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1

The present invention relates to mathematical
solvers and more particularly to new and improved
apparatus for providing instantaneous solutions
for values of a function of a plurality of variables
where the instantaneous values of the variables
are known.

tieretofore mechanical solving apparatus has
been employed for this purpose. In stich appara-
tus, a large number of moving mechanical parts
such as gears, levers and cams, for example, are
usually employed for performing desired mathe-
matical operations on the variables involved in
the function whose value is to be obtained. Since
mechanical elements of this sort have mass, they
introduce inertia effects which produce an unde-
sirable time lag between the introduction of the
values of the variables into the solver and the
reaching of a solution. Also, such elements must
be made to a high degree of precision o avoid

pack-lash and other mechanical difficulties that
might introduce errors into the solutions
obtained.

It is an object of the present invention, ac-

cordingly, to provide a new and improved mathe-

matical solver which is free from the above noted
defects of the prior art.

Another object of the invention is to provide a
new and improved soiver in which few or no
moving mechanical parts are employed for per-
forming mathematical operations on the variables
involved in the function whose value is to be
obtained.

A further object of the invention is to provide
a new and improved solver which receives elec-
trical values proportional to the variables involved
in the function whose value is to be determined,
and provides instantaneous electrical values pro-
portional to the values of said function,

A still further object of the invention is to pro-
vide a new and improved solver which is accurate,
light in weight, and instantaneous in operation.

Still another object of the invention is to pro-
vide a new and improved solver of the above char-
acter which is capable of solving for negative
and positive values of the function whose value
is to be determined. )

Broadly speaking, the objects of the invention
are attained by modifying the intensity of a heam
of radiant energy in accordance with instanta-
neous values of the variables on which the func-
tion depends, and directing the modified beam
to a photosensitive device which provides an elec~
trical output proportional to the instantaneous
value of the function.
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The modification of the intensity of the beam 55
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may be accomplished in a number of different:
ways. For example, the beam may be transmit-
ted through a screen laid out as a two-variable
coordinate system, the radiant energy transmis-
sion coefficient of which at each point is propor-
tional to the value of the function corresponding
to the values of the variables at that point. If
the beam is displaced paralle] to the screen axes,
proportionally to the instantaneous values of the
respective variables, it is clear that the intensity
of the radiant energy impinging on the photo-
sensitive device at any instant will be proportional
to the value of the function corresponding to the
instantaneous values of the variables at that
instant. )

A moving radiant energy beam of the desired:
character may be obtained according to the in-
vention by directing radiant energy to a reflect-
ing surface which is rofated about an axis in
accordance with values of one of the variables,
and directing the reflected light to a second re-
flecting surface which is rotated, in accordance
with values of a second variable, about an axis
at right angles to the axis of the first reflecting
member.

In another embodiment of the invention, elec-
trical values proportional to the instantaneous
values of two variables may be applied to the hor-
izontal and vertical deflecting plates, respectively,
of a cathode ray oscilloscope. The trace on the
oscilloscope screen provides a beam of radiant
energy of desired characteristics. Other devices,
such as a Farnsworth dissector tube or a television
tube of the type known as an iconoscope, may

. also be used for this purpose, as described in

greater detail hereinafter. .

A function of three variables may be solved by
further modifying the radiant energy beam in
accordance with values of the third variable.
Functions of four or more variables may also be
solved according to the invention by employing’
a plurality of solvers and supplying the output
of one solver as one of the variable inputs to a
second solver. o

The invention may be betiter understood from
the following detailed description of several rep-
resentative embodiments, taken' in’conjunction

with the accompanying drawings, in which:

Figure 1 illistrates sthematically solving ap-
paratus constructed according to the invention;
Figures 2, 3, 4 and 5 illustrate different types
of screens corresponding to different types of
functions that may ke solved with the apparatus
shown in Figure 1; : R
Figures 6 and 7 are schematic-diagrams of cir=
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cuits enabling soiutions of proper sign to be ob-
tained for both positive and negative functions;

Figure 8 illustrates schematically another em-
bodiment of the invention which utilizes a cathode
ray oscilloscope;

Figure 9 illustrates schematically a further em-
bodiment employing an-iconoscope; and

Figure 10 illustrates schematically a still further
embodiment utilizing a Farnsworth dissector tube.

