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DUAL-PERVEANCE GRIDDED ELECTRON GUN 

This invention relates to electron beam devices, and 
more particularly relates to a dual-perveance gridded 
electron gun especially suitable for a dual-mode travel 
ing-wave tube which provides a well-focused electron 
beam at both perveance levels. 

In order to achieve lighter, more efficient, and less 
expensive ECM systems, dual-mode traveling-wave 
tubes have been developed in which a single tube is de— 
signed to operate selectively in either a low-power cw 
mode or a high-power pulsed mode. The power level of 
a traveling-wave tube is a function of both the current 
and voltage of the electron beam used to interact with 
the propagating electromagnetic waves. Hence, in 
order to achieve dual-mode operation, either the beam 
current or voltage, or both, must be selectively 
switched between different levels in a manner suffi 
ciently compatible with other tube parameters such 
that desired operation in both modes may be obtained. 
For a more detailed background concerning dual-mode 
traveling-wave tubes, reference may be made to the ar 
ticle “Will The Real Dual-Mode TWT, Please Pulse 
On”, Microwaves, Oct., 1972, pages 58-63. 
Typical electron guns for traveling-wave tubes in 

clude an emissive cathode, a focusing electrode, and an 
accelerating anode. One way of obtaining dual-mode 
operation of a traveling-wave tube with such a gun is to 
apply a switching voltage to the accelerating anode in 
order to vary the current of the electron beam. How 
ever, in order to change the beam current suf?ciently 
to satisfy to th high-power and low-power requirements 
for typical dual-mode tubes, a wide voltage swing is re 
quired at the anode, typically around 6 Kv. Alterna 
tively, the switching voltage may be applied to the fo 
cusing electrode. However, the focusing electrode 
switching voltages normally required are of substan 
tially the same magnitude as the anode switching volt 
ages. Power supplies capable of providing such large 
voltages add considerably to the size, weight and ex 
pense of the electron gun. In addition, the slow-wave 
interaction structure of the associated traveling-wave 
tube usually requires essentially the same electron ve 
locity in both the high-power and low-power modes of 
operation. This is accomplished by applying a voltage 
between the accelerating anode of the electron gun and 
the slow-wave structure which determines the beam 
perveance, de?ned as the ratio (beam current)/(beam 
voltage)”, and produces an electrostatic lens in the re 
gion between the anode and the slow-wave structure. 
An electron gun containing a control grid can be op 

erated with a ?xed accelerating anode voltage. A large 
change in beam perveance can be achieved with much 
smaller switching voltages when the switching voltages 
are applied to the control grid. However, electron guns 
for traveling-wave tubes are normally designed with the 
focusing electrode and anode con?gurations carefully 
selected so that the electric ?eld immediately outside 
of the electron beam is matched to the space charge 
forces of the beam. If the beam perveance is changed 
by changing the grid voltage without correspondingly 
adjusting the con?guration of the focusing electrode 
and anode, the space charge forces of the beam would 
not be properly matched to the external electric ?eld 
at the new perveance level. This not only causes non 
laminar electron flow in which the electron trajectories 
cross the beam axis, but in addition the minimum diam 

25 

30 

35 

45 

55 

60 

65 

2 
eter position of the beam is shifted axially. A poorly fo 
cused beam results, giving rise to reduced beam trans 
mission through the associated traveling-wave tube and 
lower tube operating efficiency. 
Accordingly, it is an object of the present invention 

to provide a dual-perveance electron gun in which the 
switching between perveance levels may be achieved 
with relatively small switching voltages and which pro 
vides a well-focused electron beam at both perveance 
levels. 

It is a further object of the invention to provide an 
electron gun capable of generating a high-perveance 
pulsed electron beam and a low-perveance continuous 
electron beam with laminar electron ?ow at both per 
veance levels. 

It is a further object of the invention to provide an 
electron gun for generating a high-perveance pulsed 
electron beam and a low—pervenace continuous elec 
tron beam in which the minimum diameter of the beam 
remains at essentially the same axial position for both 
perveance levels. 

It is a still further object of the invention to provide 
a dual-perveance electron gun which is especially suit 
able for a dual-mode traveling-wave tube and which en 
ables superior beam transmission through the slow 
wave structure of the tube to be achieved than with du 
al-perveance guns of the prior art. 

