
ISSN 1562-6016. ВАНТ. 2016. №3(103) 3 
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On the base of general approach we obtain some results that can be useful in the process of tuning of nonunifrom 

disc-loaded waveguides. Our consideration has shown that simple values that characterize the detuning of the cells 

can be introduced only for the disc-loaded waveguide with parameters that change very slow. In general case it is 

needed to conduct full numerical simulation of specific disc-loaded waveguide and obtain all necessary coupling 

coefficients. After that one can start the tuning process on the base of bead-pull field distribution measurements. 
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INTRODUCTION 

Disc-loaded waveguides (DLW) have been heavily 

investigated both numerically and analytically over the 

past seven decades (see, for example, [1, 2] and cited 

there literature). They have also been used, and continue 

to be used, in a variety of microwave devices such as 

linear accelerators [3, 4], travelling-wave tube amplifi-

ers, backward-wave oscillators [5], etc. 
In physics of linear accelerators two important 

groups of DLWs are commonly distinguished: the con-

stant gradient and the constant-impedance type. Charac-

teristics of a homogenous structure with constant iris 

and cell-radii over the whole length (a constant-

impedance structure) can be calculated with using Flo-

quet theorem. There are several known reliable methods 

and computer codes for calculations of the infinitely 

periodic structures. 

A structure with constant electric field on axis (a 

constant-gradient structure) can be designed by appro-
priate tapering iris- and cell-radius [6 - 8]. The design of 

such nonperiodic accelerator section is based on the 

assumption that the parameters of the section vary only 

slowly along the structure. In such an approach one es-

sentially assumes the local field in the nonperiodic 

structure to be that of a corresponding periodic struc-

ture, with the local dimensions of the nonperiodic struc-

ture. However, there always arises the question of how 

good is this approximation for the nonperiodic wave 

structures. 

Some nonuniform DLWs have greater tapering. 

They are used as injectors and sections for high current 
linacs [3, 9, 10]. There are also quasi constant gradient 

structures that have essentially nonuniform transition 

cells [11, 12]. 

Usually the electromagnetic properties of accelerator 

components are calculated by computer codes that dis-

cretize Maxwell's equations. For long tapered disc-

loaded waveguides, however, these methods would need 

the solution of extremely large algebraic equations. This 

is numerically difficult (or even impossible). 

So, it is necessary to use non-grid-oriented methods 

to calculate the fields in the complete structure with 
realistic dimensions. Equivalent circuits are one possi-

ble technique. These are fast methods but the influence 

of the chosen model on the results is not negligible so 

that the results may be far away from the exact solution 

of Maxwell's equations. The mode matching technique 

is based on an exact formulation. In the chain matrix 

formulation this technique can be used for nonperiodic 

structures [13 - 15]. 

Usually, in the mode matching technique basic func-

tions are chosen as the eigenwaves of circular wave-

guides [13 - 15]. Earlier we have developed approach 

that used the eigenmodes of circular cavities as the basic 

functions for calculation the properties of uniform DLW 

[16]. We have obtained exact infinite system of coupled 
equations which can be reduced by making some as-

sumptions. Under such procedure we can receive more 

exact parameters of equivalent circuits by solving the 

appropriative algebraic systems. These parameters of 

equivalent circuits are functions both geometric sizes 

and frequency. Moreover, under such approach all used 

values have interpretation. We called this approach as 

coupled cavity model. Recently we extended that model 

on the case of nonuniform DLW [17 - 20]. 

Development of this model gives us possibility to 

look on the properties of the nonuniform DLW more 

deeply, especially on the methods that are used for tun-
ing nonuniform DLWs [21 - 28]. Some results of our 

investigation are presented in this article. 

1. ELECTROMAGNETIC FIELDS  

IN NONUNIFORM DISK-LOADED 

WAVEGUIDE 

Let’s consider a cylindrical nonuniform DLW 

(Fig. 1). We will consider only axially symmetric fields 

with , ,z rE E H  components. Time dependence is 

exp( )i t .  

