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INVESTIGATION OF &L iCTRCUTATIC LUNSES

SUBJCT; Potential Fi:ld Plots for Threec Different ilectrostatic Foeus lens Assenblics

PURPCGE

To inv:zstigabe the rolative propertice of a dumbbell type lens assembly as compared
*to the Dumont and General Electric gun asssmblies,

PROPOS D /CTION TO B TAKEN

In a discussion with Ur. R. T. licKenzie, it came to light that a major difficulty
with the standard 17R focus asuenbly could be due to tilting of the focus eylinder with
respaet to the horizontal axis in ussenbly. Perhaps an invostigation of this tilting aspect
would ravoal a major advantage of the ap:cial léns in that the potential distribution would
be mich more insensitive to such tilting. This also might be the advantage of the Dumont
lens. It is proposad that such a program be carried out. ‘

In view of the followin: discussion it is nacessary to ducide if the proposed con-
fimuration for the special lens offers a marked advantae over the standard lens production-
wise,and if so, to carry out u program which would lead to the desirad potential distributic
which may or may not bo 2xeaplifisd b, the Dumont construction.

PRQC..DULS

It vas hoped that the dosirable focusing effcet of the Duliont lens would be obtained
without the critica’ featurss of the present Gensral ileetric 171t focus asseubly., The
assembly was designed such that its dimensions would closely approximate that of t he Duliont
lens. Its general configuration is ws follows.

Sp .cifications
Focus Cylinder

Grids

Scparation of Grida
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Length . 500"
Insido Dia. .625" (This is D' as roferrsd to below)
IOI lf,tch -375:
Inside Dia 500"
:'sportm .120”
Radius (Inside) .500"
D = 360"

(D fixos all othor dimensions with respact to the center of symmetry.)

As compared to the Duliont Specifications.
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Specifications
Focus Cylinder Length = 375"
Inside Dia. 625" (This also D!)
Grids Length 375" Indentation of aperturs
Inszide Dia. » 5001
Aperture .120%
Separation of uraas D = LB75%

{There results a diffarsnce in -rid separation since my specifications were taken from
a sketeh which did not have the sams separation as was us:d by r. A, Libenson in making
the field plot for the Duliont 1l:ns.)

As coipared also to the Standardu 17R TV Focus Assembly.
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Specifications
Focus Doughnut Length L1115
Inaide Dia. . 500"
Rediug .0314"
Grids Length 500"
Inside Diax « 500"
Radius ' 03140
Aperture 100"
Aperture Recess JL157
Aperture Se aration .502"

Since the Dullont configuration had already been plotted, it was not nucessary to
do so again. However, 1t was nz:ccerary to obtaln c.upar ble plots of the spocial and
standard configurations. Thia was dons as follows.

Method of Plotting Fields

The fields were plottad with the use of toledeltos paper which has the property of
uniform resistance throughout. This lends itself quite rcadily to field plotting since
Laplace's erjuation in two-dimsznsions is clossly approximated by the field set up between

electrode confipgurations.

All configurations were drawn on a seale of 20:1 and the following circuit was used
{o probe for the 2quipotentials.
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Ideally a null point method should have been used, however, the proper precision
potentlumeters were not available. It is f21t that the results obtained from the above
give sufficiently accurate resulits, since they are consistent from plot to plot and only
comparison betwezn plots is r:quired.

. Results of Investigation

Visual investiration of the fic.d ylelds very little since very slibht differenccs
are observed and the :ajor diiffercnces are outside the ranze of skew electrons for the
beum width concerncd. Therefore, thiree graph8 were made in order that the fields md.hm
be more rsadily compared. These are attached.

Graph 1

‘Axial potential as a function of the ratio of the distancs [rom the center of symmetry
to D the total separation of the apertures,

This graph showa clo e correlasion of the potential presented to an axial electron in
the region closé to the aperturcs. The btandard and Dullont guns continue in close correlatior
all alons the axis, vary.ng at smost 15 of the total fiold. Tho spscial field is more con-
stant over-all than the other.fizlds varying 203, while the variation is 30/ for the other
configurations.

Graph I1

 Cross .xial Potential (vertical axis of symmetry) as a function of the ratio of the
distance from the center of symmatry to D', the inside diameter of the focus cylinder.

This graph shous a similar rather close correlation betwesn the Duliont and Standard
fields yhile the Special field varys more widely. 4 lerger variation in cros: axial
potential is observud for the specicl field than for the other ficlds, ‘

Graph I1II

. Paraxial Potential plotted as in Graph I, in order to pain an a, proximate representatior
of the avarage potential presentad to a skew electron.

Acain, very clese correlation was observed in the Stundard and Dullont ficlds with the
same "near apcrture" correlation of all fields as observod in Graph I. Again, as in Graph I
the total variation in potential for the special field is less than for the other twe fiolds.

(20» vs, 30%).



CONCLUSIONS

It is believed that tho asmaller variation in potential for the special field over
other fields, as observed in Graphs I and III, and the greater variation in Graph II can
be attributed to the considerably smaller D. If this distance were made greater, obviousl
the potential drop to the center of symuetry would increase.

* From this consideration, it is coneluded that nearly ony axial potential distributio
may be approximated as closely as desired within the limits of experimental technique.

It follows that with the changes of axial distribution as stated, the cross-axial and
ara-axial distribution will r:ccive inversely proportional or directly proportional
respactively) change. Hence, if the axial potential distribution, due to onc set of

electrodes, is made to approximate a given distribution due to another set of clectrodes,

the corr:spondence betweon the cross-axial and para-axial distributions will be closely

approximated.

This corresponds to what would be expected'by existing theor;, which observes that
given the axial potential, the potential distrilution of the fisld may be closely approxi-
mated by

V(r,z) #Vg(z) - vo" (2) %2 R TOUR (=1)" Vo(zn)(z) r 2n o
(n1)% (2

where Vo (2) is the axial potential distribution, and r is the radial distance from the
axis. Thus, if the axizl potantizl may be approximatsd, then the field may be approxi-.
mated independent of the electrode configuration. ‘

From the above it is seen that what is now desired for an eloactrostatic focus lens
is not what configuration of electrodss gives the best fi2ld, but what configuration allow:
us to most =2asily approximate a dssirad field. This involves chicosing the simplest,
most, 2asily mamufactured general corfigaration and then alterin: spocific dimensions to
give the dosirad distribution. : i .

The above is somewhat over~simplified, in that the distribution is intimately tied
up with the inside diameter D', of the focus cylinder. Thus, in order to approximate a
given distribution, this dimcnsion would also have to be altered. For the discussion
in the first paragraph, it i. assumod that optimum D' has been obtained.

The major arpument in favor of this proposad lens desipgn as szen by the author at
this point, is the r:latively non-critical dimensionality of the design, as compared to
the Standard 17R lens having essonticlly three critical dimensions. Also, it should be
remarked that due to its much simpler configurstion it undoubtedly would increase the

ease of fabrication. :
w. N. Eﬂszk

V. H. Lake
' Engineering
WHL/mb CaTHUW s ..oY TUBQ

3 Spangenberg, Vacuum Tubes, LcGraw-Hill, New York,1948.
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