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Michelson Interferometer 

 

1. Experimental goals 

Main goal 

- Introduction to optical experimental methods of interference through the Michelson 

Interferometer.   
Secondary goals 

- Introduction to the basic properties of electromagnetic waves in matter. 

- Learning to calibrate an optical system. 

- Introduction to interactions between acoustic and light waves. 

  

 

2. Literature 

 

Monochromatic waves – Mathematical representation 

B. E. A. Saleh, M. C. Teich, Fundamentals of Photonics, 2th edition, Ch. 2.2 

Pages: 41-45 

Transmission through optical components 

B. E. A. Saleh, M. C. Teich, Fundamentals of Photonics, 2th edition, Ch. 2.4.B 

Pages: 51-53 

Fundamental properties of the Laser 

E. Hecht, Optics, 4th edition, Ch. 13.1;  Optional 

https://www.youtube.com/watch?v=cJgViCkzg8o 

Interference & Michelson Interferometer 

B. E. A. Saleh, M. C. Teich, Fundamentals of Photonics, 2th edition, Ch. 2.5 

 Pages: 58-61  

(the book uses the notation “j” for an imaginary number instead of “i”) 

F. W. Sears, Optics, Ch. 8.6;   Optional  

E. Hecht, Optics, 5th edition, Ch. 9;   Optional 

Michelson Interferometer - https://www.youtube.com/watch?v=UA1qG7Fjc2A 

Interference pattern - https://www.youtube.com/watch?v=PlCYm_uG7QM 

 

 

 

 

 

https://www.youtube.com/watch?v=cJgViCkzg8o
https://www.youtube.com/watch?v=UA1qG7Fjc2A
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Additional terms you should know before reading this guide 

Fundamental terms in optics:  

Wave vector- https://en.wikipedia.org/wiki/Wave_vector (read definition)  

Refractive index- http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/refr.html  

Phase- https://en.wikipedia.org/wiki/Phase_(waves)  

Sound waves (longitudinal waves)- https://www.youtube.com/watch?v=XLfQpv2ZRPU  

Equipment and methods:  

Beam splitter - https://en.wikipedia.org/wiki/Beam_splitter  (Section 1+2) 

Photodiode - https://www.youtube.com/watch?v=SyZ3s45StaM  

Piezoelectric stage - https://www.youtube.com/watch?v=fHp95e-CwWQ  

Nyquist frequency (Aliasing) - https://www.youtube.com/watch?v=v7qjeUFxVwQ  

Lissajous curve - https://www.youtube.com/watch?v=t6nGiBzGLD8 

 

As a part of preparation to the experiment, please read and watch the videos listed in Appendix A, 

section 6.1  

  

https://en.wikipedia.org/wiki/Wave_vector
http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/refr.html
https://en.wikipedia.org/wiki/Phase_(waves)
https://www.youtube.com/watch?v=XLfQpv2ZRPU
https://en.wikipedia.org/wiki/Beam_splitter
https://www.youtube.com/watch?v=SyZ3s45StaM
https://www.youtube.com/watch?v=fHp95e-CwWQ
https://www.youtube.com/watch?v=v7qjeUFxVwQ
https://www.youtube.com/watch?v=t6nGiBzGLD8


3 

 

 

3. Introduction 

In this experiment we will investigate the properties of electromagnetic waves (light) using a 

Michelson Interferometer and its applications. 

 

Figure 1 - Our optical setup for the Michelson Interferometer 

The Michelson interferometer uses a light source, a beam splitter, and a few mirrors to split the light 

beam into two different optical paths. The beams are then directed back by the beam splitter to 

construct the output beam. If the two beams are well aligned the output will display an interference 

pattern between the beams.  

This method, which was originally introduced to prove the existence of Ether (the famous Michelson-

Morley experiment) has since been used for numerous experiments; the most noted nowadays is the 

ongoing LIGO experiment for observing gravitational waves.     

The Michelson Interferometer is used for measuring the phase difference due to the different optical 

paths between beams propagating through each of its two arms.  

