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7 Claim. 

This invention relates to accounting or tabu 
lating machines which are controlled by tabu 
iator record cards or sheets for effecting the 
sorting of the records into groups, the accumu 
lating of the items on the records, the listing 
of the items, the printing of the totals of the 
items, or other related accounting operations. 
The control of the operations of accounting or 
tabulating machines has, previous to this inven 
tion, been eifected by means of index points in 
the form of perforations. The perforations were 
positioned variously in a record ?eld according 
to the data interpreted. It was also necessary 
to represent a character, in most known code 
systems by a plurality of perforations, arranged 
in separate adjacent columns, thus resulting in 
increasing the minimum width of a record sheet. 
The employment of a code, required a skilled 
operator to read and transpose from the writ 
ten data into variously positioned perforations 
on the record. The transposition of the writ 
ten data to the record required a special punch 
ing operation. The index points in the form 
of perforations were sensed by an analyzing 
means, usually a pair of contacts which were 
made through the perforations. The analyzing 
means then set up the sorting accumulating or 
printing mechanisms in accordance with the 
analysis. 
The object of this invention is to control the 

accounting of tabulating machines by index 
points on the records other than in the form of 
perforations for example, by means of printed 
characters. The invention includes the provision 
of an analyzing device which may be controlled 
by the form of the index point, its shape, size, 
or other physical characteristics. The analyzing 
mechanism may ‘operate by means of radiant 
energy, regulated by the index point or charac 
ter on the record. The radiant energy may take 
the form of light for energizing sensitive cells. 
The object of this invention is, further, to analyze 
the index points or characters by means out of 
contact with the record during analysis. It is 
also an object of this invention to cause differ 
ential operation of the accounting mechanisms 
not by means of variously positioning the index 
points in the record ?eld but by varying the form 
of the index points. The latter may be located 
in the same position onthe record to diiferen 
tially control the operation of the accounting 
mechanisms, its position in the record ?eld be 
ing immaterial. The analyzing means, accord 
ing to this invention, sets up circuits, varied ac 

(Cl. 235-92) 
cording to the analysis, for operating the ac 
counting mechanisms. 
Other objects of this invention will be disclosed 

and pointed out in the succeeding portions of the 
speci?cation. 
In the drawings; . 
Fig. 1 shows the characters 0-9 positioned in 

the standard record ?elds with a. showing be 

5 

neath each character of its resulting representa- m 
tion in a four point code. 

Fig.2 shows the code points in a standard ?eld. 
Fig. 3 is a table showing the combination of 

points corresponding to each character. v 
Fig. 4 shows the optical analyzing device. 
Fig. 5 is a top view of the photocells unit of 

the device shown in Fig. 4. 
Fig. '6 is a schematic showing of a sorting ma 

chine using the optical analyzing device. 
Fig. 7 shows the optical analyzer applied to a 

tabulating machine. 
Fig. 8 is a detail of Fig. 7 showing the parts 

when digit 4 is under the analyzing light. 
Fig. 9 is a detail of Fig. '7. 
Fig. 10 is a modi?cation of the device shown 

in Figv '1. > 
Fig. 11 shows an alternate system of causing 

variations in the analyzing light by the form of 
the printed characters. 

Fig. 12 is a graph showing the proportion of 
the ?eld covered by eachvcharacter and the re 
sulting current. 

Fig. 13 is a schematic showing of a form of 
sorter used with the characters of Fig. 11.‘ 

Fig. 14 is a detail -of the analyzers used in 
Fig. 13. 

Fig. 15 is a detail of Fig. 13. 
Fig. 16 is a schematic showing of a tabuiator 

for records using the character system of Fig. 11. 
Referring to Figs. 1, 2 and 3, the record card 