We can divide the DLW volume into infinite num-

ber of different cylindrical volumes that are contiguous 

with each other over circle aria. In each large volume 

we expand the electromagnetic field with the short-

circuit resonant cavity modes 
( )

, ,( ) ( )k

q k q k

q

E e t E r ,                 (1) 

( )

, ,( ) ( )k

q k q k

q

H i h t H r  ,               (2) 

where  0, ,q m n , and 
, ,,q k q kE H are the solution of 

homogenous Maxwell equations  
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, , 0 ,

, , 0 ,

,

,

q k q k q k

q k q k q k

rot E i H

rot H i E

 

 



 
                 (3) 

with boundary condition 0E   on the metal surface. 

In each small volume we expand the electromagnetic 

field with the waveguide modes. Using the relevant 

boundary conditions after some manipulations we can 

obtain such infinite set of coupled relations [18, 20] 

 2 2 2

, , , 010, , ,q k q k q k j q k j

j

e e   




   ,       (4) 

where 
, ,q k j are some coefficients that depend on both 

the frequency   and geometrical sizes of all volumes. 

There are an infinite set of infinite linear equations 

which solutions define these 
, ,q k j  coefficients. Let’s 

note that relations (4) are the exact ones.  

 
Fig. 1 

It follows from (4) that for finding the amplitudes of 

the main (010) mode we have to solve a system of cou-

pled equations  

  2 2

010, 010, , 010,

2

010, 010, 010, ,

,

1

.

k k k k

k j k j

j j k

e

e

  

 


 

  

 
       (5) 

Amplitudes of other modes ( (010)q  ) can be find 

by summing the relevant series  

  

2

,

, 010, , ,2 2
,

, , ,1

q k

q k j q k j

j j k
q k q k k

e e



  



 


 

 .  (6) 

It can be shown that for large interval of geometric 

sizes in the right hand side of (5) we can neglect all 

terms except three ones. Denote 010,k kA e  (complex 

amplitudes), 
, 010, ,k j k j   and introduce loss, then the 

equations (5) can be rewritten as  

2 2

,

2 2

, 1 1 , 1 1

(1 )

,

k

k k k k

k

k k k k k k k k

i A
Q

A A

 
  

      

 
    

 

 

        (7) 

or 

, 1 1 , 1 1k k k k k k k kZ A A A      ,             (8) 

where 
2

, 2
1 Rek k k k k

k kk

Z i Z i
Q

 
 



 
      
 

.  (9) 

Suppose that for 0   and some geometry 

( (0)

k kZ Z ) there is a certain (forward) amplitude distri-

bution  
(0) (0) (0) (0)

1 , 1 exp( )k k k k kA A R i  ,             (10) 

where (0)

, 1k kR 
 are the real values.  

Note that in general case electromagnetic field with 

amplitude distribution (10) can not be considered as a 

wave (except the uniform case). Indeed, such distribu-

tion can be true only for one frequency and in some 

cases it can be impossible to define the group velocity1. 

From (8) and (10) it follows 
(0)

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

1 (0) (0)

, 1 , 1

(0) (0) (0)

1 1,

1
exp( )

exp( ) .

k k

k k k k

k k k k

k k k k

A Z i A
R

A i R












 

 

 
     

 



 (11) 

Therefore, under 0   and some geometry such 

relations is true  
(0)

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

1 1, , 1(0)

, 1

exp( ) exp( )
k k

k k k k k k k

k k

Z i i R
R


  



  



   . (12) 

For given (0) (0)

, 1,k k kR   these equations determine the 

geometry of DLW.  

The equations (8) are the second order difference 

equation. So, there must two solutions. 

When kQ   the second solution is a complex 

conjugate one to (10), so, it is conveniently to seek the 

second solution in the form  

(0) (0) (0) (0)

1 , 1 exp( )k k k k kA A R i   .     (13) 

If kQ  (0) (0) (0) (0)

, 1 , 1;k k k k k kR R     . 