It is still another object of the invention to provide a 
dual-perveance electron gun which is especially suit 
able for a dual-mode traveling-wave tube and which 
achieves a more constant tube power output as a func 

tion of frequency than has been obtained with the prior 
art for both perveance levels. 

In accordance with the foregoing objects, a dual 
perveance electron gun according to the invention in 
cludes a cathode having an electron emissive surface, 
an anode spaced from the cathode along a predeter 
mined direction, a focusing electrode disposed between 
the cathode and the anode, a ?rst grid electrode dis 
posed between the cathode and the focusing electrode, 
and a second grid electrode disposed between the cath 
ode and the ?rst grid electrode. Each grid electrode has 
a grid disposed along a surface substantially conform 
ing to the electron emissive surface. The ?rst grid ex 
tends substantially across the electron emissive surface, 
while the second grid projects over a peripheral portion 
only of the electron emissive surface. Relative poten 
tials are applied to the cathode and to the ?rst and sec 
ond grid electrodes to selectively provide either a 
higher perveance electron beam in which substantially 
all of the electron emissive surface emits electrons or 
a lower perveance electron beam in which the central 
portion of the electron emissive surface emits electrons 
with a density greater than that of the peripheral por 
tion over which the second grid projects. 
Additional objects, advantages and characteristic 

features of the invention will become readily apparent 
from the following detailed description of a preferred 
embodiment of the invention when considered in con 
junction with the accompanying drawings in which: 

FIG. 1 is a schematic longitudinal sectional view illus 
trating a dual-perveance electron gun in accordance 
with the invention and operating in a high-perveance 
pulsed mode; 

FIG‘. 2 is a schematic longitudinal sectional view illus 
trating the electron gun of FIG. 1 but operating in a 
low-perveance continuous mode; 
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FIGS. 3 and 4 are plan views illustrating the respec 
tive grid arrangements of the control grid electrode and 
.screen grid electrode, respectively, of the electron gun 
of FIGS. 1 and 2; and 
FIGS. 5a and 5b are graphs showing the voltage as a 

function of time on the control grid electrode and 
screen grid electrode, respectively, for both the high 
perveance and low-perveance modes. 

Referring with greater particularity to FIGS. 1 and 2, 
an electron gun according to the invention may be seen 
to include a tubular cathode 10 having a concave end 
surface 12 which is provided with a coating of electron 
emissive material such as barium oxide, for example. 
The cathode 10 may be heated in a conventional man 
ner by means of a ?lament 14 energized from a source 
of potential 16. An annular anode 18 having a central 
aperture 20 through which the generated electron 
beam passes is coaxially mounted with respect to the 
cathode 10 a preselected distance away from the elec 
tron emissive surface 12. The anode 18 is maintained 
at a suitable dc potential V” with respect to the cathode 
10 by means of a source of potential 22. An annular fo 
cusing, or beam-forming, electrode 24 having a central 
aperture 26 through which the generated electron 
beam passes is coaxially mounted with respect to the 
cathode l0 and anode 18. The focusing electrode 24 is 
disposed longitudinally between the cathode 10 and 
anode 18, usually closer to the anode 18. The con?gu 
ration of the anode 18 and focusing electrode 24 and 
their respective apertures 20 and 26 are designed such 
that the electric ?eld immediately outside of the gener 
ated electron beam matches the space charge forces 
within the beam. 
A control grid electrode 28 and a screen grid elec 

trode 30 are coaxially disposed about the electron 
beam path between the cathode 10 and the focusing 
electrode 24, the screen grid electrode 30 being dis 
posed between the cathode 10 and the control grid 
electrode 28. Preferably, screen grid electrode 30 is lo 
cated about midway between cathode l0 and control 
grid electrode 28, an exemplary spacing between cath 
ode 10 and screen grid electrode 30 being about 15 
mils. Control grid electrode 28 has an outer annular 
plate-like portion 32 and an inner grid portion 34, 
while similarly, screen grid electrode 30 has an outer 
annular plate-like portion 36 and an inner grid portion 
38. The grid portions 34 and 38 of the respective elec 
trodes 28 and 30 are each disposed along a concave 
surface substantially conforming to the cathode emis 
sive surface 12. 
Exemplary con?gurations for the grids 34 and 38 in 

