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U.S. CL 340—378 R 7 Claims
Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this reissne specifi-
cation; matter printed in italics indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

A digital readont device associated with a condition re-
sponsive apparatus wherein a plurality of light guides de-
fine rectangular outer faces and are arranged in the con-
figuration of the numeral 8 and are separated so that
different mumbers can be displayed depending upon which
of the light guides are illuminated. A source of light is
provided for the light guides, and a shutter is interposed
between the light source and the opposite ends of the light
guides. Apertures are defined by the shutter, and the shut-
ter is connected to the condition responsive device so
that movements imparted to the shutter will change the
position of the apertures whereby different ones of the
light guides will be illuminated.

SPECIFICATION

This invention relates to a construction adapted to dis-
play digital information. The construction of this inven-
tion particularly comprises a digital display device which
is adapted to reliably display numerical values while at
the same time comprising an extremely compact and rela-
tively simple structure.

Where it is important to minimize the possibility of
reading errors, the display of numerical information in
digital form is now often preferred to a presentation in
analog form. In this context, analog presentation is re-
garded as the display of any quantity (e.g., m.p.h, r.p.m,,
voltage, etc.) in terms of the linear or angular displace-
ment of a pointer with respect to a calibrated scale. Con-
ventionally, readings may be made to several significant
figures either by observing major and minor graduations
or by estimated interpolation between graduations.

With care, the analog method can provide reasonably
accurate determinations from relatively simple and com-
pact apparatus, and the method is useful in presenting
quantities which are fluctuating up and down in value.
However, the visual and mental operations involved in
making a reading tend to introduce the chance of error
in observation. This hazard is further increased if several
calibrated scales are superimposed or if several scale
ranges are used with a single set of graduations or if very
accurate readings must be made rapidly under unfavor-
able conditions and by unskilled persons.

In such circumstances, digital presentation has the ad-
vantage that, although interpolation is no longer possible,
neither is there any possibility of misinterpretation. When
the information is presented in actual numbers, no obser-
vational error is possible short of misreading. The ac-
curacy or resolution is determined only by the quantity
of digits in the display and the precision of the circuits
which operate the readout. For precise readings, several
digits may need to be displayed and such a presentation is
essentially more complex and expensive than with analog
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methods, however, in suitable circumstances, this higher
expense can be justified.

A variety of display devices have previously been de-
veloped to meet the need for digital presentation. Each
of these prior systems is characterized by certain disad-
vantages including the necessity for employing high oper-
ating voltages, the necessity for utilizing relatively com-
plex and reliable mechanisms, and such prior systems are
also often characterized by unduly bulky structures.

It is a general object of this invention to provide a
digital display device which is adapted to overcome the
disadvantages of various prior art systems.

It is a more particular object of this invention to pro-
vide a display device which is adapted to display infor-
mation in numerical form whereby the information can
be accurately read and recorded.

It is a further object of this invention to provide a
display device of the type described which is adapted to
be operated in conjunction with a relatively simple oper-
ating circuit wherein high operating voltages are not
required.

1t is an additional object of this invention to provide
a digital display device of the type described which is
characterized by a relatively compact construction and
which includes relatively simple and extremely reliable
operating components.

These and other objects of this invention will appear
hereinafter and for purposes of illustration, but not of
limitation, specific embodiments of this invention are
shown in the accompanying drawings in which:

FIGURE 1 comprises a front elevational view of an
assembly of light guide means adapted to be employed for
displaying numerical values;

FIGURE 2 is a side elevational view of an arrangement
of components adapted to be utilized in the construction
of this invention;

FIGURE 3 comprises an illustration of the face of a
shutter means of the type employed in the construction of
this invention;

FIGURE 4 comprises a top view of the arrangement
illustrated in FIGURE 2;

FIGURE 5 comprises a diagrammatic illustration of the
ends of light guide means demonstrating the manner in
which the light guides are employed in the construction;

FIGURE 6 comprises a table illustrating the relation-
ship between the light guides, the shutter mechanism, and
the numerical values to be displayed;

FIGURE 7 is a perspective view, partly in section,
illustrating a modified form of the invention;

FIGURE 8 is an exploded view illustrating elements
employed for illuminating the light guides in the con-
struction of FIGURE 7; and

FIGURE 9 is an exploded view illustrating the compo-
nents employed for illuminating a decimal point adapted
to be utilized in the construction.

