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Аннотация.              
    -   . 

         

        .  -
    10

–19
     -    

,       [1].  -

         — 

,    - «»,  -
  . 

Ключевые слова:     -    , 
  ,  ,   — ,  -

 —  

     Введение.           

       ,      

              .    
       -

     .      -

    ,      ,  -

       ,    ,    [2].  

            ,  

  ,      . 
Методы результаты  и материалы; .    -   
           -   

   ,     -

 (. 1).     ,  -

 ,        -

        .         

  .  ,      -

  ∝ 10      ,      . 

        -

        [3].    

        — , -

    -  «» (. 2, а). 
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Рис. 1. Схема связи механического осциллятора  
с оптическими волноводами W1 и W2, соединенными встык: 

 L — лазер, P — фотодетектор 
 
 

   б)   
 

Рис. 2. (a) Оптическая схема интерферометра Маха — Цандера с периодическими 
структурами в качестве отражающих зеркал. 1 — лазер, 2 — разделитель пучка,  
3 — зеркало, 4 — резонатор Фабри — Перо с периодическими структурами, 5 — 

фотодетектор; (б) коэффициент пропускания как функция расстройки ∆ 

 

       ≈ 10–1
 

     d = 1      630 . 

       =   ≈ 10⁄⁄ . 

       Заключение.             , 

,      ,  -

 ,       . 
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Optical Fiber Lever and Interferometer with Fabry — Perot  
Resonators for Detecting Gravitational Waves 
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Abstract. A long-term nonparaxial evolution of wave beams in multimode optical wave-

guides is considered using a quantum-theoretical approach of coherent states. Collapse and 

revival of wave packets at long-term nonparaxial evolution due to mode interference is 

demonstrated. The possibility of measuring displacements of the order of 10
–19

 m between 

two butt-jointed waveguides is shown, which is sufficient to detect gravitational waves [1]. 

A small-sized tabletop laser interferometer with Fabry — Perot resonators consisting of two 

spatially distributed “mirrors” for detecting gravitational waves is also considered. 

Keywords: optical methods for detecting gravitational waves, coherent states, optical lever, 

Mach — Zehnder interferometer, Fabry — Perot resonator, periodic diffraction structure, 

spectral resolution 

Introduction. Despite the existence of the nonequivalence of classical and quan-

tum mechanics and optics, very close analogies can be found between classical op-

tics and quantum physics. Such analogies allow us quantum phenomena by means 

of light propagation in classical systems to be mimicked. This opens possibilities to 

visualize quantum phenomena, such as Schrodinger cat’s state, squeezing, and col-

lapse and revival, at a macroscopic level [2]. These phenomena are of great interest 

in many fields of physics such as quantum optics, quantum computation and preci-

sion measurements. 

Methods and materials; results. To detect such a small mechanical dis-

placement in laser gravitational-wave experiments the optical lever consisting of 

two butt-jointed waveguides (fig. 1) can be considered. 

 

 
 

Fig. 1. Scheme for coupling a mechanical oscillator’s position  
to optical butt-jointed waveguides W1 and W2:  

L — laser, P — photodetector 

 

Axis displacement between two waveguides caused by the gravitational wave 

will affect output parameters of a propagating beam. As an output parameter the 
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phase change of wave packet can be selected. Calculations show that the phase 

shifts of the order  ∝ 10 rad take place, which can be easily observed from 

measurements. Note that in the LIGO interferometer the measurement of 10
18

 m 

requires a phase shift measurement of 10
9

 rad [1]. 

It is highly desirable to have a compact laser interferometer for detecting grav-

itational waves [3]. Here, a small-sized tabletop laser interferometer with Fabry — 

Perot resonators consisting of two spatially distributed “mirrors” for detecting 

gravitational waves is proposed (Fig. 2a). A method for detecting gravitational 

waves is proposed based on the measurement of the correlation function of the ra-

diation intensities of non-zero-order resonant modes from the two arms of the 

Mach — Zehnder interferometer. The influence of light absorption in crystals on 

the limiting resolution of such resonators is studied. A higher sensitivity of the in-

terferometer to shorter-wave laser radiation is shown.  
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Fig. 2. (a) Optical scheme of Mach-Zehnder interferometer with periodical structures as 
reflecting mirrors. —Fabry-Perot resonator with 1 2—laser, —beam splitter, 3 4—mirror, 
periodical structures, 5—photodetector; (b) transmittance as function of detuning ∆ 

 

The line width of the transmittance can reach the values of  ≈ 10 cm
–1

 at 

a distance between the mirrors d = 1 m for the radiation wavelength 630 nm. This 

 indicates that the spectral resolution is equal to   =   ≈ 10⁄⁄ . 

Conclusion. Results may be useful in various fields, e. g. in gravitational wave 

experiments, high precision spectroscopy, and quantum information processing and 

metrology. 
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