In the embodiment illustrated in Figure 1 of.

the drawings, a beam of radiant energy is dis-
placed in two mutually perpendicular directions
by a combination of reflecting surfaces having
mutually perpendicular axes-of rotation.
Referring to Figure 1, the solving apparatus
comprises a pair of reflecting surfaces {0 and {1
such as small mirrors, for example, which are
mounted for rotation about the mutually per-
pendicwlar axes z—-z and y—y, respectively, in
accordance with magnitudes of the variables z
and y. To this end, the mirrors 18 and |i may
be - directly connected to mechanical elements
whose displacements represent magnitudes of the
variables z and v, or they may be attached to the
moving coils of two galvanometers G: and Gs
which are energized by electrical currents pro-
portional to the magnitudes of the variables z
and ¥, respectively, as shown. A light beam 12
is provided by a suifable'light source 13 and is
directed by means of a conventional type lens

14 upon the mirror 0 from which it is reflected
to the mirror {1 and reflected from the latter to a
screen |5, upon which the light beam is focused.
"'Disposed in the path of the beam reflected
from the mirror {1 is a screen 5, to be described
hereinafter, which modifies the intensity of the
light in accordance with the magnitudes of the
variables £ and y. The modified light beam is
focused by means of a conventional type lens
16 upon a conventional type photosensitive ele-
ment |7 which may be a photoelectric cell, for
example. If a light beam of constant intensity
is employed, the photoelectric cell iT should pref-
erably be shielded to prévent stray light from
reaching it, and a conventional.type direct cur-
rent amplifiéi should bé provided for amplifying
its ‘output. "It is more convenient, however; to
modulate the light beam by applying alternating
current to the source 13, or by placing an in-
terrupter G in the path of the beam 12, for ex-
ample.” Where this is done, a conventional alter-
nating current aniplifier ‘may be provided for
the photoelectric éell 17, as described below.

" The electrodes {8 and 19 of the photoelectric
cell tT are connected to the plate electrode 20
and the control grid electrode 21, respectively, of
a conventional ‘type electronic amplifying tube
22, The plate electrode 20 of the tube 22 and the
anode (8 of the photoelectric cell {7 are both
supplied with electrical energy from a suitable
source ‘23. Grid bias for the electronic tube 22
is provided by a potentiometer comprising a
source-of-voltage 24 and a resistor 25, the variable
contact 26 of which is connected to the control

grid 24 of the tube 22 through a resistance 26a.

In the plate circuit of the tube 22 is connected
the primary winding 27 of a transformer 28, the
secondary winding 29 of which is conhnected
to the anodes 38 and 31, respectively, of the recti-
fying tubes 32 and 33, respectively. The output
of the rectifiers 32 and 38 is impressed across 2
load resistance 34, which is connected at oneé
end: to the mid-tap 35 of the transformer sec-
ondary winding 29 and at its other end to the
filaments 36 and 37T -of the rectifiers -32 and 33,
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respectively. The resistance 34 can be shunted
advantageously by means of a condenser to re-
duce the A. C. component (principally second
harmonic) of the rectified current.

The screen 5 is provided with a horizontal
axis z—z and a vertical axis y—y, as shown, and
its transparency at each point of the coordinate
system is such that the amount of lizht trans-
mitted at that particular point is directly pro-
bortional to the function z=f(xz, ¥) for which so-
lutions are to be made.

In operation, the mirrors {0 and (f are adjusted
so that when the magnitudes of the variables z
and y are both zero, the light beam 2 passes

‘through the origin O of the x—z, y—y coordinate

system. If the mirrors 10 and (f are then ro-
tated about their -respective axes in accordance
with the magnitudes of the variables z and v,
respectively, for any given values zo and 7o of the
variables -the light beam (2 will impinge upon
the screenl 15 at the corresponding point (xo, ¥o),
and the amount of light reaching the photo-
eleciric cell 1T Wwill bé directly proportional to the
value of the Tunction z corresponding to those
particular ‘values of the variables z and y. The
electrical output of the solver is received by a
device D which may be a suitably calibrated in-
dicator or a device to be actuated in accordance
with values of the furietion solved for.