One basic concept characterizing the new digital dis-
play device of this invention is illustrated by the asso-
ciation of the device with the remarkably high sensitivity
of the D’Arsonval meter movement as an electromechani-
cal transducer. Such movements commonly furnish a 90°
pointer deflection with an electrical power input in the
order of five microwatts. Practical sensitivities may range
higher or lower than this according to application but
it must be presumed that mechanical loading of the mov-
ing system must be very small. If the mechanical loading
condition can be satisfied, such a movement offers the
prospect of a digital display device in which the power
level to be switched to transfer from numeral to numeral
can be extremely low and can be furnished at a con-
veniently Iow voltage level so as to be compatible with
semiconductor circuit components.
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In accordance with this invention, a D’Arsonval move-
ment or similar arrangement acts to effect a translation
into numbers through a system wherein deflections of the
movement modify light beams from which the images of
numerals may be formed. Interruption or other modifica-
tion of a light beam involves no significant burden and
can be accomplished by a shutter rotated by the move-
ment armature. In turn, the shutter can be of low mass
and will permit the movement to respond accurately and
rapidly to an electrical signal applied to it.

In practice, the circuits furnishing the input signals to
the digital display device will have properties which will
result in the actual signal levels to be in error to some ex-
tent. As will appear, the display device of this invention
is either intrinsically tolerant of these errors or is able
to make suitable corrections.

The accompanying drawings illustrate specific embodi-
ments of the instant invention. In describing the inven-
tion, reference will be made to the use of an arrangement
of light guides disposed to provide a 7-bar configuration.
This comprises a well-known arrangement whereby each
of the 10 numerical figures can be conveniently displayed.
It will be appreciated that the concepts of this invention
are readily applicable to other light guide configurations.

The basic mode of operation of the constructions of
this invention is illustrated in FIGURE 2 where it will be
seen that a D’Arsonval movement (1) is provided with
a shutter 2 which is attached to, and rotates with the
movement armature 3. On the side of the shutter adja-
cent to the movement there are positioned bulbs 4 which
provide light sources, and also lens systems 5 which are
so arranged to produce radially disposed beams of light
which are very narrow in the plane of the shutter. On the
remote side of the shutter, there is arranged a system of
light guides 6 through 12, with one guide being provided
for each of the seven bars to be used in the simulation of
the numerals. The outer ends of these light guides termi-
nate in a single plane behind a diffusing screen 13. The
inner ends of the guides are disposed, in two groups, to
lie along the line of the narrow beams of light generated
by the lamps and lenses.

The shutter 2 is furnished with a series of perforations
15 arranged in rows concentric with the movement axis
and coinciding with the inner terminations of the several
light guides. These perforations are in effect the code by
which the inner ends of combinations of the light guides
are exposed to illumination and thereby generate a pat-
tern of illuminated bars upon the diffusing screen, accord-
ing to the angular deflection of the D’Arsonval move-
ment. Thus, the shutter perforations might be arranged
as shown in FIGURE 3 so that with no signal applied to
the D’Arsonval movement (and, therefore, with zero de-
flection) the inner terminations of light guides 6, 7, 8, 9,
10 and 11 are exposed to the light source but 12 is cut
off by the shutter portion 16. This will result in illumina-
tion reaching the diffusing screen as a series of bars simu-
lating the numeral 0. The application of a certain nominal
signal to the movement could cause the shutter to rotate
so as to bring a fresh arrangement of perforations into
effect thereby illuminating 7 and 8 but cutting off the
light to 6, 9, 10, 11 and 12 whereby a representation of
the numeral 1 will appear. The shutter perforations may
be arranged so that the remaining numerals up to 9 will
appear in turn as deflection current to the movement is
increased. FIGURE 5 illustrates the inner ends of the
guides 6 through 12 and superimposing of the shutter 2 of
FIGURE 3 on FIGURE 3 illustrates the manner in which
the shutter passes or blocks light to achieve the desired
numerical display.

