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This invention relates to electron beam tubes, 
more particularly to tubes such as the velocity 
modulation type wherein the electron beam trav 
erses a field-free space for a comparatively great 
distance. - 

In tubes of these types it is desirable to produce 
an electron beam of high density, that is a beam 
having as little spread as possible, somewhat 
analogously to the production of a high concen 
trated beam of light for projection over a distance. 
Such tubes are of great use in the electronic art, 
examples being velocity modulation tube beam 
power transmitting and receiving tubes, television 
projecting tubes, high-intensity X-ray tubes, and 
other similar devices. 

In tubes of the types justmentioned, maximum. 
efficiency and control depend, inter alia, upon the 
production of an electron beam of relatively small 
CrOSS Section, carrying as high a current as pos 
Sible at as low a potential as possible, i. e. a rela-. 
tively low impedance electron beam. In such 
tubes the production of a beam of this type is be-, 
Set With several difficulties, one greatly detri 
mental factor being the tendency of the beam, 
Once produced, to spread out as it progresses 
along the length of the tube, due to the mutually 
repellant action caused by the space charge effect 
of the electrons in the beam. 
As one means of preventing this spreading out . 

of the electron beam, the art has depended to a: 
large extent upon the ionization of molecules of : 
residual gas Within the tube, the positive ions 
formed by the impact of electrons from the beam 
upon such gas molecules tending to neutralize the 
negative charges of the beam electrons and thus 
tending to prevent the mutual repulsion of the 
latter. The problem has been complicated by the 
question of the degree of vacuum existing within 
the tube, the number of positive ions produced 
being dependent upon the number of residual gas 
molecules present. Several factors have con 
tributed to the production of tubes with increas- : 
ingly. high vacua and at...these higher vacua fewer 
positive ions are produced, so that this remedy for 
beam-Spread has become decreasingly potent in . 
its effect. YV- 
With the advent of tubes embodying a field 

free region, such as the drift tube. of a velocity 
modulation tube it had been assumed that the 
generally practiced. enclosure of such field-free 
space by a conductive tube. Would allow the posi 
tive ions produced from residual gas to collect 
within such tube and therefore would cause them . 
to exert a greater and more continued restraining 
action: upon the undesirable spread of the elec 

(Cl. 315—16) - 

- ; 2 
tron beam. Experience with cathode ray tubes 
incorporating drift tubes of substantial length, 
has shown, however, that the beam spread con 
tinues to take place to an undesirable degree and 

5: that the positive ions fail to exert upon the elec 
tron Stream the restraining action to the extent 
Which they should do, according to the theory 
above outlined. 
The existence of undesirable beam spread in 

10. tubes of this type has become a detrimental fac 
tor whose importance has increased with the use 
of higher vacua and increasing currents. More 
Specifically, well known formulae for the degree 
of ionization taking place under conditions exist 

15 ing in a moderately high powered velocity modu 
'lation tube, show that there should be produced 
Sufficient positive ions to neutralize the charges 
Within the electron beam, provided that the gas. 
preSSure be not reduced much bslow 10-7 

20 mm./Hg, a degree of vacuum near which com 
mercial tubes are expected to operate. 
The discrepancy between the remedial effect of: 

gaSionization postulated by theory and the actual 
insufficient effect produced in practice has hither 
to remained unsatisfactorily explained, although 
Several reasons for its occurrence have been sug 
gested. Lacking any satisfactory explanation for 
this undesirable phenomenon, no way has been 
found in the prior art of overcoming the same by 
purely electro-static means and recourse to elec 
tromagnetic concentrating devices has been found 
necessary. . . . . 

Our invention is designed to overcome, solely by 
electrostatic means, the beam-spread difficulty 

