
160 
 

Samarra J. Pure Appl. Sci., 2021; 3 (4): 160-168                                                                                                        Suran D. 

 
Samarra Journal of Pure and Applied Science 

www.sjpas.com 
 

p ISSN: 2663-7405 
e ISSN: 2789-6838 

Fabry-Perot interferometer and mode matching 

Suran Dunun Yaseen* 

Department of Information Technology, Khabat Technical Institute, Erbil Polytechnic University, Erbil, Iraq 
https://doi.org/10.54153/sjpas.2021.v3i4.312 

 

Article Information  Abstract 
Received: 12/09/2021  
Accepted: 13/10/2021 The theory, design, and use of the mirror Fabry-Perot interferometer 

(FPI) is described in detail .it is important to correctly recognize laser 
beams of various rays or styles in order to safe certain types of lively 
link. The Fabry- Perot interferometer is excited via an external laser 
ray. Part of the study relies on the provision of to combine and change 
a part of the reflection to form the rules of the resonator. Use a 
piezoelectric sheet to check one of the reflective resonators back and 
forth, in order to make the length of each resonator change regularly. 
As the length continues to change. An important part of the mode is 
the strategy of organizing the laser column into the resonator. The real 
mode organization and extensive are except for the Gaussian key 
mode. When recommending the Fabry-Perot interferometer mode, the 
specific limits of the resonator will be measured to detect events, 
decay time, line width, etc.  Mode adjustments are required not only 
for establishing an appropriate added back the intensity distribution, 
but for matching the optical phase distribution, in order to achieve the 
desired results.  This design to explore the properties of an optical 
resonator; Properties that are common to almost all optical 
resonators. In addition, it provides the experience of aligning an 
optical resonator and introducing laser light into an optical resonator, 
a process known as mode adjustment. 
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Introduction 

The two-mirror technique utilized to generate light is known as the Fabry-Perot 

Resonator, Optical Gain, and Express Certified Interferometer, Fabry-Perot. The optical 

resonator near the optical extension is a key part of every laser optical cavity, which is used 

like a laser and is mainly used for the optical fineness to work a little. The Fabry-Perot 

resonator has a wide-ranging inhibitory effect on current visual effects and was therefore 

selected as a research topic [1]. Starts from the starting position, there is no problem in 

changing the resonator to the laser axis.   

Like the discussion below, the method of organizing patterns using lasers is not very 

bothersome for first-time learners. The point is, no one is pointing to emission potential as a 

different method of dissolution, but essentially more trading methods will not solve the 

problem. This type of arrangement is truly an art and is considered a fundamental way to look 

down on the road [2]. 
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The Fabry–Pérot interferometer is comprised of a pair of partially reflecting glass optical 

flats that are spaced from one another by micrometres to centimetres and with their 

reflecting sides face each other at the centre of the instrument. (A Fabry–Pérot etalon, on the 

other hand, employs a single plate with two parallel external review or input.) The flat in an 

interferometer are frequently built in a wedge shape to avoid interference fringes from 

forming on the rear surfaces; the rear surfaces are also frequently coated with an anti-

reflective coating [1]. 

Fabry-Perot Interferometer 

 

The light transmitted by the Fabry-Perot interferometer has a relatively narrow 

wavelength range. Interferometers are optical resonators just like lasers. These flat mirrors 

are made from partly silvered aluminium. It is possible for radiation to build in the FP cavity if 

the half-integer wavelength matches the distance L between plane mirrors. Using a 

piezoelectric transducer, which is attached to one of the mirrors, the distance between the 

mirrors may be changed in a very small and exact manner, altering the wavelength of the 

transmitted light [1]. The distance between the mirrors can be altered by altering the voltage 

across the piezoelectric transducer, and vice versa [2]. Using a time-varying voltage, the 

interferometer's control circuit sends a signal to the transducer (piezoelectric) [2]. However, 

time dependency does not follow a sinusoidal curve; rather, it is characterized by a gradual 

increase in voltage from low to high and a rapid return to low. We recommend taking full 

advantage of these choices, which allow you to customize both speed and voltage range of the 

sweep [3]. 

