit is connected as shown in the fig, keeping the ammeter, rheostat 

away from the deflection magnetometer. This precaution is very much required because, the magnetic 

field produced by the current passing through the rheostat and the permanent magnetic field due to 

the magnet inside the ammeter affect the magnetometer reading, if they are close to it.  

The magnetometer is set at the center of the coil and rotated to make the aluminum pointer reads, 

(0,0) in the magnetometer. The key K, is closed and the rheostat is adjusted so as the deflection in the 

magnetometer is about 60°. The current in the commutator is reversed and the deflection in the 

magnetometer is observed. The deflection in the magnetometer before and after reversal of current 

should not differ much. In case of sufficient difference say above 2° or 3°, necessary adjustments are 

to be made. The deflections before and after reversal of current are noted when d = 0. The readings 

are noted in Table 1. The magnetometer is moved towards East along the axis of the coil in steps of 

2cm at a time. At each position, the key is closed and the deflections before and after reversal of 

current are noted. The mean deflection be denoted as θE  magnetometer is further moved towards 

east in steps of 2cm each time and the deflections before and after reversal of current be noted, until 

the deflection falls to 30°. The experiment is repeated by shifting the magnetometer towards West 

from the center of the coil in steps of 2 cm, each time and deflections are noted before and after the 

reversal of current. The mean deflection is denoted as θw.It will be found that for each distance (x) the 

value in the last two columns of the second table are found to be equal verifying equation (1) & (2).  

A graph is drawn between x [the distance of the deflection magnetometer from the center of the coilj 

along x-axis and the corresponding Tan θE and Tan θw along Y-axis. The shape of the curve is shown in 

the fig.The point A and B marked on the curve lie at distance equal to half of radius of the coil (a/2) on 

either side of the coil. 

CIRCUIT DIAGRAM: 
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MODEL GRAPH: -                                                                                                                                                                                          

 
 

OBSERVATION  & TABLE: -  
     IƻǊƛȊƻƴǘŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ .Ŝ Ґ лΦоу ·  мл - 4  Telsa (or Wb m-2 )    

     Radius of coil, a=             meter (Diameter of coil /2)  
     Current carrying in the ammeter, i =                 Amp  
     Number of turns in the coil, n =                                                      

       µ0 = 4π × 10-7  henry/m 

 

 

 

 

 

                                                                    

 
Space for Observations / Rough work 
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Experiment 10 

Measurement of Errors 

Aim:   To find standard error in mean by measuring the time period of a simple pendulum 

Apparatus:  Simple pendulum, Stop Clock, Retort Stand 

Formula:  Standard error in mean   „ȾЍὔ 

„ ὛὸὥὲὨὥὶὨ ὨὩὺὭὥὸὭέὲ 

N = No of Observations 

Observations: Length of simple pendulum = 100 CM 

Theory: 
A simple pendulum consists of a small mass (a bob) attached at the end of a massless string.  The 

smallness of the bob and the massless string assumption simplifies the mathematical solution to the 

problem, and with additional assumption that the amplitude of the oscillations is also small, yields 

the following value for the period (T) of the pendulum: 

  

Procedure: 
Set the string length to be 80 cm, measured from the fixed point to the center of the ball. Swing the 

ǇŜƴŘǳƭǳƳ ōȅ ǊŜƭŜŀǎƛƴƎ ƛǘ ŀǘ ǊŜǎǘ ŦǊƻƳ ŀƴ ŀƴƎƭŜ ʻҐнлo to perform a test run. This angle is measured 

from the vertical direction as shown in the figure, while the string is kept taut.  Make sure that for 

each of the runs described below, the starting conditions (no push, same angle) are as identical as 

possible. Record your data into the table provided below by timing 10 oscillations, and repeating it for 

many times at same pendulum length.  hƴŜ ƻǎŎƛƭƭŀǘƛƻƴ ƛǎ ǘƘŜ ŎȅŎƭŜ ƻŦ ǘƘŜ ǇŜƴŘǳƭǳƳΩǎ Ƴƻǘƛƻƴ ǎǘŀǊǘƛƴƎ 

from its initial position, and coming back to the same position.   

