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The present invention relates to electron lens 
Systems such as are employed in cathode ray 
tubes, electron discharge valves and other elec 
tron discharge devices for focusing or forming 
flattened or ribbon-shaped electron beams. 

In electron lens systems of the kind referred to, 
the action of the lens is required to be similar to 
that of a cylindrical lens. That is to say, in the 
ideal case of an electron lens having straight 
focal lines, the form of a plane cross-section of 
the lens field at right angles to the focal line Will 
be invariant as the plane of the cross-section is 
translated or moved in a direction parallel to the 
focal lines, the lens field thus being said to have 
translational Symmetry in a direction parallel to 
the focallines. . . . . 
To produce an electron lens which is approxi 

mately translationally Symmetrical, 
Systems may be employed in which the lens field 
is produced by charging pairs of parallel plane 
electrodes disposed with the electrodes of one pair 
parallel to the electrodes of another and mounted 
So that the electrode pairs have mirror symmetry 
about a common plane. Alternatively pairs of 
slotted diaphragms may be employed. 
One object of the present invention is to pro 

vide an electrode system for forming an electron 
lens field which acts like a field of translational 
symmetry, and wherein the dimensions of the 
electrode system focusing an electronbeam hav 
ing a cross-section of a given width can be made 
less than in the case where the lens-forming elec 
trode system is made up of plane electrodes. 
Another object of the invention is to provide an 

improved method of and means for providing 
cylindrical focusing action substantially over the 
entire Width of an electron lens. 
A further object of the present invention is to 

provide an electrode system for forming an elec 
tron lens. Which is to some extent translationally 
symmetrical and in which the focal length of the 
lens is substantially constant at least over the 
path of the beam to be focused, and wherein the 
lens-forming electrodes are so formed as to pro 
Wide shielding for an electron beam passing 
through the lens. 
According to the present invention there is 

provided an electron discharge device arranged 
to have a beam of electrons projected within it 

- and having an electrode system arranged about 
the path of said beam for forming an electron 
lens, said electrode system comprising lens-form 
ing electrodes having curved surfaces or edges 
facing each other with said path between them 
the curvature of said surfaces or edges being such 

electrode 
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that electrons passing through the lens field can 
be formed more nearly as desired than would be 
the case if said transforming electrodes had 
parallel plane or straight surfaces or edges facing 
each other. 

In the case where said lens-forming electrodes 
are in the form of slotted diaphragms, the slots 
in Said. diaphragms being tapered towards their 
edges or being rectangular in form, said slots may 
be limited by having metal strips applied slant 
Wise across the corners of the slots. 
In a preferred form of the invention said lens 

forming electrodes may have curved surfaces fac 
ing each other which wholly or partly embrace 
the path of said beam and afford electrical shield 
ing therefor in respect of field penetration edge 
Wise of the lens-forming electrodes. 
The invention further includes an electric cir 

cuit arrangement including an electron discharge 
device having a cathode and means for deriving a 
beam of electrons from said cathode, and elec 
trodes disposed about the path of said beam, said 
electrodes having curved surfaces or edges facing 
each other about the path of said beam, and 
means for applying potentials to said electrodes 
for focusing said beam, the curvature of said sur 
faces or edges being such that said beam can be 
focused more nearly as desired than would be the 
case if said electrodes had parallel plane or 
straight surfaces or edges facing each other. 
In order that the said invention may be clearly 

understood and readily carried into effect, the 
same will now be more fully described, reference 
being made to Figures 1 to 3 of the accompanying 
drawing illustrating schematically a typical prior 
art device, and further reference being made by 
way of example to Figures 4, 5, 6 and 7 of the ac 
companying drawing, of which Figure 4 shows an 
end view corresponding to Figure 3 of a pair of 

40 lens-forming electrodes made in accordance with 
the invention. - 

Figure 5 is a diagrammatic view in sectional 
Side elevation showing an electrode system which 
may be treated in accordance with the invention. 

45 Figure 6 is a front elevational view of one of 
the electrodes of Figure 5 treated in accordance 
With the invention, and 

Figure 7 is a graph showing a characteristic 
curve of the arrangement of Figure 5. 