 

    The two sets of nearly similar laser patterns will appear when the rated voltage is large 

sufficient. The change in the number of half wavelengths in the interferometer cavity 

corresponds to these. How far apart these identical replicas are being governed by their 

frequency (or wavelength). The FSR is also known as the free spectral range. 

L

c
FSR

2
   

    

 It is possible to adjust the horizontal axis by selecting an appropriate voltage range that 

enables you to see both sets of patterns and then checking the L-spacing on the mirror. In 

other words, the FP interferometer is unable to estimate the absolute frequency of a signal. In 

this case, you can just detect the difference in frequency because the entire cycle continues 

when you increase the voltage applied to FP's cavity [3]. 

 
Cavity Reflectivity    

As a general rule, resonators are made from a particularly specific set of mirrors, despite 

the usual limitations against this kind of thing happening. Semiconductor laser mirror is a 

part of laser material itself. When compared to the other reports, the one on semiconductor 

refraction stands out and depicts a significant moment in time. Optically tuned resonators 

may now safely utilise all internal reflections within circular arrays or other digital devices, as 

well [4]. In the self-marked and UV area of the ocular kind, reflection is enhanced with a 

metallic coating or a layer of different dielectric substance. Only a few variables may be seen 

in its field wealth reflection coefficient (r) and transmission coefficient (t).  

 (1) 
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Concerning the force of reflection, we are quite R ≡ │r│2 and the transmission 𝛼 ≡ │t│2. 

Mirrored cloth will reflect few of the light that is present in the environment. During the 

growth, the reflecting exterior is consistently harmed and disperses a little amount of 

illumination. No matter how you look at it, the reflected exterior is brutal to the particles that 

make up the big mirror. Regardless of whether the sunlight is scattered or adjusted, it is 

fundamentally unsuitable for our purposes of inspiration. Even a single beta coefficient can 

have a significant impact on the strength of the appearance [5].  

When it comes to the fundamentals of light, the energy reserve says: 

 

 
          
 

Cavity Zone 
 

It has a monochromatic laser event at the peak of reflection. In this case, the control of 

light in the resonator is of interest, as is the elimination of light pulses through reflection, as 

well as the control of reflected light. Resonators that are highly successful at controlling 

internal light can cost hundreds or even thousands of times more than the scene light control. 

Also, despite the great reflectivity of the reflection data, the light returned via resonator is 

nearly zero [6].  

 r1 and t1 are the input mirror coefficients, and r2 and t2 are the output mirror coefficients. 

It's sometimes easier to write it in polar form, for instance. 

 

t1 = | t1| eiφ 
t1 = √𝛼1eiφ 

t1  
  

          The wave has equivalent wave number in free-space, and the input frequency is ν. If the 

input field of light has amplitude ∝o. The field to the right of the input mirror has amplitude of: 
                                                                                                                                                                                                                    

                                                        ∝io = t1∝o                                  
  

This original wave has the following amplitude after a complete round trip: 

 

∝i1= t1∝0r2r1e2ikd 
 

The distance between the mirrors is denoted by d. The last field reaches the resonator 

again at this point, and it becomes: 

         ∝i2 = t1∝0(r1r2)2e4ikd  

 

 

 

As a result, the field spins after coming and returning n times. 
 

              ∝in = t1∝0 (r1r2)
n
e
2nikd 

 
 

As a result, we may write the total field as a series with a known sum:                          

 (2) 

 (4) 

 (5) 

 (6) 

 (7) 

 (3) 
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∝𝑖= 𝑡1 ∝𝑜 ∑ ( 𝑟1𝑟2)𝑛 e2inkd =  
𝑡1∝𝑜 

(1−𝑟1𝑟2𝑒2𝑖𝑘𝑑)
 ∞

𝑛=0  

 
 

As a result, we may write the total field as a series with a known sum: 

 

 ∪𝑖= | ∝𝑖 |2 =
𝛼1

|1−√𝑅1𝑅2 𝑒(2𝑖𝑘𝑑+𝑖𝜑𝑜|2 
∪𝑜 

 