When a modulated light beam is‘used in order
to permit the use of alternating current ampli-
fiers, thé output gives the average instantaneous
value of the function 2.

‘Representative screens corresponding to a num-

s ber of simple iwell known functions of two va-

riables are shown in Figures 2-5, inclusive. Fig-
ure 2 illustrates a screen representing the fun-
tion z=xy. The Screens in Figures 3, 4 and 5
correspond to the functions

=¥
=g
srgE=ra-y
and
: 'z:;;2+y2

respectively. Similar screens may be constructed
for -any futictionz=/(x, ¥) provided that values
of the function can be calculated for the different
values of the variables z and v so that the trans-
parency which the screen must have at each
point’ thereon can be determined.

Transparent screens of the type shown in Fig-
ures 2--5, inclusive; may be constructed in'any de-
sired fashion. In the ideal case, the transparency
should -vary" continuously from point to point.
HoWever,"screen.s’of‘this type are sometimes dif-
ficult to build and expensive. - Nevertheless, they
must be so constructed where extreme accuracy

is-desired.

From-many applications, however, it is suffi-
cient to- determine the Instantaneous value of
the function-2=f(z, ¥)' only approximately. In
some- instances, an accuracy of plus or minus 5
or-10% may-be-entirely adequate. In such cases,
the transparency of the sereen need not be deter
mined to any greater degree-‘of ‘accuracy, and a
satisfactory -Scréen may be constructed by divid-
ing its surfaceinto ‘different Zones varying pro-
gressively in:trarisparency by 5 or 109%, for ex-

7y ample. " For screens-of -thi§ type it is necessary

only to calculate: the lines of equal transparency
which constitate the boundaries between two suc-
cessive zones ‘as-shown in Figures 2-5, inclusive,
and to give the successive zbnes the desired de-
grees of transparency. "It will be ‘apparent that
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the higher the degree of accuracy required, the
smaller the step from one zone to another must
be, and the greater the number of zones required
for a given screen surface. )

After the boundaries between adjacent zones
have been calculated for any given function, the
zones between them may be made of different
transparency in any desired manner. For ex-
ample, a suitable screen may be made irom &
photographic plate on which zones of different
transparency are made by varying the time of ex-
posure for the different zones. However, it is
simpler and generally adequate to use a system
of cross-etching, the density of which varies from
one zone to another as shown in Figures 2-5, for
example. In such case the light beam {2 in the
apparatus shown in Figure 1 should not be too
sharply focused, and it should cover sufficient
surface so that the amount of light transmitted
through the screen 5 will truly represent the
average transparency at that particular location.

For the functions 2=xy (Figure 2) and

¥

2=+
&z
(Figure 3) it has been assumed that the variables
£ and y have only positive values, and that the
function has no negative values. For this reason,
the origin of the x—y coordinate system has been
displaced away from the center of the screen so
as to obtain a more efficient use of its surface.
Where this is done, the mirrors I8 and {{ should
be adjusted so that the beam {2 in its initial posi-
tion will lie on the origin of the screen I5.

It will be noted that in the case of the function
g=x+y (Figure 4), both = and y can be either
positive or negative so that 2 can also be positive
or negative. Thus, on the screen shown in Figure
4, the entire area above the diagonal line 38 rep-
resents positive values of 2, whereas the entire
area below that line represents negative values at
z. For a function of this type, both positive and
negative values may be obtained by employing
two independently operating circuits like that of
Figure 1 and by dividing the optical field into
positive and negative sections. Such a solution
is described in detail in connection with Figures
6 and 7. :

The embodiment shown in Figure 6 is intended
to be employed where a modulated light beam is
used for the purpose of obtaining an alternating
current output from a photoelectric cell. In this
embodiment, the upper positive area of the screen
15, which may be of the type shown in Figure 4,
is isolated from the lower negative area thereof
by means of an opaque screen 38, which is dis-
posed perpendicularly to the screen {5 along the
line 38.

