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(57) ABSTRACT 

A graduated digital analog filter which may be em 
ployed in a hit indication system for a target having a 
light transmission source, in which the digital filter 
may be disposed in a photoscope of a light detection 
source and in which the digital analog filter serves to 
effect variation in transmitted energy from the target 
light source to the light detection device of the photo 
scope as a function of the accuracy of aiming of the 
photoscope toward the target. 

22 Claims, 6 Drawing Figures 
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1. 

FILTER ARRANGEMENT 
This is a continuation of application Ser. No. 

888,264, filed Dec. 29, 1969, now abandoned. 
This invention relates to a graduated digital or digi 

tal-analog filter, and which is particularly useful in hit 
detecting arrangements which are used in indicating 
the occurrence of hits upon a target which has a light 
source detectable by the detecting arrangement. 
The filter may theoretically be a digital filter in en 

tirety, but may as a practical necessity be a combined 
analog and digital filter. The degree of combination of 
the digital and analog filter portions of the filter is gen 
erally a practical matter, depending to a substantial de 
gree upon the materials and techniques employed in 
forming the mask. In the use of the filter in a hit detect 
ing arrangement, the general function of the filter is to 
enable the detecting system to accommodate the target 
signal attenuation which occurs proportionately to the 
square of the distance of the target from the detecting 
device, while enabling the detection of hits within a 
varying aiming angle as an inverse function of the tar 
get distance from the detecting device. 

Still other objects, features and attendant advantages 
will be obvious to those skilled in the art from a reading 
of the following detailed description of a preferred em 
bodiment constructed according to the invention, 
taken in conjunction with the accompanying drawings 
wherein: 
FIG. 1 is a schematic illustration of a hit detecting 

and indicating arrangement and incorporating one em 
bodiment of the novel filter according to the invention. 

FIG. 2 is a schematic view of the basic elements of 
the hit detecting arrangement of FIG. 1, and illustrating 
schematically the relative sizes of these elements. 
FIG. 3 is a schematic illustration of the elements of 

FIG. 2, illustrating the relative axial distance spacing 
thereof. 
FIG. 4 is a fragmentary face view of the novel filter 

unit according to the invention, and illustrating various 
light pattern aspects with respect thereto. 
FIG. 5 is a greatly enlarged schematic illustration of 

the hole area forming the filter section of the filter unit 
of the preceding figures. . 
FIG. 6 is a generalized diagram illustrating various 

transmission curves with respect to a filter according to 
the invention. 
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Referring now in detail to the figures in the drawing, 
a photoscope generally indicated at 11 is provided for 
detecting the ability of an operator to aim the photo 
scope at a targetT, such as a tank vehicle, which is pro 
vided with a detectable target signal generating means, 
such as a light beacon L. The light beacon L. may gener 
ate a light beam which is in the visible or invisible spec 
trum, as may be desired, and which is detectable by the 
photoscope when properly aimed thereat, as will be 
later described. The light beacon L. may be continu 
ously generating its light beam, or may be triggered to 
generate such by the operator of the photoscope, as 
through the employment of a further signal and re 
sponse system, which does not itself form a part of the 
present invention, and which may be of a type such as 
disclosed in U.S. Pat. Nos. 3,104,478 and 3,169,191. 

It is desired that the photoscope 11 be capable of de 
tecting simulated hits on the target T over a substantial 
range of distances of the target T from the photoscope 
11. As the light beacon L is normally of constant inten 
sity, it will be apparent that the light reaching the pho 
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2 
toscope will vary generally inversely to the square of 
the distance of the target T from the photoscope, and 
in addition there are atmospheric attenuations which it 
may be desirable to accommodate for given situations. 
The primary variation of amplitude of the light signal 
reaching the photoscope 11 from the target T and its 
light beacon L is caused by the inverse square variation 
as a function of range of the target, and this invention 
is primarily directed toward accommodating this varia 
tion, although it will be appreciated that other varia 
tions may be generally accommodated, within limits, by 
the invention. 
The photoscope 11 includes an assembly of elements 

which may be suitably housed within a tubular or other 
housing, which is not shown, as such itself does not 
form a part of this invention and may be readily formed 
by one skilled in the art. The primary elements of the 
photoscope 11 are an objective lens 21 which collects 
light from the light beacon L, a field mask 31, a filter 
mask 41, field lens 51 and photodiode 61. The objec 
tive lens 21 and the field lens 51 may each suitably be 
convex-convex, and the spacing of the elements 
21-61 of the photoscope 11 is such with respect to the 
objective and field lenses that the focal length f, of the 
objective lens is equal to the center-to-center distance 
between the objective lens and the field mask 31, with 
the focal length fof the field lens being defined by the 
following equation: 

1/f = 1/S, + 1/S, 
where 
S is the center-to-center distance between the objec 

tive lens 21 and the field lens 51, and 
S is the distance between the center plane of the 

field lens 51 and the detecting face of the photodi 
ode 61. 

