
Experiment 7   
 

Determination of wavelength of He-Ne 
laser 

 
Objective  
To determine the wavelength of He-Ne laser beam using a metallic scale  as a 
reflection grating. 
 
Apparatus  
He-Ne laser, Metallic Scale, a meter scale, graph paper or A-4 size paper and 
screen, optical bench. 
 
Theory and Formulae 
A polished steel scale such as vernier caliper can be used as a reflection 
grating. When light strikes at the grazing incidence, it is diffracted into many 
orders depending on the spacing and accuracy of the graduations. The 
diffraction pattern is observed on the screen. The pattern arises due to the 
diffraction at the engraved lines on the scale and is governed by the grating 
equation.  The grating equation is expressed in terms of angles α and β in the 
form 
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i  is the angle of incidence 
d is the grating constant 
The distance between the region of incidence at the ruler and the screen is .  
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Figure 1: Diffraction pattern. 
          
        

 
  

Figure 2: Schematic for determination of wave length of He-Ne laser 
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Substituting in the grating equation 
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Where m is an integer (diffraction order),  and  are measured from the 
projection screen. 

0Y my

 
Procedure 
1. Switch on the laser and adjust the leveling screws of the holder in such a 

way that the laser tube is little bit tilted. 
2. Place the metallic scale on a mount. Adjust the height of the platform so 

that laser light falls on the metallic scale at a grazing angle.  
3. The diffraction pattern is observed at a distance of 1-2 meter away from 

the metallic scale. 
3. Mark the position of the various orders and direct spot (without any 

diffraction) on the screen. 
4. Switch off the laser and note the distances of the spot from the 

intersection point O as shown in Figure 1.  Note also the distance 
between the screen and the metallic scale.  

 
Observations 
Least count of the metallic scale (d): 
Distance of screen from region of incidence on the metallic scale  ( ) = 
………… 

0z

S. 
No. 

Order 
m Position of Spot 

 in cm. my
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in cm2. 
Mean

m
yy Om

22 −
    

 

 in cm.2

1 m = 0 y0   
2 m = 1 y1   
3 m = 2 y2   
4 m = 3 y3   
5 m = 4 y4   
6 m = 5 y5   
7 m = 6 y6   
8 m = 7 y7   
9 m = 8 y8   
10 m = 9 y9   
11 m = 10 y10   

 

 
Calculations 
Calculate the value of wavelength of He-Ne laser using the formula 
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Result 
The wavelength of He-Ne laser obtained is ----------------------------------------. 
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Standard value of the wavelength of He-Ne laser is 6328A0

Percentage error is-------------------- 
 
Precautions 
1. Do not look directly at laser beam, it is hazardous to the eyes. 
2. Properly adjust the position of screen. 
 
Find the answers 
1. What is LASER? 
2. What do you mean by the stimulated emission? 
3. What are the properties of a laser source which are different from any 

ordinary source of light? 
4. What do you mean by population inversion? 
5. How is population inversion achieved in He-Ne laser? 
6. What are metastable states? 
7. What do you mean by level of a laser? 
8. What are the applications of laser? 
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Experiment 8   
 

Determination of wavelength using 
Michelson Interferometer 

 
Objective  
To determine the wavelength of sodium light with the help of Michelson 
interferometer. 
 
Apparatus  
Michelson Interferometer, Sodium Lamp, Convex Lens etc. 
 
Theory 
The Michelson interferometer uses light interference to measure distances in 
units of the wavelength of light from a particular source. It was developed by 
Albert Michelson in 1893 to measure the standard meter in units of the 
wavelength of the red line in the cadmium spectrum. It is also known for its use 
in demonstrating the non-existence of electromagnetic wave-carrying “aether” 
Contemporary uses of Michelson Interferometer include precision mechanical 
measurements and Fourier transform spectroscopy. In laboratory, we use a 
Michelson interferometer to (a) measure the wavelength of light from a Sodium 
light source / Ne-He laser, (b) measure the index of refraction of air. 