(0) (0)

, 1,k k kR 
 satisfy the equations  

(0)

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

1 1, , 1(0)

, 1

exp( ) exp( ) .
k k

k k k k k k k

k k

Z i i R
R


  



  



   (14) 

Consider a case of the uniform DLW (a constant-

impedance structure) ( (0)

k  , (0)

, 1 ,k kR const   

(0)

, 1k kR const  , (0)

, 1k k const   ). From (12) it follows 

2
(0) (0)

(0)

(0) (0)

2
(0) (0)

(0) (0)

1
2 sin( ) 2 sin( )

1
1 ,

22 sin( ) 2 sin( )

R
 

   

 

   

 
     

 

 
    

 

 (15) 

                                                        
1 In a periodic structure, at a given frequency and 

single mode operation, the electromagnetic wave is 
characterized by a single wavenumber k and quantities 

like phase velocity, group velocity. In principle, if the 

structure is no longer periodic the field can not be repre-

sented by a single wavenumber and group velocity. The 

simplest example is the matched (on one frequency) 

connection of two different DLWs. It is impossible to 

define the group velocity for this case. We will use term 

electromagnetic field (forward and backward) instead of 

electromagnetic wave. 
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2
(0) (0)

(0)

(0) (0)

2
(0) (0)

(0) (0)

1
2 sin( ) 2 sin( )

1
1 .

22 sin( ) 2 sin( )

R
 

   

 

   

 
    

 

 
    

 

 (16) 

For the case of the constant-gradient structure 

( (0)

, 1 1k kR    и (0)

k  ) we have 

(0) (0) (0)

, 1 , 1exp( ) exp( )k k k k kZ i i       ,     (17) 

 (0) (0) (0)

, 1 , 1 sink k k k k       ,              (18) 

(0)

(0) (0)

, 1 , 1
sin

k

k k k k


 


   ,                  (19) 

(0)

(0) (0)

, 1

(0)

(0)

, 1

Re 2 cos
sin

2 cos .
sin

k

k k k

k

k k

Z


 



 







 
    
 

 
  
 

   (20) 

For backward distribution (13) from (14) we can ob-

tain 

 

(0) (0) (0)

1 , 1(0)

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

, 1 1 1

sin sin( )

sin sin 2 sin

k k k k

k k

k k k k k

R
   

     

 



  




 
, (21) 

 (0) (0) (0) (0)

, 1(0)

1, (0) (0) (0)

1 , 1

sin 2 sin sin

sin sin( )

k k k k k

k k

k k k k

R
     

   





 

 



. (22) 

We will seek the solution in the form  
(0)

k k    .                 (23) 

We will suppose bellow that (0) 1k   and k  . 

Then 

 
(0)

, 1(0)

, 1 1 1(0)

, 1

1 2 ( )
k k

k k k k k

k k

R ctg ctg


   




  



    , (24) 

 
(0)

, 1(0)

1, 1(0)

, 1

1 2 ( )
k k

k k k k k

k k

R ctg ctg


   




 



    . (25) 

The right hand part of the equality (24) under change 

k  to 1k   must coincide with the right hand part of the 

equality (25)  

 

 

(0)

, 1

1(0)

, 1

(0)

1,

1 2 2(0)

1, 2

1 2 ( )

1 2 ( ) .

k k

k k k

k k

k k

k k k

k k

ctg ctg

ctg ctg


   




   











  

 

   

  

 (26) 

From this expression we can obtain such difference 

equation for k  

(0) (0)

1

2 1 (0) (0)

1, , 1

2cos2 2cos k k

k k k

k k k k

 
    

 


 

 

 
     

 

.(27) 

The right hand part of this equation is proportional 

to (0)2

k , therefore the solution will be big-oh of (0)2

k , 

too. Therefore, we can neglect 1,k k    in (24), (25) and 

write  
(0)

k  ,                       (28) 

(0) (0)
, 1(0)

, 1 (0) (0)

, 1 , 1

1
sin

k k k

k k

k k k k

R
 

  





 

   .      (29) 

2. CHARACTERIZATION  

OF DETUNED CELLS 

Let’s consider the DLW with geometry close to 

some DLW that support (0) (0) (0) (0)