Thus, the light collected by the objective lens 21 will be 
focused at the plane of the thin (e.g., 0.001 in.) field 
mask31, and this circular pattern of light will converge 
to its smallest substantially point size at the field mask 
31. The light beam diverges and is enlarged as it passes 
rearwardly away from the field mask 31, and has a dis 
crete generally circular spot size S at the plane of the 
filter mask 41. For purposes of discussion hereinafter, 
this light beam spot at the plane of the filter mask 41 
will be designated as LS, and, as noted, such spot LS 
will have a finite size S, which is a function of the focal 
length spacing f, between objective lens 21 and field 
mask 31, the diameter of lens 21, and the spacing be 
tween field mask 31 and filter mask 41. For a given ob 
jective lens focal length f, and corresponding interspac 
ing between the objective lens 21 and field mask 31, 
the filter mask 41 may be spaced rearwardly of the field 
mask31 to achieve a desired size S for the light spot LS 
from the target light beacon L. 
Connected to the output of the photodiode 61 is a 

threshold trigger 71 which may suitably be a Schmitt 
trigger circuit, which in turn is connected to an ampli 
fier 81 and indicator 91. The threshold trigger circuit 
71 may suitably be selectively set to enable the indica 
tion of the presence of hits detected by the photoscope 
11 as indicated by the presence at the diodes 61 of at 
least a given selected minimum quantum of light energy 
on the effective surface of the diode 61 after passing 
through the photoscope 11. This setting may readily be 
made on an empirical trial basis, if desired. 
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In the photoscope 11, the field lens 51 accepts all 
light energy reaching such and which has passed 
through the assembly of the objective lens 21, field 
mask 31 and filter mask 41, and images this collected, 
masked and filtered light from the objective lens onto 
the face of the diode 61. In this manner the diode 61 
may be made relatively small as compared to what 
would otherwise be required without the employment 
of the field lens S1, 
The light collected by the objective lens 21 is masked 

and filtered by the field mask 31 and filter mask 41 re 
spectively, prior to passing through the field lens 51 
and being imaged onto the diode 61. The field mask 31 
has a triangular aperture 33 formed therein, and gener 
ally aligned with this triangular aperture 33 is a digital 
analog filter section 43, 45 on the filter mask 41. The 
triangular aperture 33, taken in conjunction with the 
focal length of the objective lens 21 and the spacing of 
the filter mask 41 from the field mask 31, defines the 
maximum overall field of view as such appears at the 
filter mask 41. As is generally schematically illustrated 
in FIG. 1, the physical dimensional triangular field of 
view through the field mask 31 is directly proportional 
to the range of a target from the photoscope 11. It will 
be appreciated that inasmuch as the target T is of con 
stant size, such increasing physical dimensional field of 
view effected by the field mask 31 would itself alone 
result in a variable error in hit indication at all ranges 
other than some given single range, the degree of error 
being a function of the actual range relative to this 
given range. The desired effectively detected field of 
view through the field mask should be substantially 
constant for all ranges, over the working scope of target 
ranges and the general configuration of the triangular 
aperture 33 should generally conform to the acceptable 
hit pattern over the given target T, this triangle being 
effectively inverted inform as indicated in FIG. 1 at the 
zone of the target, to thereby define the maximum zone 
within which the light beacon L. may be located while 
still enabling the registry of a hit by the diode 61, 
threshold trigger 71, amplifier 81 and indicator 91. 
The field of view at the field mask is modified to form 

the effectively detected, or effective, field of view 
therethrough, by the incorporation of filter 41, by 
which the quantum of light energy within the light spot 
LS is attenuated generally as a function of the displace 
ment of the light spot LS downwardly from the apex of 
the triangular aperture 33. For inverse square light at 
tenuation compensation, this variation in attenuation is 
desirably directly proportional to the square of the c 
axis displacement of the center of the spot LS from its 
base or origin point which latter point is the point of 
focus of the light beam at the precise upper apex of the 
triangular aperture 33 in field mask31. This will yield 
a transmission ratio through the filter mask 41 which 
would vary inversely as the square of the displacement 
of the center of the spot LS from its zero position. This 
theoretical zero position may, if desired, correspond to 
the actual position of the light spot LS when the photo 
scope is precisely axially aligned with the target light 
beacon L or the theoretical zero position may be offset 
upwardly if desired or necessary in a given instance. It 
will be appreciated that by employing such a variable 
transmission ratio through the filter mask 41, this en 
ables accommodation of the variation in light received 
by the objective lens 21 as an inverse square function 
of the range of the target T from the lens 21, as the ap 
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4. 
proximate effective triangular aperture portion of the 
field mask aperture 33 may thus be proportionately de 
creased inversely proportional to increase in range of 
the target T, and directly proportional to angular 
change in angular field of view of the targetT, as gener 
ally indicated at positions Rt. and R in the sche 
matic illustration of FIG. 1. 
The effective working zone at the field mask or the 

filter mask may be defined as the zone over which the 
target light source L may be imaged at the field mask, 
or the filter mask respectively, and yield transmitted 
light spot energy from the target light beacon L through 
the filter mask and field lens to the diode, which trans 
mitted energy value is above that which would enable 
the diode to trigger the trigger circuit for a given 
threshold setting for the trigger circuit. 

