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In the process of pulse generating the voltage on the 
base is reduced through the rectifying of the base-emitter 
diode, that charges the capacitance C in the greater extent, 
the larger was the previous pulse. And the longer is the 
process of discharge of the capacity to a level, at which the 
transistor is opened and can create the next pulse. 

As for the magnitude of most pulses, it is determined, 
perhaps, by the level of noise or interference, from which 
starts the self-excitation of the next pulse generated. The 
randomness of the noise and interferences causes the 
random nature of these processes, just as is the case in 
the absence of regular input signals in some 
superregenerators [5, 6]. 

Certain confirmation of these considerations was an 
experiment when we forcibly connected a slight signal from 
an external source to the circuit of the base with a 

frequency near to the frequency of oscillation of the circuit. 
When the amplitude of this external signal was large 
enough to exceed the potential of the noise and 
interference, the value of all the pulses and the intervals 
between them were identical. 
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DYNAMICS OF ELECTRON BUNCH  

IN THE EXTERNAL MAGNETIC FIELD: COMPUTER SIMULATION 
 
Influence of the longitudinal magnetic field on the electron bunch expansion in vacuum was studied. Analytic estimation of the 

spatial dependence of the bunch radius is compared with the simulation results via PIC method. Results obtained from simulation 
correlate satisfactory with theoretical estimations for the large magnetic field and low bunch density. Dynamics of the relativistic 
bunches was also studied. 
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Introduction Problem of dynamics of electron beams 
and bunches is important for a wide range of branches [2], 
including inertial thermonuclear fusion and creation of the 
high frequency vacuum tubes [3], various types of 
spectrometry, electronic and ionic mycroscopy. In most 
cases top forming, focusing the bunch, and preventing of it’s 
swelling due to the space charge are the priority tasks [2]. 
One of the most common ways to prevent swelling is the 
longitudinal magnetic field imposing to the system. Other 
methods use the external electric field and the spatial charge 
of residual plasma (for electron beams). Analytic solution of 
problem of the dynamics of electron bunch is rough [1]. 
Therefore the aim of this work is to carry out the computer 
simulation of the dynamics of electron bunch in a vacuum 
system with the longitudinal magnetic field. 

Analytic estimation The simplest model of the 
homogeneous cylindrical electron beam of infinite length is 
treated. From the Gauss theorem one can obtain the 
electric field on its boundary: 
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where R  is the current cylinder radius, n  and 2N R n� �  
are spatial and linear electron densities, respectively. Note 
that linear density N  remains constant during the beam 
electrons' transversal oscillations. The motion equations for 
the electrons at the cylinder boundary have a form: 
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 is the external magnetic field. 

From the last equation (2) it is clear that 0zv const v� � . 
One can obtain the following equations for the 

transversal velocity components from (1)–(2): 
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(note that rv dR dt� ). Initial conditions have a form: 
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For the strong magnetic field one can put  
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Then solution of the set (3) with the initial conditions (4) 
have a form: 
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Consequently one can obtain the following formula for 
the beam radius oscillations' amplitude mr� : 
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Expression (6) is valid for 2 2
p c�  � . 

Simulation results for different bunch densities The 
electromagnetic 2.5D code was used valid for simulation of 
axially symmetric systems [4]. The simulation results are 
the spatial distributions of the charge density, radial 
component of electrical and azimuthal component of 
magnetic field, which are recorded every 101 10�� s. 

The first series of simulations was carried out for 
bunches with various electron density (Fig. 1). From Fig. 1 
a one can get the frequency and the amplitude of the 
bunch oscillations: in particular, for the bunch’s density of 
5�1012 m-3 maximal difference from the initial radius is 0,85 
cm, and the bunch oscillation period is 34 ns.  
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Fig. 1: a - beam radius dependence on time;  
b - time dependence of the beam length. Density n ( 3m� )  

is indicated on the figure, v0 = 73 10�  m/s, B0 = 31 10�� T 

For comparison, estimated values are 0,51 cm and 35,7 
ns, respectively. The oscillation period coincides with the 
period of cyclotron rotation with sufficient accuracy. 
Calculated amplitudes are related to the first swing, 
eventually they decrease (see Fig. 2) because of the 
longitudinal spread of the beam (Fig. 1 b). The rate of the 
spread increases with the beam density n . From Fig. 3 
one can see that difference between simulation results and 
formula (6) is minimal for small values of the bunch density 
and increases for large values. 
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Fig. 2. Time dependence of the beam radius:  
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Fig. 3. Simulation and theoretical dependencies  
of r R�  on 2 22p c� � .(beam density is varied) 

 
Simulation results for different values of external 

magnetic field Another series of simulation was carried out 
for bunches with equal concentration of electrons – 5�1012 m-

3 and different values of longitudinal magnetic field (Fig. 4). 
From the graph one can see that increase of the field 

reduces the amplitude fluctuation and increases the 
frequency of radius fluctuations. 

