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Abstract 

A analogy between optical beating in the inverse transmittance spectrum of 
transparent double-layer structure and a beating phenomenon known from the 
standard vibration theory has been considered. We have determined analytical 
conditions under which the optical beating manifests itself the most clearly in the 
interference spectra of multilayer structures. 
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1. Introduction 

It is well known that a plane-parallel Fabry-Perot resonator represents a multifunctional 

device with very wide application range, including filtering of signals [1], optical com-

munications [2, 3], sensors [4, 5], etc. Usually, it is analysed basing on coherent summa-

tion of signals, with consequent calculations of interference and polarisation patterns. 

This represents a basis of interference methods for parameters metering [6], along with 

strong complement of multibeam interference envelope technique [7, 8]. A number of 

analytical relations for the envelopes of both the minimums and maximums of the inter-

ference spectra for the structures consisting of two and three layers have been derived in 

the work [9] using computer modelling of amplitude-and-phase Fabry-Perot spectra. 

These relations correspond to different possible ratios between the phase thicknesses of 

the layers. However, the studies [9, 10] do not contain physical explanations of the phe-

nomenon. In the present article we derive expressions for the envelopes in frame of 

analysis for the regularities of optical beating, which is demonstrated for the interference 

spectra of the structures with two (or more) layers. Further on we will use a term ‘inverse 

transmittance spectrum’ recently used in the literature, in order to make a relevant anal-

ogy. It is stipulated by simplicity and efficiency of analytical expressions for the inverse 

transmittance, 1/T , when analysing  multilayer interference coatings [11].  



Kosobutskyy P.S. et al 

Ukr. J. Phys. Opt. 2011, V12, №2 90 

2. Optical beating in the reflectance, transmittance and inverse transmittance 
spectra of multilayer structures 

Unlike single-layered structures, the envelopes of the reflectance (( )R λ ), transmittance 

( ( )T λ ) and inverse transmittance (( ) 1/ ( )W Tλ λ= ) spectra of multilayer structures are 

oscillating, and the peak-to-peak amplitude of these oscillations depends on the light 
wavelength: 

max min( ) ( ) ( )R R Rλ λ λ∆ = − ,     (1) 

max min( ) ( ) ( )T T Tλ λ λ∆ = − ,    (2) 

max min( ) ( ) ( )W W Wλ λ λ∆ = − ,    (3) 

where max( )R λ , max( )T λ , max( )W λ  and min ( )R λ , min ( )T λ , min ( )W λ  are respectively 

the envelopes of maximums and minimums in these spectra. The less the ratios 
min

max

R

R

∆
∆

 

(for the reflectance spectrum), 
min

max

T

T

∆
∆

 (for the transmittance spectrum) and 
min

max

W

W

∆
∆

 (for 

the inverse transmittance spectrum), the more clearly the optical beating manifests itself 

in the spectra in the shape of pulsations ( )R λ∆ , ( )T λ∆  or ( )W λ∆ . Here min,maxR∆ , 

min,maxT∆  and min,maxW∆  are the minimum and maximum values of the peak-to-peak 

amplitudes (see Fig. 1) in the appropriate spectra observed inside the wavelength interval 
under examination. 

2.1. Optical beating in the inverse transmittance spectrum for a transparent 
double-layer structure as an analogue of beating in the vibration theory 

One can draw a mathematical analogy between optical beatings observed in the inverse 
transmittance spectrum ( )W λ  of a transparent double-layer structure and a phenomenon 

of beating known from the standard vibration theory. It is well-known that the latter arises 
when two harmonic oscillations with equal amplitudes and close frequencies are super-
posed [12, 13]. For this purpose, we take into consideration the expression for the ampli-

tude transmittance 
1 2

2 1 1 2

0,1 1,2 2,3
0,3 2 2 2 2

1,2 2,3 0,1 1,2 0,1 2,31

i i

i i i i

t t t e e
t

r r e r r e r r e e

δ δ

δ δ δ δ

− −

− − − −=
+ + +

�  [14] and write 

down the inverse transmittance 0 0
*

3 3 0,3 0,3

cos 1 1

cos

n
W

n t t

β
β

=
� �

 in the following form: 