35 " above described and the modus operandi thereof 
is hereinafter set forth. - 
Our invention has for one object the produc 

tion of an electron beam of low impedance and - 
the propagation of Such beam over a relatively 
great distance through a field-free Space enclosed 
by a conducting shield. * v 
Another object of our invention is the provision 

of an electrical circuit and determination of the 
constants thereof, which may be applied to an 
electron beam tube in order substantially to re 
duce or practically, whoily to prevent undesired 
electron beam spread within such tube. 
Yet another object of this invention is to pro- i 

vide a method and - means for trapping and com 
fining within a predetermined region positive gas 
ions produced in an electron beam tube. 
"Yet another purpose of our invention is to pro 

vide , quantitative data, from which the design, 
construction and operating constants of an elec 
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as to limit the beam-spread therein to any de 
sired or predetermined degree. 
Another purpose of our invention is to increase 

the efficiency of electron beam tubes and to re 
duce the impedance of the electron beam therein, 
by keeping the beam highly concentrated and 
therefore of low impedance. 
A still further object is to produce upon the 

target or screen of a cathode ray tube, an ill 
luminated spot reduced in size to substantially 
that of the cross-section of the beam as initially 
generated, without the necessity of employing 
electromagnetic beam concentrating meansito se 
cure this result, 
Another object is to provide means and a meth 

od for limiting the cross section of an electron 
beam to any desired degree commensurate with 
the current carried thereby, by the employment 
Of purely electrostatic means. 

Still another object is to provide means for 
maintaining a dense electron beam in extremely 
g00d vacua, such as 10-9 mm./Hg. 

Fig. 1 is a diagrammatic representation show 
ing one form of cathode ray tube, embodying our 
invention and also showing the axial potential 
distribution thereof when connected according to 
our invention, 

Fig. 2 shows a family of curves illustrating the 
beam-Spread efects observedº With a tube con 
structed, and Operated according to the prior art. 

Fig. 3 shows the beam-spread effect due to 
mutual electron repulsion, in the absence of pos 
itive ion effect, of an initially parallel electron 
beam. 

Fig. 4 is a nomograph showing the beam 
spread effect corresponding to a given potential, 
total current and beam length in the absence of 
positive ion effect, of an initially parallel elec 
tron beam. 

Fig. 5 shows graphically beam-spread effects as 
observed and as calculated according to the the 
ory of operation of our invention. - 

In deriving the data upon Which our con 
clusions as to the cause of the difficulties en 
countered in the prior art with electron beam 
spread Were based and in deriving formulae use 
ful for the design of electron tubes for overcom 
ing these difficulties according to our invention, 
the following conclusions were first reached from 
theoretical considerations and were then tested 
experimentally as to the correctness thereof. 

For a typical electron beam, one having the 
following characteristics was chosen as an ex 
ample: 

Area-1 cm.? 
Current-0.05 ampere 
Potential-6000 volts 

Produced in a gas pres 
sure of 10-6 mm./Hg 

The first point to be considered is at What pres 
sure enough gas molecules Will be found present 
so as to furnish a sufficient quantity of positive 
ions completely to neutralize the electron charges 
of such beam. Formulae well known in the elec 
tronic art give the number of electrons existing 
at a given instant in One cm. of such beam as 
6.82X10. Likewise a well known formula of 
physics gives the number of gas molecules per 
cm3 at 10-6 mm./Hg as 3.55X1010. From a con 
sideration of these two values it is seen that the 
tube in which the above. described beam is to 
be produced would have to be pumped to a vac 
uum between 10-8 and 10-9 mm./Hg before there 
would be present an insufficient quantity of gas 
molecules to Supply a quantity of positive ions. 

5 

4. 
great enough to neutralize all the electron charges 
present in the beam. 
The next question arising is concerning the ac 

tual number of ions which will be formed under 
the above stated conditions. This value may be 
found by the formula, set forth by S. H. Bennett 
in an article entitled "Magnetically self focusing 
streams' and published in Phys. Rev., vol. 45, 
No. 12, June 15, 1934, pp. 890-897. 
3According to this formula, the number of ions 

formed per cm. length of beam per second is 
equal to 

- 200 ??? 
?e 

in which p is the pressure expressed in mm./Hg; 
i is the current expressed in E. S. U.; W is the 

90 

45. 

