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Some topics and other applications of electron beam 

Masud Naraghi 

 
In this paper one of the applications of the electron beam presented is for simulation of electron 

density of plasmas to calibrate microwave electron density probes during the blackout period of 
reentry vehicles to earth atmosphere, where electron densities 108 to 1012 electrons per cm3 is 
generated in the flow field surrounding the vehicle. The second application is in manufacturing 
“sealed in” electron tubes such as Klystrons, and CRTs. Other applications are investigating the 
cause of a precursor radiation by lightening, which is simulated in the laboratory by electromagnetic 
shock tubes. 

Някои теми и други приложения  на електронния лъч (Масуд Нараги). В тази  статия  
едно от представените приложения на електронния лъч е за симулиране на електронната 
плътност на плазми за калибриране на микровълнови сонди за електронна плътност по време 
на периода затъмнение на летателни апарати при навлизане в  земната атмосфера, където 
се генерират електронни плътности от 108 до 1012 електрона на cm3 в областта на потока 
заобикалящ апарата. Второто приложение е свързано с производството на "запечатани" 
електронни тръби като клистрони и кинескопи. Други приложения изследват причината за 
предшестващата радиация при мълния, което е симулирано в лабораторни условия чрез 
електромагнитни ударни тръби. 

 

Introduction 
The object of the work presented herein is to 

discuss some application of electron beam which has 
been paid very little attention.  Some of these 
applications require highly sophisticated laboratories 
and applies to some technology being developed in a 
few highly industrial counties, who can afford very 
expenses projects such as lunar and space exploration. 
Some other will be useful for scientists of many 
countries who have very little budget for their 
scientists to do experimental research. 

Electron beam to simulate plasmas 
The first application of electron beam is in regard 

to a microwave probe developed to measure the 
electron density of the plasmas surrounding the space 
vehicle during the blackout period in reentry to earth 
atmosphere [1]. When a spacecraft such as the Space 
Shuttle leaves orbit and reenters the atmosphere as it 
travels to a landing site, there is a critical period of 
time when all communications between the spacecraft 
and ground are lost. This phenomenon is due to the 
tremendous heating experienced by the craft during 
reentry and is called 'reentry blackout'. 

 In low Earth orbit the Space Shuttle or similar 
vehicle is travelling at almost 8 km per second. To 

land safely on the ground this speed must be reduced 
to zero by making use of atmospheric drag. What 
NASA calls the 'entry interface' commences when the 
Shuttle descends to around 80 km altitude. It does this 
by deorbit thruster firing. This happens when rocket 
burn is directed opposite to the direction of travel. The 
result of this is a reduction of altitude rather than a 
reduction in speed. The speed changes little due to an 
exchange of gravitational potential energy for kinetic 
energy. 

At around 120 km altitude, the atmospheric drag 
increases significantly and the resultant heating 
increases as the shuttle kinetic energy is exchanged 
for thermal energy. 

A shockwave forms just in front of the nose and 
underside of the spacecraft. Between this shock and 
the vehicle itself temperatures may reach 10,000 to 
12,000 Kelvin. (The heat resistant surfaces of the 
shuttle only reach a maximum of 1600 K themselves.) 
This very high temperature ionizes the gas close to the 
shuttle forming a plasma cloud or miniature 
ionosphere around the spacecraft. The plasma 
frequency (that frequency below which radio 
communications is not possible) may rise to many 
giga hertz around the lower parts of the vehicle. This 
gives rise to a communication blackout for direct 
communications between the Shuttle and ground 
control. This typically lasts from 25 to 12 minutes 
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prior touchdown, a total outage of 12 to 13 minutes. 
Maximum heating of the orbiter occurs during this 

time frame, at an altitude of 70 km and about 20 
minutes prior to touchdown. Unfortunately this is also 
the most critical time of reentry, and if any problems 
occur during this phase of flight, the communications 
blackout prevents any diagnostic telemetry from 
reaching the ground. Such was the case with the 
catastrophic breach of the Space Shuttle Colombia's 
hull during reentry on the first of February 2003  

Very high temperature ionizes the gas close to the 
shuttle forming a plasma cloud or miniature 
ionosphere around the spacecraft. The plasma 
frequency (that frequency below which radio 
communications is not possible) may rise to many 
giga hertz around the lower parts of the vehicle. This 
gives rise to a communication blackout for direct 
communications between the Shuttle and ground 
control. This typically lasts from 25 to 12 minutes 
prior touchdown, a total outage of 12 to 13 minutes.  

Maximum heating of the orbiter occurs during this 
time frame, at an altitude of 70 km and about 20 
minutes prior to touchdown. Unfortunately this is also 
the most critical time of reentry, and if any problems 
occur during this phase of flight, the communications 
blackout prevents any diagnostic telemetry from 
reaching the ground. Such was the case with the 
catastrophic breach of the Space Shuttle Colombia's 
hull during reentry on the first of February 2003. 

The figure below illustrates a typically reentry, 
showing the variation of altitude and velocity [2]. 

 
Fig. 1. Typical space shuttle reentry profile 

Blackout parameters  
The Saha equation may be used to calculate the 

ionization of the gas surrounding a deorbiting vehicle 
as a function of temperature: 
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where Ne is the electron density in electrons per cubic 
meter, Na is the density of unionized atoms or 
molecules, T is the plasma temperature and Vi is the 
ionization potential of the atom/molecule. This 
formula is only strictly valid for less than 10% 
ionization. 

The plasma frequency is given by: 

fp[Hz] = 9 Ne
0.5 

At an altitude of 70 km, where maximum Space 
Shuttle heating occurs, the atmosphere is still about 
20% oxygen and 80% nitrogen. The Saha equation 
must be applied to these constituents separately. When 
this is done, the results are shown in both tabular 
(Table 1) and graphical (Fig. 2) form below. 