Located on one side of the opaque screen 39 is
the lens 16 and photoelectric cell IT with its as-
sociated circuit. On the other side of the opaque
screen 39 is disposed a second lens 16’ and photo-
electric cell 1T’ and its associated circuit. Since
the circuit for the photoelectric cell {7’ is identi-
cal with that for the photoelectric cell 17, corre-
sponding parts in the former have been desig-
nated by corresponding primed reference char-
acters. The output resistors 34 and 34’ are con-
nected in series by means of conductors 40, 4t
and 42, such that the output at the terminals 43
and 44 is the difference between the voltages ap-
pearing across the resistors 34 and 34°.
~ If the value of the function z is positive so
that the beam impinges upon the upper positive
portion of the screen.b, only the photoelectric
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cell 1T will be operative so that the voltage ap-
pearing at the terminals 43 and 44 will be equal
to the voltage developed across the resistor 34.
If, on the other hand, the value of the function
2 is negative so that the beam impinges upon the
lower negative portion of the screen 15, only
the photoelectric cell 17’ will be energized, and
the voltage at the terminals 43 and 44 will be
substantially equal to the voltage developed across
the resistor 34’. This voltage will be equal in
magnitude but opposite in polarity to the voltage
developed across the resistor 34 when the value
of the function 2 is positive and has the same
absolute value.

“ It will be apparent, therefore, that the circuit
shown in Figure 6 provides outputs at the ter-
minals 43 and 44 which have either positive or
negative polarities depending upon whether the
instantaneous values of the function 2z are posi-
tive or negative.

If ‘an unmodulated light beam is employed,
then the circuit shown in Figure 7 may be used.
In this modification, the anodes 18 and 18’ of
the photoelectric cells {T and {1’ should be con-
nected together and to the positive ferminal of
a source of voltage 46, the negative terminal of
which is connected to the common point between
two resistors 46 and 47. The other ends of the
resistors 46 and 471 are connected to the cath-
odes 19 and 19’ of the photoelectric cells 1T and
i1’, thereby forming a Wheatstone bridge Wi
The cathode 19 of the photoelectric cell 17 is also
connected in series with a source of biasing volt-
age 48 to the control grid 49 of a conventional
type electronic amplifying tube §0, the cathode
81 of which is connected to the cathode 19’ of
the photoelectric cell 17,

The plate circuit of the electronic tube 50 con-
stitutes one of the arms of a second Wheatstone
bridge Wz, the other arms of which comprise the
resistances 52, 58 and 54. A source of voltage 55
is connected to the cathode 51 of the tube 50 and
to the mid-point between the resistors 52 and
53, and the output of the bridge W2 is provided

5 at the terminals 56 and 57 which are connected

to the plate electrode 58 of the tube 50 and the
common point between the resistors 53 and 54,
respectively.

In operation, both of the bridges are adjusted
to be in balance when no light is falling upon
the photoelectric cells IT and 17’. The first
bridge is balanced by changing the value of one
or both of the resistances 46 and 47; the second
bridge is balanced by changing the value of re-
sistance 54, If, however, light falls on either the
photoelectric cell 1T or 17’, the second bridge
Wa, including the tube 50, is unbalanced provid-
ing an output at the terminals 56 and §7 which
may be either positive or negative depending
upon whether the light beam impinges upon the
upper positive half of the screen 15 or the lower
negative half thereof. In this embodiment, it is
desirable to shield the optical system so as to
prevent stray light from influencing the results
obtained.

_Similarly, the density screen can be arranged
to give an output equal to the function z plus a,
In which a is a positive constant sufficient to
make 2o always positive. The output of the
system would then give a potential difference cor-
responding to the 2-+a function and the quantity a
can then be subtracted by means of a direct cur-
rent potentiometer placed in series with the out-
gut to produce either a positive or negative func-

ion. :- Co :
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This. system. of handling, the case where the
function z.can be, either pos1tive or. negative can
he used: not only.in. the apparatuses utilizing two
rotating mirrors, but also with other apparatus
heremafter described.