Numerous alternative physical arrangements are possi-
ble and larger numbers of elements than seven may be
encoded. The table provided in FEGURE 6 contains the
essential information for a 7-bar configuration, using a
D’Arsonval movement with a nominal maximum deflec-
tion of 90°, The clear argas in the columns of the table
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indicate that a perforation 15 is provided by the shutter
while the shaded areas indicate that a blocking portion 16
is provided by the shutter,

The shutter perforations 15 may be of such a size that
the appropriate light guides remain illuminated for a sig-
nificant amount of angular deviation of shutter position on
either side of the nominal deflection for the display of any
particular numeral. In this manner, it is possible to accom-
plish transfer of the display from one numeral to the next
with a charge in the deflection of the D’Arsonval move-
ment equivalent to the effective angular width of the light
beam at the surface or in the plane of the shutter.

Since it is impractical to make a light beam infinitely
narrow, it will be evident that there is a practical limit to
the smallest angular movement of the shutter to accom-
plish a change in the display. For example, the lamp and
lens system may produce a beam of a width equivalent to
2° of angular deflection of the D’Arsonval movement at
the surface of the shutter. This also represents the amount
of rotation of the shutter in which the grouping of illumi-
nated light guides can be changed to alter the display from
one numeral to the next. The related shutter openings can
now be such that a given numeral can be displayed un-
changed for values of deflection on either side of the nom-
inal point up to ¥2 (A—a) where A is the nominal interval
from one numeral to the next and a is the angular width
of the light beam. The following table illustrates the se-
quence occurring in a typical system:

Deflection (deg.}

Nominal Actual Display condition
Ol 0-4 Numeral 0.
46 Transfer 0 to 1.
10 . 6-14 Numeral 1.
14-16 Transfer 1 to 2.
. | I 16-24¢ Numeral 2.
cte. to ...
80 ol 76-84 Numeral 8,
84-86 Transfer 8 to 9.
90 . 86-90 Numeral 9.

It will be apparent from the foregoing tabulation that
any given numeral will be displayed unchanged for 4°
on either side of the nominal angular deflection for that
numeral. If the D’Arsonval movement is assumed to have
a linear relationship between angular deflection and ap-
plied current, it follows that such a display device affords
a tolerance of 4.4 percent (full scale current) at each of
the nominal current levels associated with the display of
the numerals 0 to 9.

It will be noted that only 4° of deflection variation is
allowed for the numerals 0 and 9 (as distinct from 8° for
all others). This, however, is not an actual limitation since
there is no requirement for further downward deflection
at 0° or for upward deflection at 90°. At either point, if
there were need, the normal under- and overscale swing
of about 4° could be provided before mechanical stops
prevent further deflection.

Many variations are possible in the mechanical design
of digital display devices characterized by the features of
this invention. FIGURES 7, 8 and 9 illustrate a suitable
design wherein only a single lamp is employed for illumi-
nation of the figures.

The construction of FIGURE 7 includes generally the
same elements as employed in the previous construction.
A D'Arsonval movement 101 is provided with a shutter
102 (FIGURE 8), and this shutter rotates in conjunction
with the armature 103. A bulb 104 is mounted axially of
the movement, and the light is directed rearwardly through
the shutter onto the face of a reflecting means 105, Light
guides 106 through 112 are situated to provide a 7-bar
configuration for displaying numerical values. A transpar-
ent face plate 113 is provided for the construction.

The shutter 102 is in the form of a drum rather than
a disc, and narrow light beams are formed by the reflect-
ing surfaces 115 of the mirror 105 rather than by lenses.
Openings 116 and 117 of the shutter 102 serve to transmit
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the light. Blocking members 118 and 119 are located be-
tween the openings.

In a system of the type illustrated, there is a likelihood
that light scatter will occur outside the desired beam. A
mask member 114 illustrated in FIGURE 8 can be uti-
lized to shut off the undesired ray. This mask member
defines a plurality of openings 120 and 121, and the ends
of the respective light guides can be positioned in direct
alignment with these openings. When the shutter 102 per-
mits the passage of light, one of the openings 120 and 121
will pass the light to the light guide while blocking off
undesired rays.

FIGURE 9 illustrates an arrangement which can be
employed for providing a decimal point. A cylindrical
member 122 is located in the front face of the device, and
this member may be of the same material as the light
guides. A socket 123 is provided for a bulb 124 which
can be energized through a suitable electrical lead 125.
It will be obvious when considering the construction of
this invention that a plurality of the devices can be located
in side-by-side relationship to provide for the display
of any desired number of figures. The decimal point can
be illuminated selectively depending upon the values to
be displayed.