It is theoretically possible to employ a direct analog 
photoemulsion mask of varying transmission density 
for the filter mask 41 in order to achieve this result, al 
though in actual practice such is quite difficult and ex 
pensive to carry out on a uniform or reliable basis, and 
such a photoemulsion filter also normally has the sub 
stantial disadvantage of changing with the passage of 
time, as is characteristic of developed film emulsions. 
Thus, although the photographic filter mask 41 with 
smoothly varying density and transmission ratio is theo 
retically feasible and in this respect theoretically most 
desirable according to the broad aspects of the inven 
tion, such is in actual practice difficult to achieve. I 
have found that a practically suitable filter mask 41 can 
be formed in a substantially different and practically 
satisfactory manner, and which may from a generally 
practical standpoint sufficiently approximate the de 
sired transmission ratio curve T, where 

in which x is a function of the displacement of the light 
spot LS from its base or origin point, and K is a con 
stant multiple. The filtersection of mask 41 is generally 
indicated at 43, 44, 45, and is formed by a relatively 
large light passing aperture 43 having an edge 43a 
which forms an optical knife edge, and a plurality of 
sets of relatively much smaller apertures or holes 47 
which may be, and are desirably from a practical stand 
point, of constant diameter and which vary in spacing 
therebetween as a function of the distance x of suc 
ceeding rows of such holes from a zero point or line 
corresponding to the position of the spot LS at the 
point of tangency of the spot LS with the knife edge 
43a. The formation of the holes 47 may be readily 
achieved in the middle and lower zones of the hole sec 
tion 44, but it will readily be appreciated that if physi 
cal holes are to be physically formed in a sheet of mate 
rial, which is the preferred manner of formation and 
construction, there is normally a practical limit beneath 
which it becomes extremely difficult, if not practically 
impossible, to consistantly form substantially uniform 
holes 47 in the sheet forming the filter 41. From a prac 
tical standpoint in relatively thin sheets (e.g., 0.001 
inch) this has been determined to be approximately 
that spacing where the minimum center-to-center dis 
tance G between holes is equal to 2H, where H is 
the diameter of the holes in the section 44, and G is 
the center-to-center spacing between adjacent holes 
generally. Thus, in the zone of the projected apex of 
field mask triangular aperture 33, the employment of 
holes 47 in the filter mask 41 reaches a practical impos 
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sibility when such are physically formed in the desired 
structural hole method and construction. In the case 
where a photographic emulsion density method is em 
ployed for formation of these light passing (or blocking 
or attenuating, in such case) apertures 47 on a sub 
strate such as plastic, glass or the like, with the remain 
ing surrounding zone being uniformly opaque or of 
other substantially different optical transmissivity, it 
will be appreciated that, dependent upon grain size of 
the developed emulsion, the mask 41 may be formed 
with such photographic apertures 47 disposed even 
closer together, and accordingly with a very fine grain 
emulsion one might conceivably have such apertures 
47 extend substantially to the upper apex position of 
the spot LS as it passes through the apex of triangular 
aperture 33 and onto the filter mask 41. Such is within 
the contemplated extent of my invention, but as before 
mentioned, such is normally not preferred, particularly 
in view of the practical difficulties encountered in the 
photographic emulsions changing their density and 
transmission characteristics over a period of time. 
A suitable practical solution to this difficulty has 

been achieved by employing a knife edge signal attenu 
ation transition zone in the zone above the upper row 
of holes 47 which are at the minimum interhole spacing 
2H. It has been found that the combination of transmis 
sion ratio curves as the spot LS is displaced axially from 
its zero point indicated in FIG. 5 at X, where the spot 
is tangential to the knife edge 43a of large aperture 43, 
downwardly along the x axis and onto and along the 
digital hole section 44, may be made to generally ap 
proximate for practical purposes the desired transmis 
sion ratio curve T for a given range of target distances 
Rmin - Rmar. 
As the light from target beacon L passes through its 

focal point in the plane of triangular apertured field 
mask 31, and subsequently converges to form a spot LS 
in the plane of digital mask 41, it will be appreciated 
that the total effective light transmission area of the fil 
ter mask 41 will be determined by the size of triangular 
aperture 33, the spacing of this mask 31 and mask 41, 
the diameter of lens 21, and the focal length f, and for 
a given size S of spot LS, the effective area of filtering 
of signals from the target T may be indicated by the 
broken line 44 which extends beyond the directly su 
perimposed outline of the triangular aperture 33, by an 
amount equal to S/2. Thus, the zone over which the 
holes 47 are formed is desirably larger than the effec 
tive filter area outline pattern 45 by a small amount suf 
ficient to provide desired hole spacing within the effec 
tive filter pattern area 45. 
Taking the transmission ratio curve T, which results 

from displacement of the light spot LS from point zero, 
designated in FIG. 5 as x, vertically downwardly along 
the space in the zone from x = 0 to x = S, at which lat 
eral position the light spot LS is completely beneath the 
knife edge 43a, and ignoring the light transmission 
through the digital hole section 44, the transmission 
ratio T, for this zone of spot travel may be defined as 

y 

T = 1/r ar - arc cos (S-2r/S) +% sin 2 arc cos (S 
- 2x/S) 

and this equation being applied for values of r from x 
= O to x = S, only. 
Considering next the average transmission ratios T. 

