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Abstract 
Optical interferometers are the instruments that rely on interference of two or more superimposed reflections of the input laser 

beam. Interferometers can be used for many different purposes – by far not only for length measurements. Optical coherence 

tomography is one of the most important applications of optical interferometers. Optical coherence tomography (OCT) is an 

optical signal acquisition and processing method. It captures micrometer-resolution, three-dimensional images from within 

optical scattering media (e.g., biological tissue). OCT is an interferometric technique, typically employing near-infrared light. In 

this paper we are going to discuss the basics of optical interferometers and optical coherence tomography. 
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1. Introduction  

Optical interferometers are the instruments that rely on interference of two or more superimposed reflections of the 

input laser beam. These are one of the most common optical tools that are used for precision measurements, surface 

diagnostics, astrophysics, seismology, quantum information, etc[1]. The development of lasers has made it much 

easier to produce optical interference and has led to the development of a wide range of measurement methods in 

engineering, physics and other fields.  

 

2. Types Of Optical Interferometrs  

 
There are many configurations of optical interferometers, some which are listed below:  

� Air-wedge shearing interferometer  

� Astronomical interferometer / Michelson stellar interferometer  

� Classical interference microscopy  

� Dual polarization interferometry  

� Fabry–Pérot interferometer  

� Fizeau interferometer  

� Fourier-transform interferometer  

� Fresnel interferometer (e.g. Fresnel biprism, Fresnel mirror or Lloyd's mirror)  

� Mach–Zehnder interferometer etc. 

Here, we are going to discuss only two types of Optical Interferometers to understand the basic principle of Optical 

Interferometers. They are:  

i. Michelson interferometer 

ii.  Fabry-Perot interferometer 
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2.1 Michelson Interferometer  

 

Michelson interferometer is based on the interference of two beams: the initial light is split into two arms on a beam 

splitter, and then these resulting beams are retro-reflected and recombined on the same beam splitter again. The 

difference in optical paths in two arms leads to changing relative phase of two beams, so when overlapped the two 

light fields will interfere constructively or destructively.  

 

 

 
Fig.1 MICHELSON INTERFEROMETER SETUP 

 

 

Such interferometer was first used to determine that electromagnetic waves propagate in vacuum, giving the first 

strong evidence against the theory of aluminiferous ether (a fictious medium for light wave propagation) and 

providing the insight into the true nature of electromagnetic radiation. Michelson interferometer - LIGO - that is 

design to measure the gravitational waves and thus test the general relativity [2].  

A beam splitter (a glass plate which is partially silver-coated on the front surface and angled at 45 degrees) splits the 

laser beam into two parts of equal amplitude. One beam (that was initially transmitted by the beam splitter) travels 

to a fixed mirror M1 and back again. One-half of this amplitude is then reflected from the partially-silvered surface 

and directed at 90 degrees toward the observer. At the same time the second beam (reflected by the beam splitter) 

travels at 90 degrees toward mirror M2 and back. Since this beam never travels through the glass beam splitter plate, 

its optical path length is shorter than for the first beam. To compensate for that, it passing twice through a clear glass 

plate called the compensator plate that has the same thickness. At the beam splitter one-half of this light is 

transmitted to an observer, overlapping with the first beam, and the total amplitude of the light at the screen is a 

combination of amplitude of the two beams: 

 

Etotal = E1 + E2 = ½ E0 + ½ E0(Cos k∆l) 

 

Here k∆l is a phase shift (“optical delay”) between the two wave fronts caused by the difference in optical path 

lengths for the two beams ∆l , k = 2πn/ λ is the wave number, λ is the wavelength of light in vacuum, and n is the 

refractive index of the optical medium (in our case - air). Mirror M2 is mounted on a precision travelling platform. 

Imagine that we adjust its position (by turning the micrometer screw) such that the distance traversed on both arms 

is exactly identical. Because the thickness of the compensator plate and the beam splitter are the same, both wave 

fronts pass through the same amount of glass and air, so the path length of the light beams in both interferometer 

arms will be exactly the same. Therefore, two fields will arrive in phase to the observer, and their amplitudes will 

add up constructively, producing a bright spot on the viewing screen. If now you turn the micrometer to offset the 

length of one arm by a half of light wavelength, ∆l = λ /2, they will acquire a relative phase of π, and total 

destructive interference will occur: 

E1 + E2 = 0 or E1 = −E2. 

