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ToUCH-RESPONSIVE KEYBOARD 
Edwin J. Quinby, New York, N. Y., and Walter S. 

Oliwa, Orange, N.J., assignors to Monroe Cal 
culating Machine Company, Orange, N. J., a 
corporation of Delaware 

Application January 27, 1951, serial No. 208,216 
8 Claims. (CI. 235-145) 

This invention relates to touch responsive key 
boards such as are applicable to desk machines 
of the type including calculating machines, type 
writers, elevator controls, and other key-operated 
equipment, either directly or remotely controlled. 

It is an object of our invention to provide a 
touch responsive keyboard for calculating ma 
chines, typewriters, and the like, wherein there 
is no need to do more than touch the different 
motionless key-representing areas on a flat sur 
face in order to control and operate the machine. 
Another object is to provide control mechanism 

for a desk machine which is operable in accord 
ance with the selective touching of motionless 
key-representing zones on a flat surface. 

Still another object is to provide electronic 
equipment responsive to signals derived from a 
touch-controlled keyboard having stationary key 
simulating spots arrayed on a flat surface. 

Still another object is to provide translucent 
key-simulating areas on a substantially flat key 
board and means for varying the intensity of 
back lighting of such areas. With the accom 
plishment of this object we are enabled to give 
greater brilliance to any area. Which has been 
touched and thus to indicate a "set-up' of se. 
lecting keys before touching an operate key. 
Another object is to provide means for varying 

the color characteristics of the back lighting as 
applied to metionless keys on a keyboard, or key 
simulating panel. 
The foregoing and other objects and advan 

tages of our invention will be brought out in more 
detail in the description to follow. This descrip 
tion is accompanied by drawings in which: 

Fig. 1 shows in perspective a conventional key 
board of the type with which this invention is 
concerned; . . . . 

Fig.2 shows a cross sectional elevation view 
of one strip of motionless keys in association with 
which there is provided a means for varying the 
color effects of back lighting of the key areas; 

Fig. 3 shows a preferred circuit arrangement 
whereby responses to the touching of key areas 
on the keyboard are obtained and made useful in 4 
the control of a desk machine; and - 

Fig. 4 shows a modification of the circuit ar 
rangement of Fig. 3. 
The basic idea of a touch responsive keyboard 

is one wherein the human finger enters into a 
circuit arrangement when touching one of the 
key-simulating areas of the keyboard. The elec 
tric current which is thus caused to flow through 
the circuit is very minute and when carried 
through the human body cannot be felt, and is 

5 

0. 

15 

20 

25 

30 

3.5 

55 

2 
perfectly harmless. It is, however, capable of 
controlling an electronic element, such as a 
Thyratron tube, and thus to trigger the same, 
causing it to operate a relay fol' performing any 
desired function. The key-representing areas of 
our touch responsive keyboard are each inclusive 
of one or two embedded conductive terminals. 
In one form of our apparatus, each key-simulat 
ing area is provided with only a single circuit 
terminal. The control grid of a Thyratron tube 
is connected to this terminal and is normally 
biased by a resistive connection to a negative po 
tential source terminal for normally holding the 
grid more negative than the cathode. Then, by 
touching the key, the grid potential is brought 
to a triggering point so that the tube fires. In 
other forms of our equipment each key-repre 
Senting area is inclusive of two embedded circuit 
terminals so that when it is touched the human 
finger alone bridges these two terminals and com 
pletes the circuit. This form of apparatus has 
been found to be much more sensitive than the 
One first described. It lends itself also to sensi 
tivity control which we provide for compensa 
tion purposes where the ohmic resistance of the 
human skin varies with different individuals and 
With climatic conditions. 

Referring now to Fig.1, we show therein a con 
Ventional calculating machine keyboard having 
digital rows of keys 2 which are labeled 0 to 9 in 
clusive. In a calculating machine particularly, 
it is also necessary to provide operating keys, 
Such as an add key 3, a subtract key 4, a multipli 
cation key 5, and a division key 6. A clear key 
7 is provided for clearing the machine after per 
forming any desired computation. An error key 
8 is used to restore any erroneous set-up on the 
keyboard before touching any of the operate keys. 