( )1 1 2 2 3 1 2 4 1 2cos(2 ) cos(2 ) cos(2 2 ) cos(2 2 )W A B S S S Sδ δ δ δ δ δ= + + + + + − ,  (4) 

where ( )2 2 2 2 2 20 0
1,2 2,3 0,1 1,2 0,1 2,32 2 2

3 3 0,1 1,2 2,3

cos 1
1

cos

n
A r r r r r r

n t t t

β
β

= + + + , 0 0
2 2 2

3 3 0,1 1,2 2,3

cos 1

cos

n
B

n t t t

β
β

= , 

2
1 0,1 1,2 0,1 1,2 2,32 2S r r r r r= + , 2

2 1,2 2,3 0,1 1,2 2,32 2S r r r r r= + , 3 0,1 2,32S r r= , and 2
4 0,1 1,2 2,32S r r r= . 
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Here , 1i ir +  and , 1i it +  ( 0,1,2i = ) denote respectively the Fresnel reflection and transmis-

sion coefficients for single interfaces ( 1)i i− +  [14], 
2 cosj j j

j

d nπ β
δ

λ
=  ( 1,2j = ) the 

phase thickness, jn  the refractive index, jd the thickness of layer j , and jβ  the angle of 

light propagation in this layer. 
 
 

 

Fig. 1. Transmittance at normal incidence (T , solid curve) and envelopes of 

its minimums ( minT , dotted curve) and maximums ( maxT , dashed curve) for 
a transparent double-layer structure with the refraction indices 0 1n = , 

1 1.38n = , 2 1.85n = , 3 4.0n =  and the phase thicknesses of layers 

1 1 radδ =  and 2 10 radδ =  at 0λ λ= . 

Whenever 
min

max
0

W

W

∆ =
∆

, the optical beating in the inverse transmittance spectrum 

of double-layer structures is seen very clearly in the four following cases: 

(1)   1 1 1 2 2 2cos cosd n d nβ β� , 1,2 2,3r r= ,   (5) 

( )( )2 2
0,1 1,2 1,2 1 0,1 1,2 2 1 2 1,2 1 2

2
1,2 2

2 1 cos(2 ) cos(2 ) cos(2 2 ) cos(2 2)

2 cos(2 );

W A r r B r r r r

r B

δ δ δ δ δ δ

δ

= + + + + + + −

+
 (6) 

(2)  1 1 1 2 2 2cos cosd n d nβ β� , 1,2 2,3r r= − ,     (7) 
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( )( )2 2
0,1 1,2 1,2 1 0,1 1,2 2 1 2 1,2 1 2

2
1,2 2

2 1 cos(2 ) cos(2 ) cos(2 2 ) cos(2 2)

2 cos(2 );

W A r r B r r r r

r B

δ δ δ δ δ δ

δ

= + + − − + − −

−
 (8) 

(3)  1 1 1 2 2 2cos cosd n d nβ β� , 0,1 1,2r r= ,     (9) 

( )( )2 2
1,2 2,3 1,2 2,3 1 1,2 2 1 2 1,2 1 2

2
1,2 1

2 cos(2 ) 1 cos(2 ) cos(2 2 ) cos(2 2 )

2 cos(2 );

W A r r B r r r r

r B

δ δ δ δ δ δ

δ

= + + + + + + −

+
 (10)  

(4)  1 1 1 2 2 2cos cosd n d nβ β� , 0,1 1,2r r= − ,     (11) 

( )( )2 2
1,2 2,3 1,2 2,3 1 1,2 2 1 2 1,2 1 2

2
1,2 1

2 cos(2 ) 1 cos(2 ) cos(2 2 ) cos(2 2 )

2 cos(2 ).