and T as the light spot LS is traversed along the axis 
over the digital hole filter section 44, the following as 
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6 
sumptions and practices have been found to be practi. 
cal in order to provide a combined curve T + T - T, 
which generally approximates the desired transmission 
curve T., which latter curve T is generally illustrated 
in F.G. 6 in broken line and is so indicated. These as 
sumptions include: 
G. = center-to-center hole spacing along the Y-axis 
for any given row of holes at a distance x, from 
point or line x, line x being the X-axis location at 
the center of spot LS when the lower edge of the 
spot is tangential to the knife edge 43a of aperture 
43. 

G. minimum center-to-center hole spac 
ing of row of holes 47 nearest knife edge, at dis 
tance r from line 0. 

"max 

is the last line of holes farthest spaced 
Ak. 

where Gr 
"max 

from the knife edge 43a, and represents the greatest 
centerhole spacing for a given digital hole filter zone 
44, independent of other cutoff values which may be 
effected by the field cutoff boundary of field aperture 
33. 
H = hole diameter for all holes 47 
G, a 2H as a practical lower limit 
S = diameter of light spot LSx, >> S >>H 
For practical purposes the filter mask 41 is formed of 

thin metal (e.g., 0.001 inch thickness) which is opaque, 
thus rendering the transmission ratio of filter mask 41 
equal to zero. at all zones other than hole zones formed 
by holes 43 and 47, and within such holes the transmis 
sion through any given hole area is assumed to be unity. 
It will be appreciated that both of these extremes may 
be modified respectively by using different transmis 
sion density material for the sheet forming mask 41, 
and lesser than 100 percent transmission through the 
island zones of hole 43 and/or 47, as with a purely de 
veloped emulsion film mask 41. For purposes of ap 
proximating the average transmission value T a gener 
alized equation may be derived, based on the assump 
tion that interhole spacing G in both the X-and Y 
directions approximates a square of substantially uni 
form size over the circumferential zone of the spot LS. 

It will be seen that for a matrix of holes with such a 
uniformly equal square inter-hole spacing of the holes 

T= (THF/4G) 
the value T being the average transmission ratio 
through the gridwork of holes in an opaque sheet, the 
size of the error of Tbeing inversely proportional to the 
value of (S - H) and directly proportional to G. 
This theoretical gridwork is not found in the desired 

digital filter zone 44 having holes 47 therein, as the in 
terhole spacing is varied as a function of the distance 
of a given line of holes from line x in order to approxi 
mate the desired inverse square light transmission com 
pensation. However, for relatively large values of S 
with respect to H and G, with relatively small changes 
of G with respect to itself from line to line, it will be ap 
preciated that this approximation equation T may be 
applied advantageously to the gridwork of holes ac 
cording to the present invention, it being recognized 
that the greater the value of G the larger will be the 
possible error in the value T, for any given value of S 
as the diameter of the spot LS. Based on this assump 
tion, for a given transmission T. in the zone of the row 
of holes at , distance from line or point x, an approxi 
mation value for T. may be derived as 
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T., at H/4(G.)) 
correspondingly, H2 

G.S. 4T, 
Where G is the center-to-center hole spacing along 

the Y-axis at the row of holes x distance from x. Thus, 
given the desired transmission ratio T. for a given line 
position x, on the mask 41, and assuming T. s. T. at 
the light zone involved, it will be seen that the interhole 
spacing G. may be derived for the particular line posi 
tion x. 
The inter-row spacing of adjacent rows of holes along 

the X-axis may be determined in various ways, as de 
sired, the simplest method being to obtain first the Y 
axis value (i.e., G. n ) of G. for the row of holes clos 
est to the knife edge 43a, which value may be generally 
determined for any given hole size, from the foregoing 
practical assumptions. For this puspose, the value T. 

is selected to be that value which will complement 
another curve T, to be subsequently described in more 
detail hereinafter, for the given selected distance r 
the value x, of which will likewise be selected on a trial 
and error basis with this view in mind. 
After arriving at the value G., one acceptable and 

simple method of arriving at the x distance spacing of 
the next succeeding line of holes, where G. 
for any two successive rows represents this inter 
row spacing for any two successive rows where the 
rows are at x and x distance from x., is to make G. 
n-(n-1) equal to the value of G. Thus, once the 
r location of the first line of holes is established, all suc 
ceeding lines may be readily located. 