A simplified version of the Michelson interferometer is shown in Figure 
1. The basic idea is to split a beam of light into two beams; delay one with 
respect to the other, and then recombine them to observe their interference. 
Light from a monochromatic source is directed at a “half-silvered" glass plate 
i.e. a mirror with a very thin metallic coating. Approximately half the light 
intensity is reflected to Mirror 1 (M1) and half transmitted, so it strikes Mirror 2 
(M2). The light reflected by these mirrors goes back to the half-silvered plate 
and half the intensity of each beam then goes to an observation device either 
telescope or naked eye.  If the light source is a point source we can easily find 
its images made by the combination of mirrors. This is shown in Figure 2. The 
image of a point source is located behind the mirror at the same perpendicular 
distance as the object. 

In this case, A is the image of the source made by the half-silvered plate. 
B is the image of A made my Mirror 1. C is the image of the source, for rays 
transmitted by the half-silvered plate made by Mirror 2 and D is the image of C 
made by the half-silvered plate.  If the distances between the half-silvered plate 
and Mirror 1 and between the half-silvered plate and Mirror 2 are the same then 
images B and D overlap.  But now suppose the Mirror 1 is closer by a distance 
d to the half-silvered mirror than Mirror 2, then C becomes C’ and D becomes 
D’, which is a distance 2d closer.  The observer then sees two point sources of 
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light separated by a distance 2d. There will be interference of these sources; it 
will be constructive interference if 

dm 2=λ  
where m is 0 or a positive integer, and λ  is the wavelength of the light.  The 
two light sources emit light over an angular range.  An observation point at an 
angle θ  with respect to the sources will be at constructive interference if 

θλ cos2 dm =  
 

 
Figure 1: Michelson Interferometer 

 
The resulting image on the observation device will be a series of concentric, 
circular bright and dark rings. As Mirror 1 is moved, the fringes will change 
from bright to dark etc. 
 
Formula 
The wavelength of sodium light is given by 
 

( )
N

xx 122 −
=λ  

Where 
X1 is the initial position of mirror M1 of Michelson Interferometer 
X2 is the final position of mirror M1 of Michelson Interferometer after N 
number of fringes appeared / disappeared at the centre. 
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N is the number of fringes appeared or disappeared at the centre when the 
mirror M1 moves by a distance d = x2 – x1. 
 

 
 

Figure 2: Schematic of Michelson Interferometer 
 
Procedure 
1. Calculate the least count of the micrometer screw attached to mirror M1. 
2. Turn on the lamp and look through the observation device. If you see the 

ring pattern (alternate dark and bright) and if it can be changed by 
turning the micrometer screw then the apparatus is aligned or set. 

3. If it is not the case then first of all try to make mirrors M1 and M2 
perfectly perpendicular to each other by adjusting the screws behind the 
mirrors.  For this purpose a screen with a pin hole is placed between the 
half-silvered plate and source.  When observed from the observation 
device four images of the pin hole are seen, two of them are faint and 
two are intense.  Adjust the screws behind M1 and M2 in such a way that 
we observe only two intense images of the pin hole.  This happens only 
when the mirrors M1 and M2 are perfectly perpendicular to each other.  
Remove the pinhole screen. 
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4. Now move the mirror M1 such that you observe a bright spot at the 
centre.   

5. Turn the micrometer either clockwise or anti-clockwise for about 1 
rotation.  Then turn it in the same direction enough to see N fringes 
appear or disappear at the centre. N should be at least 10.  

6. Note down the reading of coarse adjustment knob, let it be ‘m’.  
Multiply this reading with least count 0.01mm. 

7. Take the reading of the fine adjustment knob, let it be ‘n’.  Multiply this 
reading with least count 0.0001mm. 

8. Add the above two readings of coarse and fine adjustment knobs, let it 
be x1.  Now rotate the fine adjustment knob to count the number of 
fringes appearing or disappearing at the centre of the fringe pattern.  
Note the observations after rotation as explained earlier.  Let the final 
reading be x2. 

9.  Measure the distance traveled by mirror M1 when N number of fringes 
appear / disappear at the centre using initial (x1) and final (x2) readings of the 
micrometer screw.  Find the value of distance move by mirror M1 i.e. d = x2 – 

x1.  
Observations 
Least count of coarse adjustment:-------------------- 
 
Least count of fine adjustment:------------------------ 
 
S. 
No. 

No. of 
fringes 

Initial reading x1 cm Final reading x2 cm 

  Coarse 
adjustment 

Fine 
adjustment 

Total Coarse 
adjustment 

Fine 
adjustment 

Total 

 
d=x2 –X1

1.         
2.         
3.         
 