It is considered that swelling of the bunch is stopped if 
the expression 1r R�   is correct. That means that the 
inequality B ce�  �  must be satisfied where B� �  

24 ne m� �  is Langmuir frequency for the bunch density. 
Obviously, the field B0 = 0,25�10-3 T is not suitable to 

focus the bunch, but for B0 = 4�10-3 T the bunch radius 
fluctuations are small and in a certain approximation the 
bunch is focused. 
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Fig. 4. Time dependence of the bunch radius for different  

values of external magnetic field (indicated on the figure in T) 
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From Fig. 5 one can see that difference between 
theoretical estimation and simulation results decreases 
with the growth of magnetic field.  
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Fig. 5. Simulation and theoretical dependencies  
of r R�  on 2 22p c� � .(magnetic field is varied) 

 
Simulation results for relativistic bunch Another 

series of simulation was intended to study the relativistic 
bunch, with speed, commensurable with the speed of light, 

without an external magnetic field. Law of motion for 
particles with such velocities differs from Newton’s law, 
pulses increase in account of relativistic factor. This can 
move to deceleration of the bunch expansion. Simulation 
was carried out for the system with length of 13,5m, without 
external field, bunch density was 5�1012m-3, velocity – 
2,7�108 m/s (v/c=0,9) therefore 
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Fig.4 shows a half section of the bunch density 
distribution at the beginning and at the end of the passage 
through the system. One can see that during 19 ns the 
bunch radius expanded only on 1,34 sm. For non-
relativistic bunch this value would be 1,5 sm. So for v/c=0,9 
influence of relativistic effect is not substantial. 

At the forefront the bunch radius is increased and its 
density is decreased relatively to the bunch bulk. Front and 
back edges of the bunch are slightly blurred. 

 

1

2
 

Fig. 6. Half section of the bunch density distribution  
at time of 0,6 ns(1) and 19 ns (2). v=2,7·108 m/s (v/c=0,9),  

L=13,5m, n=5·1012m-3 
 
Conclusion The results obtained from simulation, 

correlate satisfactory with theoretical estimations: variation 
of the bunch is proportional to it’s density, the pulse 
frequency is equal to the cyclotron frequency for the given 
magnetic field with the sufficient accuracy. Eventually 
oscilation of the bunch radius decreases because of the 
longitudinal spread. For low values of magnetic field bunch 
can not be focused in given system. Increase of the 
forefront radius of the relativistic bunch can be caused by 
the following effect: motion of the beam particles forms the 
azimuthal magnetic field, which focuses the beam. The 
spreading of the bunch forefront can be caused by the 
lower magnetic field in this area. 

 
Reference 
1. Electronic beam technology. / Gaysing U., Panzer S. // Energy, 1980 

(in German). 2. Electron Physics. / Levitsky S.�.  // Kyiv, 2005 (in 
Ukrainian).3. Vacuum and solid-state electronics UHF./ Levitsky S.�., 
Koshevaya S.V. // Kyiv, High school, 1986 (in Russian). 4. 2.5D relativistic 
electromagnetic PIC code for simulation of beam interaction with plasma  
in axial-symmetric geometry. / Tolochkevych Yu.M., Litoshenko T.Eu.,  
Anisimov I.O. // Problems of Atomic Science and Technology. Series: Plasma 
Electronics and New Acceleration Methods. – 2010. – �4. – P. 47–50. 

S u b m i t t e d  o n  1 5 . 11 . 13  

4. 6��Q����, 	
��., &. ���	����, �-� ���.-��
. ����, ������� ����"��� ����
������,  
���������"��� ������
�
, ����	���� ������������ ������	�
�
 ����� !���	� ���"���� 
 

#(+�4&�� $�$�!/)++)*) 2*V�!�V ' 2)'+&�+W)4V 4�*+&!+)4V X)�&.  
�)4X'!$/+$ 4)#$�'�++% 

+�����/�	� ����� ������/	���� ��	��	��� ���� 	� 
��#���		� �����
�		��� ������� � ������. 0	������	� ���	�� �
����
���� 
����/	���� 
������ ������� ��
��	������ � 
���������� �������		� ����� ��
������	�� � ���
���. 1
� ������� ��	��	�� ����� �� 
���� �����	�� �������� 
��������� �	������	��� 
��
���	�� �� �������		� ��#
� �����/������ �/ ��#��. +�����/�	� ����/ ��	���� 

�������������� ��������. 

$������ �����: 
��#���		� �����
�		��� �������, ������/	� ��	��	� ����, �������		� ����� ��
������	�� � ���
���. 
 
4. 6��Q����, 	
��., &. ���	����, �-� ���.-��
. ����, ������� ����"�	��� Z���
������,  
/��������"�	��� ������
�
, ����	��� ����������[� ������	�
�
 ����� !���	� ���"���� 
 

#(+�4(�� \�$�!/)++)*) �*V�!�� ') '+$�+$4 4�*+(!+)4 X)�$.  
�)4XW!$/+)$ 4)#$�(/)'�+($. 

2&�� ���������	� ����	�� �
�����	��� ��	��	��� ���� 	� 
��#���	�� 3����
�		��� ������� � ������. 0	����������� ���	�� 
�
���
�	����		�� ���������� 
������ ������� �
��	������� � 
���������� �����
���	�� ����� ��
������� � �������. 1
� 
#���"�� ��	��	&� ����� � ��&� ����	����� �������� 
��������& �	������������ 
���4�� �� �����
���	�� ��
�"� ����	������ 
�/�� ��#��. 2&�� ���������	� ���/� ��	���� 
������������� ��������. 

$�����&� �����: 
��#���	�� 3����
�		��� �������, �
�����	�� ��	��	�� ����, �����
���	�� ����� ��
������� � �������. 
 