accordance with a preferred embodiment of the inven 
tion are illustrated in FIGS. 3 and 4, respectively. As 
shown in FIG. 3, the grid 34 of control grid electrode 
28 may include an inner circular web portion 40 and an 
intermediate circular web portion 42 concentrically 
disposed about the electron beam axis. A plurality of 
?rst radial web portions 44 extend between the elec 
tron beam axis and the inner circular web portion 40, 
with a plurality of second radial web portions 45 ex 
tending between inner circular web portion 40 and in 
termediate circular web portion 42 and a plurality of 
third radial web portions 46 extending between inter 
mediate circular web portion 42 and outer plate-like 
portion 32. 
As shown in FIG. 4, grid 38 of the screen grid elec 

trode 30 may include a circular web portion 50 and a 

20 

25 

35 

45 

50 

60 

65 

4 
plurality of radial web portions 48 extending between 
circular web portion 50 and outer plate-like portion 36. 
Preferably, the radial web portions 48 of the grid 38 are 
aligned with respective outer radial web portions 46 of 
the grid 34. Circular web portion 50 of grid 38 de?nes 
a central circular aperture 52 having its center coinci 
dent with the electron beam axis so that the aperture 
52 is aligned with the central portion of electron emis 
sive surface 12. The diameter of circular aperture 52 
should be at least about one-half (and preferably from 
about 0.7 to about 0.9) of the diameter of the circular 
periphery of the electron emissive surface 12. Thus, the 
grid 38 of screen grid electrode 30 projects over an an 
nular peripheral portion only of the electron emissive 
surface 12 while leaving the central portion of emissive 
surface 12 directly exposed to the central portion of 
control grid electrode 28. 
An exemplary arrangement for applying suitable po 

tentials to the control grid electrode 28 and the screen 
grid electrode 30 in order to selectively achieve dual 
perveance operation of the electron gun of the inven 
tion in both a high-perveance pulsed mode and a low 
perveance continuous mode is illustrated in FIGS. 1 
and 2. A source of potential 54 providing a dc bias volt 
age VI, of a suf?cient value to preclude electron emis 
sion from the cathode 10 has its positive terminal con 
nected to cathode 10. A pulse source 56 providing volt 
age pulses of amplitude V” is connected between the 
negative terminal of source 54 and a ?rst (or pulsed op 
eration) contact terminal 58 of a switch 60. A source 
of potential 62 providing a dc voltage Vp of larger mag 
nitude than the voltage V], has its negative terminal 
connected to'the negative terminal of source 54 and its 
positive terminal connected to a second (or continuous 
operation) contact terminal 64 of switch 60. A voltage 
divider, illustrated as a potentiometer 66, is connected 
in parallel with pulse source 56, with the potentiometer 
tap connected to a first (or pulsed operation) contact 
terminal 68 of a switch 70. Similarly, a voltage divider, 
illustrated as a potentiometer 72, is connected in paral 
lel with dc source 62, with the potentiometer tap con 
nected to a second (or continuous operation) contact 
terminal 74 of switch 70. 
Switch 70 has a contact arm 76 connected to screen 

grid electrode 30, while switch 60 has a contact arm 78 
connected to control grid electrode 28. In the particu 
lar embodiment of the invention illustrated in FIGS. 1 
and 2, switch contact arm 78 is also connected to fo 
cusing electrode 24 in order to apply the control grid 
potential to the focusing electrode 24. However, it 
shouuld be understood that other focusing electrode 
potentials, for example cathode potential, are also suit 
able. It is further pointed out that switches 60 and 70 
are shown schematically as mechanical switches solely 
for explanatory purposes. While these switches may 
comprise relays or other electro-mechanical devices, 
electronic switches utilizing vacuum tubes or diodes, 
for example, are also suitable and would be employed 
when it is desired to obtain rapid switching between the 
high-perveance and low-perveance modes. 
Speci?c exemplary values for the voltages V“, V,,, Vp 

and V,. which have been employed in a particular dual 
perveance electron gun constructed according to the 
invention are as follows: 

V" = 6900 volts 
V,, = 125 volts 

V,, = 359 volts 
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VP = 250 volts. 

It is pointed out, of course, that the aforementioned 
voltages are given solely for exemplary purposes, and 
the particular values to be used in a given situation 
would be selected according to particular gun require 
ments. 