W A r r B r r r r

r B

δ δ δ δ δ δ

δ

= + − + + − + − −

−
 (12) 

While drawing the analogy, we will also consider a variant of the structure, for 
which the refractive indices of the neighbouring layers differ insignificantly from each 

other ( 1 0.5i in n+ − < ). Then we may ignore small summands in Eqs. (6), (8), (10) and 

(12), assuming that the conditions 2
1,2 1r � , 0,1 1,2 1r r �  and 1,2 2,3 1r r �  are valid. 

If the structure parameters satisfy the conditions described by Eqs. (5), then the in-
verse transmittance (see Fig. 2) is given by 

 
( )

[ ]

2
0,1 1,2 1 2 2 0,1 1,2 1 2 2 1,2 2

2 0,1 1,2 2 2 2 1 1 1 2 2 2

2 cos(2 ) 2 cos(2 ) 2 cos(2 )

1 1
4 cos 2 cos cos 2 2 cos cos ,

W A B r r r r r

C r r B d n d n d n

δ δ δ δ δ δ δ

π β π β β
λ λ

+

= + + − + + + +

   = + +      

    (13) 

where 2
2 1,2 2 2 2

1
2 cos 4 cosC A r B d nπ β

λ
+  = +   

. In the case given by Eqs. (7) the inverse 

transmittance may be represented as  

( ) ( ) ( )( )
[ ]

2
0,1 1,2 1 2 2 0,1 1,2 1 2 2 1,2 2

2 0,1 1,2 2 2 2 1 1 1 2 2 2

2 cos 2 2 cos 2 2 cos 2

1 1
4 sin 2 cos sin 2 2 cos cos ,

W A B r r r r r

C r r B d n d n d n

δ δ δ δ δ δ δ

π β π β β
λ λ

−

= + + − − + + −

   = + +      

(14) 

where 2
2 1,2 2 2 2

1
2 cos 4 cosC A r B d nπ β

λ
−  = −   

. In the case (9) we have 

( ) ( ) ( )( )
[ ]

2
1,2 2,3 2 1 1 1,2 2,3 2 1 1 1,2 1

1 1,2 2,3 1 1 1 2 2 2 1 1 1

2 cos 2 2 cos 2 2 cos 2

1 1
4 cos 2 cos cos 2 2 cos cos ,

W A B r r r r r

C r r B d n d n d n

δ δ δ δ δ δ δ

π β π β β
λ λ

+

= + + − + + + +

   = + +      

  (15) 

where 2
1 1,2 1 1 1

1
2 cos 4 cosC A r B d nπ β

λ
+  = +   

. Finally, if the parameters of the structure 

satisfy the conditions given by Eq. (11), one gets 
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( ) ( ) ( )( )
[ ]

2
1,2 2,3 2 1 1 1,2 2,3 2 1 1 1,2 1

1 1,2 2,3 1 1 1 2 2 2 1 1 1

2 cos 2 2 cos 2 2 cos 2

1 1
4 sin 2 cos sin 2 2 cos cos ,

W A B r r r r r

C r r B d n d n d n

δ δ δ δ δ δ δ

π β π β β
λ λ

−

= + + − − + + −

   = + +      

 (16) 

where 2
1 1,2 1 1 1

1
2 cos 4 cosC A r B d nπ β

λ
−  = −   

. 

 

 

Fig. 2. Inverse transmittance at 
normal incidence (W , solid curve) 
and envelopes of its minimums 

( minW , dashed curve) and maxi-

mums ( maxW , dotted curve) for a 
transparent double-layer structure 
with the parameters 0 1n = , 

1 1.45n = , 2 1.70n = , 3 1.99n = , 

1 10µmd = , 2 1µmd =  (the condi-
tions of Eqs. (5) is satisfied). 