It is easy to see that constructive interference happens when the difference between path lengths in two 

interferometer arms is equal to the integer number of wavelengths ∆l = mλ, and destructive interference corresponds 

to the half-integer number of wavelengths ∆l = (m+1/2) λ (here m is an integer number). Since the wavelength of 

light is small (600−700 nm for a red laser), Michelson interferometers are able to measure distance variation with 

very good precision.  

 

 

 



IJRIT International Journal of Research in Information Technology, Volume 3, Issue 1, January 2014, Pg. 130-135 

Mamta Arora, IJRIT- 132 
 

2.2 Fabry- Perot Configuration  

 

In a Fabry-Perot configuration input light field bounces between two closely spaced partially reflecting surfaces, 

creating a large number of reflections[2]. Interference of these multiple beams produces sharp spikes in the 

transmission for certain light frequencies. This type of interferometer has extremely high resolution, much better 

than, for example, a Michelson interferometer. For that reason Fabry-Perot interferometers are widely used in 

telecommunications, lasers and spectroscopy to control and measure the wavelengths of light. In this experiment we 

will take advantage of high spectral resolution of the Fabry-Perot interferometer to resolve two very closely-spaces 

emission lines in Na spectra by observing changes in a overlapping interference fringes from these two lines.  

 
Fig. 2 Fabry-Perot Interferometer Setup 

A Fabry-Perot interferometer consists of two parallel glass plates, flat to better than 1/4 of an optical wavelength λ, 

and coated on the inner surfaces with a partially transmitting metallic layer. Such two-mirror arrangement is 

normally called an optical cavity. The light in a cavity by definition bounces back and forth many time before 

escaping; the idea of such a cavity is crucial for the construction of a laser. Any light transmitted through such cavity 

is a product of interference between beams transmitted at each bounce as diagrammed in Figure 2. When the 

incident ray arrives at interface point A, a fraction t is transmitted and the remaining fraction r is reflected, such that 

t + r = 1 (this assumes no light is lost inside the cavity). The same thing happens at each of the points A,B,C,D,E, 

F,G,H . . ., splitting the initial ray into parallel rays AB,CD,EF,GH, etc. Between adjacent ray pairs, say AB and CD, 

there is a path difference of: 

δ = BC + CK 

Where, BK is normal to CD. In a development similar to that used for the Michelson interferometer, we can show 

that: 

δ = 2d cosθ 

If this path difference produces constructive interference, then δ is some integer multiple of , λ namely, 

mλ = 2d cosθ 

This applies equally to ray pairs CD and EF, EF and GH, etc, so that all parallel rays to the right of P2 will 

constructively interfere with one another when brought together.  

 

3  Application Of Optical Interferometers  

 
3.1 Optical Coherence Tomography  

Optical coherence tomography (OCT) is an optical signal acquisition and processing method. It captures 

micrometer-resolution, three-dimensional images from within optical scattering media (e.g., biological tissue). OCT 

is an interferometric technique, typically employing near-infrared light. The use of relatively long wavelength light 

allows it to penetrate into the scattering medium. A relatively recent implementation of optical coherence 

tomography, frequency-domain optical coherence tomography, provides advantages in signal-to-noise ratio, 

permitting faster signal acquisition [3]. Commercially available optical coherence tomography systems are 

employed in diverse applications, including art conservation and diagnostic medicine, notably in ophthalmology 

where it can be used to obtain detailed images from within the retina.  
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There have been three basic approaches to optical tomography: diffraction tomography, diffuse optical tomography 

and optical coherence tomography (OCT). Optical techniques are of particular importance in the medical field, 

because these techniques promise to be safe and cheap and, in addition, offer a therapeutic potential. Advances in 

OCT technology have made it possible to apply OCT in a wide variety of applications but medical applications are 

still dominating.  

A method to construct optical images of objects hidden in light-scattering media using low-coherence radiation and 

an optical interferometer with an anisotropic fibre is realized. An experimental basis for realization of this method in 

various branches of science and medicine is created. Based on the achievements of fibre-optic interferometer, low-

coherence semiconductor sources, and the application of modern electronics and software, a series of portable fast-

scanning computerized optical tomography adapted to clinical applications is developed. 