The principle of operation of the structure shown in
FIGURES 7, 8 and 9 is as described above. The design is
equally adaptable to a larger number of lamps or to addi-
tional elements in the displayed patterns. A total of 16
elements can be employed to give good presentation of
conventional Arabic numerals rather than the acceptable
but angular-appearing multibar configuration. The method
is equally adaptable to alphabetical displays or to com-
binations with numerals, conventionally known as alpha-
numeric,

If desired, the shutter can be furnished with apertures
which communicate with photoelectric cells whereby out-
going electrical signals may be generated in sympathy
with the angular deflection of the D’Arsonval movement
and with the numeral being displayed. Such signals may
be fed to the related circuitry either to render the system
self-checking or, in some cases, to accomplish the arith-
metic process of “carrying” between units/tens, etc., in
a multidigit readout.

In the foregoing description of the device, the light
source has been illustrated as a conventional filament bulb.
These components may have extremely long life when
correctly manufactured and operated, and this long life
is best achieved when the bulb operates constantly rather
than being switched on and off frequently as in certain
other types of digital display devices. When desired, other
sources of radiant energy may be used (e.g., ultraviolet,
nuclear radiation, etc.), employing an essentially similar
technique and with visible characters produced by fluores-
cence at the viewing screen.

It will be noted that a single light source does not per-
mit the display of an incorrect numeral as is possible when
a single lamp fails in a multilamp display. Even when two
light sources are used in the type of device here described,
it is readily possible to provide an arrangement in which,
in the event of one lamp failing, the displayed image is
evidently incomplete rather than being possibly anomalous
because of failure of illumination to one element. If, for
example, the bars designated 6, 7, 11 and 12 are operated
from one source and those designated 8, 9 and 10 from
the other, the observed image will be recognizably incom-
plete and an anomalous reading will be impossible,

Other useful variations of the basic principles are pos-
sible. For example, the D’Arsonval movement will gen-
erally be preferred because of its excellent sensitivity.
However, other rotational movements might be employed
such as the moving iron or dynamometer types. Alter-
natively, a movement giving a linear rather than a rota-
tional motion could be used with a suitably perforated
shutter. Equally, the shutter could be replaced in any con-
struction by a suitably designed lens system, though it
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would usually be important to avoid burdening the move-
ment with excessive weight.

Further refinements may be added to augment the use-
fulness of such a display device. As noted, photoelectrical-
ly generated signals may be fed into the related circuit
so as to “hold” a given displayed numeral until a “com-
mand” signal permits the display to change. A similar
function can be achieved by a brake, possibly operated
electromagnetically, which will hold a given deflection of
the movement.

If direct operation from “BCD” type signals (e.g., sig-
nals of essentially equal magnitude but having the signifi-
cance of 1, 2, 4 or 8 units) is desired, the deflection coil
of the movement can be furnished with taps at various
numbers of turns so that specific angular deflection (cor-
responding with the display of numerals of the related
numerical significance) will be produced when these sig-
nals are applied either singly or in combination to produce
any of the numerals 0 to 9.

Tt will be appreciated that the references herein to light
guides are intended to cover a variety of elements suitable
for this purpose. Specifically, the light guides may com-
prise a solid transparent material such as plastic or glass.
Fibrous materials have also been employed for such pur-
poses. It is also contemplated that the guides may com-
prise hollow passages through which light is directed by
means of suitably shaped and positioned reflecting or
diffusing surfaces. Where radiation other than light charac-
terizes the operation of the device, the guides will natural-
ly comprise a material suitable for such purposes. In con-
sidering the appended claims, it will be understood that
the term “light” is employed for convenience and is in-
tended to include other types of radiation,

The digital display device described is characterized by
many advantages. The device will display any of the nu-
merals 0 to 9 (or other desired characterizations) accord-
ing to specific electrical signals furnished to it. It is very
sensitive in that the maximum level of signal to be pro-
vided can lie in the region of a few microwatts. The de-
vice will respond to a very small change in signal level to
transfer the display from one numeral to the next, yet in
percentage terms, it is substantially tolerant of any need
for exact levels of applied signals. The device is com-
patible with the types of signals conventionally delivered
by the “calculating” part of the electronic system usuvally
associated with digital readout and requires no coding or
programming matrix. Furthermore, the device is capable
of responding to signals of voltage and current levels nor-
mally encountered in semiconductor circuitry.