Referring to Fig. 2, the cross-sectional view 
therein represents a portion of one digital strip 
of motionless keys 2. Underlying them are 
mounted individual lamp bulbs 9. Surrounding 
each of the lamp bulbs is a cylindrical member 
0 of translucent material, preferably for use as a 

color filter. Each of these cylinders is mounted 
for rotation on a shaft fl. Different groups of 
Such members having a common shaft i? are pro 
vided for the different digital orders of the keys 
in the computing machine so the shaft f is 
aligned and parallel with the digital key strips. 
We also provide a knurled adjusting disk 2, 

one perimeter portion of which is exposed above 
the plane of the keyboard so that the color filter 
ing cylinders may be rotated as a digital order 
group to bring any desired one of several possible 
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color selections between the lamps 9 and the 
translucent keys 2. The variation in Color may 
be within any desired range in the visible Spec 
trum. The advantage of having a COinon COin 
trol for the color effects with respect to each 
digital order of the keys is that if it is desired 
to separate two adjacent columns of keyS by an 
indication of the decimal point location, these 
two columns can be distinguishably colored. 
We have found it to be of advantage to pro 

vide normally din lighting of all the keys of 
the keyboard until any of them are touched; then, 
as part of the touch-responsive action, the light 
intensity is autornatically increased under the 
keys that have been touched. 
means for adjustable control of the light in 
tensity levels both under stand-by conditions 
and after the keys have been touched. ThuS 
rheostats are included in the lighting circuit.S 
for our touch-responsive keyboard so that the 
two levels of brilliance may be controlled inde 
pendently to meet varying conditions of incident 
lighting and to satisfy the demands of the in 
dividual operator. For this purpose, a control 
knob 3 on the side of the nachine is used to 
adjust the initial brightness for stand-by light 
ing conditions, and another control knob 4 is 
used to adjust the full brilliance of those keyS 
that are touched. 
The sensitivity adjustment which Was men 

tioned above preferably utilizes a control knob 
f5. The circuit arrangements which are con 
trolled by these knobs 3, 4 and 5 will be 
Set forth in the ensuing description of Fig. 3. 

In the circuit diagram of Fig. 3 We show SOrne 
of the key positions 2 of a single digital Order 
in a conventional computing nachine. We also 
indicate Several Operating keys 3 to 8 inclusive 
as in Fig. 1. Each of these keys is constituted 
as one or two exposed conductor terrinina is en 
bedded in a key-representing portion of an in 
Sulated plate or table . The lattei is prefer 
ably composed of translucent plastic. 

In the embodiment of Fig. 3, each of the keys 
2 to 8 inclusive comprises an annular metal termi 
Inal 6 and another metal terminal f. The size 
and Shape of terminal 7 is not critical. In a 
preferred form, the character designations may 
be of metal Supported by the insulating nateria 
Within the circular area of each key. Each 
metallic character must itself be a circuit termi 
nal in that case and be exposed to be touched 
at the same time as the ring 6. The terminal 
6 is connected to the first grid of a gaseous dis 
charge tube while terminal 7 is connected to 
a bus line leading through resistor 9 and thence 
to a manually controiled switch 2) having two 
positions. In one of these positions, connection 
may be made from ground through the resistor 
9 to all of the key terminals . In the other 

position of the Switch 20 it is arranged to sup 
ply a positive voltage of, say, 24 volts D. C., to 
each of the terminals 1. The voltage of this 
Source is not Critical, but may, if desired, be as 
high as 100 volts. 
Each of the gaseous discharge tubes 8, 25 and 

33 is preferably of the tetrode type. That is to 
Say, it has an anode, a cathode and two grids, 
the first grid being a control grid and the sec 
Ond grid being a shield grid in connection with 
the cathode. 
Each of the anodes in the tubes 8 is individ 

ually connected through the winding of a relay 
2 and thence to a bus line 22 leading through 
contacts 23 of a circuit opening relay 24. This 

We also provide 
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relay is designed for fast-operate-and-slow re 
lease action. A D. C. potential of, say, 140 Wolts 
is supplied through bus 22 to each of the Wind 
ings of relays 2 and thence to the anodes of the 
respective gaseous tubes 8, except when relay 
24 is operated to open its contacts 23. The Cath 
Odes of tubes 8, 25 and 33 are grounded, aS is 
the negative terminal of the 140 WOlt Source. 
The bus 22 is extended to the Windings of re 

layS 23 and 34 as Well as relays 2 . The keys 
2 control gaseous tubes 25 individually. When 
any of these tubes is triggered the relay 23 or 
34 which is in series therewith operates. 
There is a relay and gaseous tube circuit corre 

Sponding to each of the Selecting keys 2 and also 
corresponding to each of the operate keys 3-8 
inclusive. Relays 2 have different control func 
tions to be performed in the operation of a 
machine. That is to say, they cause a calculat 
ing machine, for example, to be electrically con 
trolled the same as though its conventional key 
board were to be manipulated. Accordingly, each 
of these relays has circuit closing contacts 26 
for applying ground potential to Some one or 
another of the various control circuits by which 
a computing machine may be electromagnetically 
Operated. 