Figure 1 of the accompanying drawing is a 
diagrammatic sectional view through a simple 
electrode System for providing an electron lens 
having translational symmetry for focusing a rib 
bon-shaped electronbeam. In this case, the elec 

55 trode system is constituted by two pairs of plane 
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electrodes , 2, and 3, 4, respectively, each pair 
of electrodes having the same length and Separa 
tion. The aforesaid plane of mirror Symmetry 
is represented by the line OZ and rays of elec 
trons 5 and 5 are shown as projected into the 
lens field parallel to OZ, and caused to cross OZ, 
at the point F which represents the location of 
one of the focal lines of the lens. The lens field 
is produced between the two pairs of plates by 
charging the two pairs each to a different poten 
tial, the electrodes and 2 being charged in the 
case illustrated to a potential Wil which is lower 
than the potential V2 to which the electrodes 3, 4 
are charged. A lens, formed in the manner de 
scribed With reference to Figure 1, resembles in 

4. 
lens-forming electrodes are combined with shield 
ing means as above referred to. 

Referring to Figure 2, it will be seen that one 
lens-forming electrode comprises upper and lower 
sides and 2 respectively corresponding to the 
electrodes and 2 of Figure 1 and sides 6 and T 

10 

which provide shielding for the path of the beam 
while the second lens-forming electrode com 
prises upper and lower sides 3 and 4 correspond 
ing to the electrodes 3 and 4 of Figure 4 and sides 
8 and 9 for providing the shielding. 

15 
its action a lens produced by charging two co 
axial cylindrical tubes as described, for example, 
in chapter 2 of the Cambridge Physical Tract 
“Electron Optics,' published by the Cambridge 
University press in 1939. That is to say, the lens 
field produced in the manner described above has 
a midplane shown at Min Figure 1 perpendicular 
to the plane of mirror symmetry of the electrodes 
represented by OZ between the electrode pairs 
and has six cardinal “points,' including two focal 
points, two principal points and two nodal points, 
as in the case of a cylindrical optical lens, both 
the principal points being located to the left of 
the midplane M, for example, at P and P1, as . 
shown in the drawing. Both the focal lengths 
of the lens formed by the four plates are some 
what shorter than those of the lens formed by 
two tubes having diameters equal to the separa 
tion of the plates and charged to the same poten 
tials as the plates, but the aperture error or 
spherical aberrations produced in each case are 
similar in magnitude. It will be appreciated that 
for good focusing the angles of divergence Of 
the electron beam to be focused must be confined 
Within reasonable Small limits Such that the angle 
at which any ray such as 5 or 5’, derived from 
an electron source E, makes with the plane rep 
resented by OZ is so small that third order effects 
can be neglected. - . . 

Ideally, the parallel plane electrode employed 
in forming a cylindrical electron lens should be 
of infinite extent in directions of the focal lines 
of the lens. This is, of course, impossible in prac 
tical arrangements, but, nevertheless, the width 
of plates is required to be much greater than that 
of the beam to be focused. Consequently, in a 
lens employing parallel plane focusing electrodes 
the housing of the electron discharge device in 
which the electrodes are enclosed must have a 
greater cross-section than that necessary to ac 
commodate the path of the beam, the unused 
cross-sectional area in this case being much 
greater than in the case of a field formed by 
charging cylindrical electrodes. 
Furthermore, the electrode structure employed 

should afford shielding for the path of the beam. 
Cylindrical lens-forming electrodes provide per 
fect shielding, except possibly at a gap between 
the electrodes which can readily be covered by 
an outer annulus, but with plane lens-forming 
electrodes as above described, shielding means 
must be provided at the edges of the lens-forming 
electrodes. Usually, the shielding means are com 
bined with the lens-forming electrodes and each 
pair of plane electrodes is replaced by an open 
ended box-shaped electrode in the manner illus 
trated in Figures 2 and 3 of the accompanying 
drawing, which illustrate respectively a perspec 
tive view, and an end view of an electrode system 
for producing an electron lens, and in which the 

20 
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ally symmetrical. 
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The lens system illustrated in Figures 2 and 3 
will be discussed analytically with reference to 
the System of co-ordinate axes ac, y, and a repre 
sented to the left of Figure 2, in which the ac-axis 
is parallel to the line of intersection of the mid 
plane and the plane of mirror Symmetry of the 
electrode system represented by OZ in Figure 1; 
the y-axis is perpendicular to the ac-axis and to 
the plane sides. 1, 2, 3 and 4 of the lens and the 
2-axis is perpendicular to the mid-plane and 
lies in the aforesaid plane of mirror symmetry. 
The aperture of the lens is given by the dimen 
Sions 23B and 2B. as shown in Figure 3. In an 
arrangement such as that shown in Figures 2 
and 3, the shielding sides 6, 7, 8 and 9 are found 
to have a distorting effect on the field of the lens, 
Such that the lens field ceases to be translation 