           Where    φ0 = arctan [
Im{r1r2}

Re {r1r2}
] 

 
 

        The transmitted field and intensity can be easily calculated from the internal field:  
                                                       
 

   ∝𝑡=  
𝑡1𝑡2𝑒𝑖𝑘𝑑

(1−𝑟1𝑟2𝑒2𝑖𝑘𝑑)
∝𝑜 

 
 

∪𝑡=
𝛼1𝛼2

|1−√𝑅1𝑅2𝑒(2𝑖𝑘𝑑+𝑖𝜑𝑜  |2
∪𝑜 

 
 

                

∝𝑟=  [−𝑟∗ +
𝑟2𝛼1𝑒2𝑖𝑘𝑑

(1−𝑟1𝑟2𝑒2𝑖𝑘𝐿)
] ∝𝑂 

 
 
 

   The corresponding reflected intensity given by: 
 

 

∪𝑟=
| − 1 + (1 +

𝛼1

𝑅1
) √𝑅1𝑅2𝑒2𝑖𝑘𝑑+𝑖𝜑𝑜|2

|1 − √𝑅1𝑅2𝑒2𝑖𝑘𝑑+𝑖𝜑𝑜  |2
𝑅1 ∪𝑂 

 
 
Mode Matching Procedure  
     
        All of the tools for mode matching are now in place. Assuming that both the laser beam 
and the resonator beam right outside the input mirror have known (q) parameters. So, how 
do you go about doing it? Here are some general guidelines. If the laser and resonator are in 
fixed positions, the mode matching criterion can be satisfied (often but not always) by a lens 
with a given focal length set at a specific location between the laser and resonator. This is 
rarely a realistic strategy because most people do not have the exact focal length lens they 
need. Often, a pair of lenses will suffice - various convenient options for the two lenses can 
provide the focal length required above. A decent starting point is to make the focal length 
ratio equal to the waist size difference between the laser and the resonator [7]. 
          A third lens provides more placement flexibility and can be useful for fine-tuning mode 
matching. Avoiding both excessively short and extremely long focus lengths is generally a 

 (8) 

 (9) 

 (10) 
 

 (11) 

 (12) 

 (13) 
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good idea. Focal lengths ranging from 10 millimetres to 700 millimetres are used. It is 
common for mode matching to be an iterative procedure. Using a computational tool like 
Mathematica to determine a good set of beginning lenses from the ones on hand is quite 
valuable. 
 
        Table (1): How about two identical mirrors in a high-quality cavity? (Prelab Suggestions)  

No. Sign  Parameter 
Irrespectiveness (spoil) R1 0.991   
Irrespectiveness (Transfer) R2 0.997 
The ricochet factor b = 1 / Losses 5000 
Efficacy of the episode F 31,000 
Intuitive strength I0 1 Mw 
Irrespectiveness (Losses) IT 5 W 
Divided replications L 30 cm 
Ascension to ethereal freedom FSR= c /2d 2.245 GHz 
Ruin period τ c 10.2 µs 
The domain of the line FWHM δν =16.86 kHz 
Energy spread T1  0.008 
The internal transfer T2 0.003 
wavelength  ƛ 532 nm 
size of laser ray waistline    w0 0.5 mm 

 
 

Table 2: Explain the symbols and their occupations used in the study 

 
Symbols    Meanings 
r1 and t1   The input mirror coefficients 
r2 and t2  The output mirror coefficients 
𝛼 Transmission  
R Reflection coefficient 
T Transmission coefficient 
Α Amplitude 
d  the separation between the mirrors 

E Exponential  

U corresponding intensity 

φ0 arctan [
Im{r1r2}

Re {r1r2}
] 

 

 
 