50 

55, 

potential expressed in E. S. U.; and e is the elec 
tronic charge, also expressed in E. S. U. 
Applying this formula to the instant assumed 

case, it is found that 3.14X101 ions are formed 
per cm. length per i second. Although the life 
period of ions under such conditions, and with 
an allowance for any possible existence of re 
combination, is of the order of one Second, the 
foregoing values, derived from the electron count 
and the speed of production of ions, show that 
eachion need live Only 

.6.82X10-7 
3.14×10° 

in order to maintain complete neutralization of 
the bearin. 
The foregoing mathematical investigations of 

this particular point prove that sufficientioniza 
tion should take place to prevent beam-Spread, 
until the gas pressure is reduced to at least 
108 mm./Hg, which degree of vacuum Would 
result in there being present too few molecules 
to provide the necessary ions for complete elec 
tron neutralization. Now commercial tubes. of 
the electron beam types usually operate at pres 
sures of about 10 mm./Hg and yet it is well 
known that some tubes actually do display det" 
rimental bean-spread effects as Soon as the press 
sure is reduced below 10 mm./Hg. We have 
made careful experimental determination upon 
such tubes provided with a field-free space or 
drift tube especially well shielded and yet the 
beam-spread effect reached noticeable propor 
tions as: Soon as the gas pressure was reduced 
tota, point lying between 108 and 10-7 mm./Hg. 

In Fig. i. there, is shown as one example of our 
invention an electron, tube having a cathode 
structure f0, a first - accelerating electrode i li f, 

=2.17x10-5 seconds 

held at 1000; volts.positive potential relative to 
the cathode, a second accelerating electrode 2, 

60. 

65 

held at 5000 volts additional positive potential 
and provided with an apertured end structure 
3, a drift tube: 4 held at about 15 volts negative 

relative to the electrode 2, and a target or col 
lecting electrode í5, held at the same potential 
as electrode 2. - 
The axial potential distribution, as shown by 

the graph, starts, at point, 6 at zero potential, 
it rises as shown at 7 when electrode? is reached, 
rises again sharply as shown at 8, until at 
structure 3 the maximum potential is reached, 
shown by peak.9. There is then a reversal of 
potential gradient to the level 20, existing 

: throughout the drift tube. 4, and again a rise of 
gradient to point 21, corresponding to the po 
tential of target 5 and equal to that applied 
to-electrode 2. - 

For a, better understanding of the operation 
: of the device of Fig. 1, reference is made to Fig. 
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2, where are plotted the experimentally deter 
mined beam-spread effects found in an elec 
tron tube similar to that of Fig. 1, but having 
the drift tube maintained at the same poten 
tial as the electrodes situated adjacent to each 
end thereof, respectively, this mode of connec 
tion being that commonly used in the prior art. 

From the graphs shown in Fig. 2 it will be 
noted as the gas pressure is decreased while the 
potential is held constant, the beam-spread effect 
increases at a rate which varies according to the 
particular potential employed. The drift tube 
potential shown in Fig.1 was varied in the deri 
vation of these graphs. At lower potentials the 
beam-Spread effect is barely noticeable until the 
pressure is reduced to about 10-6 mm./Hg and 
increases comparatively slowly as the pressure is 
further reduced. At higher potentials the beam 
Spread effect starts at about the same degree of 
Vacuum, but rises comparatively rapidly to a 
greater value, reaching its limiting value of ap 
proximately R/Ro=3 for a 6100 volt, 100 milliam 
peres beam before the pressure has been reduced 
by the factor of 10. These effects of beam-spread 
are partially explicable from the fact that over 
this range of voltages the probability of ioniza 
tion Varies inversely as the voltage and un 
doubtedly a still higher maximum beam-spread 
Would be reached if the vacuum were pushed fur. 
ther. When the voltage is increased above 6100 
volts the beam tends to reach its limiting spread 
quite rapidly and this limiting spread is con 
siderably Smaller than that reached around 6100 
volts, this latter effect being that which would 
be expected from ordinary space-charge beam 
Spread considerations, independently of any posi 
tive ion phenomena. 
As previously stated, mathematical analysis 

shows that there should be substantially zero 
beam-spread at pressures below 108 mm./Hg, 
due to the positive ions formed. Yet the results 
plotted in Fig. 2 clearly indicate that for some 
reason the positive ions fail to operate in the 
manner assumed by the considerations upon 
which the prior art has been based. 

