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СИНТЕЗА

В работе, рассматриваются вопросы, связанные с выбором фа-

зовой скорости волны в нерегулярных волноводах в задачах син-

теза, позволяющих по заданным выходным параметрам пучка заря-

женных частиц в волноводных ускорителях электронов и протонов

или выходной мощности электромагнитного поля излучения в ге-

нераторах и усилителях с бегущей волной определять геометри-

ческие параметры волновода. Определены фазовые коэффициенты

вага действующего электромагнитного поля, являющегося сук.:ой

поля,,возбужденного пучком,и поля генератора. Полученные выра-

жения для фазовой скорости волны в волноводе позволяют сделать

оценки для предельных значений токов и мощностей излучения.
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The problems related to the choice of phase velocity of

waves in irregular waveguides in problems of synthesis are con-

sidered that allow determination of the waveguide geometric pa-

rameters by the given output parameters of the charged particle

beam in waveguide accelerators of electrons and protons or the

output power of the electromagnetic field of radiation in tra-

velling wave generators and amplifiers. Phase coefficients of

the waves of the effective electromagnetic field, which is the

sum of the field excited by the beam and the generator field,

are determined. The expressions obtained for the phase velocity

of waves in a waveguide allow estimates for limiting values of

currents and strengths of radiation.
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The study and calculation of linear waveguide accelerators

or emitting devices of the type of traveling-wave tubes or

backward-wave tubes are carried out either by the analysis [i]

or synthesis method [2,3].

In problems of the analysis, when the waveguide with

boundary conditions is considered given, che solution of the

wave equation is performed for two regions - with and without

cr.arges. By matching particular solutions on the boundary of

these regions., a di3persion equation is formed, which allows to

determine the longitudinal phase coefficient of propagation !_1j

In problems of the synthesis the longitudinal phuae coef-

ficient is found from the solution of the phase-energy equation

[3], and by means of the transverse phaae coefficient the ne-

cessary conditions are determined on the interaction space

boundary, i.e. parameters of the slow wave waveguide are deter-

mined [2]. Methods of analysis and synthesis are in a good

agreement with each other [4].

Until presently the effect of the current on phase coeffi-

cients of waves and, hence, on the choice of the phase velocity

of waves in the waveguide was not taken into account in prob-
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leras of synthesis.

In order to find the transverse phase coefficient of waves

of the radiation field Q
u
 , let us solve Maxwell's equation

with currents and charges basing on the following assumptions:

1) the field and current distribution of the beam is sym-

metric with respect to the longitudinal axis of the cylindrical

waveguide;

2) transverse velocities of charges are considerably smal-

ler than longitudinal ones;

3) fields, charges and currettt vary in time by the cosine

law, i.e. ~ e

Taking into account the abovestated, we obtain Helmholtz's

inhomogeneous equation for the longitudinal component of the

wave radiation field E01 :

j д
г
5

в

J § j CD

where V -

So) f*o~ are the absolute dielectric constant and magnetic per-

meability, Og is the current density in the Z axis.

It should be noted that due to the smallness of transverse

variations of the current and charge density, the functional

form of Ex and He components of the fields Eoi in the pre-

5лг!се o^. current vary insignificantly.

Let us present the current density in the waveguide as

where 8 is the amplitude of the first harmonic of the cur-

rent density, h=co/v is the phase coefficient of the cur-

rent harmonic, V is the velocity of the charge banuh motion,



6 = ~jjhdE . The solution of (1) is sought in the form

Бци = Eu3e
a
, (3)

where J
=
Io (фи'О is the modified Beeael function of zero

order, d - -jjh
u
d2 .

Substituting (2) and (3) in eq.O), we obtain

(4)
66 . g

where points denote derivatives by the Z coordinate. Equation

(4) allows estimate of the transverse phase coefficient as *

function of variation of the phase velocity of the wave and

charge current. This equation is similar in form to those for

transverse wave numbers obtained by many investigators (see

e.g. [5]).

The relations { ̂ | - 1 and | Д i - 1 are the condition of

smallness of admissible longitudinal variations of E, V^ and 5 .

These conditions are better observed with the increase in the

kinetic energy of charges, i.e. at V - С

Рог simplicity let us write down the expression (4) as

1 ix
 |

3
 = -a>.. (5)

where ^p
u
 is the phase of the radiation field, where the

charge center is located.

Let us write down also



u

where U = -jjjj is the relative kinetic energy of charges, U
o

is the electron rest energy, Л is the field wavelength in

free space, у is the phase length of the bunch, Ii is the

amplitude of the first harmonic of current, to is the bunch

radius. Taking account of (5)-(6) and assuming Io(^uT-)-1 ,

which is valid provided Q u ^ < f that is fulfilled in practice,

the expression (4) takes the form

г
г
 г

 Г ( \ 1 - 1

Using the last formula let us determine the transverse phase

coefficient QQ of the effective field. The effective field if

a sum of the generator field and the field excited by the bean

itself [2]:

Provided ^a 1 < 1 , ^ui < 1
 7
 CJ1 < 1 , let us write down (8)

|u the form

SJ&ce СЬ varies only due to Qu , then

oubstituting (7) in (9) and taking into account (10) we obtain

О я = Q /~i 12Q /A \ г sin у I
3
i.rc

2
~& (11)

d
d
 * V '

 +
 ЗГА" (ТГУ ~qr~ЗГА q ^

At I •"" 0 the formulae (7) and (11) are transformed into ob-

vious equalities:



The variations of the transverse phase coefficient Q
d

LS most substantial in processes of pure radiation, whereas at

acceleration, when the generator field is large and the current

is small, Q
3
 is practically equal to Q .