 
It is known that a beating appears when two harmonic oscillations (see Fig. 3) with equal 
amplitudes a  and close frequencies w  and w w+ ∆  ( w w∆ � ) are summing up [12, 13]: 

( ) ( )( )cos cos cos cos
2 2 2 2

2 cos cos .
2 2

w w w w
y a wt a w w t a w t a w t

w w
a t w t

   ∆ ∆ ∆ ∆   = + + ∆ = + − + + +            

 ∆ ∆   = +        

   (17). 

 

Fig. 3. Illustration of beating 
arising as a result of summa-
tion of two vibrations given by 
Eq. (17) with the parameters 

0.1a = , 10 rad/sw =  and 

1rad/sw∆ = : solid curve corre-
sponds to superposition of two 
harmonic oscillations y , dotted 
curve to envelope of minimums 

miny , and dashed curve to en-

velope of maximums maxy . 
 

Let us compare Eqs. (13) and (17) for the case (5), Eqs. (14) and (17) for the case 
(7), Eqs. (15) and (17) for the case (9), and Eqs. (16) and (17) for the case (11). This 
draws a conclusion that the optical beatings are available in the inverse transmittance 
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spectra observed for the double-layer structures of the types considered above. They rep-
resent a clear analogue of the beating known from the vibration theory (see Eq. (17)). Un-
ambiguous analogies (Table 1) can be made among the parameters of the inverse trans-
mittance spectrum, for which the optical beating takes place, and the parameters of the 
mentioned vibration process. Modulation curves of the inverse transmittance (see Table 
1) taken inside certain inverse-wavelength intervals are envelopes of the maximums 

maxW , while inside the other intervals they represent envelopes of the minimums minW  . 

 
Table 1. Analogy of the optical beating and the beating known from the vibration theory 
(see Eq. (17)). 

Inverse transmittance spectrum of transparent  
double-layer structure (Eq. (4))  

Sum of two harmonic vibrations 
(Eq. (17)) 

Inverse wavelength 
1/λ  

Time t  

1 1 14 cosd nπ β  for the cases (5) and (7); 

2 2 24 cosd nπ β  for the cases (9) and (11) 

Frequency w  of one of the vibra-
tions 

 

( )1 1 1 2 2 24 cos cosd n d nπ β β+  Frequency w w+ ∆  of the other  
vibration 

Condition for the beating under which peak-to-peak  
amplitude of oscillations reaches a value close to zero: 

2 2 2 1 1 1cos cosd n d nβ β�  for the cases (5) and (7); 

1 1 1 2 2 2cos cosd n d nβ β�  for the cases (9) and (11) 

 
 

w w∆ �  

2 0,1 1,2 2 2 2
1

4 cos(2 cos )C r r B d nπ β
λ

+ +  for the case (5); 

2 0,1 1,2 2 2 2
1

4 sin(2 cos )C r r B d nπ β
λ

− +  for the case (7); 

1 1,2 2,3 1 1 1
1

4 cos(2 cos )C r r B d nπ β
λ

+ +  for the case (9); 

1 1,2 2,3 1 1 1
1

4 sin(2 cos )C r r B d nπ β
λ

− +  for the case (11) 

 

 
 
 

Modulated curve 2 cos
2

w
a t

∆ 
 
 

 

 
When dealing with the function ( )y t  given by Eq. (17), it would also be convenient 

to introduce the envelopes for the maximums (maxy ) and the minimums (miny ):  

max 2 cos
2

w
y a t

∆ =  
 

,     (18) 

min 2 cos
2

w
y a t

∆ = −  
 

,    (19) 

thus drawing the analogy with the envelopes of the inverse transmittance spectrum even 
more vivid. That these functions are really the envelopes is evidenced by fulfilment of the 
following inequalities: 
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( )

( )

max 2 cos 2 cos cos
2 2

2 cos 1 cos sgn cos 0
2 2

w w
y y a t a t wt

w w
a t wt t

∆ ∆   − = −   
   

  ∆ ∆   = − ≥     
     

,  (20) 

( )

( )

min 2 cos cos 2 cos
2 2

2 cos cos sgn cos 1 0
2 2

w w
y y a t wt a t

w w
a t wt t

∆ ∆   − = +   
   

  ∆ ∆   = + ≥     
     

,  (21) 

where 

1, when cos 0
2

sgn cos
2

1, when cos 0
2

w
t

w
t

w
t

 ∆  ≥  
 ∆      =     ∆      − <    

. 