This distorting effect becomes 
appreciable when focused electrons approach the 
side shields 6, 7, 8 or 9, within a distance of the 
order of the aperture dimensions 2yB. Thus, 
from this point of view it is advantageous to make 

- the distance between the plates , 2, and 3, 4, as 
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Small as possible so as to keep the value of yB 
Small. However, in practice the minimum value 
to which the separation between the sides , 2 and 
3, 4, can be reduced is limited due to the fact 
that if the sides are too close together the lens 
becomes unsatisfactory in respect to its focusing 
properties for rays which approach too close to 
the plates , 2, 3, 4. Thus, if ye represents the 
thickness of the beam to be focused, then the 
ratio Je/JB must have a value less than a cer 
tain fixed small value if satisfactory focusing of 
the beam is to be obtained. Thus, the value of 
JB must be made great in comparison with the 
thickness of the beam, and the shields 6, 7 and 
8, 9 must be separated to a greater extent than 

50 is necessary merely to accommodate the beam. 
This is especially troublesome where the beam is 
not many times wider than it is thick as the pro 
portion of waste space to used space is greater 
the narrower the beam. 
The electron optical effect of the side shields 

6, 7 and 8, 9 is found experimentally to be capa 
ble of being resolved into two components which 
account for practically the whole of the distor 
tion produced. The first component arises from 
the fact that the four side shields 6, 7, 8, 9 serve 
as lens-producing electrodes in the same Way as 
the sides , 2 and 3, 4, and thus produce a focus 
ing of the electron beam about the y-axis in 
addition to the focusing about the ac-axis which 
is produced due to the action of the sides , 2, 3, 
4. This effect is not, in general, very important, 
because the focal length of the lens system con 
stituted by the side shields is great in comparison 
with the focal length of the lens produced by 
the electrodes, 2, 3, 4. For example, if acB is 
greater than 2/B the focal length of the lens 
formed by the side shields is more than ten times 
as long as the one produced by the sides f, 2 and 
3, 4. The second component arises from the fact 
that the presence of the side shields produces a 

  



5. 
variation in the focal length of the lens field 
produced by the electrodes, 2 and 3, 4 in a di 
rection parallel to the ac-axis. That is to say, 
the effect of the side shields is to cause a flat 
ribbon-shaped beam to be focused on a curved 
line through Finstead of a straight line, so that 
the beam cannot be focused on a plane screen. 

Referring to Figure 4a of the drawing, the 
curved lens-forming electrodes employed in a C 
cordance with the invention are indicated at 
and 2. These electrodes correspond to the box 
shaped electrode including the sides , 2, 6 and 
7, shown in Figures 2 and 3 and are continued 
until they meet each other at their edges 6 and 

7 so as to provide complete shielding for a beam. 
passing between them. In order to form a lens 
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field corresponding to that produced by the ar 
rangement of Figure 2, a further pair of lens 
forming electrodes as shown in Figure 4b, would 
be provided, arranged immediately behind the 
electrode shown in Figure 4a. . . . . . . . . 

It will be readily appreciated that the effect of 
employing lens-forming electrodes curved in the 
manner indicated in Figure 4 such that pairs of 
lens-forming electrodes are more widely spaced 
in the Center of the lens field than at the edges 
thereof will be to produce a lens of which the 
focallength will be shorter towards the edges of 
the lens field than would be the case if pairs of 
flat lens-forming electrodes such as those repre 
sented in Figure 1 were employed. Thus, it will 
be seen that by appropriately choosing the curva 
ture of the electrodes and 2 the focal length 
of the lens obtained can be made to vary in a 
desired manner in a direction parallel to the 
ac-axis. - - 