Excellent lamp life is provided in that the source of
illumination operates constantly while the device is in use.
Anomalous displays can be avoided by reason of lamp
failure since any such failure is readily apparent. No con-
nections or interaction between the lamp and actuating
circuits are included in the system. The device will re-
spond rapidly and precisely to actuating signals because
the sensitive mechanism is not subjected to significant me-
chanical loading. It has been observed that the device is
inherently reliable, and it is also compact and capable of
being constructed to withstand unfavorable operating con-
ditions. The information density is well related to the
panel space used and a satisfactory ratio of digit size to
digit spacing is readily obtained for easy legibility. Effi-
cient use is made of the lamp light output and adequate
image brilliance is achieved without excessive self-heating.

It will be understood that various changes and modifi-
cations may be made in the devices described which pro-
vide the characteristics of this invention without depart-
ing from the spirit thereof particularly as defined in the
following claims.

That which is claimed is:

1. [A]J In a digital display device adapted to be as-
sociated with a condition responsive apparatus whereby
different numerical values can be displayed in accordance
with changes in conditions, said device comprising a plu-
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rality of light guides defining outer faces arranged to form
a configuration defining the number eight and whereby
combinations of said guides are adapted to form different
numerals depending upon which light guides are illumi-
nated, a light source, light directing means adapted to
direct light to said light guides, shutter means interposed
between said light source and said light guides for selec-
tively directing said light with respect to said light guides,
said light guides comprising relatively small inner ends
[adapted to be algned] aligned with respect to each other
[adjacent said shutter,} and positioned to be exposed to
the light, and wherein said light guides taper outwardly
toward their opposite ends to form rectangular outer
faces, said condition responsive apparatus having a rotary
member which moves in response to condition changes,
and means connecting said shutter means to said [shaft]
rotary member for movement of the shutter means with
the [shaft] rotary member whereby different ones of said
combinations are formed by said light guides in response
to said changes [.1, the improvement wherein said inner
ends of said light guides are positioned adjacent said
shutter means, said light source being mounted coaxially
with said rotary member, said light source transmitting a
light beam rearwardly relative to the position of the outer
faces of said light guides, reflecting means mounted in
the path of said light beam and defining a plurality of
separate reflecting surfaces whereby a plurality of sep-
arate light beams are reflected by said reflecting means in
a direction outwardly of the axis of said rotary member,
said shutter means being arranged around said light
source and between said inner ends of said light guides
and said reflecting means whereby said inner ends are
located out of the path of the direct beam from said
light source and within the path of said separate beams.
[2. A device in accordance with claim 1 wherein said
light directing means comprises a lens arrangement
located between said light source and said shutter means.]
[3. A device in accordance with claim 1 wherein said
light directing means comprises a mirror arrangement
having a plurality of separate light directing surfaces.]
4. A device in accordance with claim 1 wherein said
device is associated with a D’Arsonval movement, and
wherein said shutter is attached to an armature situated
for rotary movement about the axis of said movement.
5. A device in accordance with claim 1 wherein said
light source is mounted coaxially with said movement,
a mirror means defining a plurality of separate reflecting
surfaces located in line with light source whereby a plu-
rality of separate light beams are reflected by said mirror
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means, said shutter means and said inner ends of said
light guides being arranged around said light source out
of the path of the direct beam from said light source and
within the path of said separate beams.}

6. A device in accordance with claim [5]) I including
a mask member interposed between said shutter means
and said inner ends of the light guides, said mask member
defining openings adapted to transmit said separate beams
of light to said inner ends while blocking off undesirable
rays of light.

7. A device in accordance with claim 1 including a
separate light source and light guide member, said light
guide member defining a decimal point on the face of said
device whereby said decimal point is adapted to be illumi-
nated.

8. A device an accordance with claim I wherein the
full extent of said meter movement is divided into a plu-
rality of separate sections, and wherein the number of
numerals adapted to be displayed by said device corre-
sponds to the number of said sections, each of said nu-
merials being adapted to be displayed whenever said meter
movement falls within one of said sections.

9. A device in accordance with claim 8 wherein said
means connected to said meter movement for selectively
directing said light comprises a shutter means, said shutter
means defining a plurality of openings whereby light is
adapted to be transmitted to said light guides through the
openings in said shutter means.

10. A device in accordance with claim 1 wherein said
reflecting means comprises a mirror defining said separate
reflecting surfaces, said surfaces being angularly disposed
for directing said separate beams away from the path of
said direct beam.
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