1 , 1 exp( )k k k k kA A R i   

distribution. Suppose that we can measure the complex 

amplitude ( )m

kE  of the electromagnetic field in the cen-

ter of each cavity and find the complex amplitude of 

010E -mode ( )m

kA : 

( ) ( )m m

k k kA E .                       (30) 

Then under the assumption of only adjacent interac-

tion these amplitudes have to satisfy the equation 
 

(3) ( ) ( ) ( )

, 1 1 , 1 1

m m m

k k k k k k k kZ A A A      .  (31) 

Rewrite it as  

   

(0) ( ) (0) ( )

, 1 1 , 1 1(3)

( )

( ) ( )

(0) (0)1 1

, 1 , 1 , 1 , 1( ) ( )
.

m m

k k k k k k

k m

k

m m

k k

k k k k k k k km m

k k

A A
Z

A

A A

A A

 

   

   

 

   


 

   

(32) 

Let’s denote  
(0) ( ) (0) ( )

, 1 1 , 1 1(3. )

( )

m m

k k k k k km

k m

k

A A
Z

A

    
 ,             (33) 

then 

 

 

( )

(3) (3, ) (0) 1

, 1 , 1 ( )

( )

(0) 1

, 1 , 1 ( )
.

m

m k

k k k k k k m

k

m

k

k k k k m

k

A
Z Z

A

A

A

 

 



 



 

   

 

    (34) 

Since for (3) (3,0)

k kZ Z  differences 

   (0) (0)

, 1 , 1 , 1 , 10, 0k k k k k k k k          , then we can 

introduce such parameters that characterize the detuning 

of the cell 
(3, ) (3,0)

(3, )

(3,0)

m

m k k

k

k

Z Z
F

Z


 .                   (35) 

If we calculate (3,0)

kZ , (0) (0)

, 1 , 1,k k k k   , k  and measure  

( ) ( ) ( )

1 1, ,m m m

k k kA A A 
, we’ll be able to find (3, )m

kF .  

Changing the geometry of k  cell in such a way that 
(3, ) 0m

kF  , we obtain (3) (3,0)

k kZ Z , i.e. we obtain 

tuned cell under arbitrary parameters of other cells and 

reflections from couplers.  

Consider the constant-gradient structure (
1, 1i iR   ) 

with slow tapering ( / 2  , , 1 , 1i i i i   , k const  ) 

(0)

, 1(3,0) (0)

(0)

, 1

(0) (0) (0) (0)

1 1, , 1 , 1

exp( )

exp( ) 2 cos ,

k k

k k

k k

k k k k k k k

Z i
R

i R




   





   

  

 

 (36) 

( ) ( )

(3, ) (0) 1 1

, 1 ( )

m m

m k k

k k k m

k

A A
Z

A
  




 .               (37) 

Then 
(3, ) ( ) ( ) ( )

(3, ) 1 1

(3,0) ( )

2cos
1

2cos

m m m m

m k k k k

k m

k k

Z A A A
F

Z A




  

   . (38) 
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For 2 /3   

( ) ( ) ( )

(3, ) 1 1

( ) ( )

3 exp( )m m m

m i i i i i

i m m

i i

A A A i S i
F

A A

  
   , (39) 

where exp( )i iS i  are coefficients that were introduced 

in the article [21] and which should to be decreased in 

the process of tuning. 
(3, ) ( )exp( ) / 3m m

i i i iiS i F A  .            (40) 

Imaginary part of kZ is small ( 1/ kQ , see (9)), 

therefore the imaginary part of 
(3, )m

iF is small, too, and 

the authors of the article [21] dealt only with 

 Re exp( )i iiS i . 

In the case of the uniform DLW (a constant-

impedance structure) ( / 2,i     
1, ,i iR R   

, 1i i   ) 

( ) ( )

(3, ) 1 1

( ) 2
1

exp( ) exp( )

m m

m i i

i m

i

A A R
F

A i R i 
 

 
 

. (41) 

As 
Im

1
2 sin( )

Z
R

 
  , then if 

Im
1

2 sin( )

Z

 
  

( ) ( ) ( )

(3, ) 1 1

( )

2cos

2cos

m m m

m k k k

k m

k

A A A
F

A




  

 .         (42) 

It coincides with expression (38). 