In Fig. 3 in Which Z, is the axial length of the 
beam there is shown a graph illustrating the 
theoretical beam-spread effect in the absence of 
positive ionization. Theory shows that spread 
ing beams are reducible to the shape illustrated 
by the graph by a suitable change of vertical and 
horizontal scale factors. Further in any given 
structure if the potential be changed by a given 
factor the current, if from a space charge limited 
Source Will in turn change in Such a Way that 
the shape of the beam is not in any way altered. 
We have experimentally verified this rather as 
tonishing conclusion. The graph of Fig. 3 can 
likewise be used for initially convergent beams, 
provided that the beam electrons are initially so 
directed that in the absence of electrostatic re 
pulsion they would converge to a point, since 
such beams become parallel at some point and 
thereafter diverge, 

In Fig. 4 there is shown a diagram which allows 
the beam-spread effect to be computed for a 
given potential, total current and beam length. 
The laws illustrated in Figs, 3 and 4 Serve to ex 
plain some of the beam-spread effects shown by 
the graph of Fig. 2, but still leave unexplained 
the occurrence of very appreciable beam-spread 
at pressures lying between 10 mm./Hg and 
10 mm./Hg, since considerations previously dis 
cussed indicate that over this range of pressures 
there exists a sufficient quantity of positive ions 
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6. 
confined within the drift tube, to neutralize come 
pletely the negative charges of the electrons in 
the beam. These considerations, then, which 
have been assumed to be, correct by the prior 
art, Show that comparatively complete neutrali 
zation of the space-charge effect in the electron 
beam should obviate the occurrence of appre 
ciable beam-spread at pressures in the neighbor 
hood of 10 mm./Hg. . . . . . . . . . . . . . . 
We are thus confronted with serious discrep 

ancies: between the assumptions upon which the 
prior art structures were designed and connected 
for operation, and the actual results obtained in 
practice, such results including the extremely 
detrimental and undesirable spreading of the 
electron beam to a very great degree, with Con 
sequent failure...to maintain the desired high 
density and low impedance. Of the electron beam 
After the consideration of several possible ten 

tative explanations for this discrepancy, all yield 
ing negative results, we arrived at the conclu 
sion that the positive ions were removed axially. 
from the portions of the electron beam adjacent 
to the entrance end of the drift tube, and that 
as the positive ions were so removed, other ions. 
from the more central portion of the beam. Were 
fed axially along the beam so as to reach the: 
portions thereof near the ends of the drift tube, 
where these ions in turn Were swept Out and re 
moved. This process...just described amounts 
then to a continual leakage of positive ions along. 
the electron beam in an axial direction until 
such ions reached points lying without the drift. 
tube. This means that complete neutralization 
of the space-charge effects tending to produce. 
divergence of a portion of the electron beam 
lying within the drift tube, will not take place. 
according to the conclusions above reached 
mathematically, since the quantity of ions avail 
able at pressures below 10-6-mm./Hg will be in 
sufficient to take care of this continual axial 
leakage or loss of ions from the interior of the 
drift tube. ... . . . . . . 

Referring again to Fig. 1, it will be seen that we 
have established at the respective ends of the . 
drift tube, a reverse potential gradient. We have 
found that this comparatively low reverse poten 
tial gradient serves to trap the positive ions 
within the drift tube and thus substantially to 
prevent the removal of positive ions from the in 
terior of the drift tube by leakage of ions in an 
axial direction' along; the electron beam and thus 
substantially to prevent, beam-Spread at the de 
gree of vacua. employed in ordinary practice, for 
example 10 mm./Hg. ?? 
While we believe: this theoretical explanation 

just given of the trapping action of our reverse 
potential gradients to be a substantially correct 
one, yet. we do not confine... ourselves to such 
theory, but we have found by actual successful 
experimentation, that a cathode ray tube ar 
ranged and connected in: accordance with the 
principles illustrated in Fig. 1, actually does vir 
tually completely prevent the undesirable beam 
spread effect encountered in the prior art. By 
the employment of our invention, it is unneces 
sary to employ the magnetic fields found neces 
Sary by the prior art in order to maintain a high 
density beam having low impedance. - -, - 
According to another viewpoint, an explana 

tion of the removal of positive ions from the 
interior of the field-free space constituted by the 
drift tube may be found by considering that there 
exists adjacent the beam opening at one end of 
the drift tube an external field which extends 