The time independent electromagnetic wave emitted by the Michelson Interferometer is a superposition 

of two independent electromagnetic waves propagating in these separate optical paths. Here, 𝐸1, 𝐸2 are 

the independent electrical fields through the different paths (with 𝜙1, 𝜙2 phases respectively), and the 

output superposition electric field is given by: 

1) 𝐸𝑠𝑢𝑝𝑒𝑟𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 = 𝐸1𝑒
−𝑖𝜙1 + 𝐸2𝑒

−𝑖𝜙2  

The intensity of the emitted beam is simply, 

2) 𝐼 = |𝐸𝑠𝑢𝑝𝑒𝑟𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛|
2
= |𝐸1𝑒

−𝑖𝜙1 + 𝐸2𝑒
−𝑖𝜙2|

2
 

= |𝐸1|
2 + |𝐸2|

2 + 2𝐸1𝐸2cos(Δ𝜙). 

The intensity varies with respect to the phase difference Δ𝜙 between the interferometers’ two arms. 

Since the phase term 𝜙𝑖 is equal to the dot product of the wavevector 𝑘𝑖 with respect to the length 

vector 𝑑𝑖 (we assume parallel vectors in an aligned interferometer), the phase difference is given by: 

3) 𝛥𝜙 = 𝜙2 − 𝜙1 

https://en.wikipedia.org/wiki/Michelson%E2%80%93Morley_experiment
https://en.wikipedia.org/wiki/Michelson%E2%80%93Morley_experiment
https://www.youtube.com/watch?v=fxExuoEZV1k
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= 𝑘2𝑑2 − 𝑘1𝑑1 =
2𝜋

𝜆
(𝑛1𝑑1 − 𝑛2𝑑2) 

Here 𝑛𝑖 is the refractive index of the beam propagating in the 𝑖’th arm, and 𝜆 its wavelength. 

3.1. Measuring the wavelength of light emitted from a 

monochromatic laser: 

If the electromagnetic wave is propagating through the same medium in both interferometer arms 

(𝑘1 = 𝑘2), the only variable which can influence 𝛥𝜙 is the difference between both of the arms’ 

lengths Δ𝑑 = 𝑑2 − 𝑑1. By varying one arm’s length we are able to measure the wavelength of the 

propagating light. 

Question: In what resolution (in terms of distance) should we be changing the arm length to 

construct the propagating light wave? (Hint: consider the Nyquist frequency) 

3.2. Measuring the refractive index of a thin glass layer: 

Another way to change the optical path of the interferometer is by inserting into one of its arms a 

transparent medium with a different refractive index (𝑛 ≠ 1). The effective optical path of the 

electromagnetic wave propagating through the medium of length ℎ will now be 𝑑 = 𝑛 ⋅ ℎ.  

Question: Will the effective optical length increase or decrease due to the inserted medium? 

3.3. Michelson Interferometer as a sensor for sound waves: 

Sound waves are longitudinal waves of pressure which propagate through matter in the speed of 

sound.  

Question: How does a sound wave projected onto one arm of the interferometer affect the 

interference beam?  

 

Before starting your experiment be ready to answer the following 

questions: 

3.3.1. What is coherent light? Why is it important for observing interference?  

3.3.2. What is the Nyquist frequency? 

3.3.3. What are the two possible ways to vary the optical length in the interferometer?  

3.3.4. What is interference?  

3.3.5. How does a Michelson interferometer work? 

3.3.6. How are you going to measure the interference pattern?  
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4. Experiment 

 

 

To calibrate the interferometer and set the piezoelectric motor follow sections 6.1, 6.2 in appendix A. 

After the system is calibrated ask for the help of your instructor to place an additional beam splitter 

between the laser and the first beam splitter (placed on the red point in Figure 1). 

Use the lenses to expand the beams so you can see them clearly. Now, using the piezo controller 

toggle, move the stage while looking at the two beams.  

Explain what you see, what is the difference between the two beams? 

 

4.1. Measuring the refractive index of a thin glass layer: 

Our goal is to measure the refractive index of the rotating glass. The rotation of the glass 

enables us to change the path length of the wave propagating through it. In this section we 

would like to measure the interference pattern variation due to the rotation of a glass plate 

placed in one arm of the interferometer.  

 

Figure 3 – (a) Placing the plate in an interferometer arm. The light beam propagates 

downwards through the plate, hits the mirror and back the opposite way.  (b) tilting the plate 

results in a change of the optical path. 

The physical path length in Figure 3(a) is  𝐿1 + 𝑡 + 𝐿2,but the optical path length is: 𝐿1 +

𝑛𝑔𝑙𝑎𝑠𝑠𝑡 + 𝐿2 due to the refractive index of glass 𝑛𝑔𝑙𝑎𝑠𝑠. 