Instead of using. mirrors having, mutually per-
pendicular axes of rotation, as shown in Figure 1,
8. cathode ray oscilloscope may be employed as
shown in Figure 8, for providing a ]ight beam that
can be displaced in mutually perpendicular di-
rections in accordance with the values of the
variables x and y.

Referring to Figure: 8§, a conventional type
cathode ray oscilloscope is shown at C With its
screen disposed adjacent the.screen. i5. The:os-
czlloscope C is energized in,the. conventiona,l man-
ner. from a sourece of. electrical energy. 59, the. pos.
itive. terminal of which. is grounded at 80; The
cathode 63 of the oscilloscope Cis connected to
the common point §4 between two resistors 61 and
62 connected across. the voltage source 59 and
the accelerating electrodes 65 and. 66 are con-
nected to the points 67. and. 60, as shown in. the
figure. Negative bias. for the control. grid 68 is
provided by connecting. it to.the variable. conta.ct
63 on the resistor 61,

The cathode ray beam should. preferably- he
modulated sq as to.enable an alternatmg current
amplifier to.be used with the photoelectric cell. {1.
To this end, alternating current is impressed
upon the contrel grid. 88 from a transformer 19,
the primary winding 11 of which is connected in
the circuit of the control grid 68,

An electrical value proportional to the-variable
Z_is Impressed upon the. terminals 712 and 13
which are connected to.the vertical deflecting
plates 14 and 15, respectively, of the.oscilloscope
C.. Conneccted across the terminals 12 and 13 is
a resistance 16, the mid-tap 11. of which is con-

nected to ground. In similar fashion, a voltage .

proportional to the variahle 7. is. impressed upon
the telmmals 78 and 19, which are. connected to
the horizontal deﬂecting plates. 80. and 81, re-
spectively of the oscilloscope C. A resistor 82 is
connected across the. terminals 18, and 1,9 the
mid-tap 83 of which is connected to ground,

The fluorescent spot. produced on. the screen
of the cathode ray oscilloscope C by the.cathode
ray beam impinging thereon, provides a, beam- of
radiant energy which is tr ansmltted through the
screen {5 and is focused by the lens 16 upon the
photoelectric cell f1. Singe the latter and. 1ts
electrica] cireuit are 1dent1ca1 with, the. corre=
sponding. electmcal eoulpment in, Flgure 1, cor~
responring reference characters have been used
to cesiznate corresponding parts. throughout

Imtmlly, the cathode ray- oscﬂloscope C.is agd-
Justed in the conventional manner.so. that when
the variables x and v are.zero.in magnitude, the
cathode ray spot will lie at the origin of: the. co-
ordinate system on the screen: 15 Electrical
values direclly proportional to instantaneous
values of the variables 2 and-y.are then impressed
upon the vertical and horizontal defiecting
plates, respectively, of the oscilloscope C; thereby
causing the fiuorescent spot to move to corre-
sponding positions on-the screen- 15. The light
transmitted through the screen 5;at any given
point corresponding to particular values of the
variables © and y is directly proportional to. the
value of the function for those particular values
of the variables. Accordingly, the. voltage  im-
pressed across the.resistor 34 is, dlrectly pro-
portional to the instantaneous values of the fune-
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tpn 2 corresponding to. instantaneous. values. of
the variables x and v,

Ii. solutlons are to be made of functions.having
both positive and negative values, either of the
circuits. shown in. Figures 6.and 7 may be: sub-
stituted. for the photoelectric cell. circuit shown
in Figure 8, as described above.

In the embodiment shown in Figure 9, a televi-
slon tube of the type known as an iconoscope is
employed for the purpose of solving for values
of a function of two variables. In this. figure,
the iconoscope is designated by the reference
character 84, and it is energized by suitable
sources:of electrical energy 85, 86 and. 81 in the
conventional manner. Light from a suitable
source 88 is.directed through a screen 15 of the
type. shown in Figures 2-5, inclusive, and. is fo-
cused- by means. of a. lens. 16, upon. the photo-
sensitive screen. 89 of the iconoscope 84 so that
the light pattern on the photosensitive.screen. 89
corresponds to.the transparency of the screen. {5,
lated, either by supplying alternatmg current to
the source 88 or by interposing an interrupter G
in the path of the beam, as shown in the figure.