Note down the data as given format table and calculate time period.  
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S.No Time taken for 10 Oscillations 

(t) Seconds 

Time Period T = t/n 

1 

2 

3 

4 

 

100 

  

 

 

 

 

 

 

 

Calculation of mean & standard deviation 

Time 

Period(x) 

Frequency 

(f) 

f*x (x-●) f*(x-●) f*(x-●)2 

1.86-1.88 

1.89-1.91 

1.92-1.94 

1.95-1.97 

 

 

     

 b Ґ ʅŦ ʅŦȄ Ґ ʅŦȄ2 =   ʅ ŦϝόȄ-●)2 

Result:  

1) Mean ●  = 
Ἦὀ

╝
 = _______________________ 

2) 2) Standard deviation Ɑ = 
Ἦὀ●  

╝
 

2a. 68.3% values lies between (ὼ- „ and (ὼ+ „ 

3) Standard error in mean α = 
Ɑ

Ѝ╝
  

3a. Values of mean in limits of error = x  „ 

4) Gaussian distribution curve is  
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Experiment-11 

BENDING LOSSES AND NUMERICAL APERTURE OF OPTICAL FIBER 

NUMERICAL APERTURE 

AIM:  The aim of the experiment is to determine the numerical aperture of the optical fibers 
available 

EQUIPMENT: 1.Laser Diode Design Module TNS 20EL-TX  2.Laser Diode Design Module TNS 20EA-RX
  3.Two meter PMMA fiber patch card 4.Inline SMA adaptors 5.Numerical Aperture 
Measurement Jig 

THOERY: 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 the refractive index of the incident medium and the sine of 
the acceptance angle. 

 NA = niΦǎƛƴa; ƴƛ ŦƻǊ ŀƛǊ ƛǎ мΣ ƘŜƴŎŜ b! Ґ ǎƛƴa 

For a step-index fibre, as in the present case, the numerical aperture is given by N=(Ncore
2 ςncladding

2)1/2 

For very small differences in refractive indices the equation reduces to  

 NA = ncore όнҟύ1/2Σ ǿƘŜǊŜ ҟ ƛǎ the fractional difference in refractive indices. I and record the 
ƳŀƴǳŦŀŎǘǳǊŜΩǎ b!Σ ƴcladding and ncoreΣ ŀƴŘ Φ 

BLOCK DIAGRAM: 

 

PROCEDURE: 

If any twists or microbends observed on fiber, to be removed. Inorder to remove the twists, the optical 
fiber is wound on a mandrel. An adhesive tape may be used to hold the windings on the mandrel in 
the proper position. 

 One end of the optical fiber is connected to the N.A Jig through the connector, and the fiber 
end of the fiber is connected to the power out P of the N.A. module. The A.C mains is switched ON 
and the light passing through the cable at the other end of (coming to the N.A Jig) of the fiber is 
ƻōǎŜǊǾŜŘ  ǘƻ ŜƴǎǳǊŜ ǇǊƻǇŜǊ ŎƻǳǇƭƛƴƎ ƛǎ ƳŀŘŜ ƻǊ ƴƻǘΦ ¢ƘŜ ά{Ŝǘ tƻέ ƪƴƻō ƛǎ ǘǳƴŜŘ ƛƴ ǘƘŜ ŎƭƻŎƪǿƛǎŜ 
direction to get ƳŀȄƛƳǳƳ ƛƴǘŜƴǎƛǘȅ ƻŦ ƭƛƎƘǘ ǘƘǊƻǳƎƘ ǘƘŜ ŦƛōŜǊΦ ¢ƘŜ άǎŜǘ tƻέ ƛǎ ǘƻ ōŜ ƭŜŦǘ ŦǊŜŜ ŀǘ ǘƘƛǎ 
stage. 