Alternatively, the inter-row spacing Ginn) 
may be increased as a function of the interhole spacing 
G. and G. for the respective two adjacent rows 
of holes. In this respect, this inter-row spacing may be 
made approximately equal to the average of the values 
Grand G (i) for the respective two adjacent rows 
of holes, and which may be written as 

G. -- 6. (a+1) 
2 I --(n+1) 

If this latter relationship is assumed, rather than the 
simpler former relationship of 

in-(n-1) = G 
it will be appreciated that repeated trial and error cal 
culations may be employed to determine the desired 
values of Gn-(n-1) for succeeding rows, as this in 
ter-row value will be dependent upon both values. 
Gr and G. for succeeding rows of holes, by defi 
nition, and these values are in turn dependent on ther 
distance location of the respective rows of holes 47 
from x. This particular manner of incremental varia 
tion of G. --- best lends itself to solution by com 
puter programming, particularly in view of the requisite 
trial and error method of solution, although it will be 
apparent that such may be derived by repeated hand 
calculations on a trial and error basis in order to get a 
desired degree of approximation of the desired curve 
G. 
These assumptions further include the assumption 

that in the zone between the first row of holes 47 lying 
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8 
closest to the knife edge 43a, and extending over an x 
distance of S, the holes may be assumed to be generally 
equally spaced from a generally practical approxima 
tion standpoint, although in fact the holes are disposed 
with increasing spacing over this zone, and the resulting 
curve T in this area in fact assumes a lesser transmis 
sion ratio amplitude and curve slope as x approaches 
the value of B+ H, than is otherwise shown by the as 
sumed approximation. However, from a practical 
standpoint this is not a serious deficiency, as the entire 
curve is itself only an approximation, and this degree of 
error may as a practical matter be acceptable in various 
instances. This assumption for the purpose of deriving 
the transmission ratio curve T as the spot LS first 
moves onto and subsequently fully onto the hole area 
applies for the values of x from x = B to x = B +S, 
where B is the distance between the knife edge 43a and 
an imaginary line tangential to the facing side of the 
first row of holes 47 at position x. Considering the 
closely spaced hole zone between x = B and x = B+S 
as a filter having-a generally constant density with an 
effective light transmission ratio T. KEB of less than l, 
and having a general knife edge formed by the first row 
of holes at line x T, may be generally approximated 
3S 

T = (Teh) (The 
where Ten represents the approximate equation for 
translation for the spot LS over a knife edge transition 
zone from zero transmission into an adjoining zone of 
full transmission,and where Trepresents the equa 
tion for the approximate transmission ratio of this ini 
tial hole filter zone, based on the assumption that the 
entire zone has a transmission ratio corresponding to 
some given interhole spacing, which for purposes of 
simplicity and practicality of computation is assumed 
to be equal to the interhole spacing of the first line of 
holes at x, closest adjacent to the knife edge 43a. The 
equation for T may be approximated generally as 

T= (T H/4(G.)) 
and for the assumed value of G = 2H 

Threas it? 16. 
This value m/16 represents the transmission ratio modi 
fier which is necessary in order to convert the knife 
edge equation Ten to the actual approximate curve for 
the situation where the transmission ratio beneath the 
knife edge is not unity, but is in fact Threh which is 
under the present assumptions approximately equal to 
T/16. 
The generalized equation for the transmission ratio 

T, along the remaining portion of the digital hole filter 
area 44 may be written as 

T, s(trH/4(G)), 
and is to be applied for values of r from r = B --Sto 
x s , +S, assuming that the light spot LS may be 
translated over this total area, which of course may be 
modified as a total by effective lateral field limits im 
posed by the boundary of triangular field aperture 33. 
Thus, the equations T, and T combine to form the 

generalized approximate equation for the transmission 
ratio of the digital hole filter zone 44, and the com 
bined transmission ratio curve for these generalized 
equations is indicated at T, and T, on the graph of FIG. 
6, in which T, represents the curve between values = 
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B and r = B+ S and T represents the curve portion 
which extends between the values of r = B -- S to x s 
sam. S. . 
Referring further to FIG. 6, it will be seen that the 

curve T, drops off abruptly in the zone where x as x 
, where x is the field cutoff boundary line ef 

fected by the lower edge of the triangular field aperture 
33. In addition, it will be noted that in the zone between 
r = 0 and x = B+S, the combined average transmission 
ratio curve T + T--T, differs in varying amounts from 
the desired transmission ratio T. This variation may be 
tolerated for practical purposes, although it will be ap 
parent that if so desired the hole spacing and/or the 
value of B may be modified to bring the curve in this 
portion into closer relationship to the desired transmis 
sion ratio curve T, this latter being capable of accom 
plishment by further trial and error computation, or by 
analogous computer programming if so desired. The 
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15 