The phase coefficient of the wave of the generator field

is determined by the expression [2]

, с* dy.JL-JE2. ,
h
 =
 v " dz ~ p dE (12)dz p

v

where J3= -Q- ia the relative velocity of charges, and the

variation of the particle phase is determined from the phase-

energy equation presented in [3,6] and having the form

where the sign (+) concerns the radiation mode, (-) - the ac-

celeration, and P
c
 is the generator power. Hence, for the

transverse phase coefficient we obtain from (12)—(13)

к d%_ J_sin± IEcosfrf ,
2 f P c ± I U y " K (14)

Taking account of (1/1) the expression for the phase coefficient

of the effective field (11) takes the form

As is seen from (15), the influence of the current on the phase

coefficient of the effective field is of a double nature. The

first square bracket describes the influence of the current

proceding from the energetics of the interaction process, and

the second bracket reflects the variation of space properties

in the waveguide due to the presence of electric charges in it.



Ilote that at Ц> close to ST , the influence of the cur-

rent on Qg abruptly decreases. For simplicity we will later

on assume that Vf < 1 and SinS
J
/4'<1.

?or the radiation process in the synchronous mode, when

the formula (15) takes the form

- l A V " * J L ^ a f X T O I ^ J ~ u H 2 u H S F A V W £U J - (16)

?or the charge acceleration mode the formula (15) is written in

the form.

" г p
c
-iu/'~

K
JL' ЭТАi t

0
; £Sinyp J (17)

The formulae (1?}-(1?) aefine the connection of the given dyna-

mics of the charr.e ounch - the longitudinal phase coefficient
," со 3L dJfy

o: -bvfi of the effective field "д~~\/11~ V ds. •• '
;
-
w
-'

;

•,ne convection current, amplitude and the ^quiiioriujr phase c'"

the effective field.

Let из define the connection, between the phase velocity

',hc effective field wave \/ф^ and that of she wave? in the wave-

r-.-ilif: without current Уф . Jir.ce 9э
 =
 h

3
 ~ к , then taking

into accoimt (1^) one may easily obtain

(18)

of the wavf In '. 'v
j
 wavejrui rfe without current.

Г'>ц'«-•-••=.';: -о provide '.he given phast -" '.crity of the effective

field v/"ve, is

ФЭ (1ч)



where Дрэ

At 1 = 0 we come to the fol lowing formula [2]J

%P/K) • (20)

For pure radiation at Ec = 0 , % = Ур = ~T\/Z ,

120 / A \2 I
where f = " l u " U 0 / Ец •

Por the charge acceleration mode the formula (19) stays un-

changed. The relations (19)»(21) are used for the calculation

of phase coefficients: h = CC/Vq>
 ;
 a" = (co/v

v
)

Z
-(co/c)

z

f
 and

the transverse phase coefficient Q is introduced in the

characteristic equation to calculate geometric parameters of

the slow wave waveguide [2].

In ргоЫешз of the analysis [1J one should know the p'rmn'

velocity of the effective fifid, which may be easily fou.i;;": frô r.

the relation. (15>;

Let us escinate the influence of the слаг^е ~n-j\:it •:••;: th<

phase velr.cLtv in the waveguide. For instance, t'.t I - •"•'•• •

~V- 1 cm, A = Ю en, Esin'fp = 10 kV/cri, У
ф
 = 0. •) ̂  ';,-

.•-Terence of Ц,
э
 fro:^ Vq? in (22; in ~ "%.

.";: ru;.:;- j.-jn ;:;oaets. ft-: follows fr::m (22), \f^l <' f vme:,

.̂  - ". -'-/-'̂ •Л *.•'
:
'/~': •>•; £u * . l-'rora this condition one "iay obtain

::,"'•.::: si «L'timateJ :'';:• limiting values of r^Jiation currents anc

рс.'Ч'Го. -'-я.sirring -'• -, - 10 in the «jxj.'repf'ion for /" , let

из vrrite l/(^Eu; 10"', On th? other hand, the specific ra~

,
!
i°-tior. power is [ 2 j

dP
u
/dz = IEu ,



whence we obtain dP
U/
/ci2=i0 А Ец = fO"

3
I
2
/A • For instance,

for the radiator for Л = 10 cm and at Ец = 10 kV/cm, the

Limiting value of the current is 100 A, and dPu/dz = 100

W/M. With the increase in the wavelength the radiation power

and admissible current grow.

The author is greatly indebted to G.I.Zhileiko for his

help.
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