 A screen with concentric circles of known diameter is kept vertically at a distance (L) from the 
fiber end and the red spot is seen on the screen. The diameter (W) of the red spot is made exactly 
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equal to the first concentric circle and the corresponding distance (L) from the fiber end to the screen 
are noted. The diameter of the red spot can be varied by the distance (L). 

 The experiment is repeated for the subsequent diameter of the circles by adjusting the length 
L. the diameter of the circle is determined using a travelling microscope. 

For each set of observations, the numerical aperture is calculated using the formulae mentioned. 

 Using the value of N.A formed, the acceptance angle can be calculated. The results are 
tabulated. 

Step1: Connect one end of the PMMA FO cable to Po of TNS20EL TX Unit and the other end to the NA 
Jig, as shown. 

Step2: Plug the AC mains. Light should appear at the end of the fiber on the NA Jig. Turn the Set Po 
knob clockwise to set to maximum Po. The light intensity should increase. 

Step 3: Hold the white scale-screen, provided in the kit vertically at a distance of 15 mm (L) from the 
emitting fiber end and view the red spot on the screen. A dark room will facilitate good contrast. 
Position the screen-cum-scale to measure the diameter (W) of the spot. Choose the largest diameter. 

Step: 4 Compute NA from the formula  

NA = sinөmax =
◌

╛ ◌
 

Tabulate the reading and repeat the experiment for 10mm, 20mm, and 25mm distance. 

Step5: In case the fiber is under filled, the intensity within the spot may not be evenly distributed. To 
ensure even distribution of light in the fiber, first remove twists on the fiber and then wind 5 turns of 
the fiber on to the mandrel as shown. Use an adhesive tape to hold the windings in position. Now view 
the spot. The intensity will be more evenly distributed within the core. 

OBSERVATIONS & Table: 

Sl. No L (mm) W(mm) NA ө (degrees) 

1     

2     

3     

4     

5     

       

      RESULT: Numerical aperture of the available optical fibers is determined, and is _____ 
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BENDING LOSSES IN OPTICAL FIBER 

AIM:  

The aim of the experiment is to study various types of losses that occur in optical fibers and measure 
losses in dB of two optical fiber patch cords at two wavelengths, namely, 660nm and 850nm. The 
coefficients of attenuation per meter at these wavelengths are to be computed from the results. 

EQUIPMENT: 1.Fiber optic analog transmission Kit TNS 20EA-TX  2.Fiber optic analog transmission Kit 
TNS 20EA-RX 3.One meter& two meter PMMA fiber patch card  4.Inline SMA Adaptors 

THOERY: Attenuation in an optical fiber is a result of a number of effects. This aspect is well covered 
in the books referred to in Appendix II. We will confine our study to measurement of attenuation in 
two cables (Cable1 and Cable2) employing and SMA-SMA In-line-adaptor. We will also compute loss 
per meter of fiber in dB. We will also study the spectral response of the fiber at 2 wavelengths, 660nm 
and 850 and compare with the plot in Appendix II. 

The optical power at a distance, L, in an optical fiber is given by PL = Po 10 (-ʰ[млύ ǿƘŜǊŜ tƻ ƛǎ ǘƘŜ 
ƭŀǳƴŎƘŜŘ ǇƻǿŜǊ ŀƴŘ ʰ ƛǎ ǘƘŜ ŀǘǘŜƴǳŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ƛƴ ŘŜŎƛōŜƭǎ ǇŜǊ ǳƴƛǘ ƭŜƴƎǘƘΦ ¢ƘŜ ǘȅǇƛŎŀƭ ŀǘǘŜƴǳŀǘƛƻƴ 
coefficient value for the fiber under consideration here is 0.3 dB per meter at a wavelength of 660nm. 
Loss in fibers expressed in decibels is given by -10log (Po/PF) where, Po is the launched power and PF 
is power at the far end of the fiber. Typical losses at connector junctions may very from 0.3 dB to 0.6 
dB. 