curve T may be made to closely approximate the de- . 
sired transmission ratio T in the zone from r = B --S 
to c = w inasmuch as the interhole spacing may be 
adjusted from row to row as noted in the discussion 
above, although it will be readily appreciated that this 
average transmission value is in fact only average and 
that for any given position of the spot LS within this 
zone a degree of error may be present, as the filter sys 
tem in this zone is in fact a positionally varying digital 
approximation of the desired analog curve. 
As an illustration of a practical example which has 

been derived by repeated trial and error calculations 
according to the invention, a metal mask 41 has been 
derived and employed with a sheet thickness of 0.001 
inch, and on which the diameter S of the light spot LS 
is 0.050 inch, the spacing B=0.01 15 inch, the hole size 
H of holes 47 =0.001 inch, and as a practical method 
of reliably forming and locating the upper apex edge 
zone of the triangular field cutoff aperture 33 such has 
been formed with a minute flat across the apex (e.g., 
0.002 - 0.005 inch) and this flat apex field stop at the 
apex of triangular field aperture 33 is disposed slightly 
below (e.g., 0.003- 0.004 inch) linex (as discussed in 
connection with FIG. 5), thereby effectively shifting 
the beginning operational zone for values of x in the ap 
proximation curve T+ T +T, as noted schematically 
in FIG. 6, this being also somewhat desirable in view of 
the relative poor quality approximation of the curve T. 
in the zone adjacent x with respect to theoretical zero 
position line r. In the specific illustrative value exam 
ple this initial displacement and effective beginning op 
erational zone has been located at x=0.003 inch. 
While the invention has been described with respect 

to a preferred physical embodiment constructed in ac 
cordance therewith, it will be apparent that various 
modifications and improvements may be made without 
departing from the scope and spirit of the invention. 
Accordingly, the invention is not to be limited by the 
particular illustrative embodiment, but only by the 
scope of the appended claims. 
That which is claimed is: 
1. A graduated digital/analog composite concurrent 

use filter for space-traversable signals of essentially dis 
crete cross-sectional configuration, comprising: 
a unit having a first variable-signal-attenuation base 
zone formed by a grouping of a plurality of spaced 
discrete unit zones, each having a first substantially 
identical signal attenuation characteristic, inter 
spersed within a base zone having a second signal 
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10 
attenuation characteristic different than said first 
signal attenuation characteristic, 

the spacing of said spaced zones varying in increasing 
interspatial distance as a function of increase of 
their spatial distance from a reference point or 
Zone, 

and a further laterally adjacent base zone of different 
signal attenuation characteristic from, and being 
laterally nearer to said reference point or zone 
than, said first base zone, 

said further base zone being laterally spaced from 
said plurality of spaced zones and being grossly 
larger in area than the individual ones of said plu 
rality of spaced zones and having a signal attenuat 
ing characteristic in the zone therewithin substan 
tially less than the overall signal attentuation char 
acteristic of that portion of said first base zone 
grouping of plural spaced zones nearest to said fur 
ther base zone, 

said two base zones being disposed and exposed for 
both separate and concurrent composite variable 
filtering action on a said discrete cross-section sig 
nal which is of smaller cross-sectional configura 
tion than either of said base zones, which said fil 
tering action is a function of the instant lateral posi 
tion of a said discrete cross-section signal. 

2. A graduated composite concurrent use filter ac 
cording to claim 1, 
the spacing of said further base zone from the nearest 
thereto of said first base zone plurality of spaced 
zones being greater than the individual interspatial 
spacing of the nearest of said plurality of zones and 
an effectively generally knife edge signal transmis 
sion attenuation transition zone defined between 
said further zone and the second said zone of dif 
ferent signal attenuation characteristic. 

3. A graduated composite concurrent use filter ac 
cording to claim 1, 

said first base zone having a plurality of said spaced 
zones thereinforming an effectively generally knife 
edge signal transmission attenuation transition line 
adjacent said further base zone for a signal having 
a greater breadth than the spacing of said spaced 
ZOeS. 

4. A graduated composite concurrent use filter ac 
cording to claim 3, 

said further zone being an aperture defined on one 
lateral edge by an effectively knife edge wall line. 

5. A graduated composite concurrent use filter ac 
cording to claim 1, 

said unit having effective signal transmission aper 
tures formed therein, said plurality of spaced zones 
being defined by the boundaries of respective said 
apertures in said unit. 

6. A graduated composite concurrent use filter ac 
cording to claim 5, 

said first signal attenuating characteristic being mate 
rially substantially uniformly less than said second 
signal attenuating characteristic. 

8. A graduated composite concurrent use filter ac 
cording to claim i, 
one of said first and second signal attenuating charac 

teristics being effectively substantially full attenua 
tion and the other being substantially zero signal 
attenuation. 

9. A graduated composite concurrent use filter ac 
cording to claim 1, 
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said plurality of spaced zones being of effectively 

substantially constant size over said zone of greater 
attenuation. 