The Method   
           

         Figure 1 depicts act, laser, and resonator. The take-off patterns are organized in the 
middle of the centre. The laser has a big impact. For routine use, the resonator's dielectric 
mirror is recommended. Reflectivity will rapidly decrease the separating of two mirrors based 
intervention was used to save the collection. 
           The first step is to assemble a four-mirror resonator and fire a laser beam into it. Optical 
resonator alignment is a technique that takes a little practice before you can do it quickly. 
Taking use of the limited an obvious clue is the quantity of laser light transmitted by the entry 
and rear mirrors, which are placed in such a way that the Omni-directional beam crosses itself 
the fact that just two resonator mirrors must be moved to align the resonator with the input 
beam is a less evident indicator. The entry mirror is an excellent place to start moving around, 
and the second mirror may be the farthest away. Beam walking is a term used to describe a 
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series of minor movements used to adjust mirrors. The horizontal settings (let's say) of the 
two mirrors move alternately first (8), followed by the vertical settings, then back to 
horizontal, and so on. During the initial walking session, write down the direction you want to 
go and move each mirror. One or both directions must be reversed if the alignment 
deteriorates. On rare occasions, the resonator beam will totally leave a mirror. In this 
instance, one or more mirrors must be moved before the alignment procedure may begin. (9) 
The procedures are:  
 

1. 1. Assemble the laser and resonator in the manner seen in Figure 1. Remove the lenses 
for mode adjustment. The laser is really powerful. You might want to wet the beam. 
This can be accomplished by relocating a dimmer (be careful not to burn a hole in the 
dimmer). A 4 percent reflection from an uncoated piece of glass can also be used to 
attenuate the laser beam. 

2. Aim the beam and resonator input until the resonator intensity flashes. Look at the 
patterns on the mirrors. 

3. Use a projector to project the transmitted and reflected intensities onto the wall, and 
keep track of your samples in a lab notebook. Take a few digital pictures. When you 
misalign and re-align the resonator, how do the patterns change? 

4. Measure laser power (uncalibrated): If you haven't already, you'll need to attenuate 
the laser beam to avoid saturating the detector. 

5. In the reflected and transmitted beams, place detectors. 
6. Use a two-channel oscilloscope to connect the detectors. 
7. A piezoelectric element can be found in a mirror. It should be connected to a signal 

generator. Make a triangle wave with the generator. 
8. Take note of the oscilloscope's footprints. To get a good hint, adjust the signal 

generator's amplitude and frequency. (A frequency of 10 to 100 Hz should 
enough.)Notice how the tracks change with alignment / misalignment.  

9. Align the resonator to maximize the amount of energy communicated. 
10. Calculate the maximum and minimum intensities transmitted and reflected. Compare 

the input intensity to the output intensity. 
11. Finally, create a mode adjustment system and install it in the beam path (you may have 

to change the position of the resonator). To get the beam parameters you want, consult 
the laser data sheet. Draw a diagram of the system you created, including focal lengths, 
distances, and other details. 

12. Maximize the highest transmitted intensity to improve mode matching. In fact, 
decreasing the drop on the reflection track is generally easier to optimize.  

13. Calculate the maximum and minimum transmitted and reflected intensities ahead of 
time. Compare the input intensity to the output intensity. Compare your current 
results to your previous ones. 

14. Calculate the total power produced by all higher-order modes and compare it to the 
fundamental mode's power. 

15. Use the length of the resonator to calculate the free spectral range. 
16. Use the FSR to calibrate the oscilloscope frequency scale by measuring the line width. 

It is frequently beneficial to use the signal generator's DC offset. 
17. Test the line width measurement at various sample rates to check if the results are 

consistent. 
      18. Determine the delicacy, lifetime of photons, and number of bounces. 
      19. Determine the Finesse, photon lifespan, and bounce count. 
      20. To retain the reflection, compare your results to separate measurements of mirror    
transmission and assume that the mirrors are lossless (a direct measurement of reflection is 
difficult). 
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Figure 1: Fabry- Perot Resonator sets and style similar. 
 