3488888 
7 

oversa:small:distances into the fied free; space 
and which field teris:catinuously to gremove 
ions from the portionSof the beam: adjacent this 
point. The existence of sucharfieldat; thei aper 
tures at which the electronibeam::firstienters, the 
drift-tubei may readily bespredicated from the 
electroni accelerating field existing in the near 
vicinity of this point. When such field removes 
the ions from the center of the beam, the center 
of the beam will become:more negative in poten 
tial, thereby causing:a::flow to the center of the 
beam, of ions: n:other-sections of the beam. 
In other words the mechanism of ion removal 
may be considered in: the:guise: ofŠan ion, sink 
toward which ions fromial points in the electron 
beam will startifiewing. From these considera 
tions it will beiapparent that ions removal from 
theelectrombeamsmay takesplacesoverdistances 
far greater than the distance to which the actual 
external field-penetrates within theidrift tube. 
We have determined mathematically, follow 

ing:the data; to be derived from the above theory, 
What it would be: the 3 approximate i-beam-spread 
action of such mechanism upon an electron beam 
having given: constants. In Fig.5 -are i shown 
graphs illustrating the beam-spreadaction meas 
ured inssome cases; and scalculatedšaccording to 
the mathematical methods above iréferred to, in 
other cases. It will be: observed that the meas 
ured and calculated values-are in Šlose accord 
ance with one another, thus:teriding to substan 
tiate the correctness of our theory of anion sink 
above stated. . . 
...Our mathematically-derived conclusions allow 
us to predict the general-shape and "approximate 
values of the curves of Fig.2. SAS the voltage is 
lowered, not only is the effect much the same as 
an increase of pressure would have “had in 're 
ducing beam-spread, but also the poteritial gra 
dient at the drift tube'aperture isºlowered in 
direct proportion to the voltage decrease, thus 
still further accentuating the effect. The effect 
will be at first almost a function of voltage 
squared; thus agreeing with the measured results 
shown in Fig. 2. At the higherranges of voltage, 
the maximum spreadinia perfect vacuum- would 
become less and less, as the voltage is raised. 
These two effects together explain why higher 
voltage-beams' reach their ultimate spreads more 
quickly as the gas pressure is decreased, but that 
the respective ultimate values of spread grow 
progressively less, as the voltage' rises. 
"In carrying out experimental tests, serving to 

substantiate-the-correctness-of-tour: theory and 
serving as a basis for the renbodiment of our 
invention, apparatus arranged as shown in Fig. 1 
was used. The upward kinks - 9 and 2 f of the 
axial potential curve were obtained by maintain 
ing the drift tube at: a potential negative with 
respect to both the second accelerating electrode 
and the collecting electrode, by an amount slightly 
greater than the voltage-existing is between the 
edge and the ceriter-of-the-beam when the latter 
consists only of unneutralized-electrons. Due to 
the fact that the drift tube collects a current of 
stray electrons, merely placing a resistor in an 
external circuit between the drift “tube and 
the aperture provides the necessary potential. 
Should stray-electron current prove insufficient 
for this purpose, an auxiliary voltage supply 
could be used, 

In a test made at 5x10 mm. of Hg vacuum 
pressure a 130 milliampereibeam spreading to 
twice its original diameter in 36 cm; at 7300 volts 
immediately stopped spreading when has little as: 
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15-volts, was applied between drift tube:and adja 
cent; electrodes in Such direction, as to reverse 
the gradients at these points. Since 15 volts var 
iation from 7300 can have no appreciable elec 
tron lens or focusing effect per se, this result may 
be considered as successfully verifying the theory. 
Walues of the spread variation with change of 
trapping voltage are given in Table I, below. 

`Table º I.—-Beam spºredd iom trap data 

. Pressure - 'Ricc V final "Spread M??g Y V, Emission I. viii. 'gif 
Volts 

5X10-7 1,500 5,800 13 * 2:0 
- 5X10-7 1,500 5,800 130 7.5 1.2 
5X10-7 1,500 - 5,800 130 5. () 1.1.” 

5,800 130 30,0 1.0? 5X10-7 1,500 

...Asian auxiliary check, increasing the pressure 
to 5X10-6 also served to remove the spread, as 
illustrated in Table II, below. 

Table II-Beam. Spread data 

Pressure V V3 imi?ci V final Spread 
MIm.’ ofHIg Emission I vi?it Ei 

- Volts 

.11x10-6 l,500 5,800 130 0. 1.7 
-3X10-6. 1,500 5,800 30 - 0 1.1 
. 5X10-3 1,500 5,800 130 0. 1.0 

. Of course, in actual use increasing the pressure 
is impractical since tubes are normally used as 
sealed off devices, so this latter Table II merely 

35: serves to demonstrate that the effect of extreme 
ly good vacuum in producing beam spreads could 
be removed by the use of an ion trap.a.s. sug 
gested here. 