Calculation 
1. Calculate the wavelength using the formula 

( )
N
d

N
xx 22 12 =

−
=λ  

2. Calculate the mean value of wavelengths (λ ) obtained from various 
observations. 

3. Standard value of λ  for sodium light is 5893 A0. 
4. Calculate percentage error = (calculated value – standard value  / Standard 

value )  % 100×
 
Result 
The wave length of sodium light obtained is--------------------------- and the 
error is--------------% 
 
Precautions 
1. Mirror M1 and M2 should be perpendicular to each other. 
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2. The fine adjustment knob should be moved in one direction. 
3. Glass plates and mirrors should not be touched or cleaned. 
4. The screws behind mirror M1 should be rotated through a very small 

angle. 
 
Find the answers 
1. What is interference of light and what do you mean by interferometer? 
2. Are two mirrors simply plane mirrors? 
3. What type of glass plates are G and C? 
4. What is the role of compensatory plate C? 
5. What is the shape of fringes you get in this experiment? 
6. How do you get circular fringes? 
7. Where are the circular fringes located? 
8. What will you observe with white light source? 
9. What are localized fringes? 
10. When the mirror M1 is moved through a distance 2λ  distance, how 

many fringes appear or disappear? 
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Experiment 9   
 

Determination of Planck’s constant 

 
Objective  
Determination of Planck’s constant using light emitting diode (LED) 
 
Apparatus  
Variable voltage source (0-2 V DC), Ammeter (0-20mA/2000uA), 
Temperature controlled Oven (0-60.C), LED (Red / Yellow) soldered with 
connecting wire, Oven connecting lead 
 
Theory 
A light emitting diode (LED) is a p-n junction semiconductor diode that gives 
off light when it is forward biased.   
The basic idea in this measurement is that the photon energy, which from 
Einstein’s relation νγ hE = is equal to the energy gap Eg between the valance 
and conduction bands of the diode. Energy gap is in turn equal to the height of 
energy barrier eV0 that electrons have to overcome to go from the n-doped side 
of diode junction to the p-doped side when no external voltage V is applied to 
the diode.  In the p-doped side they recombine with holes releasing the energy 
Eg as photons with 0VeEhE g === νγ  thus a measurement of V0 indirectly 
yield Eγ and Planck’s constant (if υ is known or measured). However there are 
practical and conceptual problems in the actual measurement. Let us consider 
the LED diode equation: 
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Where 

RIVV m −=  and 
e

Tk
Vt

η
=  

K is Boltzmann constant 
T is absolute temperature &  
e is electronic charge               
Vm is voltmeter reading in the external diode circuit  
R is the contact resistance  
η is material constant, which depends on type of diode ,location of 
recombination region etc.  
The energy barrier eV0 is equal to the gap energy Eg when no external voltage 
is applied. In the LED equation the factor ‘1’ is negligible if I ≥ 2nA. The diode 
equation then becomes 
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The height of Potential barrier is obtained by directly measuring the 
dependence of diode current on the temperature by keeping the applied voltage 
and thus the height of barrier fixed. The external voltage is kept fixed at a value 
lower than the barrier. In our experimental set –up the variation of current I 
with temperature is measured over about a range of about 300C at a fixed 

voltage V (=1.8 volts) kept slightly below V0. The slope of 
T

vsI 1ln  curve 

gives ( ) kVVe η/0− . The constant η may be determined separately from V-I 
characteristic of the diode at room temperature from the relation 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Δ
Δ

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

I
V

Tk
e

ln
η  

The Planck’s constant is then obtained by relation 

0eVchh ==
λ
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c
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Figure 1: Circuit diagram of a forward biased LED 
 
 
Formulae 
The current across the forward biased LED is given by the relation 
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Where 

RIVV m −=  and 
e
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=  

K is Boltzmann constant 
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T is absolute temperature &  
e is electronic charge               
Vm is voltmeter reading in the external diode circuit  
R is the contact resistance  
η is material constant, which depends on the type of diode ,location of 
recombination region etc.  
eV0 is the height of energy barrier  
 