or sheet has a number of equal portions or ?elds 
20a, in each of which is printed, in accordance 
with the statistics to be tabulated, one of the 
digits 0-9 in heavy black type. If four imaginary 
points be arranged in each ?eld as 'A, B, C, and 
D, (see Fig. 2) then each digit when printed in 
the ?eld will cover one or more of the points, 
depending on the contour of the digit.‘ For exam 
ple, character 0 will cover points A and D, leav 
ing B and C exposed (as shown by the unprinted 
field below the printed digits where‘ the black 
points are those covered and the white points 
those exposed); digit i will cover points B and 
C, leaving _A and D uncovered; digit 2 will cover 
points A and C, leaving B and D uncovered; etc. 
Each digit will cover and uncover a diiferent com 
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bination of points thus providing a different code 
vfor each character as tabulated in Fig. 3. Now 
if a single record ?eld 20 be exposed as in Fig. 4 
to a beam of light, hereinafter termed the analyz 
ing beam, directed at an angle from the source 2| 
through a lens 22, the rays of light will be re 
?ected by the exposed or white surfaces of the 
record ?eld and be absorbed by the black surfaces 
or digit printed on the ?eld. The re?ected rays 
will pass through a lens 22 which will direct 
them on a transparent plate 24 such ‘as plate 
glass, thus reproducing on said plate an image 
of the record ?eld. Below the plate, in a frame 
25 are arranged four light sensitive cells 25, such 
as potassium cells, in the same order and posi 
tion relative to the re?ected ?eld 21 as imaginary 
points A, B, C and D in the actual record ?eld. 
Since the re?ected ?eld is dark in portions cor 
responding to the character on the actual record 
?eld, those cells which are directly under the 
dark portions will not be energized as represented 
by the black points of Fig. i. For example, if 
digit 0 be re?ected on ?eld 21, cells 22A and 28D 
will not be energized while cells 268 and 22C will 
be exposed to the beam of re?ected light and be 
energized. It is, of course, understood that the 
form of the digit may be varied, that the num 
ber of cells may also be varied both in number 
and arrangement or either; that, instead of digits, 
letters or other characters may be used; and 
that in each case, the printed character may be 
so shaped as to cover a different combination of 
basic points, thus giving a distinctive character 
istic to each character. 
One adaptation of this method of energizing 

light sensitive cells in combinations selected by 
a printed digit on a record card or sheet is in con 
nection with a record sorting machine shown in 
Fig. 6. The picker blade 22, of any well known 
type, feeds one record card at a time from a mag 
azine 25 to an analyzing station 22 where one 
?eld of the card is held exposed to the analyzing 
beam which re?ects the digit occurring on the 
?eld onto the plate 24, resulting in energizing the 
cells in frame 25 according to the code of Fig. 3. 
When the reflected light strikes the photo cell, 
a current is produced in the cell which is am 
pli?ed in a well known manner by amplifying 
unit 2i connected to each cell consisting prefer 
ably of vacuum tubes. The ampli?ed current 
from each cell energizes a magnet 22 to cause it 
to attract its armature 22 which, by a connecting 
link 24, swings one of the de?ectors 25 of the 
sorter to open position. To time the action of 
the magnets, a cam 24 moving in synchronism 
with the picker 2| closes contacts 21 at the proper 
time to complete the circuit from the photo cells 
through the magnets. Until the card has reached 
its proper pocket 22, the de?ectors are held open 
by a detent 29 rigid with an armature 42, thus 
holding each armature 22 in its actuated position. 
At the end of the machine cycle, the circuit 
through all the magnets 4| is completed by a 
cam 42 closing contacts 42, thereby attracting 
armatures 40 causing the detents 22 to release 
the armatures 22 which return to their normal 
position. It will be understood that the combi 
nation of de?ectors opened depends on the com 
bination of energized cells, which in turn is se 
lected by the digit on the ?eld which is being 
then analyzed. 
The adaptation of the invention to one form 

of a tabulating machine is shown in Figs. 7, 8 
and 9. As is usual in tabulating machines, for 
each record column, or in this case record ?eld, 