Losses in fibers occur at fiber-fiber joints or splices due to axial displacement, angular displacement, 
separation (air core), mismatch of cores diameters, mismatch of numerical apertures, improper 
cleaving and cleaning at the ends. The loss equation for a simple fiber optic link is given as: 

Pin(dBm)-Pout(dBm)= LJ1+LFIB1+LJ2+ LFIB1+LJ3(db): where, LJ1(db) is the loss at the LED-connector 
junction, LFIB1 (dB) is the loss in cable1, LJ2 (dB) is the insertion loss at a splice or in-line adaptor, LFIB2 
(dB) is the loss cable2 and LJ3 (dB) is the loss at the connector-detector junction. 

PROCEDURE: The schematic diagram of the optical fiber loss measurement system is shown below 
and is self-explanatory. The step by step procedure is given here: 

BLOCK DIAGRAM  

 

 

Step 1: Connect one and of Cable1 to the 660nm LED  of the TNS20EA-TX and the other end to the FO 
PIN port (power meter port) of TNS20EA-RX. 



   
 

Engineering Physics Lab Manual       Freshman Engineering 

 Page 52 
 

 

B.V.Raju Institute of Technology 
(UGC Autonomous) 

Step2: Set the DMM to the 2000 mV range. Connect the terminals marked Po on TNS20EA-RX to the 
DMM the power meter is now ready for use.  

Step3: Connect the optical fiber patchcord, Cable1 securely, as shown, after relieving all twists and 
strains on  

the fibre. While connecting the cable please note that minimum force should be applied. At the 
same time ensure that the connector is not loosely coupled to the receptacle. After connecting the 
optical fibre cable properly, adjust SET Po knob to set power of 660nm LED to a suitable value, say, - 
15.0dBm (the DMM will read 150 mV). Note this as P01 

 Step 4: Wind one turn of the fiber on the mandrel, and note the new reading of the power meter Po2. 
Now the loss due to bending and strain on the plastic fiber is Po1-Po2dB. For more accurate readout 
set the DMM to the 200.0mV range and take the measurement. Typically the loss due to the strain 
and bending the fiber is 0.3 to 0.8 db. 

Step5: Next remove the mandrel and relieve Cable1 of all twists and strains. Note the reading P01. 
Repeat the measurement with Cable2 (5 meters) and note the reading Po2. Use the in-line SMA 
adaptor and connect the two cables in series as shown. Note the measurement Po3. 

Loss in Cable1=Po3-Po2-Lila Loss in Cable2=Po3Po1-Lila 

 Assuming a loss of 06 to 1.0dB in the in-line adaptor (Lila=1.0dB), we obtain the loss in each cable. 
The difference in the losses in the two cables will be equal to the loss in 4 meters of fiber (assuming 
that the losses at connector junctions are the same for both the cables). The experiment may be 
repeated in the higher sensitivity range of 200.0mV. The experiment also may be repeated for other 
Po settings such as -20dBm, -25 dBm, -30dBm etc. 

OBSERVATIONS FOR 660nm 

S.No. P01 (dBm) P02 (dBm) P03 (dBm) Loss in cable 1 
(dB) 

Loss in cable 2 
(dB) 

 

Loss in cable 
3 (dB) 

 
       

NOTE:  

 The power meter has been calibrated internally to read power in dBm at 660nm. However the 
calibration has to be redone manually for measurements at 850nm. The PIN has a 66% higher 
sensitivity at850nm as compared to 660nm for the same input optical power. This corresponds to a 
sensitivity that is higher by 2.2dB. To calibrate the power meter at 850nm, deduct 2.2dB from the 
measured reading. In computing losses in cables and fibers this gets eliminated while solving the 
equations. 

RESULT: Studied the various types of losses that occur in optical fibers and measured the losses in dB 
of two optical fiber patch cords at two wavelengths, namely, 660nm and 850nm. The coefficients of 
attenuation per meter at these wavelengths are computed from the results. 
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Space for Observations / Rough work 
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Experiment 12 

ENERGY GAP OF A MATERIAL OF P-N JUNCTION 

Aim: To determine the (band) energy gap in a semiconductor using a p-n junction diode. 