 

3.2 How Optical Coherence Tomography Works  

 

The technology that makes up OCT is quite advanced as well as complex in nature. OCT uses interferometer which 

is basically a technique of interfering waves to create an output wave that is different than the input wave and then 

compare the differences or similarities between the waves to view samples.            

 
Fig.3: A basic diagram of the mechanics and components of OCT 

 

Light in an OCT system is separated into two separate beams, half towards the sample and the other half toward a 

moving mirror. The light that is reflected off the mirror and from the sample itself is then directed to the detector 

which measures the intensity of interference. These are interference fringes, and they are measured electronically 

and the signal is processed to determine reflectivity values of the sample as a function of depth into the tissue”. Not 

only does OCT function as a two dimensional analyzer, it also can reproduce a real-time live diagram of the tissue.  

To get images at different depths, OCT can vary the distance that the light has to travel to hit the mirror by scanning 

an optical delay line. This process is known as path-length ranging and it covers the interferometer with a range of 

light from varying depths; therefore, building a single line of the image of the sample. This light with the receiving 

optics then move to another spot to be imaged of the sample and the process continues finally combining the lines of 

the scan and capturing the desired image. The light that OCT uses has to be very specific in order for the technology 

to work. The light from the optical coherence tomography machine has to be spatially coherent and directional like a 

laser so it is able to focus in on and scan the tissue sample while also being efficient and accurate in acquiring its 

image. It also has to temporally incoherent, having many different wavelengths which would keep the OCT system 

from having poor resolution. With these two criteria, only the interference fringes from the sample light that travel 

about the same distance as the reference light (the light that is directed towards the mirror) are used. Essentially, 

OCT is sending light waves to a sample and then extracting the reflected waves to produce an image based on the 

data collected. In addition to the complexities of light, it is important for scientists and researchers to be aware of the 

reaction of biological systems to the light emitted by OCT. This is because the human body has many different 

molecules and components which vary in its scattering and absorption of different kinds of light. Near infrared light 

works best for OCT since the light is able to go through deeper in non-transparent tissues to produce an image 

compared to other wavelengths [4]. Visible light only images a fraction of a millimetre deep and going too far into 

infrared light will result in water molecules absorbing too much of the light while near infrared can penetrate two to 

three millimetres deep. As a result, OCT researchers have to deal with the absorption and scattering to get the best 

reproduction of the sample based on the wavelengths of light. There are many factors that affect the quality and 

results of OCT and only by refining and testing will we be able to further gaze into the human body.  

 

3.3 Applications Of Optical Coherence Tomography  

 

Optical coherence tomography is an established medical imaging technique. It is widely used, for example, to obtain 

high-resolution images of the retina and the anterior segment of the eye, which can, for example, provide a 

straightforward method of assessing axonal integrity in multiple sclerosis. Researchers are also seeking to develop a 
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method that uses frequency domain OCT to image coronary arteries in order to detect vulnerable lipid-rich plaques. 

Optical coherence tomography is also applicable and increasingly used in industrial applications, such as Non 

Destructive Testing(NDT), material thickness measurements, and in particular thin silicon wafers
 
and compound 

semiconductor wafers thickness measurements, surface roughness characterization, surface and cross-section 

imaging, and volume loss measurements [5]. OCT systems with feedback can be used to control manufacturing 

processes. With high speed data acquisition, and sub-micron resolution, OCT is adaptable to perform both in-line and 

off-line. These can access and scan interiors of hard-to-reach spaces, and are able to operate in hostile environments - 

whether radioactive, cryogenic or very hot. OCT has the potential to be used for a great number of medical fields and 

applications however, cancer and heart disease are two of the most pressing and promising areas of application. The 

imaging from the optical coherence tomography has the potential to improve the current cardiovascular therapies and 

procedures such as stinting and balloon angioplasty by means of providing vascular images in real time to guide stent 

placement and balloon inflation. Since OCT has the capability of clearly identifying plaques in the blood stream thus 

being able to differentiate between stable plaques and unstable plaques which are probably responsible for up to 

seventy per-cent of all heart attacks, it aids those that suffer from cardiac problems. OCT can also potentially 

improved the current conventional method of biopsies by being more precise in identifying and defining the areas 

that should be removed or left alone based on the images from the epithelial layers. This in turn will reduce the 

number of biopsies and also make diagnosis more accurate and faster. Hopefully as technology becomes increasingly 

more advanced, it will be possible for medical physicians to perform biopsies only using optical coherence 

tomography imaging. 

