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EFFECT OF ELECTRON COLLISIONS WITH RESIDUAL NEUTRAL 
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A system of the hydrodynamic equations describing the electron flows in a diode with a virtual cathode is con-

sidered. Collisions are considered by introducing the corresponding braking force into the equations of motion. The 

stationary states of the electron flows are described. In a linear approximation, formulas are obtained for the fre-

quencies of electron oscillations in a diode with a virtual cathode, considering the effective frequency of electron 

collisions. The expression for the decrement of oscillations due to the presence of collisions is obtained. 

PACS: 41.85.Ar 
 

INTRODUCTION  

For many years, interest in the study of the genera-

tion of high-power microwave radiation using high-

current relativistic beams in electrodynamic systems in 

which generation occurs due to oscillations of the elec-

tron flow in the potential well formed by a virtual cath-

ode [1] (vircator) has not waned. 

Many works are devoted to the study of the dynam-

ics of the electron flow in a flat vacuum diode, includ-

ing those taking into account the space charge. Accord-

ing to studies (see, for example, [2 - 8]), the electron 

flow in a diode can be in two stationary states, which 

differ in the nature of the distribution of the space 

charge field. When changing the parameters of the di-

ode, for example, the incoming current, sharp transitions 

occur between these states [5, 6]. 

For example, in [5], the electron flow stability in a 

short-circuited diode was considered, an equation for 

the perturbations growth rate was obtained and the in-

crements dependence on the flow parameters was con-

structed, in which the electrons dynamics is completely 

determined by electrostatics forces. 

In papers [9, 10], stationary states of streaming 

flows and their linear stability were studied, considering 

collisions of electrons with the medium. 

The vircator action [1] is based on the virtual cath-

ode (VC) instability excitation, which occurs when the 

injection current exceeds a certain limit value.  

In the simplest case, a planar system with a VC con-

sists (Fig. 1) of a diode (gap K1-A, region I with length 

1l ) that creates an electron flow, and a drift space A-K2 

(regions II and III), in which the electron flow forms a 

VC and which has a length of 2l . In the diode, a certain 

potential difference pulse is applied to the cathode-

anode gap  t .  

In this work, when studying the dynamics of elec-

tron flows, electrostatic forces are supplemented (as in 

[9, 10]) by collisions of electrons with a medium with a 

collision frequency e . 

 

 

Fig. 1. Qualitative scheme of potential distribution  

in a planar system with VC. The position of the VC  

is marked with a dot 
mz . Here II is the region  

with the incident and reflected flows, and III  

is the region with the passed flow 

The influence of collisions on the dynamics of the 

electron flow is taken into account through the effective 

drag force proportional to the electron velocity. 

1. ELECTRON FLOWS WITH A VIRTUAL 

CATHODE. HYDRODYNAMIC MODEL 

EQUATIONS  

As in [8], we describe the processes occurring in the 

diode and collector gaps under the influence of a volt-

age  t  slowly changing with time in the hydrody-

namic approximation. Consider region II with incident 

and reflected flows. The equations in this model consist 

of the equations of motion, the continuity equation, and 

the Maxwell equation for the electric field. In contrast to 

[8], we add to the equation of motion the braking force 

proportional to the speed. 

The incident flow will be denoted by index 1, and 

the reflected flow by index 2. Then: 
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Here E2  field strength in the area II; n and u  den-

sity and speed of the electron flow; e  elementary 

charge; m  electron mass;   dielectric constant;  
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e   electrons collision frequency with the medium.  

After passing through the potential difference  t  

in the diode gap, the electron beam flies into the collec-

tor gap with a certain speed 
0u  and a certain density 

0n . 

To analyze processes in a diode with a virtual cathode, 

it is convenient to use “natural” dimensionless varia-

bles: coordinates 
2

z

l
  , potential 
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   and colli-

sion frequency 0

2

eff e
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l
  . In such variables, the pro-

cess equations look the simplest and are determined by 

two parameters: the characteristic plasma frequency of 

the electron flow 
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  and dimensionless pa-
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 , on which the dynamics of the virtu-

al cathode depend. In the general case, both the plasma 

frequency and the characteristic region size have their 

own values for each characteristic region. In the virtual 

cathode region, this size is indicated by index 2 and, 

accordingly, the parameter 
2q  has the same index. A 

detailed analysis of the equations, neglecting the colli-

sion frequency in the ideal case 
e =0, was carried out in 

[8], where important relations for the VC dynamics 

were obtained. On Fig. 2 are shown, depending on the 

parameter 
2q , at the top  the electron flow reflection 

coefficient from the VC region: 
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and below  the VC position: 
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The upper figure shows the critical value of the pa-

rameter 
22

16

9
q  , at which VC is formed. The lower 

figure, which shows the dynamics of the VC, shows the 

effect of hysteresis. When the parameter values decrease 

(with a decrease in the potential difference pulse) to a 

critical value 
21

8

9
q   – there is a charge breakdown 

from the VC region. 