For large apertures and small phase velocities for 

correct quantitative description we have to use five 

summands in the right hand side of equation (5)  
(5)

, 1 1 , 2 2

, 1 1 , 2 2 .

k k k k k k k k

k k k k k k

Z A A A

A A

 

 

   

   

  

 
           (43) 

Then we can introduce more complicated parameters 

that characterize the detuning of the cell 
(5, )

(5, )

(5,0)
1

m

m k

k

k

Z
F

Z
  ,                     (44) 

where 
(0) ( ) (0) ( ) (0) ( ) (0) ( )

, 2 2 , 1 1 , 1 1 , 2 2(5, )

( )

m m m m

k k k k k k k k k k k km

k m

k

A A A A
Z

A

            
 . 

(45) 
(5,0) (0)

, 1 1 1,

(0)

, 2 2, 1 1, 2 1

(0) (0)

, 1 , 2

1

, 1 , 1 1, 2

exp( )

exp( )

exp( ) exp( ).

k k k k k k

k k k k k k k k

k k k k

k k k

k k k k k k

Z i R

R R i i

i i i
R R R

 

  

 
  

  

     

 



   

 

  

    

 

(46) 

We have already noted that introduced above pa-

rameters that characterize the detuning of cells are cor-

rect in the case when parameters of other cell do not 

effect on their magnitude.  
To study quality of introduced parameters from this 

point of view we calculated these parameters for differ-

ent DLWs. We used the developed coupled cavity mod-

el for calculation the necessary coefficients. Considera-

tion was carried out for frequency f   2856 MHz. 

The first DLW represents the matched (on one fre-

quency f  2856 MHz) connection of two different 

uniform DLWs ( 1 9a a  1.4 cm. 11 25a a  1.39 cm, 

disc thickness t  0.4 cm, d  3.099 cm) with using one 

transition cell. Transition cell sizes ( 10a  and 10b ) were 

chosen by making the reflection coefficient small 

enough ( 310  ). Results of calculations that present-

ed in Figs. 2-6 show that simplified description (39) can 

be used in tuning procedure.  

The second DLW also represents the matched con-

nection of two different uniform DLWs ( 1 9a a  1.4 cm, 

11 25a a  1.3 cm) with using one transition cell. Sizes 

of the second DLW change more steeply. Transition cell 

sizes ( 10a  and 10b ) were chosen by the same method 

( 33 10   ). Results of calculations that presented in 

Figs. 7-10 show that for relatively fast cell size changes 

three point approach gives correct results only in the 

case of using full description (see (35)). Simplified de-

scription (39) gives some mistakes in considered case. 

Five point approach gives the same results as three point 

one. 

But for the case of large apertures and small cell 

lengths (the third DLW, Fig. 112, small phase velocities) 
only five point approach gives correct results (see 

Figs. 12-16). 

 
Fig. 2. Distributions of longitudinal electric field  

in the cell centers ( nE ), amplitudes  

of 010E  mode ( nA ) and /n n nA E    

 
Fig. 3. Distribution of phase deviations ( 0 2 / 3  )  

of the longitudinal electric field in the cell centers  

and phase deviations of amplitude of 010E  mode 

                                                        
2 Cell radii were chosen with using special 6 resona-

tor stack [10, 11]. Tuning accuracy was ~50 kHz. 
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Fig. 4. Detuning parameters that were calculated  

with using expression (39) 

 
Fig. 5. Detuning parameters that were calculated  

with using expression (35) 

 
Fig. 6. Detuning parameters that were calculated  

with using expression (44) 

 

Fig. 7. Distribution of phase deviations ( 0 2 / 3  )  

of the longitudinal electric field in the cell centers and 

phase deviations of amplitude of 010E  mode 

 
Fig. 8. Detuning parameters that were calculated  

with using expression (39)  