The analogues of the envelopes max,miny  found in the inverse transmittance spec-

trum are the parameters 

2 0,1 1,2 2 2 2

2 0,1 1,2 2 2 2
max

1 1,2 2,3 1 1 1

1 1,2 2,3 1 1 1

1
4 cos(2 cos ) , for the case (5)

1
4 sin(2 cos ) , for the case (7)

1
4 cos(2 cos ) , for the case (9)

1
4 sin(2 cos ) , for the case (11)

C r r B d n

C r r B d n

W

C r r B d n

C r r B d n

π β
λ

π β
λ

π β
λ

π β
λ

+

−

+

−

 +



+
= 
 +


+






,  (22) 

2 0,1 1,2 2 2 2

2 0,1 1,2 2 2 2
min

1 1,2 2,3 1 1 1

1 1,2 2,3 1 1 1

1
4 cos(2 cos ) , for the case (5)

1
4 sin(2 cos ) , for the case (7)

1
4 cos(2 cos ) , for the case (9)

1
4 sin(2 cos ) , for the case (11)

C r r B d n

C r r B d n

W

C r r B d n

C r r B d n

π β
λ

π β
λ

π β
λ

π β
λ

+

−

+

−

 −



−
= 
 −


−






.  (23) 

This fact may be easily proved in the same way as for the case of Eqs. (20) and (21), us-

ing the inequalities max 0W W− ≥  and min 0W W− ≥ . 

The analysis of the relations for max,minW  shows that there are two possible func-

tions for the envelopes of both the maximums and the minimums, which do not depend 
on the phase thickness of the thickest layer. The same conclusions are also true for the 
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envelopes of the transmittance (max,min
min,max

1
T

W
= ) and the reflectance 

( max,min
max,min

1
1R

W
= − ) spectra. It is worth noticing that the regularity explained by us 

has in fact been used by the authors [9] when finding the functions of spectral envelopes 
for the structures with two layers. Later on it has been generalised for the multilayer 
structures (see [10, 15]). 
 
2.2. Optical beatings in the reflectance and transmittance spectra of multilayer 
structures 
When passing to the analysis of multilayer structures, it is necessary to write down the 
expression for the peak-to-peak amplitude of the spectral oscillations, in order to define 
the conditions predetermining how clearly the optical beatings manifest themselves in the 
reflectance and transmittance spectra for an arbitrary multilayer structure. The following 
expressions for the envelopes of the reflectance and transmittance spectra have been ob-
tained in the work [10]:  

2
0, , 1 0,min,max

,0 , 11
s s k s s

s
s s k s

R
σ σ χ

σ σ
+

+

Ω 
=  Ω 

∓

∓
,    (24) 

( )
2 2
0, , 1min,max 1 1

2
0 0 ,0 , 1

cos

cos 1

s s k sk k
s

s s k s

n
T

n

τ τβ
β σ σ

++ +

+

Ω
=

± Ω
,    (25) 

where 2Im s
s e δΩ =

�

, s  denotes the number of the layer with the largest phase thickness, 

whereas ,j uχ , ,j uσ , ,j uτ  and ,j uγ , ,j uφ , ,j uθ  are respectively the modules and the 

phases of the complex quantities ,
, , , , ,

j ui
j u u j j u u j j ut t r r e

γχ− =� � � � , ,
, ,

j ui
j u j ur e

φσ=�  and 

,

, ,
j ui

j u j ut e
θτ=� . Here ,j ur�  and ,j ut�  are the reflection and transmission coefficients for the 

structure ( 1)j j u− + − −� , and 0n  and 1kn +  mean the refractive indices of transparent 

semi-infinite surrounding media. As a consequence, the relations 

 
( )( )