When tilted as in Figure 3(b), the optical path becomes 𝐿1 − Δ𝐿1 + 𝑛𝑔𝑙𝑎𝑠𝑠𝑤 + 𝐿2 + Δ𝐿2. 

The difference between the two optical paths will be 

4) ΔOpticalpath = 2(−Δ𝐿1 + 𝑛𝑔𝑙𝑎𝑠𝑠𝑤 + Δ𝐿2 − 𝑛𝑔𝑙𝑎𝑠𝑠𝑡). 

The factor of 2 appears in the equation because the light passes through the path twice.  

Caution: it is prohibited to make direct eye contact with the laser beam 

is a few milliwatts.  The only organ which  class 3R laserThe beam power emitted from the 

can be damaged by this laser beam is the eye. Do not make direct eye contact with the beam 

under any circumstances! You may wear safety glasses if needed. Lowering your field of view 

to the height of the optic table while the laser is activated is forbidden! 
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If we tilt the glass continuously while looking at the interference beam we will see light-dark 

transitions, and if the number of transitions, denoted by 𝑁, is an integer we will get the next 

relation: 

5) 𝑁 ⋅ 𝜆 = ΔOpticalpath 

After a trigonometric manipulation of Eq.(4), which you should try and pursue by yourself, we 

receive the next result: 

6) 𝑛 =
(
𝑁𝜆

2𝑡
+cos 𝛼−1)

2
+sin2 𝛼

2(−
𝑁𝜆

2𝑡
−cos𝛼+1)

 

 

Now that you received relation (6) ask your instructor to place the glass layer on the rotational 

stage.   

Determine the starting zero angle such that the glass plane is exactly perpendicular to 

the laser beam. 

Measure the refractive index. How many measurements should you take? What errors should 

you consider?  

 

4.2.  Measuring the wavelength of light emitted from a 

monochromatic laser: 

We would like to observe the interference pattern of the Michelson interferometer vary as the 

optical path of one arm of the interferometer changes.  

To fulfill this goal, we will use a piezoelectric motor to move one of the interferometer’s arms 

multiple steps with a fine resolution (larger than the Nyquist frequency). Measurements of the 

interference pattern center will be taken at every step with a photodiode, in order to construct a 

periodic measurement of the intensity of light.   

We anticipate one experimental challenge: the piezoelectric motor we use for changing the 

interferometer’s arm length is controlled by discrete voltage values and does not have a formal 

calibration function from volt to meter, i.e. we do not know in advance what is the length of 

each step of the motor. Moreover, the step length may vary for different voltage values, and 

this means the calibration function you are looking for may be nonlinear. Luckily, we have 

two different lasers - one laser with a known wavelength of 632.9nm (red laser) and the other 

with an unknown wavelength (green laser).  

Your goal in this part is to find a calibration function using the red laser and use it to 

find the wavelength of the unknown laser. 

 

Connect the photodiode by following section 6.3 in Appendix A. 

 

Open the “Measure_Wavelength_DAQ&Piezo.vi” Labview desktop file. 
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The measurement sequence is adjustable; you must choose a value for the following 

parameters: 

“Step resolution” (in Volt) – the smallest step resolution available is 0.01V. 

Voltage range – the maximum range is 0-75V. you must pick a “Start Voltage” and “End 

Voltage” in this range. Do not enter a value outside these boundaries, it can harm the motor. 

“Samples per step” – how many samples you would want to take every step. 

Every measurement will take about 15 minutes. 

Press the start button (White arrow under the “file” toolbar) to start measurements.  

Notice: these measurements are very sensitive to noise or movement around the optical table. We 

advise you to begin your measurements and leave the room for minimum interference. Don’t forget to 

close the air conditioning during the measurement. 

 

 

Figure 2 - “Measure_Wavelength_DAQ&Piezo.vi” Labview desktop file 

The measurement ends with the option to save your data arranged in two columns (time and 

measured voltage). It is recommended to save your file as a “.csv” file. 
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4.3. Michelson Interferometer as a sensor for sound waves: 

The system includes a subwoofer, an oscilloscope, a glass screen and a frequency generator 

app (on your desktop). 

The oscilloscope has two inputs:  

the X input reads the frequency generated by the computer. 

the Y input reads the photodiode Intensity in time. 