In order to make the invention clear, the meth 
Od of shaping the lens-forming electrodes in the 
case where it is desired to make the focal length 
of the electron lens constant in a direction par 
allel to the ac-axis will be described by way of 
example. In this example the lens constructed 
had an aperture such that acB=2yB and a ratio 
V2/W1 of four. In making the lens, a lens formed 
of box-shaped electrodes having the same over 
all dimensions and of which the cross-section is 
indicated in dotted lines at 9 in Figure 4 was 
investigated by tracing the paths of rays pro 
jected in planes at right angles to the ac-axis and 
intersecting that axis at aco, ac1, a2, ac3 respectively, 
aco being on the axis of the lens-forming elec- . 
trodes, at being equal to 422JB, ac2 being equal to 
gB and ac3 equal to 339B. In this case the follow 
ing results were obtained giving the position of 
the cardinal points F and P with respect to the 
mid-plane M. (see Figure 1) of the lens system, 
taking JB as unity. At the positions aco and ac1 
it was found that effectively the distance MF was 
3.0, MP 2.4 and the focal length f, that is the 
distance between PF was 5.4; whilst at ace MF 
was 4.0, MP3.8, and f 7.8; and at ac3 MF was 
7.1, MP3.1, and f 10.2. By comparing the re 
Sults obtained at positions aco and aca.it can be 
seen that the distance MF for the two box lens 
is increased by a factor 

7. 
=2.4 

at the position aca near the edge of the lens field 
over its value at the middle of the lens-forming 
electrode System. - . . 

Now to provide a lens corrected in such a man 
ner that the mid-focal length of the lens is con 
stant throughout the width of the lens the aper 
ture has to be shaped so that at any position 

2,441,769 
at along the c-axis where the aperture dimensión 
isy, the value of y is such that 

y. MF0. 
- 2B MFy 

where MFO is the value of the mid-focal length at 
the center of the lens formed of box-shaped 
electrodes having the same values of acB and yB 
as the corrected lens, and fy is the focal length. 
of the lens formed of box-shaped electrodes at 
the position at along the ac-axis. Thus, to pro 
duce a corrected lens the electrodes and 2. 
of Figure 4 must be so curved that at the posi 
tion ac the aperture g/1=yb, at the position ac2. 

: the aperture g2 is %JB; and at the position ac3 
the aperture y3 is 

3 
7.9B 

so his the required form of the electrodes , f 2 
is determined. In general it is found that the 
forms of electrodes if and 2 required to give 
straight line focusing will be substantially the 
same for voltage ratios V2/W1 between 2 and 6. 

... If the voltage ratio is very different from four, 
25 

30: 

40 

45 

50 

55 

60 

65 

70 

75 

however, the ratio of the distance MF at a 
position away from the middle of the lens to the 
distance MF at aco is expected to be different from 
the ratio derived from the results given above 
and the curvature of the electrodes and 2 
will consequently be different. Moreover, if the 
electron lens is required to focus a converging or 
diverging beam instead of a parallel beam, then 
the...form of the electrodes and 2 must be 
varied in accordance With the convergency or 
divergency of the beam, the distance between the 
mid-plane M and the image being taken as the 
basis of calculation instead of as the distance 
between mid-plane M and the focal point F. It 
is also possible that the focusing of the box lens 
may be further improved if the spacing of the 
plate elements and 2 near their edges 6 
and 7 is varied from that obtained in the man 
ner described above, as in the region of the edges 
the mid-focal length obtained is not longer sub-. 
stantially proportional to the spacing between 
the plates. - 

It will be appreciated that if it is required to 
focus a rectangular beam on a curved line rather 
than a straight line the mid-focal distance of 
the lens will be required to vary across the lens: 
and the shape of the plate element in a System. 
according to the invention can be adjusted as: 
desired to give the required form of the focal 
line. 
In some cases instead of making the electrodes; 
and 2 meet each other as illustrated in. 