10. A graduated composite concurrent use filter ac 
cording to claim 9, 
said further zone being an aperture defined on one 

lateral edge by an effectively knife edge wall line. 
11. A graduated composite concurrent use filter ac 

cording to claim 1, 
said further zone being an aperture defined on one 

lateral edge by an effectively knife edge wall line. 
12. A graduated composite concurrent use filter ac 

cording to claim 11, 
wherein the row-to-row spacing of said plural spaced 
zones is generally defined by the equation: 

G n-(n-1) Se G. 
and 

G. s. VarH/4T 
i 

where G is the center-to-center plural zone spacing 
along a given row of said plurality of zones at a distance 
x, from said point or zone of reference, and G. 
is the center-to-center plural zone spacing at the 
next succeeding row of said plurality of zones being 
spaced from said zone or point of reference a distance 
of x and T. is the average transmission ratio of a 
signal embraced in the zone of a given row of said plu 
rality of spaced zones at a distance r from said refer 
ence point or zone. 

13. A filter arrangement according to claim 1, 
and a mask defining a common overall filter zone in 
cluding a portion of each of said first base zone 
grouping of spaced zones and said further base 
Zone, 

said mask effectively attenuating the zone beyond 
said common overall filter zone. 

14. A filter arrangement according to claim 13, 
said overall common filter zone being generally tri 
angular in outline. 

15. A filter arrangement according to claim 14, 
said generally triangular outline being truncated at an 
apex thereof, 
said apex overlying said further base zone. 

16. A filter arrangement according to claim 13, 
said mask effectively blocking the zone beyond said 
common overall filter zone. 

17. A filter arrangement according to claim 13, 
said mask being spaced from said unit forming said 

first and said further base zones. 
18. A graduated digital/analog composite concurrent 

use filter for space-traversable signals of essentially dis 
crete cross-sectional configuration, comprising: 
a unit having a first variable-signal-attenuation base 
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zone formed by a grouping of a plurality of spaced 
zones, each having a first signal attenuation charac 
teristic, interspersed within a base zone having a 

12 
said further base zone being laterally spaced from 
said plurality of spaced zones and being grossly 
larger in area than the individual ones of said plu 
rality of spaced zones and having a signal attenuat 
ing characteristic in the zone therewithin substan 
tially less than the overall signal attenuation char 
acteristic of that portion of said first base zone 
grouping of plural spaced zones nearest to said fur 
ther base zone, 

said two base zones being disposed and exposed for 
both separate and concurrent composite variable 
filtering action on a said discrete cross-section sig 
nal which is of smaller cross-sectional configura 
tion than either of said base zones, which said fil 
tering action is a function of the instant lateral posi 
tion of a said discrete cross-section signal, 

said plurality of spaced zones being arranged in sets 
of zones forming rows spaced at increasing row-to 
row distances from said reference point or zone, 
and the interspatial distances between said zones in 
a given one of said rows of zones being a function 
of the distance of said row from said reference 
point or zone. 

19. A graduated composite concurrent use filter ac 
cording to claim 18, 
wherein the row-to-row spacing G...) be 
tween any two rows of plural zones is generally de 
fined by the equation 

G. ileo (n-1) as G+G. 12 
where G is the center-to-center plural zone spacing 
along a given row of said plurality of zones at a distance 
x, from said point or zone of reference, and G. at 
is the center-to-center plural zone spacing at the 
next succeeding row of said plurality of zones being 
spaced from said zone or point of reference a distance 
x(n 1 ). 
20. A graduated composite concurrent use filter ac 

cording to claim 18, 
wherein the row-to-row spacing G. non--1) be 
tween the rows of said plural spaced zones spaced 
at x and x distance from said reference point 
or zone is generally defined according to: 

(n+1) 

G. ne--(n-1) se G. n 
and 

G. s. Varh/4T. 
where G., is the center-to-center plural zone spacing 
along a given row of said plurality of zones at a distance 
r from said point or zone of reference, and Gr. 1) 
is the center-to-center plural zone spacing at the next 
succeeding row of said plurality of zones being spaced 
from said zone or point of reference a distance of 
x(n : 1) and Tx, is the average transmission ratio of 
a signal embraced in the zone of a given row of said plu 
rality of spaced zones at a distance r from said refer 

second signal attenuation characteristic different 60 ence point or zone. 
than said first signal attenuation characteristic, 

the spacing of said spaced zones varying in increasing 
interspatial distance as a function of increase of 
their spatial distance from a reference point or 
ZOne. 

and a further laterally adjacent base zone of different 
signal attenuation characteristic from, and being 
laterally nearer to said reference point or zone 
than, said first base zone, 

65 

21. A graduated digital/analog composite concurrent 
use filter for space-traversable signals of essentially dis 
crete cross-sectional configuration, comprising: 
a unit having a first variable-signal-attenuation base 
zone formed by a grouping of a plurality of spaced 
zones, each having a first signal attenuation charac 
teristic, interspersed within a base zone having a 
second signal attenuation characteristic different 
than said first signal attenuation characteristic, 
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the spacing of said spaced zones varying in increasing 
interspatial distance as a function of increase of 
their spatial distance from a reference point or 
Zone, . . 