 

3.4 Advantages Of Oct Compared To Other Technologies 

 

In terms of other medical imaging devices, OCT is one the best offered currently. Optical coherence tomography has 

becoming a rapidly important biomedical tool for imaging tissues. OCT has critical advantages over other medical 

imaging systems. Microscopes work well for examining small tissue smalls and cells but not for examining 

biological tissues inside the body [5]. The Ultrasound, CT, and MRI can peer inside the body however they do not 

have the resolution or depth to capture cellular detail. Electron microscopy can pick up extremely fine detail 

however; it is not able to view living samples within the body. The two major advancements which assist both 

scientists and medical physicians is the improvement in the depth and clarity at which they can view tissues. “Current 

OCT systems have resolutions at 4-20 um compared to 110 um for high frequency ultrasound”. The advancement of 

medical imaging systems is illustrated by the technology inherent in OCT which allows images of living tissue to 

become clearer and more refined in both structure and detail [6]. “Using information inherent to the returning photon 

signals, OCT can perform both spectroscopic and polarization imaging to better evaluate the composition of tissues 

and lesions”. Another technological advancement which makes OCT that much easier to integrate into potential 

human subjects is having a small enough device to utilize OCT within the human body. The use of fibre optics and 

the ability to combine with catheters allows optical coherence tomography to access the small parts of the body. With 

other technology to aid the development of OCT, doctors can actually use OCT not only on the body but within the 

body. 

 

4 Conclusion 

 
� Spectral OCT will allow much quicker image capture because it doesn't require the internal mirror 

movement that is necessary in current "time-domain" systems.  

� The major benefit of spectral OCT is that it permits point-to-point registration and can give accurate 

volumetric analysis.  

� Ultra–high speed spectral domain optical coherence tomography (SD-OCT) allows imaging of large areas 

of the retina and rapid three-dimensional volume rendering of optic nerve head and fovea.  

� OCT has been improved upon to speed up imaging scans and increase clarity of the image. 

�  OCT is an up and coming technology that will someday soon be the answer to the curing and treating of 

diseases that were formerly deemed incurable or untreatable. 

 

 

 

 

  



IJRIT International Journal of Research in Information Technology, Volume 3, Issue 1, January 2014, Pg. 130-135 

Mamta Arora, IJRIT- 135 
 

5 References 

 
[1] Brezinski, M. E. (2006). Optical Coherence Tomography: Principles and Applications. San Diego: Elsevier 

Inc.. p1-555.  

[2] Hitt, E. (2004). “New Optical Coherence Tomography Allows Rapid Three-Dimensional Volume 

Rendering of the Retina”.  Medscape Medical News [online]. Available from: 

http://www.medscape.com/viewarticle/474656 [Accessed 9 January 2007].  

[3] Latkany, P. (2006). "Retinal Disease: Evolving Treatment Approaches." Medscape Medical News [online] 

Available from: http://www.medscape.com/viewarticle/549001 [Accessed 11 Jan. 2007]. 

[4] Rollins, A. M. (2005). "Another Way to Peer Inside the Body: Optical Coherence Tomography Combines 

Interferometry and High-Tech Light Sources to Capture Images of Living Tissue. Machine Design [online]. 

Available from: 

http://www.machinedesign.com/ASP/viewSelectedArticle.asp?strArticleId=57768&strSite=MDSite&catId

=0 [Accessed 11 January 2007].  

[5] Schenk, J.O. and Brezinski M. E. (2002). Ultrasound induced improvement in optical coherence 

tomography (OCT) resolution. Proceedings of the National Academy of Sciences of the United States of 

America. [online]. 99 (15). Available from: http://www.pnas.org/cgi/content/full/99/15/9761#BIBL 

[Accessed 11 January 2007].  

[6] "What is OCT?" LightLab
TM

 [online]. Available from: http://www.lightlabimaging.com/oct.html [Accessed 

8 Jan. 2007]. 

[7] http://www.maik.ru/full/lasphys/03/5/lasphys5_03p692full.pdf

 


