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Abstract 
      The present computational work is focused on investigating some properties of Gabor lens. 
The Gabor lens under consideration consists of two fields, electrostatic and magnetic. The 
Glaser field model is assumed to represent each field along the optical axis. Under zero 
magnification condition the trajectory of charged particles along the axis of Gabor lens has 
been computed. The results have shown that a lens of short focal length and hence high 
refractive power can be achieved. 
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Introduction 
       Gabor lens was proposed as an effective (space – charge lens) for positive ion beam [1]. 
It offers better control and focusing strength than both gas focusing and applied fields. This 
lens has been investigated by several research groups since its invention. It has been 
constructed at Fermilab and has been used to focus a 30 KeV proton beam with good optical 
quality. Palkovic used Gabor lens with 30 KeV H+ beam from an ion source [2 ,3]. 
     Like in the previous experiments, in Russia and USA the Gabor lens has been operated 
with a gas discharge to obtain the desired non-neutral electron distribution in contrast to 
Gabor’s original proposal of a pure magnetron type electron beam. Gabor’s space – charge 
lens shows that this lens is capable of providing much stronger focusing than an equivalent 
electrostatic quadrupole doublet provided that a relatively “cold” electron beam is used which 
operates close to the ideal Brillouin – flow limit. 
     The Gabor Lens is only attractive if uniform electron density and hence force linearity can 
be achieved. The Fermilab experiment is an indication that strong nonlinear forces are acting 
on the H+ beam in that system. Such nonlinear force could be due to non-uniformity of the 
electron density to start with. But it could also develop due to the interaction between the 
apace charge of the H+ beam and the electron plasma [4]. 
        The properties of space charge lenses are very advantageous as they can theoretically 
provide a strong linear cylinder symmetric force on the beam particles. The space charge 
lenses investigated has been suggested and published by Gabor in 1947 [5]. 
 
Electrostatic Lenses  
        Electrostatic lenses form part of ion sources and electron gun: the cathode shield and 
anode function as an electrostatic lens, focusing the electrons from the filament into abeam 
that is extremely high brightness. Electrostatic lenses are generally thick lenses produced by 
two or three electrodes of circular symmetry [6]. 
     They are made of metallic discs with apertures of round shape, or pieces or round metallic 
tubes. The optical axis of the lens is formed by axes of symmetry of its electrodes. When the 
dimensions of the lens along the optical axis cannot be neglected in comparison with other 
characteristic dimensions, it is considered a thick lens. Its focal lengths must be measured 
from the geometrical mid-plane of the lens[6]. 
      Magnetic lenses are often used in electron optics to avoid the high voltages required by 
electrostatic lenses. Magnetic lenses have rotational symmetry with the radial component of 
the magnetic field equal to zero along the lens axis[6]. 
Charged particles traveling on the axis are not deflected by the lens. 
     Charged particles traveling parallel to the axis are deflected across the axis at the focal 
point. The focal point can be adjusted by changing the current in the magnetic windings. 
Some magnetic lenses are asymmetric along the rotational axis. This provides space for 
deflectors, stigmators, and aperture behind the lens. Electron columns uses an asymmetric 
lens to de magnify the electron beam to its final spot size (2 to 200 nm). 
Magnetic lenses can be classified into two basic categories: long lenses with distributed fields 
and short lenses with highly consented fields[6]. 
 
The Structure of Gabor Lens 
        Figure 1shows a Schematic diagram Gabor lens with magnetic and electric field s. Redial 
confinement is provided by a solenoidal magnetic field, axial confinement by the electric field 
of one or more electrodes [2]. 
       The design concept of a Gabor lens for a positive ion beam is illustrated somewhat 
simplistically in figure 1. A solenoid with axial field strength B provides radial confinement 
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of the electron cloud. An electrode configuration like the one shown in the figure with a 
positive voltage of v0 on the center electrode provides the axial confinement for the electrons. 
A second shorter solenoid located on one side of the main solenoid producing a magnetic field 
in the opposite direction. Gabor placed a ring shaped thermionic cathode at the plane (B=0)[3]. 
 
Trajectory Equation of Electromagnetic Field 
The trajectory equation of an electron beam traversing combined electrostatic and magnetic 
fields in the non-relativistic case is given by [6]: 
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Where V  is the  field distribution , r is the  radial displacement of electron beam trajectory , z 
is the axial distance and axial flux density distribution ܤሺݖሻ    .  
In the present work equation (1) has been taken into account to determine the trajectory of the 
electron beam traversing Gabor lens.  
 
Glaser’s Field Model 
The axial density distribution in Glaser’s field model is given by [7]:[8] 
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Where ܤ݅ݏ the maximum value of magnetic field, ܽ is the width at half maximum  ܤ 2⁄  . 
The general shape of axial flux density distribution ܤሺݖሻ is shown in figure No. (2) curve (a). 
 