Using the aforementioned exemplary voltages, a du 
al-perveance electron gun constructed according to 
FIGS. 1—4 was operated with the following values for 
the voltage V,” at the control grid electrode 28 and the 
voltage V_,,s at the screen grid electrode 30 (measured 
with respect to the cathode 10), the current I“ at con 
trol grid electrode 28, the current I”, at screen grid 
electrode 30, the current I,,,.,,,,, of the generated elec 
tron beam, and the perveance P of the electron gun as 
de?ned above. 

Pulsed Mode Continuous Mode 
Vm. +234 volts +125 volts 
V”3 +47 volts -—78 volts 
I“. 35 ma 7 ma 
I,” 166 mu 0 
Iboum 1.38 amps 034 amps 
P 2.0 X 10_6 05 X 104" 

The operation of the dual-perveance electron gun of 
FIGS. 1—4 will now be discussed with reference to the 
waveforms of FIGS. 5a and 5b. When the switches 60 
and 70 are as shown in FIG. 1 with their respective 
contact arms 78 and 76 electrically contacting termi 
nals 58 and 68, respectively, the electron gun will oper 
ate in the high-perveance pulsed mode. In this mode 
the voltage Vm. applied to control grid electrode 28 
consists of a series of voltage pulses 80 (FIG. 5a), while 
the voltage V,,_,. applied to screen grid electrode 30 con 
sists of a series of voltage pulses 82 coincident in time 
with the pulses 80 but of a smaller amplitude as deter 
mined by the setting of the tap on potentiometer 66. In 
the absence of pulses 80 and 82, the potential applied 
to the control grid electrode 28 and the screen grid 
electrode 30 is determined by the bias voltage V,, of 
source 54, and as was mentioned above, this voltage is 
sufficient to prevent the emission of an electron beam 
from cathode surface 12. In the presence of pulses 80 
and 82, the respective potentials applied to control grid 
electrode 28 and screen grid electrode 30 are such that 
a relatively high-perveance electron beam is emitted 
from the cathode surface 12 and, under the in?uence 
of the electric ?eld from focusing electrode 24 and 
anode 18, is caused to ?ow along a path indicated by 
dashed lines 84 of FIG. 1. 
When the switches 60 and 70 are as shown in FIG. 2 

with their respective contact arms 78 and 76 making 
electrical contact with terminals 64 and 74, respec 
tively, the electron gun is set for operation in the low 
perveance continuous mode. In this mode the voltage 
V“ applied to the control grid electrode 28 is deter 
mined by the algebraic sum of the voltages provided by 
the dc sources 62 and 54. Since the magnitude of the 
voltage V‘. of source 62 is greater than the magnitude 
of voltage V,, of source 54, a net positive voltage with 
respect to the cathode 10 (shown at level 86 of FIG. 
5a) is applied to control grid electrode 28. The voltage 
V,s applied to the screen grid electrode 30 is deter 
mined not only by the voltages V6 and V, of sources 62 
and 54, respectively, but also by the setting of the tap 
on potentiometer 72. This tap is preferably set such 
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6 
that the voltage V,,_,. applied to screen grid electrode 30 
(shown at level 88 of FIG. 5b) is sufficiently negative 
with respect to the cathode 10 to substantially preclude 
electron emission from the annular peripheral portion 
of the cathode surface 12 over which the screen grid 38 
projects. A relatively low-perveance electron beam is 
thus emitted from cathode surface 12 and, under the 
influence of the electric ?eld from focusing electrode 
24 and anode 18, is caused to flow along a path shown 
by dashed lines 90 of FIG. 2. 
By changing the cross-section of the emitted electron 

beam when the beam is switched between the high 
perveance and low-perveance levels in the manner de 
scribed above, the space charge forces of the beam are 
well matched with the electric ?eld immediately out 
side of the beam at both perveance levels. Substantially 
laminar electron ?ow is achieved, and in addition, the 
axial position at which the minimum beam diameter oc 
curs remains substantially unchanged. A well-focused 
beam results at both perveance levels. This enables in 
creased beam transmission through the associated trav 
eling-wave tube and higher tube operating ef?ciency to 
be attained. 
A further advantage of the electron gun of the inven 