It was noted in the test of ion trap voltage just 
described that for the particular beam used 15 
volts removed practically all spreading and 
higher negative voltages produced very little 
increased effect, but no detrimental effects. Were 
observed. When Such higher negative Voltages 
Were used. It is to be remarked that this voltage 
is only slightly greater than the difference in 
voltage between the edge and the center of the 
beam. When it consists of unneutralized electrons 
only. This Voltage difference for any Section 
on the beam would be 

----? 2-- 
6.94X106 

Where p is the number of unneutralized electrons 
per cm. length in the beam at that section. This 
is i0 volts for the particular beam chosen for the 
tests just described. 
Thereason for the comparable values is evi 

dent. When it is considered that on the cathode 
- Side of the aperture the ions are always removed 
so fast that the electron beam is essentially un 
neutralized. Then the center of the beam is ten 
voltS negative With respect to the edge and thus 
a negative gradient down which ions can flow 
will always be present until the drift space is 
loWered by this ten volts plus enough more to 
¥se the gradient produced by field penetra 
O 
*As shown by the above Table I, the voltage 

'difference between the drift tube and its ends 
(back plate and aperture) to form an ion trap 
must be somewhat greater than 10 volts for a 50 
milliampere 6000 volt beam. The value neces 
sary Would increase directly as the current in 
the beam and vary inversely as the square root 

  



9. 
of the voltage of the beam, Thus for a 3000 
Wolt, 500 ma, beam it would be . . . . . . 

For a 5 ampere, 6000 volt beam it would be 
5000 
50 

For beams of this magnitude the ratio of radii of 
the beam and surrounding drift tube also be 
COmeS of Some importance. 
The use of ion traps to keep beams from 

spreading at high vacuum greatly extends the 
limits of operation possible. In fact, arbitrarily 
dense beams will be maintained by ion cores at 
even extremely good vacuums (for example 10-9 
mm./Hg) if sufficient volume be provided in the 
tube. Since an ion once in the unneutralized 
beam cannot leave it, and since virtually no 
recombination can take place, all molecules in a 
given tube at very high vacuum will soon be 
found as ions in the beam. The rest of the tube 
space will be practically empty. The volume 

OX 1000 volts 

necessary is given by the following relations for 
a 6000 volt beam: - - - - - - - - 

Let the volume available=N. Cm3=Scm. Acm. 
Let the length of the beam=scm. ." 

Then 
i amperes 

P in mm./Hg 
(Where the volume used has the same length as 
the beam, A gives the area necessary.) 

=A=3.75x 10-3 

Thus a 1 ampere beam at 10-8 mm/Hg needs 
only a volume the length of the beam with an 
area of 3.75 cm. For voltages other than 6000 
volts this volume should be multiplied by 

I6000 
? 

What we claims: 
1. An electron beam tube including means for 

generating electrons, means for producing a 
beam of said electrons, means for accelerating 
said beam, means for defining a substantially 
field-free space through which said beam passes, 
means for Collecting said beam after passage 
through said field-free space, and means for 
maintaining said field-free space defining means 
at an electrostatic potential slightly negative 
with respect to said collecting means and with 
respect to the portion of said accelerating means 
adjacent said defining means. 

2. The method of substantially preventing 
beam-spread of an electron stream within a 
field-free space which includes directing a beam 
of electrons within said space, establishing and 
maintaining a reverse potential gradient at least 
at One end of said field-free space, so as to trap 
positive ions therewithin. 

3. A cathode ray tube system including means 
for generating and for collecting an electron 
stream in an atmosphere of not more than 10 
mm./Hg, a field-free drift tube through which 
said stream passes, and means for maintaining 
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the direct current potential of said drift tube 
slightly negative with respect to the potential ex 
isting adjacent the entrance thereof. 

4. A beam tube including an electron source, an 
accelerating electrode held at a potential posi 
tive with respect to said source, a drift tube held 
at a fixed direct current potential slightly nega 

70 

tive with respect to said accelerating electrode so 
as to prevent leakage of positive ions from said 75 lar electrode by an amount which is less than one 

10 
drift tube, and means for collecting the electrons. 