( ) ( )

2 2
, 1 0, ,0 0, ,0 , 1 0, 0,max min

2 2
,0 , 1 ,0 , 1

4

1 1

s s k s s s s s k s s s
s s s

s s k s s s k s

R R R
σ σ σ χ σ σ χ σ

σ σ σ σ

+ +

+ +

Ω − Ω −
∆ = − =

Ω − Ω +
, (26) 

( ) ( )
2 2 2

,0 , 1 0, , 1max min 1 1
2 2

0 0 ,0 , 1 ,0 , 1

4cos

cos 1 1

s s s k s s kk k
s s s

s s k s s s k s

n
T T T

n

σ σ τ τβ
β σ σ σ σ

+ ++ +

+ +

Ω
∆ = − =

Ω − Ω +
 (27) 

may be written for the peak-to-peak amplitudes between the envelopes given by Eqs. (22) 
and (23). 
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The analysis of the latter expressions testifies that the minimum values of the ra-

tios 
min

max
s

s

R

R

∆
∆

 (i.e., 0sR∆ →  for the reflectance spectrum) are reached when one of the 

following conditions is satisfied: 
(1) The module of the reflection coefficient for the structure ( 1) ( 1)s s k− + − − +�  

is close to zero ( , 1 0s kσ + → ); 

(2) 2 2
,0 , 1 0, 0, 0s s k s s sσ σ χ σ+ Ω − → . The relations *

, , ,exp( )j u u j j ur r iγ= −� �  and 

, , , , ,exp( )j u u j j u u j j ut t r r iγ− =� � � �  are true for the transparent structure [16]. Then we have 

,0 0,s sσ σ=  and 0, 1sχ = , and the condition 2 2
,0 , 1 0, 0, 0s s k s s sσ σ χ σ+ Ω − →  may be rewrit-

ten as ( )2
0, , 1 1 0s s kσ σ + − → . This is satisfied at either 0, 0sσ →  or , 1 1s kσ + → . 

(3) 0, ,0 0, 0s s sσ σ χ− → . For the transparent structure this condition is equivalent to 

the condition 0, 1sσ → . 

The minimum values of the ratios 
min

max
s

s

T

T

∆
∆

 (i.e., 0sT∆ →  for the transmittance 

spectrum) are reached when one of the following conditions is fulfilled: 

(1) , 1 0s kσ + → ; (2) ,0 0sσ → ; (3) 0, 0sτ → ; (4) , 1 0s kτ + → .  

The minimums 
min

max
s

s

R

R

∆
∆

 of the reflectance spectrum and the minimums 
min

max
s

s

T

T

∆
∆

 

of the transmittance spectrum for the transparent structure are reached when we have the 
conditions of zero reflectance for one of the two parts of the structure 0 1 ( 1)k− − − +�  

separated by the thickest layer s : 0 1 s− − −�  or ( 1) ( 1)s s k− + − − +�  (see Fig. 4). In 

case if one of these parts represents a single-layer structure (2s =  or 1s k= − ), the opti-

cal beating manifests itself very clearly when the known antireflection conditions are sat-
isfied for such a structure [17]: 

1 0 2N N N= , 1 / 2δ π πζ= + ,     (28) 
or 

0 2N N= , 1δ πζ= ,      (29) 
0,1,ζ = …  for 2s = ; 

1 1k k kN N N− += , / 2kδ π πζ= + ,    (30) 
or 

1 1k kN N− += , kδ πζ= ,     (31) 
for 1s k= − ). 