tion is that it achieves a more constant power output as 
a function of frequency for the associated traveling 
wave tube than has been obtained with prior art dual 
perveance electron guns. Speci?cally, both a dual 
perveance gridded electron gun constructed according 
to FIGS. 1—4 using the aforementioned speci?c param 
eter values and a dual-perveance gridded electron gun 
according to the prior art wherein the gun perveance 
was changed by varying the voltage applied to the con 
trol grid were used to operate otherwise identical oc 
tave bandwidth, S-band helix traveling-wave tubes with 
their focusing arrangements optimized for the low 
power cw mode. It was found that a dual-perveance 
electron gun according to the present invention re 
duced the amount of beam power intercepted by the 
helix slow-wave structure by a factor of 2.5. Moreover, 
in the low-power cw mode the variation in the tube out 
put power as a function of frequency across the octave 
bandwidth of the tube was reduced from 1.6 db to 1.1 
db, and in the high-power pulsed mode the output 
power variation as a function of frequency across the 
octave bandwidth was reduced from 3.3 db to only 0.5 
db. 
Although the invention has been shown and de 

scribed with reference to a particular embodiment, var 
ious changes and modi?cations may occur to a person 
skilled in the art to which the invention pertains. For 
example, a shadow grid having the same con?guration 
as grid 34 and maintained at the potential of cathode 
10 may be interposed between cathode l0 and grid 38 
to minimize electron interception on grids 34 and 38. 
Modi?cations of this type which are obvious to one 
skilled in the art are deemed to lie within the spirit, 
scope and contemplation of the invention. 
What is claimed is: 
l. A dual-perveance electron gun comprising: 
a cathode having an electron emissive surface; 
an anode spaced from said cathode along a predeter 
mined direction; 

a focusing electrode disposed between said cathode 
and said anode; 

a ?rst grid electrode disposed between said cathode 
and said focusing electrode, said ?rst grid electrode 
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having a grid disposed along a surface substantially 
conforming to said electron emissive surface and 
extending substantially across said electron emis 
sive surface; 

a second grid electrode disposed between said ?rst 
grid electrode and said cathode, said second grid 
electrode having a grid disposed along a surface 
substantially conforming to said electron emissive 
surface and projecting over a peripheral portion 
only of said electron emissive surface; and 

means for applying relative potentials to said cathode 
and said first and second grid electrodes to selec 
tively provide either a higher perveance electron 
beam in which substantially all of said electron 
emissive surface emits electrons or a lower per 
veance electron beam in which the central portion 
of said electron emissive surface emits electrons 
with a density greater than that of said peripheral 
portion. 

2. A dual-perveance electron gun according to claim 
1 wherein said focusing electrode is electrically con 
nected to said ?rst grid electrode. 

3. A dual-perveance electron gun according to claim 
1 wherein said relative potentials are such as to sub 
stantially preclude electron emission from said periph 
eral portion of said electron emissive surface for said 
lower perveance electron beam. 

4. A dual-perveance electron gun according to claim 
1 wherein said means for applying relative potentials 
includes: 

?rst means for applying voltage pulses to said ?rst 
and second grid electrodes such that electron emis 
sion from said electron emissive surface is substan 
tially precluded in the absence of said voltage 
pulses and said higher perveance electron beam is 
provided in the presence of said voltage pulses; 

second means for applying relative dc potentials to 
said ?rst and second grid electrodes and said cath 
ode such that said lower perveance electron beam 
is provided; and 

switch means for selectively operatively coupling ei 
ther said ?rst means or said second means to said 

?rst and second grid electrodes and said cathode. 
5. A dual-perveance electron gun according to claim 

4 wherein said voltage pulses applied to said ?rst and 
second grid electrodes by said ?rst means are such that 
during the presence of said voltage pulses said second 
grid electrode is at a positive potential with respect to 
said cathode and said ?rst grid electrode is at a higher 
positive potential with respect to said cathode. 

6. A dual-perveance electron gun according to claim 
4 wherein said relative dc potentials applied to said ?rst 
and second grid electrodes and said cathode by said 
second means are such that said ?rst grid electrode is 
biased positively with respect to said cathode and said 
second grid electrode is biased negatively with respect 
to said cathode. 

7. A dual-perveance electron gun according to claim 
4 wherein said relative dc potentials are such as to sub 
stantially preclude electron emission from said periph 
eral portion of said electron emissive surface for said 
lower perveance electron beam. 