5. In the electron beam art, the method of pro 
jecting a beam over a distance without substan 
tial spread thereof which includes the steps of 
establishing a substantially field-free space, pass 
ing through the space said beam, and establishing 
at each end said field-free space of a relatively 
slight potential gradient in the reverse direction 
to the normal potential gradient along the course 
of said beam, whereby positive gas ions are held 
Within said field-free space so as substantially to 
neutralize the space-charge effects tending to 
Cause spread of said beam. 

6. A vacuum tube system including an accel 
erating electrode, a field-free drift tube insulated 
from other electrodes and means for keeping said 
drift tube slightly negative with respect to said 
accelerating electrode so as to prevent leakage of 
positive ions from said drift tube. 

7. In electron optics, a system for reducing the 
spread of an electron stream due to space-charge 
effects, including a source of positive ions, a field 
free chamber within which the ions are produced 
and through which said stream passes, and means 
for retaining said ions within said chamber, said 
last means comprising electrostatic means so con 
nected as to establish at least at one end of said 
chamber a slight direct current potential gradient 
along said stream in a direction reverse to the 
gradient prevailing along said stream before the 
entrance thereof into said chamber. 

8. The method of passing an electron beam 
through a field-free space without substantial 
beam-spread, which includes passing said beam 
through a slight reverse direct current potential 
gradient, immediately passing said beam through 
said field-free space and supplying gas molecules 
to said beam during its passage therethrough, 
whereby positive ions are formed, are substantial 
ly confined within said field-free space, and act 
substantially to neutralize the space-charge effect 
tending to cause spread of said beam. 

9. A system for projecting a low impedance 
electron beam including conductive means defin 
ing a field-free chamber through which said beam 
is projected, gaseous means within said chamber 
producing positive ions under the impact of said 
beam, and electrostatic means maintaining at one 
end of said chamber a direct current potential 
gradient along said stream in a reverse direction 
to the potential gradient used in establishing said 
stream, whereby said ions are restrained within 
said chamber and act to neutralize the space 
charge effect tending to spread said beam and 
increase the impedance thereof. 

10. An electron beam tube for the production 
and projection of a beam of high density, includ 
ing an electron source, an accelerating electrode 
establishing the beam, a drift tube through which 
said beam passes, means for keeping said drift 
tube at a slightly negative fixed direct current po 
tential with respect to said accelerating electrode 
and means for collecting the electrons of said 
beam after passage thereof through said drift 
tube, whereby said negatively charged drift tube 
tends to retain therewithin positive ions formed 
from the residual gas within the beam tube. 

11. A cathode ray tube system including means 
for generating an electron beam, means for accel 
erating said beam, means for projecting said beam 
through a tubular electrode and means for main 
taining said tubular electrode at a direct current 
potential negative with respect to the potential 
of said accelerating means adjacent said tubu 
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half of one percent of the potential of said last 
mentioned accelerating, means so as to... prevent 
leakage of positive, ions: from said: tubular elec 
trode. 

12. A cathode ray tube-system including means 
for generating an electron beam, means for ac 
celerating said beam, means for projecting, said 
beam through a tubular electrode, means for col 
lecting electrons from said beam after its passage 
through said tubular electrode, and means, for 
maintaining said tubular, electrodeiata direct cur 
rent potential negative. with respect to said col 
lecting means by an amount, which is less than 
one-half of one percent of the potential of Said. 
collecting means so as to prevent leakage of posi 
tive ions from said tubular electrode. 

13. A cathode ray tube.system including means 
for generating an electron bean, meals for accel 
trating said beam, means for projecting said beam 
through a tubular electrode-and-means for main 
taining said tubular electrode at a slightly nega 
tive direct current potential. With respect to said 
accelerating means, the potential of said tubular 
electrode being sufficiently negative with respect 
to the potential to said accelerating means to pre 
vent leakage of ions from within said tubular-elecs 
trode but not sufficiently negative to substantially 
retard the speed of the electrons passing through 
said tubular electrode. 

0. 

5. 

20 

12 
14. A cathode ray, tube system according to 

claim 13 wherein the voltage difference between 
the voltage of the said tubular electrode and said 
accelerating meansis 

- 
6:94)x10 

where p is the number of unneutralized electrons 
per centimeter length in the beam at the section 
where it: passes through the tubular electrode. 

- KAR, SPANGENBERG. 
LESTER, MI, FIELD. 
ROBERT HELMI. 
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