Electrical values: proportlonal to. the. mag-
nitudes of the variable x are-impressed upon-the
termmals 90 and 9{ which are connected. to: the
vertical deflecting plates 92. and 93, respectwely,
of the iconoscope 84. In similar. fashion, electri-
cal: values proportional to the magnitudes. of the
variable ¥ are impressed upon the terminals 94
and. 95 which are connected to the horizontal de-
ﬁecting plates 86 and. 97T; respectively: It w1ll
the electron gun. 98 will- be displaced vermcally
in accordance with instantaneous values, .of.-y.and
horizontally in aceordance: with instantaneous
values of z.

Inltlally, the. position of the: electron beam is
adjusted so that when the: variables. - and. ¥ are
both. zero, the. beam impinges: on the origin of
the T—%; Y—U coordinate system- of the.image
of the. screen. 15; formed on the photosensitive
sereen 88,

As is-known in the-art, the intensity of the cur-
rent flowing in- the. circuit. of the photo-sensitive
screen 89 varies with the intensity of the modu~
lated-light falling upon: the: screen at the: point
where: the electron heam impinges thereon. Ac-
cordingly, if instantaneous.values of z and. v are
applied to the vertical-deflecting. plates 92:and: 93
and;the horizontal plates 96 and 91, respectively;
of the iconoscope 84; the current flowing in the
circuit of the photosensitive element 89 will vary
instantaneously in accerdance with the value of
the function 2, as determined by the character-
istics of the screen (5. This current is passed
through- a resistance 89 which is connected. in
series with a battery (00,

The voltage developed across the resistance 99
is-impressed upon the control grid electrode {84
of-a conventional type- electronic amplifying tube
102; in the plate circuit of which-is connected the
primary. winding 183 of:a transformer {04. The
secondary winding 105 of the transformer- {04 is
connected to the anodes 106 and (87 of conven-
tional: type rectifying tubes 188 and 109, respec-
tively. The output of: the rectifiers {08 and 109
is-impressed upon a load resistance 110, one end
of which is connected to the mid-tap (11 of the
transformer 104; and: the other end: of which is
connected: to the- filaments (12 and 113 of the
rectifying- tubes: {09 and- 108; respectively: The
voltage: appearing at the.terminals 114 and: 1485;
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respectively, will be directly proportional to in-

stantaneous values of z which is the desired func-
tion of x and 7. -

In all of the embodiments described above, 1t
has been assumed that the value solved for was
a function of only two variables z and y. How-
ever, it is a relatively simple matter, in accord-
ance with the invention, to solve a function of
three varigbles. For example, this may be ac-

complished in the embodiment shown in Figure 8 1If

by modulating the voltage applied to the control
grid §8 in accordance with the third variable. If
the potential applied to the control grid 88 at
each instant is such that the intensity of the elec-
tron beam is proportional to the function g(u)
of the variable z and if, simultaneously, the elec-
tron beam is given a horizontal deflection pro-
portional to the variable x and a vertical deflec-
tion proportional to the variable y, the amount
of light transmitted through the screen I§ at
each instant will be proportional to the function
g==g(u) -f(z, Y.

Solutions can also be obtained for more than
three variables by using a plurality of solvers and
utilizing the output of cne to control the radiant
energy heam of the second. For example, if a
voltage proportional to the variable u is applied
to the vertical deflection plates 74 and 75 of the
cathode ray tube C in Figure 8, and a voltage
proportional to the variable v is applied to the
horizontal deflecting plates 80 and 8(, the output
of the photoelectric cell 1T will be proportional
to the function g(u, v). Similarly, if electrical
values proportional to the variables y and z are

applied to the horizontal and vertical deflecting 3

plates of a second oscilloscope solver of the same
type, the output of the photoelectric cell thereof
will be proportional to the function f(z, ¥), as-
suming the intensity of the electron beam to be
constant. -