8. A dual-perveance electron gun comprising: 
a cathode having a concave electron emissive surface 
de?ning a ?gure of revolution about a predeter 

mined axis; 
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8 
An annular anode spaced from and facing said elec 

tron emissive surface and coaxially disposed about 
said predetermined axis; 

an annular focusing electrode coaxially disposed 
about said predetermined axis between said cath 
ode and said anode; 

a ?rst grid electrode disposed between said cathode 
and said focusing electrode, said ?rst grid electrode 
having a grid disposed along a concave surface sub 
stantially conforming to said electron emissive sur 
face and de?ning a ?gure of revolution about said 
predetermined axis, the grid of said ?rst grid elec 
trode extending substantially across said electron 
emissive surface; 

a second grid electrode disposed between said ?rst 
grid electrode and said cathode, said second grid 
electrode having a grid disposed along a concave 
surface substantially conforming to said electron 
emissive surface and de?ning a ?gure of revolution 
about said predetermined axis, the grid of said sec 
ond grid electrode projecting over an annular pe 
ripheral portion only of said electron emissive sur 
face and de?ning a circular central aperture having 
a diameter not less than about one-half of the diam 
eter of the circular periphery of said electron emis 
sive surface, said central aperture being aligned 
with the central portion of said electron emissive 
surface; and 

means for applying relative potentials to said cathode 
and said ?rst and second grid electrodes to selec 
tively provide either a higher perveance electron 
beam in which substantially all of said electron 
emissive surface emits electrons or a lower per 
veance electron beam in which said central portion 
of said electron emissive surface emits electrons 
with a density greater than that of said peripheral 
portion. 

9. A dual-perveance electron gun according to claim 
8 wherein said focusing electrode is electrically con 
nected to said ?rst grid electrode. 

10. A dual-perveance electron gun according to 
claim 8 wherein said relative potentials are such as to 
substantially preclude electron emission from said pe 
ripheral portion of said electron emissive surface for 
said lower perveance electron beam. 

11. A dual-perveance electron gun according to 
claim 8 wherein said means for applying relative poten 
tials includes: 

?rst means for applying voltage pulses to said ?rst 
and second grid electrodes such that electron emis 
sion from said electron emissive surface is substan 
tially precluded in the absence of said voltage 
pulses and said higher perveance electron beam is 
provided in the presence of said voltage pulses; 

second means for applying relative dc potentials to 
said ?rst and second grid electrodes and said cath 
ode such that said lower perveance electron beam 
is provided; and 

switch means for selectively operatively coupling ei 
ther said ?rst means or said second means to said 
?rst and second grid electrodes and said cathode. 

12. A dual-perveance electron gun according to 
claim 11 wherein said voltage pulses applied to said 
?rst and second grid electrodes by said ?rst means are 
such that during the presence of said voltage pulses said 
second grid electrode is at a positive potential with re 
spect to said cathode and said ?rst grid electrode is at 
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a higher positive potential with respect to said cathode. 
13. A dual-perveanee electron gun according to 

claim 11 wherein said relative dc potentials applied to 
said ?rst and second grid electrodes and said cathode 
by said second means are such that said ?rst grid elec 
trode is biased positively with respect to said cathode 
and said second grid electrode is biased negatively with 
respect to said cathode. 

14. A dual-perveanee electron gun according to 
claim 1 1 wherein said relative dc potentials are such as 
to substantially preclude electron emission from said 
peripheral portion of said electron emissive surface for 
said lower perveanee electron beam. 

15. A dual-perveanee electron gun according to 
claim 8 wherein each of said ?rst and second grid elec 
trodes has a peripheral portion de?ning substantially a 
circular aperture; 
the grid of said ?rst grid electrode having ?rst and 
second circular web portions of differing diameters 
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10 
concentrically disposed about said predetermined 
axis, a plurality of ?rst radial web portions extend 
ing between said predetermined axis and said ?rst 
circular web portion, a plurality of second radial 
web portions extending between said ?rst and sec 
ond circular web portions, and a plurality of third 
radial web portions extending between said second 
circular web portion and the peripheral portion of 
the grid of said ?rst grid electrode; and 

the grid of said second grid electrode having a circu 
lar web portion de?ning said central aperture and 
a plurality of radial web portions extending be 
tween said web portion de?ning said central aper 
ture and the peripheral portion of the grid of said 
second grid electrode substantially in alignment 
with respective ones of said third radial web por 