2,000,403 
there is provided an individual analyzing, accu 
mulating and printing means. For the purpose 
of simplifying the explanation, only one such unit 
is illustrated and described. Thus Fig. 7 shows 
the mechanism operating to analyze, accumulate 
and print in accordance with the digit contained 
in one standard record ?eld 20. The analyzing 
beam energizes cells 26 in accordance with the 
character code hitherto explained and the re 
sulting current is ampli?ed by units 2| to ener 
gize translating magnets 22, at a period in the 
cycle determined by cam 36 closing contacts 31, 
as in the previous machine. In this case, the 
magnets 22 serve to control the differential mech 
anism which actuates the accumulator and print 
er in accordance with the analyzed digit. Mag 
nets 22, upon energization thereof in accordance 
with the code, attract armatures 44 linked with 
contact ?ngers 45 by means of rods 46. After 
actuation, the armatures are retained in posi 
tion by detents 41 which are moved to release 
the armatures at the end of the cycle, by a bar 
42 having lugs 49 contacting the detents. Bar 
44 is actuated by armature 50 attracted by mag 
net 5l when contacts 52 are closed at the end 
of the cycle by a cam 52. A commutator 54 is 
provided with ten conducting segments 55, corre 
sponding in succession to the digits II to 9. R0 
tating in synchronism with the movement of type 
bar 55 is a pair of diametrically opposed brushes 
51, 51'. In the rotation of the brushes, contact 
will ?rst be made with the segment correspond 
ing to digit 0 then with the segment correspond 
ing to digit I, etc. Fig. 8 illustrates the position 
of the contact ?ngers 45 when digit 4 is analyzed. 
The code for digit 4 (see Fig. 3) results in ener 
gizing cells 25A and 26B, causing magnet MA 
to move the contact ?nger 45A to close contacts 
52A and magnet 2 IE to close contacts 588. When 
the brush 51 reaches the commutator segment 55 
corresponding to digit 4, a circuit is completed 
from power source line 60 through cam closed 
contacts ‘I, contacts 52A, 58B, the ?fth com 
mutator segment 55, the brush 51, brush 51', line 
52, magnet 63 and back to the other line 24 of 
the power source. This circuit results in ener 
gizing magnet 42 causing it to attract its arma 
ture 65 as more fully shown in Patent 1,780,685 
to release a toothed detent member 66 for en 
gagement with a toothed portion 51 of type bar 
58 moving in synchronism with the rotation of 
the commutator brush 51. When stopped by the 
toothed member, the type bar has a type lug 55 
(Fig. 9) corresponding to digit 4 in printing posi 
tion. At the beginning of the rising movement 
of the type bar, an accumulator wheel 10 is de 
meshed from a rack 11 on the type bar in a man 
ner fully shown in said Patent No. 1,780,685. 
Upon descent of the type bar after printing, the 
wheel is thrown into mesh with rack 1| to cause 
it to rotate four steps. For a more complete and 
detailed explanation of the aforesaid accumulat 
ing and printing mechanism shown in Fig. 9, ref 
erence may be had to said Patent No. 1,780,685, 
dated November 4, 1930 and assigned to the as 
signee of the instant case. 
In Fig. 10 is shown a modi?ed form of tabulator 

control which differs from the previous form in 
that the control magnets connected to the light 
responsive cells are dispensed with. In this form r 
a constantly rotating semi-conductor, such’ as an 
agate roll 12 for example, having a high contact 
resistance, as is well known, is associated with a 
plurality of metal strips 12 one end of each of 
which is connected to a spring 14 to hold the 
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strip'in sliding engagement with thevroll 12.‘ The 
tension of the spring is such that the iriction 
between the roll and strip is not sumcient to 
cause movement 0! the strip in response to the ro 
tation of the roll. In other words, the roll nor 
mally rotates freely without affecting the strip. 
Each strip is connected to one terminal 01.’ one of 
the light responsive cells 29 and the roll is con 
nected to one terminal of a power source S the 
other terminal of which is connected to the tree 
terminals of the cells. A pair of cam-controlled 
contacts 15 is provided in series with the power 
source to prevent energization of the circuits ex 
cept at such times as the records are in analyzing 
position,.as is usual in these machines. When 
any of the cells 29 are energized in response to 
light rays, circuits are established extending from 
the roll through the cells in question to the strips 
connected therewith and the resulting condenser 
action between the roll and strips causes an elec 
trostatic attraction between them, whereupon the 
strips are held ?rmly to the roll and move with it. 
The movement of a strip shifts the associated 
switch member or members 49 in accordance 
with the particular digit on the controlling record 
?eld to differentially interruptthe upward move 
ment of the corresponding type bar, as in the pre 
vious modi?cation, shown in Fig. 7. The relay 
‘l2, 13 being operated by a very low current, there 
is a possibility that even a photo cell in the dark 
portion of the ?eld may have sumcient minimum 
current to actuate the relay. To counterbalance 
the Iorce of this minimum current, springs 19 are 
provided to hold down the links actuating the 
switches 45. 
In Fig. 11 is‘ shown a system of printing char 