Since the keys 2 have a selecting function to 
be performed prior to the “operate' function of 
the keys 3- inclusive, it will be understood that 
circuit closures made by contacts 27 of the oper 
ated relays 23 will be used to carry out any of 
the normal Selecting functions of a calculating 
machine keyboard. Thus, the grounded relay 
contacts 2 when closed against their respective 
front contacts will serve to carry out, these key 
Selecting functions, and to operate any electro 
magnetic devices that may be provided in the 
Calculator. 

Operatively associated with each of the relays 
23 is One of the indicating lamps 9 that were re 
ferred to in the description of Fig. 2. In order 
to vary the intensity of the lighting in these 
lamps beneath the key spot areas, transfer con 
tacts 28 on relays 23 are used. Each of these 
transfer contacts, when resting against its as 
Sociated back contact, causes a potential to be 
fed to the connected lamp 9 from an inter 
mediate tap 29 on the secondary winding of a 
transformer 30. The primary winding of this 
transformer is supplied from any suitable alter 
nating current Source, say 115 volts and 60 cycles. 
This tap 29 is connected to the said back con 
tacts of relays 23 through a rheostat 3 which 
is adjustable by means of the control knob 3, 
as Shown in Fig. 1. The front contacts asso 
ciated with the movable contacts 28 on relays 23 
are all connected through another rheostat 32 to 
an outer terminal on the secondary winding of 
transformer 30. Thus, the full voltage across 
this Secondary winding may be supplied through 
the rheostat 32 to the lamps 9 whenever an asso 
ciated relay 23 is operated. The return circuit 
Common to all of the lamps 9 is connected to the 
other outer terminal on the secondary of trans 
former 30. 
Operatively associated with the error key termi 

inals 8 is a gaseous tube 33, the connections for 
Which are similar to those of the other tubes. 
The anode of tube 33 has a connection through 
the Winding of a relay 34 to the bus line 22 and 
thence through the circuit-breaking contacts 23 
on relay 24 to the positive D. C. source (140 v.). 
Since the error key has no function to perform 
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other than to restore any erroneously touched 
keys 2, we have not shown this key as having any 
functional control circuit leading to the calculat 
ing machine proper. In operation, the error key, 
when touched, will perform its service as follows: 
By bridging the two terminals in key 8 the first 

grid of tube 33 is driven positive, or at least is 
supplied with ground potential which is sufficient 
to trigger the tube 33, its cathode being grounded. 
Therefore, tube 33 operates as a switch to comi 
plete a circuit from ground through the winding 
of relay 34 and thence through the circuit-break 
ing contacts 23 of relay 24 to the --140 v. termi 
nal of the power supply. Relay 34, upon operat 
ing, closes its contacts 35 and supplies an operat 
ing potential to one terminal on the winding of 
relay 24, the other terminal of which is grounded. 
Operation of relay 24 therefore follows in se 
quence to the operation of relay 34 and opens the 
circuit of the latter. At this point, de-ionization 
of tube 33 takes place and relay 34 releases, opens 
its contacts 35 and causes relay 24 to be re 
leased. Since this is subsequent to the de-ioniza 
tion of tube 33, the entire system is restored to 
normal. The correction of any error which was 
incident to the improper touching of keys 2 also 
takes place due to the open circuit condition at 
contacts 23 of relay 24 whence current is no 
longer supplied to the bus 22. Therefore, any 
triggered tubes 25 which may have been fired by 
the keys 2 will also be extinguished. 
As a safeguard against the possibility that some 

One or more of the Thyratron tubes may not be 
completely deionized by opening their common 
anode potential supply line 22 and again closing 
it when relay 24 releases, it is perhaps desirable 
to connect a bleeder resistor 47 between the line 22 
and ground. This resistor could have a value of, 
Say, 20,000 Ohrns if desired, and would serve to 
quickly lower the voltage of the line while relay 
24 is operated so as to be far below the ignition 
voltage until contacts 23 of relay 24 are again 
closed. 
The mode of operation of the error key 8 and 

its associated gaseous tube 33 and relay 34 is 
typical of the operate keys 3-7 inclusive when 
any of the latter are touched. These keys, as has 
already been explained, serve to control the con 
ventional electromagnetic equipment of a calcu 
lating machine. It is necessary, however, when 
any of the conventional operations are performed 
to restore the keys of the keyboard. In this case, 
there is no mechanical operation to be performed 
but the lamps 9 must be reduced from their full 
brightness to their stand-by dimness. So, each of 
the relays 2 f is provided with a movable contact 
36 by which a circuit may be closed through the 
winding of relay 24, thus to remove (by circuit 
Opening contacts 23) the voltage that was sup 
plied through bus 22 to any of the operated re 
lays, including the selected relay 21 and as many 
of the relays 23 as may have been operated. 