By applying the voltage which appears across
the resistor 34, which voltage is proportional to
the function ¢(u, v), to the control grid of the
second oscilloscope, the intensity of the electron
beam thereof will be proportional to the func-
tion g(u, v), so that the. output of the second
solver will be proportional to the function
z=g(u, v)f(z, . -

The embodiment of the invention shown sche-

matically in Figure 10 utilizes a Farnsworth 5

image dissector tube. In this form of the inven-
tion, light from a source 120 passes through a
screen {21 of the type shown in Figure 2 of the
drawing, for example, and is focused by means
of a lens 122 upon a photosensitive cathode {23
of the image dissector tube 124. The light inften-
sity at any point on the cathode 123, therefore,
corresponds to the transparency of the corre-
spending point on the screen {21.

The light from the source can be modulated
either by supplying alternating current to the

source 120 or by interposing an interruptor (25.

between the light source 120 and the screen {21,
_In the Farnsworth tube, electrons are emitted
from each point on the cathode 123 .in propor-
tion to the intensity of the light falling upon that
point. Imasmuch as the light intensity at any
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point corresponds to the transparency of the -

screen 24, the electron intensity at any point
corresponds to the function f(x, 2).

The tube {24 includes an anode 126 to which a
potential may be applied to attract the electrons
emitted from the cathode 123. A focusing coil
127 within the tube produces a magnetic field
coaxial with the tube. When the strength of the

i0

magnetic fleld is correctly adjusted, an electron
image of the cathode 123 is produced at a plane.
parallel to the cathode 123 and in the plane of
the opening 128 in the tube member 129 which.
projects into the tube {24. The electrons pass-
ing through the aperture 128 enter a series of
electron multipliers {30 within the member 129.
which increase the sensitivity of the tube.

The cireuit connections to the anode, focusing.
coil and electron multiplier are normal and fol-.
low the manufacturers’ recommendations. .

Outside the tube 124 are placed four coils 131,.
132, 123 and 134, The coils 132 and 134 are con-
nected in series in such a way that current pass-.
ing through them produces a uniform magnetic.
field in a vertical direction. The coils 131 and
{23 likewise are connected in series to produce a
uniform horizontal field. The effect of these
magnetic fields is to change the direction of the
electrons moving from the cathode (23 toward
the anode 126 to the right or left and up and
down. In this way, any part of the electron image.
can be made to appear at the aperture 128.

Flectrical values proportional to the magnitude
of the variable x are impressed upon the ter-,
minals 125 and 186 of the amplifier and current’
control circuit 137 which is connected to the coils
132 and 134. The impressed electrical values will
produce a current in the coils {32 and 134 causing
o vertical magnetic field of the correct direction
and strength to displace the electron image hori-
zontally by an amount corresponding to the x
coordinate. )

Similarly, electrical values proportional to the
magnitude of the variable ¥ are impressed upon.
the terminals 138 and 138 of the amplifier and
current control circuit 140 which is connected in
series to the coils 131 and 133. The horizontal,
field produced will displace the electron image.
vertically by an amount corresponding to the
coordinate . . :

Tnitially the circuits 137 and 40 are adjusted:
so that the part of the electron image correspond-.
ing to the origin of the z—x, y—y coordinate sys-.
tem of the image of the screent 121 formed on the,
cathode 123 arrives at the aperture when both.
the variables £ and ¥ are zero.. . B

Inasmuch as the density of the electron image:
is a funetion f(x, ¥), the average number of elec-
trons entering the aperture {28 for any instan-.
taneous quantities impressed upon the terminals.
{25, 186, and 138 and (39 will vary instan-:
taneously in accordance with the value of the
function 2. ’ : .

The output of the electron multipliers 130,
which also varies with the value of the function:
2, develops a voltage across the resistance 141.
This voltage is impressed upon an amplifier and.
rectifier 142 like that described in connection with.
the iconoscope and disclosed in Figure 9. The
voltage appearing at the output terminals {43 and.
{44 will be directly proportional to the average
instantaneous value of z. .