acters on a standard ?eld 29a which does away 
with the necessity oi‘ analyzing the ?eld at pre 
determined basic points. The characters are dif 
ferentiated from each other by varying their rela 
tive sizes, each character covering a di?erent 
percentage 0 of a. standard ?eld. It - characters 
0-9 for example be printed on the ?elds 2911, 
they may be varied in area according to the per 
centages marked in Fig. 11. If the analyzing 
beam of light be directed with uniform intensity 
at all portionsof the ?eld, the quantity of light 
re?ected toward the photo cell unit will be varied 
according to the area of the ?eld covered by the 
character. In this system, only one photo cell is 
required for each analyzing mechanism, which 
cell will have a current produced therein varying 
with the quantity of light re?ected and conse 
quently with the size oi’ the character. Each 
character thus produces a different current in the 
photo cell as illustrated by the dotted line in Fig. 
12 which also shows the graph of the area 
covered by the characters of Fig. 11, the in 
tensity of the current varying inversely as the 
area of the character which constitutes the black 
portion of the ?eld. 
In Fig. 13 is shown an adaptation of this system 

to a sorter for record cards. The rotating picker 
device 11 feeds one card at a time from magazine 
19 to a series of feed rollers 19 which conduct the 
card beneath a series of photo cells 89, one for 
each sorting pocket 9|. The card ?eld is il 
lumined diagonally at each sorting station by an 
individual light source 92 (Fig. 14). The rays of 
light re?ected from the ?eld are concentrated by 
means of a converging lens 93 on the transparent 
plate 84 above which is the photo cell 99. The 
current in the photo cell energizes a magnet 95 
corresponding thereto to attract its armature 
86 and raises de?ector 91 to intercept the advanc 

'3 
ing card. causing it to drop into the pocket ll. 
As in Fig. 16, the magnet coil 95 for each pocket 
has a different number of ampere turns, the mini 
mum number of turns being on the magnet in the 
reject pocket, taking care ~o1 blank ?elds, the next 
higher number of turns on the magnet in the 9 
pocket and the greatest number of turns on the 
magnet in the 9 pocket. In Fig. 13 the 9 pocket 
is omitted for lack of space. The card passes 
successively through the reject sorting station 
the l sorting station, the I sorting station, the 
2 sorting station, etc., in the order indicated. It 
is known that the magnetic attraction of a coil 
varies directly as the number of ampere turns. 
If, for example, digit 5 is on the card ?eld, it 
will pass successively under the analyzing cells for 
the reject 9, I, 2, 3 and 4 pockets. The current 
produced in any of these cells energizes the mag‘ 
nets for these pockets but the magnetic ?eld 
set up by the coils of these magnets is insuilicient 
to attract their armatures. When the card 
reaches the l analyzing cell, the number of am 
pere turns of the magnet in the 5 pocket is sui 
?cient to attract the 5 armature and hence guide 
the card into the 5 pocket. To hold the'armature 
in position till the end of the cycle, after actua 
tion, a detent 99 is provided, behind which the 
armature 86 snaps as soon as it is attracted. At 
the end 01' the cycle, a magnet 89 under control of 
cam 99 closing contacts 9|, actuates detent I! to 
release the armature 96. The current through 
the cells, and the magnets is completed when the 
cards are in their proper position in front of the 
photo-cells, by means of contacts closed by cam 
92. > 