Here iN  are the generalised refractive indices defined as cosi i iN n β=  for the s -

polarisation and 
cos i

i
i

N
n

β=  (for p -polarization) [11]. 
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It presents no difficulty to make sure that the conditions for the generalised refractive 
indices given by Eqs. (28)–(31) correspond to the conditions (9), (11), (5), (7) for the 
Fresnel reflection coefficients. 

In case if one of the mentioned parts represents a multilayer structure, the optical 
beating appears to be clear (see Fig. 4) when the phase thicknesses of any of the two lay-
ers in this part satisfy the conditions of zero reflectance [10, 18]. 

The optical beating is also clearly present when the transmittances of the struc-
tures 0 1 s− − −�  or ( 1) ( 1)s s k− + − − +�  are minimal (see Fig. 5), while their reflec-

tances are close to unity (i.e., we have an ‘interference reflector’). 

 

Fig. 4. Reflectance at normal incidence ( 0,11R , solid curve) and envelopes of 

its minimums ( min
5R , dashed curve) and maximums ( max

5R , dotted curve) for 
a transparent ten-layer structure with the thickest fifth layer and the following 
parameters at 0λ λ= : 0 1n = , 1 1.37n = , 2 1.70n = , 3 1.98n = , 4 2.95n = , 

5 1.97n = , 6 2.90n = , 7 1.90n = , 8 2.20n = , 9 1.50n = , 10 2.70n = , 

11 4.0n = ; 1 0.927 radδ = , 2 1.697 radδ = , 3 1.640 radδ = , 4 5.854 radδ = , 

5 81.52 radδ = , 6 1.571 radδ = , 7 1.571 radδ = , 8 1.351 radδ = , 

9 1.293 radδ = , 10 1.236 radδ = . A zero 0,5σ  value is provided at 0λ λ=  

(dash-dotted curve). 

3. Conclusions 
A possible occurrence of an optical beating in the inverse transmittance spectrum for a 
transparent double-layer structure has been demonstrated using an analogy between ana-
lytical representations of the latter spectrum and the beating phenomenon known from the 
standard vibration theory. Once being drawn, the analogy has enabled us deriving ana-
lytical expressions for the envelopes of both the maximums and the minimums in the in-
verse transmittance spectrum. There are two different expressions for the envelopes that 



Demonstration 

Ukr. J. Phys. Opt. 2011, V12, №2 99

correspond to the two possible ratios between the phase thicknesses of the layers, 1 2δ δ>  

and 1 2δ δ<  . 

The analytical conditions needed for clear manifestations of the optical beatings 

both in the reflectance ( 0sR∆ → ) and transmittance ( 0sT∆ → ) spectra of an arbitrary 

multilayer structure have been determined. For the transparent structures these conditions 
mean a closeness to zero or unity of the reflectance of any part of the structure 
0 1 ( 1)k− − − +�  separated by the thickest layer s  (0 1 s− − −�  or 

( 1) ( 1)s s k− + − − +� ). 

 

 

Fig. 5. Reflectance at normal incidence ( 0,11R , solid curve) and envelopes of 

its minimums ( min
2R , dashed curve) and maximums ( max

2R , dotted curve) for 
a transparent ten-layer structure with the thickest second layer and the fol-
lowing parameters at 0λ λ= : 0 1n = , 1 3 5 7 9 11 4.0n n n n n n= = = = = = , 

2 4 6 8 10 1.40n n n n n= = = = = ; 1 3 4 10 / 2δ δ δ δ π= = = = =� , 2 101.5 radδ = . 

A value 2,11 1σ ≈  and a zero 2,11σ  value (dash-dotted curve) are provided at 

0λ λ=  and 1 2( , )λ λ λ= , respectively. 
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Анотація. Представлено аналогію між оптичним биттям в обернених спектрах 
пропускання прозорої двошарової структури і явищем биття, відомим з теорії коливань. 
Визначено умови, за яких оптичне биття найчіткіше виявляється в інтерференційних 
спектрах для багатошарової структури. 
 