In [9, 10], the influence of collisions on the dynam-

ics of electron flows was considered and the dependenc-

es of the limit values of the parameter 2q  on the colli-

sion frequency were obtained for a wide range of 

changes in the collision frequency. It is important to 

note that from the theory of processes in a VC con-

structed, one can obtain a linear transition from the 

presence of collisions to the limit state with 
e =0: 
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Fig. 2. Dependence of the reflection coefficient  2q  

and the position of the virtual cathode  2m q   

from parameter 
2q  

The value of the parameter   determines the effec-

tive boundary frequency of collisions and depends on 

the features of the medium with which the electron flow 

interacts. 

1.1. EQUATIONS FOR ELECTRON FLOWS 

PERTURBATIONS 

Let us consider the dynamics of perturbations of 

states in regions with VC. For any characteristics of the 

process, we will use the representation
kkk fff  0

, 

where the index 0 is used to indicate the values in the 

stationary mode, and the prime is used to indicate the 

perturbations of the values. After substitution 

kkk fff  0
, we obtain equations for the perturba-

tions of all quantities in the linear approximation in per-

turbations: 
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In this case, the equations for the main quasi-

stationary state can be written as: 
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For further estimates, it should be noted that we are 

interested in fluctuations in the region of the flux turn-

ing point near the potential extremum. 

1.2. HARMONIC OSCILLATIONS  

IN THE VIRTUAL CATHODE REGION 

To estimate the impact of collisions on the oscilla-

tion frequencies in the virtual cathode region, we substi-
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tute the perturbations of all quantities in the form of 

harmonic functions and obtain equations for the ampli-

tudes of oscillations with a certain frequency. 

Oscillations in the region of the virtual cathode oc-

cur simultaneously both in region II of two streams and 

in region III of one passed stream. It is easy to show that 

oscillations occur with the same frequency both in re-

gion II and in region III. For estimates, we can restrict 

ourselves to simpler calculations in region III. 

Let us use the fact that, with sufficient accuracy for 

estimates, we can assume that the flow velocities and 

the coordinate derivatives of the densities are equal to 

zero:   30/ 0z u    and 
30 0u  . We get the equation: 

   2
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and obtain an expression for the oscillation frequency in 

the VC region: 
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The impact of collisions on the oscillation frequency 

leads to some restrictions on the generation conditions 

in devices with a virtual cathode. 

CONCLUSIONS 

In the present work, when studying the dynamics of 

electron flows, collisions of electrons with the medium 

are added to the electrostatic forces, the influence of 

which on the dynamics of the electron flow is consid-

ered through the effective braking force proportional to 

the electron velocity. The model under consideration is 

described and equations are obtained for the parameters 

of stationary regimes and for the increments of the evo-

lution of perturbations. The dependence of oscillation 

frequencies in the virtual cathode region on the collision 

frequency is obtained, which can be used in the future to 

optimize the parameters of high-current generators with 

a virtual cathode in charged particle flows and residual 

gas in the diode. 
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ВПЛИВ ЗІТКНЕНЬ ЕЛЕКТРОНІВ ІЗ ЗАЛИШКОВИМ НЕЙТРАЛЬНИМ ГАЗОМ НА ЕФЕКТИВНІ 

ЧАСТОТИ КОЛИВАНЬ У СИСТЕМАХ ПОТОКIВ ЕЛЕКТРОНІВ З ВІРТУАЛЬНИМ КАТОДОМ 

О. Мануйленко, В. Новiков, A. Пащенко, І. Пащенко, І. Шаповал, В. Юферов
 

Розглянуто систему гідродинамічних рівнянь, що описують потоки електронів у діоді з віртуальним ка-

тодом. Зіткнення введено у рівняння руху за допомогою відповідної гальмівної сили. Описано стаціонарні 

стани потоків електронів. У лінійному наближенні отримано формули для частот коливань електронів у діо-

ді з віртуальним катодом з урахуванням ефективної частоти зіткнень електронів. Отримано вираз для дек-

ременту коливань через наявність зіткнень. 