All of the relay contacts 36 are connected in 
the Same manner and in parallel between the 40 
volt bus line 37 and the common conductor 38 
leading to the winding of relay 24. Relay 24 
therefore responds equally well and in the same 
manner to the prior operation of any of the relays 
2 for 34. In other words, after any of these relay 
Operations, all of the fired gaseous tubes are ex 
tinguished, the positive voltage having been re 
moved from their anodes. 
We have found that there is a need in a device 

of this type for adjusting the normal bias on the 
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6 
grids of the gaseous tubes to meet different c. 
matic conditions as well as those of the variation 
in the ohmic resistance of the human flesh or 
skin when electrically bridging the terminals of 
the keys. We therefore supply a sensitivity ad 
justment in the form of a rheostat 39, the movi. 
able contact of which is connected to a bus line 
40 and thence through separate grid resistors 41 
to each of the No. 1 grids in the gaseous tubes 8, 
25 and 33. The terminals of rheostat 39 are cons 
neeted, one of them to ground and the other to 
the negative terminal of a grid biasing source 42. 
The positive terminal of this source is also 
grounded. It will be seen that from this air 
rangement the normal bias applied to the control 
grids of the gaseous tubes may be adjusted to any 
suitable value between ground potential and the 
negative potential of source 42. Thus, variations 
of the human sensitivity adjustment may be made 
readily, using the control knob 5 for this ad 
justment. It will be seen also that this adjust 
ment is supplemental to and cooperative with 
the adjustment of bias on the insulated key termi 
nals f as obtained by transfer of switch contact 
20 from a ground connection to a -i-24 volt coni, 
nection, or vice versa. 
The circuit arrangement shown in Fig. 4 rep 

resents a modification of the invention. The 
touch-responsive keys 2 are such that each one 
has but a single electric circuit terminal which 
is connected to the control grid of a gaseous disa 
charge tube 25 to be triggered. So 
The conductivity to ground through the human 

body is relied upon for driving the control grid in 
tube 25 Sufficiently positive to cause the tube to 
be fired. In order to produce this effect depend 
ably a two-fold biasing adjustment is desirable. 
The cathode of tube 25 in this embodiment is 

normally maintained at a potential which is 
Suitably adjusted between two values the posi 
tive limit of which is ground potential and the 
negative limit of which is the negative voltage 
of the biasing source 42. The movable tap on 
rheostat 45 serves this purpose. 
The control grid of tube 25 is also maintained 

at Some potential which is negative with re 
spect to the cathode but which is sufficiently close 
to the threshold of the firing potential so that 
the tube 25 can be rendered controllable upon 
touching the key 2. The necessary adjustment 
is readily made by means of a rheostat 43 have 
ing a movable tap 44. This tap is connected 
through a grid resistor 4 to the control grid of 
tube 25 and also to the metallic terminal is of 
key 2. 
When the taps 44 and 46 are properly adjusted 

on their respective rheostats 43 and 45 it has 
been found that the circuit arrangement of Fig. 
4 provides an operating component for the touch 
responsive keyboard which is not only depend 
able, but also economical to manufacture. This 
embodiment also has the advantage that there 
is no need for a second terminal in each key, and 
therefore the entire area within a ring-like ter 
minal (to be touched) is made available for back lighting and for displaying a designating chara 
acter. 
Other modifications of the invention may also 

be made by those skilled in the art but without 
departing from the spirit and scope of the in 
vention itself. Furthermore, it will be apparent 
that our improved touch-responsive keyboard is 
capable of adaptation to most of the require 
ments of conventional keyboards and may serve 
to selectively control and operate any of a wide 
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range of utilization devices and different types 
thereof. 
We claim: 
1. A keySet comprising a translucent table of 

insulating material, conductor terminals exposed 
on the front side of said table and placed ac 
cording to keys of a conventional keyset, gase 
Ous discharge tubes each fired by a finger touch 
on a respective One of Said terminals, relays op 
erated, each on firing of said tube lamps each 
arranged and adapted to illuminate a different 
Small area Surrounding one of said conductor 
terminals, a “stand-by voltage' source for light 
ing Said lamps dimly, an “indicating voltage' 
Source for lighting selected ones of said lamps 
with additional brilliance in response to the op 
eration of corresponding ones of Said relays, and 
adjustable rheostats in the circuits of said lamps 
whereby the intensities of illumination are regul 
lable both under “stand-by' and “indicating' 
conditions. 