Figure 4, they may be terminated before they 
meet and the shielding of the beam path throught 
the lens may be completed by providing side: 
plates such as 5, 6, 7 and 8, in Figures 2 and 3. 
However, the lens will not be thoroughly cor 
rected in this case. 
This invention is also applicable to electron 

lenses in which the lens-forming electrodes are: 
in the form of slotted diaphragms. In Such an 
arrangement where the diaphragms are provided 
with simple rectangular slots, it is found that 
the lens field is such as to cause undesired curva 
ture of the focal line of the lens similar to that 
which occurs when box-shaped elements are emi 
ployed as in the arrangement of Figures 2 and 
3. This curvature may be eliminated by form 
ing the slots in the diaphragms so that the fac 
ing edges of the slots are curved in the same 
manner as the plates and f2 of Figure 4. 
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A simple diaphragm lens is represented in 
Figure 5, the diaphragm elements being indicated 
therein at 20 and 2, these elements being 
mounted on the ends of box-shaped or tubular 
electrodes 22 and 23 respectively, which shield 
the path of the beam to or from the elements 
20 and 2 . A front view of the element 20 is 
shown in Figure 6, wherein the rectangular slot 
in the element is shown at 24. In order to pro 
duce an electron lens, a suitable potential dif 
ference is established between the electrodes 20 
and 21. The arrangement of Figure 5 will be dis 
cussed analytically with respect to co-ordinate 
axes ac, y and 2 disposed in the same way as the 
correspondingly referenced axes in Figures 2 to 
4 of the drawing. 
A lens consisting in a System formed in the 

manner described with reference to Figure 5 will 
focus a flat beam at a line in an ace plane, which 
is straight in the vicinity of the central ye plane, 
but becomes increasingly curved outside this 
region, thus, for example, in the case of a lens 
in which the diaphragms 20 and 2 have semi 
apertures acB 10 mm. and yB 3 mm. and are 
spaced from each other by a gap of 1 mm., if 
the ratio W/V1 between the potentials applied 
to electrodes 20 and 2 respectively is i.7, then 
a beam passing first through electrode 20 and 
then through electrode 2 will be focused at a 
line which is straight to distances equal to 
0.4 acB on either side of the 2-axis, but then 
begins to become curved so that while at the 
center of the field the mid-focal length is 29 JB 
at ac=+0.8 acB the focal length is 59 JB. In ap 
plying the invention to the correction of such 
a lens it is sufficient for most purposes to limit 
the apertures in the diaphragms 26 and 2 by 
means of inclined metal strips 25 (see Figure 6) 
these inclined strips being applied acroSS the 
corners of the apertures. The strips 25 may be 
welded on the diaphragms 2 and 2 and are 
arranged so as to stop out the triangular por 
tions 26 at the corners of the slot having hori 
zontal and vertical sides 0.5 acB and 0.31 JB re 
spectively. With a lens so corrected the focal 
line is straight up to distances equal to 0.8 acB 
from the 2-axis. 

In any given case the best position of Strips 
such as 25 (Figure 6) should be found experi 
mentally. For this purpose it is first necessary to 
ascertain the degree of correction necessary at 
two or more regions away from the middle parts 
of the slots. For example, in Figure 7 the semi 
aperture y1 of the slot at the point ac=0.8 JB is 
plotted against the measured mid-focal length 
MF. The semi-aperture y1 is measured in terms 
of the semi-aperture yB. Typical results ob 
tained for the mid-focal lengths are indicated by 
the dots 3 to 34 in Figure 7 of which the dot 3 
shows the mid-focal length in the plane ac=0.8 acB 
when there is no restriction of the slot width by 
strips 25, (i.e., y1= fB), whilst the points 32, 33 
and 34 show results obtained for the mid-focal 
length as the slot width is progressively restricted. 
The dotted line 35 in Figure 7 indicates the value 
of the mid-focal length in the central ye plane of 
the lens. The curve A intersects the line 35 at a 
point 36 corresponding to a semi-aperture of 0.7 
JB. Thus the strips 25 should be applied in such a 
manner as to reduce the semi-aperture of the slot 
in the plane ac=0.8 acB to 0.7 ye. If the reduction 
of the semi-aperture required to be effected by the 
strips 25 is determined for another value of a 
along the slot, then each strip can be positioned to 
give the two reductions found to be necessary at 
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the two points in respect of which an investiga 
tion has been made, and it will be found that the strips disposed in this way give a high degree of 

t the lens. It is, then possible, once 
form of the slot has been investi 

ated, to punch the slot to this size out of a dia 
phragm and thus dispense with the strips 25. 
Only punched slots, of course, will be used in mass 
production. It will be observed that the correct 
width of slot found by the empirical method de 
scribed above differs from the width of slot given 
by the rule employed in obtaining the curvature, 
of the elements if and 12 of Figure 4, the reason 
for this difference being that in the immediate 
neighborhood of the edges of the slot the mid-fo 
allength obtained is far from proportionality 

with the slot width. 
For any particular size of slots in the dia 

phragms 20 and 2 of Figure 5 the curvature of 
the focal line obtained will depend on the ratio of 
the voltages applied to the electrodes 29 and 2t, 
and the form of the slot required to produce a 
given degree of correction will depend on this 
ratio. . . - 
Having now particularly described and ascer 

tained the nature of my said invention, and in 
what manner the same is to be performed, I de 
clare that what I claim is: 