The Planck’s constant is obtained by relation 

0eVchh ==
λ

ν  

c
Ve

h
λ0=  

 
Procedure 
(a) To draw V-I characteristic of LED: 
1. Connect LED in socket on set up and switch ON power. 
2. Switch the two–way switch to V-I position. In this position the 1st digital 

panel meter (DPM) would read voltage across LED and 2nd DPM would 
read current passing through LED  

3. Increase the voltage gradually and tabulate the V-I reading.  Note that 
there would be no current till about 1.5 voltage  

 
(b) Dependence of current (I) on temperature (T) at constant applied 

voltage: 
 

1. Keep the mode switch to V-I side and adjust the voltage across LED 
slightly below the band-gap of LED say 1.8V for both yellow and red 
and 1.95 for green LED. 

2. Change the mode of two-way switch to T-I side. 
3. Insert LED in the oven and connect the other end of LED in the socket 

provided on set up. Before connecting the oven check that oven switch 
is in OFF position and temperature knob is at minimum position. Now 
1st DPM would read ambient temperature. 

4. Set the different temperature with the help of temperature knob. Allow 
about five minutes on each setting for the temperature to stabilize and 
take the readings of the temperature and current. 

 
Observations 
 
(a) Determination of  material constant η  
 
LED: RED / YELLOW 
Room temperature:-------------- K 
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S. No. Junction Voltage v (Volt) Forward current I 

( Aμ ) 
Iln  

    
    
    
    
    
    
    
    
    
 
(b) Determination of temperature coefficient of current 
LED: RED / YELLOW 
Voltage  1.8 (constant for whole set of readings) ≈
 
S. 
No. 

Temperature 
(0C) 

Temperature 
(K) 

Current 
(mA) 

3101
×

T
 Iln  

      
      
      
      
      
      
      
      
      
 
Calculations 
1. Determination of material constant η  

 Find slope of the V-  curve - Iln
I

V
lnΔ
Δ  

 Calculate η using the formula 
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2. Determination of temperature coefficient 

 Find slope of the 3101ln ×
T

vsI  curve - 
)1(

ln
T
I

Δ
Δ  

3. Calculate Planck’s constant (h) using the formula 
 

c
Ve

h
λ0= =----------------- Joules. Sec 

 Where 
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Result 
The obtained value of Planck’s constant is --------------------- Joules. Sec. 
Standard value of Planck’s constant is J.S 341023.6 −×
Percentage error is--------------------------------- 
 
Precautions 
1. V-I characteristic of LED should be drawn at very low current up to = 

1000 μ A only, so that disturbance to Vo is minimum. 
2. In T-I mode, make sure that the oven switch is ‘OFF’ and temperature 

knob is at minimum position before connecting the oven. 
3. On each setting of temperature, allow sufficient time for the temperature 

to stabilized, between 5-6 minutes 
  
Find the answers 
1. What is LED? 
2. What is the principle of light emission in LED? 
3. What do you mean by a semiconductor? 
4. What are p and n type semiconduting materials? 
5. What do you mean by forward bias of a diode? 
6. What is material constant? 
7. What is the nature of temperature coefficient of voltage? 
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Experiment 10   
 

Study of p-n junction 

 
Objective  
To determine the reverse saturation current, material constant, temperature 
coefficient of junction voltage and energy band gap of a P-N Junction 
 
Apparatus  
P-N junction, voltmeter, ammeter, oven, thermometer, constant power supply.  
 
Theory and Formulae 
The current I in a p-n Junction is given by 

⎥
⎥
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⎢
⎢
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⎡
−=Ι 10

kT
qv

eI η
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where   
Q is the electronic charge = 1.602  coulomb. 1910−×
η  is material constant = 1 for Ge and 2 for Silicon. 
k is the Boltzmann constant= 1.381  J/K. 2310−×
T is temperature in Kelvin   
V is Junction Voltage in Volts 
 
The reverse saturation current is usually too small to be measured directly. An 
indirect graphical method may be obtained by taking logarithm of the above 

junction equation for 1>>kT
qv

eη  

Tk
VqII

η
+= 0lnln  

The above equation shows that if a graph between V and  is plotted then it 

comes out to be a straight line having a slope 

Iln

kT
q

η
 and intersecting the  

axis at .  Hence material constant 

Iln

0ln I η  can be obtained using the slope and 
reverse saturation current can be obtained using the value of intercept. 
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