Apparatus: A semiconductor p-n junction diode (D) of  Germanium or Silicon, 0 to 100µA range dc 

micro ammeter , a dc voltmeter of range 0 to 10 V, a mercury thermometer, Dry cells of 1.5V and 

9.0V emf, connection wires and a Heating arrangement, plug key. 

Formula: 

             The temperature dependence of the reverse saturation current Is   in a p-n junction diode is 

given by 

                            ╘▼ ═ ▄
╔▌

Ɫ▓╣   --------------(1)  

                        Here, A is constant 

                         Eg=the energy gap of the semiconductor in joules, 

                          K= Boltzmann constant    = 1.38 × 10-23 J / K 

                          T= the absolute temperature (in Kelvin) of the diode and 

                          ʹҐм ŦƻǊ DŜǊƳŀƴƛǳƳ ŀƴŘ н ŦƻǊ ǎƛƭƛŎƻƴΦ 

                     As we are dealing with a Germanium diode only,we have  

                           Ὅ ὃ Ὡ     -----------(2) 

  Taking logarithms to base 10 on either side,we ge 

                                Log10 Is= log10A ς 0.4343 (
 
  ) -----------(3) 

           Substituting the value of k and expressing Eg in electron volts we get  

                       Log10 Is= log10A ς 5036[  ]  -------------(4) 

    In the operating range of diodes,the temperature dependence of Is is mainly determined by the 

second term of eqn(4) even though A is temperature dependent.  

The above expression is in the form of y=mx+c. ---- (5) 

Comparing equations 4 and 5, m= - 5036x Eg  

     Eg = 
ȿȿ

 ev 

    Hence,a graph with   on X-axis(T in Kelvin) and log10 Is  on y-axis will be a straight line having a 

slope ςEg.5036 with Eg in eV.The slope of the curve will have a magnitude (m) of (5036)Eg with Eg in 

eV. 

From this Eg (in eV)  is  

  

                         

 

The circuit connections for the experiment will be as shown in fig-1 

╔▌ = 
ȿ╢■▫▬▄ȿ

   eV .-------(6) 
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          Fig-1: Circuit diagram for energy gap of semiconductor using a junction diode. 

 

Description of apparatus:  

                 The junction diode used here is a p-n jǳƴŎǘƛƻƴ ŘƛƻŘŜ ƳŀŘŜ ƻŦ DŜǊƳŀƴƛǳƳ όʹҐмύΦ ¢ƘŜ ŀǊǊƻǿ 

head of the diode D represents the anode (of p-region) and the vertical line represents the cathode 

(n-region). As shown in the figure, when p-region is connected to the negative terminal of the battery( 

- ) and the region is connected via the micro ammeter to the positive terminal ( + ) of the battery, the 

p-n junction is reverse biased. The current following through the diode when it is reverse biased is 

very small ς of  µA range and is called the reverse saturation current. In our experiment we study the 

effect of temperature on the reverse saturation current in the diode and there from estimate the 

forbidden energy gap of the semiconductor material with which the diode is made. 

 

Heating Arrangement: 

              Paraffin oil contained in a large test tube is held is held inside a large beaker containing water. 

The water in the beaker is heated in suitable steps to obtain different temperatures of the paraffin. 

The diode is embedded in the liquid paraffin. Or else , we can make use of a calorimeter with a lid 

having a hole for insertion of the thermometer and fill it with oil or with water. Gas stove or electric 

heater can be used to heat the outer beaker containing water. 

             When the temperature becomes very large ς about 750 C for Germanium diode- due to very 

large number of electrons and holes created - the p and n regions lose their extrinsic properties and 
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tend to become intrinsic. The junction properties will be destroyed. Hence, in case of the Germanium 

diode, temperature should never exceed 750 C. 