2. In a keyboard of the class described, an in 
Sulating table having exposed contacts mounted 
thereon in a key-Simulating array, a plurality 
of gaseous discharge tubes for selective control 
of utilization devices, each tube having electrodes 
for Space path conduction and a control electrode 
to produce Such conduction, an electrical con 
nection between each said control electrode and 
a corresponding contact in Said array, operat 
ing and biasing potential sources suitably con 
nected to the electrodes of each of Said tubes for 
maintenance of the same in one of two stable 
states, a relay connected to each tube and ener 
gized when the latter is in a conducting state 
and control circuits for selective application of 
ground potential to desired ones of Said control 
electrodes, each of said control circuits being 
closeable through the flesh of an operator when 
touching one of said contacts. 

3. In a touch responsive keyboard, the com 
bination of a plurality of conductor terminals ar 
ranged as keys, a gaseous discharge tube for each 
terminal having an anode and a grid means for 
normally maintaining the grids of said tubes at 
a potential adapted to cut off the tube, each said 
grid being connected to a said terminal to effect 
firing of its tube on contact of a finger with the 
terminal, a relay connected to the anode of each 
tube and operated on firing of the latter, means 
to illuminate each Said terminal dimly, means 
controlled by each relay to increase the brilliance 
of the illumination of the associated terminal on 
Operation thereof, and utilization means con 
trolled by the operation of said relays. 

4. In a touch responsive keyboard, the combina 
tion of a plurality of conductor terminal pairs 
arranged aS keys, each pair being adapted for 
bridging by a finger, a plurality of gaseous dis 
charge tubes normally biased beyond cutoff, but 
each fired on bridging of the associated termi 
nals, means for So biasing Said tubes, said means 
being by-passed by the bridged terminals a re 
lay in circuit with each tube and operated on fir 
ing of the latter, means for normally illuminat 
ing each terminal pair dimly, means controlled 
by each relay for increasing the brilliance of the 
illumination on its terminals, and utilization 
means controlled by each relay. 

5. In a touch responsive keyboard, the com 
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8 
bination of a plurality of conductor terminal 
pairs arranged aS keys, each pair being adapted 
for bridging by a finger, a plurality of gaseous 
discharge tubes normally biased beyond cutoff, 
but each fired on bridging of the associated ter 
ninals, means for So biasing said tubes, said 
means being by-paSSed by the bridged termi 
nals means for adjusting the bias on the tubes 
to compensate for differences in conductivity of 
human fingers, a relay in circuit with each tube 
and Operated on firing of the latter, means for 
nornally illuminating each terriniinal pair dimly, 
Ileans Controlled by each relay fol' increasing the 
brilliance of the illumination on its terminals, 
and utilization means controlled by each relay. 

6. The combination according to claim 3 and 
including rheostat means for adjusting the bias 
On the tubes to compensate for differences in con 
ductivity of the human body. 

7. The combination according to claim 6 where 
in the means for illuminating the terminals dim 
ly and the means for increasing the brilliance 
of the illurlination include a lanp for each ter 
minal, a first circuit cominon to all of the lamps 
and effective to illuminate each lamp dimly 
When the aSSociated relay is de-energized, a Sec 
ond circuit, common to all of the lamps and effec 
tive to illuminate each anp more orightly When 
the associated relay is energized and an adjust 
able rheoStat in each Said circuit to control the 
brilliance of the laps under both conditions. 

8. The combination according to claim 5 where 
in the means for iurninating the terminals dim 
ly and the eans foir increasing the brilliance of 
the illumination include a lamp for each termi 
nal, a first circuit common to all of the lamps and 
effective to illuminate each lamp dimly when the 
aSSociated relay is de-energized, a Second circuit 
Coinnon to all of the lanpS and effective to 
illuminate each lamp more brightly when the 
asSociated relay is energized and an adjustable 
lheostat in each Said circuit to Control the bil 
liance of the lamps under both conditionS. 

EDWIN J. QUIN BY. 
WAERS. O.W.A. 
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