Your degrees of freedom for this part are: 

The position of the subwoofer and the glass screen. 

The generated frequency and its amplitude.  

 

Do you expect to see any variation of the interference pattern due to the generated 

frequency? Explain why. 

 

Use the system's degrees of freedom and try to sense the generated frequency through the 

photodiode. 

 

 

5. Measurement processing  

5.1. Measuring the refractive index of a thin glass layer: 

The glass plane we use in this experiment is made of borosilicate glass. The glass thickness is 

110𝜇𝑚 and was measured by a caliber with a resolution of 10𝜇𝑚. 

5.2. Measuring the wavelength of light emitted from a 

monochromatic laser: 

Use the ‘find_peaks_michelson’ function for processing the results of your measurements. 

The function is available for download in the experiment website (Moodle). Read the function 

details before using it! It is necessary to do so to understand the errors you must take into 

account for its output vectors. 

Find the motor calibration function (in units of [V/nm]) and use it to find the unknown laser 

wavelength.  

 

6. Appendix A – Technical Instructions 

6.1. Calibrating the optical system: 

6.1.1.  First, use a diverging lens to display the interference pattern on the board.  

Watch the following tutorial to learn the calibration method of an optical system: 

https://www.youtube.com/watch?time_continue=1&v=DYwdf9dYsSo 

https://www.youtube.com/watch?time_continue=1&v=DYwdf9dYsSo
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Now follow the visualized steps in the next video to calibrate the Michelson interferometer 

using two pinhole alignment mounts: 

https://www.youtube.com/watch?v=-pPGFMgi0tc&feature=youtu.be  

After removing the pinhole alignment mounts, an interference pattern should to appear on the  

board. We are interested in the center spot of the interference beam. In order to achieve this, 

gently tune the kinematic mirror mount knobs of the reference arm until you receive a 

satisfactory interference beam. 

 

Figure 4 – (a) Pinhole alignment mounts. (b) Kinematic mirror mount. (c) Iris diaphragm. 

(d) Photodiode 

6.1.2.  Now that the Interferometer is calibrated, use the Iris diaphragm to expose only the 

center of the interference pattern (we want to measure only a small surface of uniform 

light intensity). Carefully remove the lens with its post aside, place the photodiode in its 

place such that the beam is projected onto the photodiode sensor plane.  

6.2. Connecting the piezo-electric motor: 

6.2.1. Connect the Kinesis piezo controller via USB to the computer. Turn the piezo controller 

on (red button on its front face): 

 

(a) Kinesis piezo controller red power button (b) 1 HV output (b) HV enabled 

Use the menu button and toggle the High Voltage input to “enabled” in the following 

steps (read first and try at once): 

• Push the menu button continuously, toggle until the “1 HV output” option 

appears. Release menu button. 

(a) (b) 

(c)
 

(d)
 

(a) 

toggle 

(b) (c) 

https://www.youtube.com/watch?v=-pPGFMgi0tc&feature=youtu.be
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• Push the menu button continuously; toggle until the “HV enabled” option 

appears. Release menu button. 

• Push the menu button once. You will see the connection is activated. 

• Toggle to see if the voltage output varies. 

6.3. Connecting the Photodiode: 

6.3.1. The photodiode is connected through the input socket to an Active Impedance 

Transformer (AIT). The AIT should be connected through the output socket to a Data 

Acquisition Card (DAQ). To turn on the AIT check the power connection, tick the 

power button upwards. After doing so the “ON” light should be lit.  

 

Active Impedance Transformer 

6.3.2. The DAQ is connected via USB to the computer. Open the "NI USB-6008" device 

monitor by clicking the Circled icon on the desktop toolbar:  

Double click the connected device and the following window will popup. 
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press “go” on “Test this device”. The following window will open: 

 

Pick the following options: 

Channel Name – Dev1/ai0 

Mode – continuous 

Input Configuration – RSE 

Set the “Min/Max” input limit between -10 to 10 Volt, set the “Rate” to 10,000 Hz and 

“Samples” to read 1000. 

Push “Start”. You will see the input amplitude varying in the chart. Make sure the laser is on 

and consider turning off the air conditioning. Move the photodiode post up/down and rotate it 

to the sides until you receive the highest amplitude (should be larger than 0.14V for red laser 

and 0.2V for green laser). 

 

Back to the Experiment manual. 