and a further laterally adjacent base zone of different 
signal attenuation characteristic from, and being 
laterally nearer to said reference point or zone 
than, said first base zone, 

said further base zone being laterally spaced from 
said plurality of spaced zones and being grossly 
larger in area than the individual ones of said plu 
rality of spaced zones and having a signal attenuat 
ing characteristic in the zone therewithin substan 
tially less than the overall signal attenuation char 
acteristic of that portion of said first base zone 
grouping of plural spaced zones nearest to said fur 
ther base zone, 

said two base zones being disposed and exposed for 
both separate and concurrent composite variable 
filtering action on a said discrete cross-section sig 
nal which is of smaller cross-sectional configura 
tion than either of said base zones, which said fil 
tering action is a function of the instant lateral posi 
tion of a said discrete cross-section signal, 
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14 
said further zone being an aperture defined on one 

lateral edge by an effectively knife edge wall line, 
said plurality of spaced zones being arranged in sets 
of zones forming rows spaced at increasing row-to 
row distances from said reference point or zone, 
and the interspatial distances between said zones in 
a given one of said rows or zones being a function 
of the distance of said row from said reference 
point or zone. 

22. A graduated composite concurrent use filter ac 
cording to claim 21, 
wherein the row-to-row spacing G, n(-1) be 
tween any two rows of plural zones is generally de 
fined by the equation 

G. Ile->(n-1) as G. -- G (n+1) 12 
where G is the center-to-center plural zone spacing 
along a given row of said plurality of zones at a distance 
x from said point or zone of reference, and G (a+1) 
is the center-to-center plural zone spacing at the 
next succeeding row of said plurality of zones being 
spaced from said zone or point of reference a distance 
of co-). 

2 : 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
DATED : November 27, 1973 
INVENTOR(S) : Michael A. Kott 

It is Certified that error appears in the above-identified patent and that said Letters Patent 
are hereby Corrected as shown below: 
Column 4, Line 35, delete parenthesis so equation reads 

---T = K1/x2--- 
Column 5, Line 61, Change right hand bracket to left hand parenthesis; 

delete left hand parenthesis (first and second 
occurrences); 
delete right hand parenthesis (first occurrence); 
delete right hand bracket, all so equation will read 
as follows: 
---T1=1/n cir-arc cos S-2x/S+1/2 sin 2 arc cos S-2x/S 

Column 6, Line 7, delete hyphen between 'y' and 'axis' 

Column 6, Line 9, delete hyphen between 'X' and 'axis' 

Column 6, Line 41, delete hyphens after "X" and "Y" 

Column 6, Line 46, delete parenthesis so equation will read 
---Tirh2/4G2 

Column 6, Line 59, delete degree mark over 'itselt" 

Column 6, Line 66, change "u" to "n" so equation will read 
---Tx, 

Column 7, Line 1, delete left and right brackets 

Column 7, Line 7, delete hyphen between "Y" and "axis' 

Column 7, Line 14, delete hyphen between "x" and "axis" 

Column 7, Line 15, delete hyphen after 'Y' 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 3,774,997 Page 2 of 3 
DATED : November 27, 1973 

INVENTOR(S) : Michael A. Kott 
It is certified that error appears in the above-identified patent and that said Letters Patent 

are hereby corrected as shown below: 
Column 7, Line 19, change "puspose" to ---purpose--- 

Column 7, Line 45, change '-9" to -g- is 9 equation will read lange - "to pse .. --Ge- (n+1)2 in , xenity 
Column 7, Line 53, change "n" to ------ so equation will read 

--Ge 9 (n+1) 
Column 8, Line 42, delete brackets in equation 

Column 8, Line 56, delete brackets in equation 

Column 9, Line 10, delete "+" (second occurrence) 

Column 11, Line 23, between "G" and "" insert ------ so equation will read 
--G -- 

Column 11, Line 65, change "." to ---,--- 
Column 12, Line 38, change "(n+1)" to --- (n+1)--- so equation will read 

X(n+1)- 
Column 12, Line 41, Change 'n -) (n+1)" to Tn e- (n+1) SO equation will 

read 

--G n (-- (n+1) 

  

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 3,774,997 Page 3 of 3 
DATED November 27, 1973 
NVENTOR(S) : Michael A. Kott 

It is certified that error appears in the above-identified patent and that said Letters Patent 
are hereby COrrected as shown below: 

Column 12, Line 56, change "Txn" to ---T. in mito 

Column 14, Line 7, change 'or' to ---of--- 
- as a Column 14, Line 12, change 'n e-G (n+1)" to in e-9 (n+1) so equation will 

read ---G *n 4 (n+1) 
Column 14, Line 15, after "g." (second occurrence) insert ------ so 

equation will read 
---G 1SG +G 

X X n & S (n+1) in 
Column 10, after line 6 l add: 

7. A graduated composite concurrent use filter according to 
claim 1, said first signal attenuating characteristic being 
lesser in attenuating character for a given said signal than 
said second signal attenuating characteristic 
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