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Аннотация.         -       
           , 
    ,   -

       ,    -  . 
                      

,      . 

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

   

Введение.                = 2   

     .       -

 hm      ,    ωμ,   
 [1]:  = ℎ   /2,  M —   .   

колебательные    () ;      -

     () -, 

      [2].   (L t)  
 νR(    t)    RS: RS/RS = L L/ 0.  -
    . ,   -

        -
    L               .    

  —  —  () [3, 4],   

     (10 ),   -

     PS.     , 
 .    PC    

  RSL    RS – L       . ,       
       :  

 = 󰇧
ℎ
 󰇨 

()



Δ
 Δ sinΩ + ( sinΩ +  cosΩ), 

 RS0    —    - ( 

 –3 ),               -

 .  
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  (    sinΩ) -

         ()   : USD = 

= DRSL.     USD     -    
       ,    

            ;   . 

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

 Методы  и материалы; результаты.         AURIGA [3], 
        -
 L,      -    [5],  
 ,     (-

     ).       ;   

    0,45 ,     -
   [2].      

         .      -  
   (     

    )       
LT        .             
  L;         -
    1.3 .        -

       L  

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

   .   -

   [6]: P(t) = P0(1 +  ),  (t) —  -

         .         

    

  =



(1 + )(Δν + ).  

  RDLT  = RDT – LT      —       ; 
 . 

     : L + RDLT  .   - 
       ,       

 ,  . .  .      -
          -

   ; ,      

 : G(f) = G( )f ∆ .  

     RDLT  - 
  : USDT = DUD (RDT – LT), RDT = KD USDT,  
DD —    ,  —  -
   , KD —   -

   .  
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  : RDLT = RDT – LT  LT/K0D,  K0D = DDK2. 

Заключение.      -     
              

   .        

      : G(f) = 10
–12

 -1
 [6]. 

     RDLT       = 3 ,     
/

= 

= 3·10
–3  /

1/2
,         [2]  

     2·10
–15

 / 1/2
 [7].  

        0,01 K   RST = LT  

 80  .      3   
                  K0D    

2,5·10
5
.             

              

,  10
-16

 / 1/2
 [8]. 
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Abstract. In the registration scheme of extremely small test body’s oscillations of an opto-

acoustic antenna OGRAN, an additional noise component has entered introduced into con-

sideration, contributed by specialized optoelectronic unit, performing function of decoding 

signal contained in frequency-manipulated laser radiation. Effect of adding to signal sto-

chastic process caused by phenomenological fluctuations in laser radiation power has re-

vealed and presented analytically. 

Keywords: acoustic resonator, extremely small oscillations registration, threshold signal, 

frequency modulation, stochastic process, laser radiation power fluctuations 

Introduction. Test body is an aluminum cylinder with length of L0 = 2 meters as 

an acoustic resonator. Variations in GW field metric with amplitude hm and fre-

quency close to resonant ωμ create an equivalent force [1]:  = ℎ
/2, 

 where M is a mass of the resonator. The force excites oscillatory variations in 

length (base) of the cylinder. To register them, in OGRAN project optical resonator 

(interferometer) Fabry-Perot has used; its mirrors have fixed at body ends [2]. Base 

 variations (δL t) cause variations δνR(t) of resonator’s eigenfrequency RS: 

 /L L0. Laser radiation affects this interferometer. The first, sensor part of 

the optoelectronic registration system keeps tracking of laser frequency L to reso-

nance frequency RS. For this purpose, the Pound-Driver-Hall (PDH) technique [3, 

4] has applies; it use phase modulation of radiation with high frequency  (10 

MHz), which creates two side components with power PS each. Photodiode regis-

ters beam reflected from the interferometer. Mismatch RSL   RS – L significantly 

determines reflection of incident carrier power PC. Thus, because of beating on a 

photodiode, an alternating current component Iph is: 

 = 󰇧
ℎ
 󰇨 

()



Δ
 Δ sinΩ + ( sinΩ +  cosΩ), 

 where RS0 is standard bandwidth of the interferometer-sensor (at the level of  

–3 dB), IS and IC are quadrature components of shot current as a narrow-band sto-

chastic process. 

Synchronous detection (using analog multiplication by sint) forms discrimi-

nator characteristic of a laser AFC system USD = DRSL, where  is a decrement. D

When voltage USD applies through servo amplifier to the composite frequency re-

tune actuator, feedback locks, and radiation frequency follows resonator eigenfre-

quency; frequency modulation of radiation forms. The special feature of the 

OGRAN project is significant quasi-static drift of both frequencies caused by 

thermal expansion of aluminum. 
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Methods and materials; results. As in the AURIGA project [3], an additional 

unit performing function of a frequency demodulator (discriminator) has used to 

convert radiation frequency deviations L, containing coded signal and noise [5], 

into variations of output voltage. The unit also implemented in PDH technique; an 

auxiliary interferometer with a 0.45 m base is used, a simple piezoceramic actuator 

[2] re-tunes eigenfrequency of it. Laser beam with deviations L affects the dis-

criminator interferometer through a radiation divider. In the second feedback loop, 

the resonant frequency of the interferometer (and zero value of its discriminator 

characteristic) follows quasi-static changes in laser frequency LT. The conceptual 

difference of the loop is absence of signal’s deviations tracking. This distinction 

has achieved by significant decrease in gain of the servo amplifier at signal fre-

quency of 1.3 kHz. Thus, on a steep slope of discrimination frequency dependence, 

there realizes standard transformation of frequency deviations L into variations of 

output voltage of the second synchronous detector. 

Laser radiation power has known to possess technical phenomenological fluc-

tuations. There is an analytical representation [6]: P t( ) = P0(1 + ), where (t) is a 

stochastic modulating process. Taking this conception into account, at output of the 

second synchronous detector we get 

  =



(1 + )(Δν + ),  

where R  DLT = RDT – LT is difference between two drifting frequencies; shot 

noise is omitted.  

Two relevant terms are present: L + RDLT. The first term represents signal, 

the second one defines an additional stochastic process, i.e., phenomenological 

noise. Comparison of noise with signal determines demodulator's addition to 

threshold signal of whole registration system. Relation in spectral densities of sto-

chastic processes is: G(f) = G( )f ∆
. 

To determine the defining frequency difference RDLT = RDT – LT, we write 

out feedback relationships: USDT = DUD(RDT – LT) and  = , 

where DD is a decrement of the unit’s discriminator characteristic,  is a transmis-

sion parameter of the frequency re-tune actuator, KD is gain of the servo amplifier in 

quasi-statics. The solution is: RDLT = LT/K0D, where K0D = DDDKD. 

Conclusion. The obtained relationships allow us to obtain clear numerical esti-

mates of new noise contribution in threshold signal and to determine measures to 

reduce it. For spectral density of modulating process , there is the previously ob-

tained estimate as parameter of the laser: G(f) = 10
-12

 Hz
–1

 [6]. If we presuppose 

RDLT = 3 kHz, frequency noise obtains the value 
/

= 3·10
–3 

Hz/Hz
1/2

, which is 

achievement of the article [2] and corresponds to reduced displacement noise of 

2·10
–15

 cm/Hz
1/2

 [7]. 

Temperature change of 0.01 K determines the value RST = LT  70 MHz. 

To obtain the presented mismatch of 3 kHz, calculation determines required feed-
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back depth at zero frequency of K0D  2·10
5
. Certain correction in calculations as-

sumes when implementing the design value of threshold signal of the OGRAN an-

tenna registration circuit, which is ∼10
–16

 cm/Hz
1/2 

[8]. 
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