While the use of the image dissector and the:
iconoscope have been described in connection with
a sereen of a type which gives only positive fune-
tions, it is possible to utilize these devices to deal
with functions which can be either positive or
negative. Thus, by illuminating a part of a
sereen with a light having one frequency and the
other part of the screen with a light modulated
to a different frequency and providing a filter
hefore the output, the two frequencies can be
separated to give two outputs which can be added
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algebraically, toproduce-an output which is either
poritive or negative.

- From ‘the foregoing, it -will be apparent that
solvers of ‘the type described above may be em-
ployed for solving all types of functions of two
varisbles and many types of functions of more
than two variables. It will further be apparent
that solvers tonstructed according to the inven-
tion include a minimum number of moving parts
so ‘that errors arising from inertia effects and
other mechanical -difficulties are reduced to a
minimum. TIn those embodiments including a
cathode ray oscilloscope or an iconoscope or an
image dissector which utilizes an electron beam,
inertia effects are completely eliminated, enabling
solutions of desired functions to be obtained
instantaneously.

‘Solvers constructed according to ‘the invention
may be adapted for a wide variety of uses. For
example, they may be employed in the solution of
problems incident to gun fire control as well as
in aircraft control systems of the type ‘disclosed
in my copending application for “Automatic con-
trol system for vehicles,” filed July 17, 1943,
Serial No. 495,093 now forfeited. Other uses will
occur to those skilled in the art.

‘While several specific embodiments have been
described above, the invention is not intended to
be limited thereto. Those embodiments are sus-
ceptible to numerous changes in form and detail
within the scope of the appended claims.

I claim:

1. An electrical solver for solving for values
of a function of at least two variables compris-
ing, means providing a beam of radiant energy,
means for displacing said beam in different
directions in proportion to the magnitudes of
sajll respective variables, an optical screen in
the path of said beam for modifying the ‘inten-
sity of said beam in accordance with the instan-
taneous value of the function corresponding 1o
the instantaneous values of the variables, said
screen having one portion representing posi-
tive values of said function and another portion
representing negative values of said function,
photosensitive means disposed to receive said
modified beam, and electrical means connected
to said photosensitive means for providing in a
circuit an electrical value of one polarity pro-
portional to ‘positive values of said function, and
an electrical value of different polarity propor-
tional to negative values of said function.

2. An electrical solver for solving for values of
a function of at least two variables comprising,
means providing a beam of radiant energy, means
for displacing said beam in different directions
in proportion to the magnitudes of said respec-
tive variables, an optical screen in the path of
said beam for modifying the intensity of said
beam in accordance with the instantaneous value
of the function corresponding to the instantane-
ous values of the variables, said screen having
one portion representing positive values of szid
function and another portion representing nega-
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tive values of said function, a plurality of photo-
sensitive means disposed to receive radiant energy
from said portions of the optical ‘screen, re-
spectively, means for periodically varying the
intensity of said beam, amplifying means for said
respective photosensitive means, rectifying means
connected to said amplifying means, means
connecting the outputs of said rectifying means,
in series opposition to electrically responsive
means.

‘3. An electrical solver for solving for values of
a function of at least two variables comprising,
means providing a beam of radiant energy, means
for displacing said beam in different directions
in proportion to the magnitudes of said respec-
tive variables, an optical screen in the path of
said beam for modifying the intensity of sald
beam in-accordance with the instantaneous value
of the function corresponding to the instanta-
neous values of the variables, said screen having
one portion representing positive values of said
function and another portion representing nega-
tive values of said function, a plurality of photo-
sensitive means disposed to receive radiant energy
from said portions of the optical screen, respec~
tively, an electrical network connected to said
photosensitive means so asto constitute a Wheat-
stone bridge of which said photosensitive means
constitute two adjacent arms, an electronic am-
plifying tube having control grid and cathode elec-
trodes electrically connected to the output termi-
nals of said Wheatstone bridge, a second electrical
network connected in the plate-cathode circuit of
sald tube 50 as to constitute a second Wheatstone
bridge of ‘which said tube plate-cathode circuit
comprises one of the arms, and means receiving
the output of said second Wheatstone bridge.

HENRI-GEORGES DOLL.
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