 
Fig. 9. Detuning parameters that were calculated  

with using expression (35) 

 
Fig. 10. Detuning parameters that were calculated  

with using expression (44) 

 
Fig. 11. Geometrical sizes of the third DLW 
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Fig. 12. Distributions of longitudinal electric field  

in the cell centers ( nE ), amplitudes of 010E  mode 

( nA ) and /n n nA E   

 
Fig. 13. Distribution of phase deviations ( 0 2 / 3  ) 

of the longitudinal electric field in the cell centers  

and phase deviations of amplitude of 010E  mode 

 
Fig. 14. Detuning parameters that were calculated 

with using expression (39) 

 
Fig. 15. Detuning parameters that were calculated  

with using expression (35) 

 
Fig. 16. Detuning parameters that were calculated  

with using expression (44) 

3. REFLECTIONS IN NONUNIFORM DLW  

Consider the DLW with geometry that support some 

distributions (10) with (0)

k   and (13) with (0)

k  . 

Suppose that one cell with index s  ( 2s  ) has a devia-

tion in geometric sizes. Let us find the amplitude distri-

bution in such DLW. The system of equations (7) we 

can rewrite in the form  
(0) (0) (0)

, 1 1 , 1 1,k k k k k k k kZ A A A k s       . (47) 

, 1 1 , 1 1s s s s s s s sZ A A A      .                (48) 

(0) (0) (0)

, 1 1 , 1 1,k k k k k k k kZ A A A k s       . (49) 

The amplitude in the cell with 0k   we represent in 

the form 

0 0 0A A A  .                         (50) 

Then for other cells we can write 

(0)

0 , 1

1

(0)

0 , 1

1

exp( )

exp( ), , 0 ,

k

k j j

j

k

j j

j

A A R ik

A R ik k s k













 

   





(51) 

(0)

0 , 1

1

exp( ),
k

k j j

j

A A T R ik k s



  .    (52) 

Substituting (51) and (52) into equations (47)-(49), 

we find “the reflection coefficient”    

 

 

(0)

1, 2 (0) (0)

1, 2 1, 2

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

, 1 1,(0)
1 , 1

(0)(0)
, 1 , 1, 1 (0) (3)

(0) (0)

, 1 , 1

(0)

, 1 , 1

exp( ) exp( )

exp(2 )

exp( )

s s

s s s s

s
j j

s s s s

j j j

s s s ss s

s s

s s s s

s s s s

i i

R R

R
is R

R

R
Z F i

 


 

 


 

 



 

   




 

 

 

 

 

  
   

  

  


  








(0) (0)

1, , 1(0)

, 1

,

exp( ) s s s s

s s

i R R  



 
 
 
 
 
 
 

 (53) 

where 
(0) (3) (0)

s s s sZ Z F Z  .                 (54) 

Note, that (3)

sF  differs from (3, )m

sF  (see (35)). 

In most cases 
2

,k j kb 
 and 1

k kb  . 

Then 
(0) (3) (0)

2
(0)

, (0)2 (0) (0) (0)
2 2 2 .

s s s s

k k

s s

s s k k k

Z F Z Z

b b
i

Q b b

 


 

  

   
     
 

       (55) 



ISSN 1562-6016. ВАНТ. 2016. №3(103) 9 

Since 
 (0)

(0) (0)
2

s s

s

b

b

 



 
   and 

 

 

   

(0) (3) (0)

( ) (0) ( ) (0) (3, )

(0) ( ) (0) ( )

, 1 , 1 1 , 1 , 1 1

( )

(0) (3, )

s k k k

m m m

s s s s s k

m m

k k k k k k k k k k

m

k

m

s k

Z F Z Z

Z Z Z Z Z F

A A

A

Z F

        

  

     

  
 



 (56) 

we finally obtain  

(0) (0)

1, 2 1, 2

(0) (0)21
, 1 , 1 (0) (3, )

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

exp( ) exp( )

exp(2 ) .