Ocular cavity arrangement 
 
        Bring into line an optical resonator is a talent that takes a little practice to master. One 
apparent proposal is to employ a small quantity of laser light delivered through the entry 
mirror, as well as to arrange the backward the round-trip beam crosses itself thanks to the 
use of mirrors (10). A less obvious indication is the fact that just two resonator mirrors must 
be moved to ensure that the resonator is aligned with the input beam It's a good idea to move 
the entering mirror, and the second mirror should be the furthest away from the entrance 
mirror. To adjust the mirror, a series of tiny adjustments known as "beam walks" are 
performed. The horizontal modification of the two mirrors, for example, alternates first, 
followed by the vertical adjustment, then the horizontal adjustment, and so on [11]. Pay close 
attention to the direction in which each mirror is moved throughout the first walk. One or 
both directions must be reversed if the alignment deteriorates. People occasionally discover 
resonator beam fully detached from a special mirror; in this condition, the mirror or another 
mirror must be replaced, as well as the alignment process. (12). 
 

 
 

Conclusion 
 

         As part of this study, we propose a communication method that depends on the 
development of multiple local defects in the Fabry-Perot interferometer, as well as the Style 
Similar. The plug-in approach offers a style adjustment at the intersection of the laser bar, 
which considerably enhances transmission efficiency across a wide speed range while 
reducing reflection loss [13]. The optimization method was used to calculate the number of 
flaws and their radius, which is defined by the interferometer's width and length. (13) Finally. 
Reflected force in R ≡ │r│2 and transmission 𝛼 ≡ │t│2 during expansion, the reflective 
appearance is permanently damaged and the light is scattered. External reflection will in any 

case damage the molecules that make up the reflective surface. Light [14], diffuse or specially 
selected, it can increase strength. 
        This research has two "complicated" sections. At initially, aligning a resonator with a laser 
beam is difficult. A specialist in optics just gets better at it over time.  Second, mode matching 
a laser beam to a resonator is not an easy task the first time around. The major reason is that 
there is no one-size-fits-all answer to the problem; there are numerous ways to solve it and 
even more ways to not solve it [15].    
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 التداخل فابري بيروت ومطابقة الوضعمقياس 

 سوران ذوالنون ياسين 

 العراق –جامعة اربيل التقنية ، معهد خبات التقني، قسم تكنلوجيا المعلومات
https://doi.org/10.54153/sjpas.2021.v3i4.312 

 

 البحث:معلومات   الخلاصة:

 Fabry-Perotتم وصف نظرية وتصميم واستخدام المرآة        

interferometer (FPI بالتفصيل. من المهم التعرف بشكل صحيح على )

حزم الليزر من أشعة أو أنماط مختلفة من أجل تأمين أنواع معينة من الارتباط 

عبر شعاع ليزر خارجي.  Fabry- Perotالحيوي. يتم تحفيز مقياس التداخل 

يعتمد جزء من الدراسة على توفير دمج وتغيير جزء من الانعكاس لتشكيل 

الرنانات العاكسة ذهاباً قواعد الرنان. استخدم ورقة كهرضغطية لفحص أحد 

ً وإياب ، من أجل جعل طول كل مرنان يتغير بانتظام. مع استمرار تغير الطول. ا

تنظيم عمود الليزر في الرنان. تنظيم  جزء مهم من الوضع هو إستراتيجية

. عند التوصية Gaussianالوضع الحقيقي والشامل باستثناء وضع المفتاح 

، سيتم قياس الحدود المحددة للرنان Fabry-Perotبوضع مقياس التداخل 

، وما إلى ذلك. توزيع ، ووقت الاضمحلال، وعرض الخطكتشاف الأحداثلا

المرجوة. هذا التصميم لاستكشاف خصائص الطور البصري لتحقيق النتائج 

مرنان بصري ؛ الخصائص المشتركة لجميع الرنانات الضوئية تقريبًا. 

بالإضافة إلى ذلك ، فهو مصمم لتوفير تجربة محاذاة مرنان بصري وإدخال 

 ضوء الليزر في مرنان بصري ، وهي عملية تعُرف باسم مطابقة الوضع.

 12/09/2021 تأريخ الاستلام:

 13/10/2021تأريخ القبـــول: 
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