1. In electron apparatus including means for 
generating an electron beam, an electron lens 
structure disposed in the path of said beam com 
prising at least two cooperative tubular electrodes 
each defining lens apertures for said beam, said 
aperture defining electrodes having intersecting 
concave surfaces symmetrically disposed about 
and facing the transverse axis of said lens to pro 
vide cylindrical focusing action substantially over 
the entire width of said lens. ' ' ' . . . . - 

2. In electron apparatus including means for 
generating an electron beam, an electron lens 
structure disposed in the path of said beam com 
prising at least two cooperative tubular electrodes 
each defining lens apertures for said beam, said 
aperture defining electrodes being shaped to in 
clude oppositely disposed curved edges having 
chords symmetrical with respect to the transverse 

w lectron beam to provide cylindrical 

3. In electron apparatus including means for 
generating an electron beam, an electron lens 
structure disposed in the path of said beam com 
prising at least two cooperative tubular electrodes 
each defining lens apertures for said beam, said 
aperture defining electrodes being shaped to in 
clude oppositely disposed curved surfaces having 
chords symmetrical with respect to the transverse 
axis of said electron beam to provide cylindrical 
focusing action substantially over the entire width 
of said lens. . . . 

4. In electron apparatus including means for 
generating an electron beam, an electron lens 
structure disposed in the path of said beam com 
prising at least two cooperative tubular electrodes 
each defining lens apertures for said beam, said 
aperture defining electrodes being shaped to in 
clude oppositely disposed intersecting curved sur 
faces having chords symmetrical with respect to 
the transyerse axis of said electron beam to pro 
vide cylindrical focusing action substantially over 
the entire width of said lens. 

5. In electron apparatus including means for 
generating an electron beam, an electron lens 
structure disposed in the path of said beam com 
prising at least two cooperative tubular electrodes 
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each defining lens apertures for said beam, said 
aperture defining electrodes being shaped to pro 
vide rectangular apertures Symmetrical with re 
spect to the transverse axis of said electron beam 
and having predetermined corner portions there 
of masked out symmetrically with respect to said 
transverse axis to provide cylindrical focusing 
action substantially over the entire width of 
Said lens. 

6. Apparatus of the type described in claim 1 
including means for applying potentials to each 
of said electrodes for focusing said electron beam. 

7. Apparatus of the type described in claim 3 
including means for applying potentials to each 
of said electrodes for focusing said electron beam. 

8. In electron apparatus including means for 
generating an electron beam, an electron lens 
structure disposed in the path of said beam Com 
prising cooperative concave electrodes Symmetri 
cal With respect to the transverse axis of said 
electron beam, said electrodes having intersect 
ing arcuate Surfaces having Common chords On 
said transverse axis of said lens to provide cylin 
drical focusing action substantially Over the en 
tire width of said lens. 

9. Apparatus of the type described in claim 8 
including means for shielding said electron beam 
intermediate predetermined adjacent edges of 
said electrodes. 

10. An electron-discharge device arranged to 
have a beam of electrons projected within it and 
having an electrode system arranged about the 
path of said beam for forming an electron lens, 
said electrode System comprising lens-forming 
electrodes having intersecting arcuate edges fac 
ing each other Symmetrically disposed about said 
path, the curvature of said edges being such that 
electrons passing through the lens field can be 
focused more nearly as desired than would be 
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the case if said lens-forming electrodes had par 
allel plane edges facing each other. 

11. In electron apparatus including means for 
generating an electron beam, an electron lens 
structure disposed in the path of said beam com 
prising at least two cooperative tubular elec 
trodes each defining lens apertures for said beam, 
the cross-sections of said aperture defining elec 
trodes being in the form of concave elements 
Symmetrically disposed about and facing the 
transverse axis of said lens to provide cylindrical 
focusing action substantially over the entire width 
of Said lens. 
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