Experimental procedure: 

                Wire the circuit as shown in Fig-1 the initial temperature of the diode ς that is the room 

temperature is noted from the thermometer. The plug key is closed. The potentiometer P is adjusted 

so as to apply a reverse bias voltage of 1.5V across the diode. The diode voltage is read from the 

ǾƻƭǘƳŜǘŜǊ ŀƴŘ ƛǘǎ ǾŀƭǳŜ ƛǎ ǾŜǊƛŦƛŜŘ ŦǊƻƳ ǘƘŜ ǇƻǘŜƴǘƛƻƳŜǘŜǊ ǎŎŀƭŜ ǊŜŀŘƛƴƎ ŀƭǎƻΦ [Ŝǘ ƛǘ ōŜ Ψ±ΩΦ The reverse 

saturation current is noted from the micro ammeter. It is to be checked and verified that is remains 

nearly constant when the reverse bias voltage across the diode is increased within the allowed range, 

then, keep the reverse voltage constant. 

                Next, the water bath is heated gradually. At temperatures of 300 C, 400 C, 500 C, 600 C, and 

700 C the micro ammeter readings are noted. The temperature reading and micro ammeter readings 

should be both simultaneously be steady and only the steady readings are to be noted. (Is) increase temp. 

                     Next, the heater is removed and the system is cooled. Again at temperatures of 700 C, 600 C, 

500 C, 400 C, and 300 C steady readings of temperature and micro ammeter are noted, down (Is) decrease 

temp. At any temperature, the average value of reverse saturation current will be Is = (Is) increase temp. + (Is) 

decrease temp. Readings are tabulated in Table-1 and graph between 1/T and log10 (Is) is drawn and slope 

is found and Eg is calculated. 
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Graph: 

          A graph is drawn with 1/T × 103 on x-axis and log10 (Is ) on y-axis. 

                                                                                                                                      

      

 

 

 

 

 

 

Precautions: 

(1) The diode should be properly reverse biased.it should be very carefully observed. 
(2) The reverse voltage should be quite below the break down voltage. 
(3) Readings of temperature and Is should for taken only after Ts attains a steady value. 
(4) As we are using a Germanium diode, the temperature should be below 750C. 
(5) For better insulation and good thermal contact the diode is to be covered with a thin mica 

foil. 
Result: 

 The energy gap of given semiconductor is: ______________ eV. 
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Space for Observations / Rough work 
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Experiment 13 

DIFFRACTION GRATING USING LASER 

 

AIM: - To determine the wavelength of the Laser source using grating. 

 
APPARATUS: - Grating, screen, microscope and LASER sources. 

 
DESCRIPTION:  

The laser consists of a mixture of in the ration 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 
 
!ɕ transition of beam corresponding to the well-known red light of laser. Lasers are light 
amplification by stimulated emission of radiations. 

 
THEORY: - 

The grating may be treated as a large number of equally spaced point sources and each point on 
the grating is source of Huygens secondary wavelets, which interfere with the wavelets 
emanat ing from other points.  The secondary wavelets travel ing with  the wavelets 
traveling in the direction parallel to the slit comes to focus on the screen at a point. Since all 
the rays are in the same phase, diffraction pattern is a point of maximum intensity. The secondary 
waves traveling in a direction making an angle  ̒ converge to some other point on the screen. 
The intensity of this point will be maximum or minimum depending upon the path difference 
between the secondary waves orienting from the corresponding wave fronts. 

 
The path difference is given by ------------  (e+d) siƴʻ Ґ ƴ ˂ 
                                                                      

     ( λ  =  
ἡἱἶ 

╝▪
  )              

N=Lines per Inch on grating 
e = Thickness of each line 
d= distance between two successive lines 

  n = the order of diffraction (n= ±1, ±2, ±3-------) 
 ˂is the wavelength of the source a is the slit width  
 ̒is the angle of diffraction.     

  
 
If the path difference is odd multiple of wavelength then it is given by-- (e+d) siƴ ʻ Ґ(2n+1) ˂

 where n = 1,2,оΧΧΧΧΦ 

 
The formula given above is derived using the small angle approximation. 