Table 1 
The results from Saha equation 

T (Kelvin) ne /cm3 fp 
2500 2.9x102 4.8 MHz 
3000 3.4x104 53 MHz 
4000 1.4x105 1.1 GHz 
5000 5.5x108 6.7 GHz 
6000 6.7x1018 23 GHz 
7000 4.1x1010 58 GHz 
8000 1.6x1011 115 GHz 
9000 4.9x1011 200 GHz 

 

 
Fig. 2. Reentry blackout frequencies. 

For a given sheath temperature, the frequencies 
above the curve will propagate to and from the 
spacecraft, whereas the frequencies below the line will 
not. For sheath temperatures of 10 000 to 12 000 K, 
we see that a frequency in excess of 350 GHz would 
be needed for direct Shuttle communication with the 
ground at the time of maximum heating. 

There are however, ways in which communication 
is possible during this critical reentry time. The sheath 
temperatures on the top surface of the Shuttle are 
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much less than those on the bottom which, at a 
descent angle of about 22 degrees, is where the shock 
is formed. Communications from the topside via a 
satellite relay in the GHz range may be possible. 
Other options which have been tried are water 
injection into the plasma, and also the use of very 
narrow width pulsed signals, both with some success. 

Fig. 3 shows the basis of calibration of, if we 
assume the same length of the interaction region for 
the plasma and the electron beam, we find the 
equivalent electron density neq by the following simple 
relation: 

 ��� � 1.05 × 10��
�

��� �⁄
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where A is the area of the central channel of the cavity 
in cm2, and neq is in units of electrons/cm3. I the 
current of the beam, and V the accelerating voltage of 
the beam. 

 
Fig. 3. Schematic of the electron beam-cavity assembly: 1, 
2 – heater and cathode; 3 – beam focus control; 4 – anode 
(accelerating voltage); 5 – distorted cavity; 6 – collimating 
magnet; 7 – target; 8 – to vacuum; 9 – microwave antenna.  

Electron beam in sealed-in electron tubes 
Sealed-in electron tubes, such as cathode ray tubes 

(CRT), klystrons, magnetrons, some are currently 
replaced by solid state devices, but most of the high 
power ones are still in use.  The important fact is the 
numerous experimental techniques used in 
manufacturing, or rebuilding of these tubes which are 
still useful for many experimental research programs.  
Rebuilding a CRT if one changes the phosphor will be 
the same as manufacturing the new tube.  The glass 
part of the tube is the most expensive part of the tube.  
The following steps should be taken in order to 
rebuild a tube. 

First washing the outside of the tube,  after drying, 
to make a small hole by a diamond drill bout one mm 
in order to vent the tube,  then make a scratch mark 
with a triangle file, and then with a hot wire clamp 

crack the neck and remove the old electron gun.  Next 
step is to weld a new neck by a glass blowing machine 
to the tube, and clean the inside of the tube.  

There are two cases for cleaning the tube, one is 
for changing the phosphor, with a solution of 
ammonium by fluoride, and some other cleaning agent 
as explained by Rosebury  [5], and then rinsing with 
deionized water and drying,  The other case was only 
cleaning the tube inside near  the cone of the neck by 
laboratory Q tips and isopropyl alcohol.  In the first 
case applying the phosphor is explained in [5] and that 
is done by making a solution including phosphor with 
potassium silicate and using a tilt table in order to 
precipitate the phosphor at the bottom.  Then the tube 
has to be dried in an oven, and sometime another 
process by aluminizing the phosphor by thermal 
evaporation is done. 

After either of these two cases the tube is ready to 
be sealed by a new electron gun. The new electron 
gun has a tubing of 5 mm thick in order to be 
connected to vacuum pump, a small diffusion pump, 
backed by a rotary two stage mechanical pump.  The 
tubing is connected to diffusion pump by a water 
cooled quick coupling through a ceramic heater in 
order to seal the tube by melting the tubing.  The 
whole assembly pumping system was under an oven 
maximum temperature 300 degree C in order to bake 
out t the tube at max temperature of about 250 deg C. 
After two hours of baking out cycle, the tube was 
ready to flash the ring getter which kept the vacuum 
for a long time. 

In case of Klystron Tubes the cathode, most of the 
time should be replaced, and the oven should be a 
vacuum oven in order that the metal enclosure of the 
tube should not be deformed.   

The first project I did was to the develop 
laboratory techniques for rebuilding some sealed in 
tubes such as CRT’s, and microwave tubes which was 
expensive items.  The cost of a Klystron tube for 
communication and Radar can be a few hundred 
thousand dollars while changing the cathodes, 
processing and rebuilding is less than 5% of the cost 
of the tube. 

Electric shock tube precursor radiation studies 
This application of electrons can satisfy both 

theoretical physicists who like to do research, or the 
ones who wish to do experimental work  with very 
little budget.  The subject is the lightening in thunder 
storm, and the peculiar phenomena of precursor 
radiation which can be produced in electric driven 
shock tubes. 

In Electromagnetically driven shock tubes, such as 
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Tee Tubes, where high Mach numbers were already 
expected the ordinary shock front was measure by 
ionization gauges showed other fronts which had 
higher Mach numbers than predicted by theory as 
calculated.  The wave produced had a velocity on the 
order of 106 m/sec, in contrast to the ion acoustic 
velocities generally less than 105  m/sec [6].  

There are many long-standing but fundamental 
question in lightning studies concerns how lightning is 
initiated inside storms, given the absence of physical 
conductors. The issue has revolved around the 
question of whether the discharges are initiated solely 
by conventional dielectric breakdown or involve 
relativistic runaway electron processes. There are are 
many questions as such which are subject matter of 
some scientists. 
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