Magnification Condition 
The magnification conditions depends on the trajectory of the charged – particles beam. 
a) Zero magnification: 
The beam enters the lens field parallel to the optical axis (i.e. object at infinity) z0= -∞ [9]; see 
figure No. (3). 
 
b) Infinite magnification: 
The beam leaves the lens field parallel to the optical axis (i.e. image  at infinity) zi= +∞ [7]; 
see figure No. (4). 
 
c) Finite magnification: 
zi and z0 are at finite distance [9]; see figure No. (5)  
 
In the present work, the beam is assumed to enter the lens parallel to the optical axis. 
 

Results and Discussion 
-The Focal Length 
       In a magnetic electron lens the focal length is determined by the field strength in the lens 
gap and the speed of electrons , under zero magnification condition a Gabor lens of short focal 
length has been put forward which could be useful in electron-optical instruments . 
 
-Computer Program for Computing the Beam Trajectory  
     A computer program with Mathcad professional 2001, has been used for determining the 
trajectory of the electron with the aid of the second order Runge – Kutta method. 
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The program shows high ability of drawing the general shape of axial flux density 
distributions and high facility and proficiency of drawing the trajectory of the electron beam 
that is moving through a rotationally symmetric field. 
-Computing the Electron Beam Trajectory and Field Distribution  Under 
Zero Magnification Condition  
    The electron beam path along Gabor lens and the field distribution under zero 
magnification condition have been found. Figures No. 6 and 7 show the field distribution and 
the trajectory of an electron beam traversing Gabor lens field. The trajectory has beam 
computed with the aid of equation 1. 
Also the trajectory of electron beam of the Gabor lens converges towards the optical axes 
under zero magnification condition and there is no distribution aberration affected upon it. 
Two different fields distribution are used in Gabor lens, the first one is Glaser distribution 
which is given by equation (2) which represents the magnetic field distribution , and the other 
is the rectangular field distribution which is given by equation (1) see figure  No. (2) which 
represents the electrostatic field distribution. 
Secondly when the Glaser distribution was electrostatic field distribution and the rectangular 
field distribution. The trajectory varies with change of the field. 

 
Conclusions 
           It has been found from the present computational investigation that it is possible to 
represent the two different fields of Gabor lens by the Glaser field model. The Glaser lens 
under investigation has been operated under zero magnification condition. A Gabor lens of 
short focal length has been put forward which could be useful in electron – optical 
instruments. 
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Figure No. (1): Gabor lens cross-section 

 

Figure No. (2): Glaser’s model (curve a) and the Grivet–Lenz model (curve b). 

 

 
Figure No. (3): Zero magnification condition 

 



 

270 | Physics 
 

 2014) عام 3(العدد   27المجلد                             مجلة إبن الھيثم للعلوم الصرفة و التطبيقية                                                 

Ibn Al-Haitham Jour. for Pure & Appl. Sci.                                           Vol. 27 (3) 2014 

 
Figure No. (4): Infinite magnification condition  

 

 
Figure No. (5): Finite magnification condition   

 

 
Figure No. (6): The field distribution V(z) as a function as of the axial distance z  
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Figure No. (7): The radial displacement r of the electron beam trajectory as a function 
of the axial distance z 
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  الخلاصــة
تتѧѧѧѧѧألف مѧѧѧѧѧن   غѧѧѧѧѧابور عدسѧѧѧѧѧة غѧѧѧѧѧابور. عدسѧѧѧѧѧة خصѧѧѧѧѧائص بعѧѧѧѧѧض التحقيѧѧѧѧѧق فѧѧѧѧѧي فѧѧѧѧѧي الحسѧѧѧѧѧابي ھѧѧѧѧѧذاالعمل يركѧѧѧѧѧز  

علѧѧѧѧѧѧѧى  حقѧѧѧѧѧѧѧل لتمثيѧѧѧѧѧѧѧل كѧѧѧѧѧѧѧل لاسѧѧѧѧѧѧѧرك مجѧѧѧѧѧѧѧال نمѧѧѧѧѧѧѧوذجھѧѧѧѧѧѧѧذا الا ويفتѧѧѧѧѧѧѧرض والمغناطيسѧѧѧѧѧѧѧي. ئي،الكھربѧѧѧѧѧѧѧامجѧѧѧѧѧѧѧالين 
تѧѧѧѧѧѧم احتسѧѧѧѧѧѧاب مسѧѧѧѧѧѧار الجسѧѧѧѧѧѧيمات المشѧѧѧѧѧѧحونة لمحѧѧѧѧѧѧور عدسѧѧѧѧѧѧة غѧѧѧѧѧѧابور بشѧѧѧѧѧѧرط التكبيѧѧѧѧѧѧر المحورالبصѧѧѧѧѧѧري.  طѧѧѧѧѧѧول

الصѧѧѧѧѧѧѧفر.وأظھرت النتѧѧѧѧѧѧѧائج انѧѧѧѧѧѧѧه يمكѧѧѧѧѧѧѧن تحقيѧѧѧѧѧѧѧق البعѧѧѧѧѧѧѧد البѧѧѧѧѧѧѧؤري القصѧѧѧѧѧѧѧير للعدسѧѧѧѧѧѧѧة والطاقѧѧѧѧѧѧѧة الانكسѧѧѧѧѧѧѧارية تحѧѧѧѧѧѧѧت 
 العالية.
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