 
For the experiment fig shown above this means that sin  ̒Ғ y/ L Place the single slit parallel to the 
laser source such that the rays are incident on the slit width. Adjust the slit width such that we see 
clear diffraction of the slit on screen or wall. Measure the distance of slit from wall let it be L and the 
distance between the maxima is y. Take the readings on left and right side. Vary the slit distance 
from the screen i.e take the reading at different L. The corresponding y is to be measured. Measure 
the slit width (a) by microscope. 
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OBSERVATION TABLE: - 

 
 
 

 
 
 

RESULT: - 

The wavelength of the given LASER is  
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(n) 

Y cm X  cm 
Z  = Ѝὢ ὣ  
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Space for Observations / Rough work 
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Experiment 14 

V-I Characteristics of Solar Cell 
 
Aim: To study illuminated characteristics of a solar cell for different illumination levels. 
 
Apparatus: Solar cell, rheostat, ammeter, voltmeter, illumination source, variac and connecting 
wires. 
Basic methodology: 
A solar cell is illuminated by light having photon energy greater than the band gap energy of the 
solar cell. Then, using a proper circuit, the open circuit voltage, short circuit current and power 
drawn from the solar cell are measured. 
 
Introduction 

Solar cell is basically a two terminal p-n junction device designed to absorb 
photonabsorption through the electrical signal or power in the external circuits. Therefore it is  
necessary  to  discuss  the  physics  of  semiconductor  p-n  junction  diode,  which converts the 
optical energy into electrical signals. 

It is well known that doped semiconductors are of two types, p and n- types 
semiconductors depending upon the nature of the charge carriers. In n-type semiconductor  the  
free  carriers  are  electrons  and  in  p-type  semiconductor,  the positive charge carriers are 
holes. Since the semiconductors are electrically neutral, in a doped semiconductor the number  
of  free  carriers  is  equal  to  the  lattice  ions present  in  the  semiconductor. The nature of the 
semiconductor can be defined from the location of Fermi energy level (EF) in the band structure 

of the semiconductor as shown in Fig.1. (The Fermi energy level is defined as the highest filled 
energy level at 0 K). In p-type semiconductor the Fermi level lies just above the valence band 
(EV) and in n-type  semiconductor  it lies just below the conduction  band (EC) as shown in 

Fig. 1. When these two types of semiconductors come in contact, the free carriers  flow  in  
opposite  direction  and  neutralize  each  other.  This  process  will continue until the Fermi energy 
levels of the two semiconductors come to the same level as shown in Fig. 2. 
The region surrounding the junction thus only contains the uncovered positive ions in  n-side  
and  uncovered  negative  ions  in  p-side.  This  region  is  known  as  the depletion region (W) 

and there are no free carriers available in this region (Figure 3a). In the depletion region, the 
nature of Fermi energy level is most important from device point of view. 
 
The variation of different parameters across the depletion region are also shown in 

Fig. 3(b-e). 
 

             EC                                                                                             
_EC 

     -------------------------------------EF 
 

          ----------------------------------EF 

                                                                                   EV                                                                              EV                                

 

p-type   semiconductor                                  n-type   semiconductor 

 
 
Figure 1. Location of Fermi energy level in p and n type semiconductors. 
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Figure 2. Energy bend band diagram of p-n junction diode under no bias condition. 

Vo is the potential difference at the depletion region. 

 
I.3    A p-n  junction  semiconductor  can be  used  in forward  as well  as in the  reverse 

biasing mode. If V is the applied reverse voltage across the junction then the current in 
the external circuit can be expressed as follows: 

 

Lp,n =  Recombination length of holes and electrons in semiconductors. 

 

p̱,n  =  Life time of holes and electrons. 

 
A  =  Surface area of the junction in p-n semiconductor diode. 

pn , np = minority carrier density in  n and p sides. 

V =  is the applied reverse bias voltage across the junction. 
 

For a combination of two particular semiconductors, the quantity 

 

and is known as the reverse saturation current ( Irs ). 