s

s s s s

s
j j s s m

s s

j s sj j

i i

R R

R R
is Z F

R

 




   


 

  

  
   

  

 

(57) 

Note that 
(0) (0)(0) (0)1

(0) 1 11 2

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

.......
s

s s

j j

j s

A AA A
R

A A A A


 



 

  . (58) 

 

For the constant-impedance structure we obtain  
1

(3, )

1

(3, )

cos
exp(2 )

sin

cos
exp( 2 )exp(2 ) ,

sin

s
m

s ss

m

s

R
i is F

R

i s is F







 






   

  

    (59) 

where 

1

2 sin Q


 
 .                        (60) 

In the case of the constant-gradient structure  

(0) (3. )

2
(0) (0)

1, 2 , 1

1

exp(2 )

sin

m

s s ss

s s j j

j

is
i Z F

R






  



  


.   (61) 

Since (see (29)) (0) (0) (0)

, 1 , 1 , 1/k k k k k kR     , the product 

can be written in the form 
(0) (0) (0) (0) (0)2
1,0 2,1 3, 4 2, 3 1,0(0)

, 1 (0) (0) (0) (0) (0)
1 1,2 2,3 3, 2 2, 1 2, 1

.. .
s

s s s s

j j

j s s s s s s

R
    

    


   



      

  (62) 

Finally 
(0)

2, 1 (0) (3, )

(0) (0)

1,0 1, 2

(0) (3, )

(0)

1,0

exp(2 )

sin

exp(2 )
.

sin

s s m

s s s

s s

m

s s

is
i Z F

is
i Z F

 

 





 

 

   

 

(63) 

 

Note, that expression (57) was obtained under as-

sumption that (0)

k   for backward field. As our con-

sideration has shown (see (27)), it is needed to check  

this assumption for each specific case. 

CONCLUSIONS  

On the base of general approach we have obtained 

some results that can be useful in the process of tuning 

of nonunifrom DLWs. Our consideration has shown that 

simple values that characterize the detuning of the cells 
can be introduced only for the DLW with parameters 

that change very slow. In general case it is needed to 

conduct full numerical simulation of specific DLW and 

obtain all necessary coupling coefficients. After that one 

can start the tuning process. The coupled cavity model 

can be good approach in this procedure. The rounding 

of the disk hole edges can be taking into account by 

using S matrix approach [20]. 
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ЭЛЕКТРОМАГНИТНЫЕ ПОЛЯ В НЕОДНОРОДНЫХ ДИАФРАГМИРОВАННЫХ ВОЛНОВОДАХ 

Н.И. Айзацкий, В.В. Митроченко 

На основе общего подхода получены результаты, которые могут быть полезны при настройке неодно-

родных диафрагмированных волноводов. Результаты анализа показали, что простые коэффициенты, кото-

рые характеризуют расстройку ячеек, могут быть введены только в случае медленного изменения парамет-

ров диафрагмированных волноводов. В общем случае необходимо провести полное математическое моде-

лирование конкретного неоднородного диафрагмированного волновода и рассчитать необходимые коэффи-

циенты связи. После этого можно проводить настройку ячеек, измеряя напряженность поля методом малого 

возмущающего тела. 

 

ЕЛЕКТРОМАГНІТНІ ПОЛЯ В НЕОДНОРІДНИХ ДІАФРАГМОВАНИХ ХВИЛЕВОДАХ 

М.І. Айзацький, В.В. Митроченко  

На основі загального підходу отримано результати, які можуть бути корисними при настройці неоднорі-

дних діафрагмованих хвилеводів. Результати аналізу показали, що прості коефіцієнти, які характеризують 

розлад резонаторів, можуть бути введені тільки для випадку повільного змінення параметрів діафрагмова-

них хвилеводів. У загальному випадку необхідно  провести повне математичне моделювання конкретного 

неоднорідного діафрагмованого хвилеводу та розрахувати необхідні коефіцієнти зв’язку. Після цього можна 

проводити налаштування резонаторів, вимірюючи напруженість поля методом малого збурювального тіла.  