 
I.4    When  a  radiation  of  photon  energy  greater  than  the  band  gap  energy  of  the 
semiconductor falls up on the surface across the junction (i.e., region surrounding the depletion 
region), it produces new electron ς hole (e-h) pairs. Since there exists a junction potential 
difference as shown in Fig 3, the new carriers flow in opposite directions depending on their nature 
of charge. Under this condition eq. (1) can be modified as follows 

 

 

Where, gop  is the optical generation rate of e-h pairs per (cm3- sec) and V is the 
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applied 
 
 
 

 

Figure  3.  Schematic  diagram  of  p-n  junction  showing  different  parameters  exist 

across the junction [Taken from reference 2]. 

 
reverse bias across the p-n junction diode. The second part of the equation is the current due 
to optical generation of e-h pairs (Iop). So, the above equation could be written as 

 

Following eq.(2), when the device is short circuited (V=0), there is a short ς circuit current  
from  p  to  n  equal  to  Iop.  The  usual  (i.e.,  under  dark  conditions)  V-I characteristic 
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for diode is shown in Fig. 4 by the dashed line that passes through the origin (see eq. (1)). 

 
Figure  4.  V-I  characteristic   curves  of  a  photo-diode   under  dark  (------)  and 
illuminated 
(        )   conditions. 

 
When  the  optical  generation   current,  Iop       is  introduced   ,  the  nature  of  the 

characteristic  curve  is  modified.  In  the  illuminated  condition,  the  curve  passes 
through the fourth quadrant also. When the circuit is open, I=0, using applied reverse 
bias  is  also  zero,  the  potential  across  the  junction  due  to  optical  generation  of 
electron ς hole pairs, become Voc ( as like V) and one can write from eq. (2), 

 

 Under  this  condition  the  Fermi  levels  will  again  change  the  nature  in depletion region. From 
the difference of the Fermi levels in n and p-type semiconductors one can express the open 
circuited voltage as shown in Fig . 5 

 
Figure 5. Illuminated I-V characteristics for solar cell for two different illuminations 

I.5    When we need to use the photodiode as detector application, we usually operate it in 

the 3rd  quadrant. If power is to be extracted from the device, the fourth quadrant is 
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used. The equivalent circuit for the purpose is shown in Fig. 6. in the experimental 
section.  The  maximum  power  delivered  through  the  load  RL  is when  the  series 

resistance RS  is equivalent to the value of   RL  as given in the procedure. Again to 

receive maximum power from solar cell, it is designed with large surface area coated 
with appropriate materials to reduce the reflection of the incident light and to reduce 

the recombination. Therefore in solar cell device the junction depth from the surface 
must be less than the recombination length of electron and holes from both sides, so 
that   the   optically   generated   carriers   can   reach   the   depletion   region   before 
recombination with the majority carriers in the semiconductors. In most of the cases 
the incident photons penetrate the n and p regions and are absorbed in the depletion 
region. 

 
II.     Set-up and procedure: 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Circuit diagram of performing the solar cell experiment 
 

PROCEDURE: - 
1. Place Solar Cell directly in front of variable light intensity source and connect output of Solar      

   Cell to voltmeter M1 on board. 
2. Now gradually increase the intensity of light (bulb) and observe the output of solar cell on  

  the voltmeter M1. 
3. Then connect the circuit as shown in the circuit diagram [fig 1 (a)]. 
4. Vary the intensity, and note voltage and current on M1 and M2 meters respectively and as 

well as connecting load. 
5. Plot graph, between voltage and current at different intensities with & without load.   

Model graph: 

 

 

 

 

 

 

 

I-V Characteristic of Solar Cell 
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Observations and Results 
 
 

S.No. Illumination  1  :  Variac Voltage Illumination   2  :  Variac Voltage 
Volts 
(mV) 

Current 
(mA) 

Power 
(mW) 

Volts 
(mV) 

Current 
(mA) 

Power 
(mW) 

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 

 

 

Result: 

 

The V-I characteristics of Solar cell is studied. 
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Space for Observations / Rough work 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