In Fig. 16 is shown a tabulating machine built 
for the system of character differentiation illus-' 
trated in Fig. 11. The analyzing device used in 
this machine contains only one photo electric 
cell which is controlled by the analyzing light 
from a source 2|. The light passes through lens 
22 and falls upon the ?eld 290. having the char 
acter printed thereon, the image of the card ?eld 
being concentrated onto the transparent plate 
93, behind which is the photo cell 94 energized 
in proportion to the quantity of light cast on the 
plate.‘ The photo cell current is then ampli?ed 
by the ampli?er unit 95 and ?ows through 10 
magnet coils 95’ in series, each magnet coil hav 
ing a different number of turns, graduated to 
correspond to the size of the black portion of the 
character ?eld. Upon passage of a card ?eld 
'through the analyzing beam, a current is produced 
in the photo cell which varies in intensity in-v 
versely as the black area of the character, the 
strongest current thus produced being for digit 9 
and the smallest for digit 9 (see the graph, Fig. 
12). For each current ?ow through the series 
of magnet coils, that coil which corresponds to 
the digit in the illuminated position and those 
coils corresponding to the digits larger than the 
one in said position, will be su?lciently energized 
to attract their armatures 96'. Thus upon the 
passage of digit ll through the illuminating ?eld, 
the maximum intensity of current will be pro 
duced which is su?lcient to energize all the mag 
net coils to attract their armatures. Upon the 
passage of a 4 digit, the current produced is not 
sumcient to make e?ective the magnets corre 
sponding to digits 0, I, 2 and 9, but does make 
effective magnets corresponding to 4 to 9, inclu 
sive. The attraction of an armature 99' results 
in its actuating one of a series of detent bars 
91-9 to 91-9 inclusive to engage a toothed seg 
ment 99, moving with which is the series o! 
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4 
type lugs II. An accumulator wheel III is ro 
tated by the teeth III 01' the segment II. Upon 
thepsssageolsldigitasexplainedallthe 
armatures will be actuated; consequently all the 
detents I‘I will be actuated and, as a result, oscil 
latlon of the segment is completely prevented, a 
lug III being engaged by the detent I'l-I cor 
responding to the I. When a digit higher than 
I is analysed, the segment will oscillate until 
lug III contacts the detent corresponding to the 
analyzed digit, which is the ilrst of all the raised 
detents. By means not necessary to an under 
standing of this invention, the hammer III is 
actuated to strike the type lugs II, when the 
segment comes to rest, and print on the paper 
III. The segment is provided with means (not 
shown) to cause it to move as soon as the detent 
bars U have been actuated, and the accumulator 
wheel is disengaged (by means not shown) from 
the drive of the teeth III , upon the return stroke 
of the segment. It is, of course, understood that 
as many mechanisms, like that shown in Fig. 16 
are provided, as there are columns on the record 
card or sheet. 

It is apparent that in the above described 
machines, means are provided to prevent light 
not re?ected by the card ileld irom reaching the 
photo cells. 

It is understood that the invention may be 
carried out in a great number of ways and by 
a variety of means. 
The record card per se terms the subject mat 

ter oi my copending application, Serial No. 
202,806, ?led July 1, 1927. 
What is claimed is: 
1. An device for controlling statisti 

cal mechanism from records bearing character 
designations, said device comprising a single light 
sensitive element, means including a source of 
light for examining a character designating held 
on the records and cooperating with the records 
to subject the single light sensitive element to 
diii'erent amounts of light according to designa 
tions of diii’erent characters on the record held, 
and selective means controlled by the light sensi 
tive element according to the different amounts 
of light to which it is subjected. 

2. An analyzing device for controlling statisti 
cal mechanism from records bearing visually 

2,000,408 
readable characters, each distinct character cov 
ering a diiierent proportion of a delimited area. 
comprising a single light sensitive element, means 
including a source or light for examining the de 
limited character baring area on the records and 
cooperating with the delimited area on the records 
to subject the single light sensitive element to 
diiierent amounts of light according to the pro 
portion of the area covered by the characters 
represented thereon, and selective means con 
trolled by the light sensitive element according to 
the di?erent amounts oi light to which it is 
subjected. 

3. In an ‘accounting machine having a plu 
rality o! movable elements adapted to be dit 
ierentially set, a plurality oi electromagnets 
adapted to control the setting of said elements, 
said magnets being connected in series. and a 
light sensitive device associated with said mag 
nets ior controlling the energization thereof. 

4. The invention set forth in claim 3 in which 
the diiierent magnets are designed to be operated 
by diiterent amounts of current. 

5. In an accounting machine having a plurality 
of movable elements adapted to be di?erentially 
set, a plurality of electromagnets connected in 
series for controlling the setting of said elements, 
the different magnets being designed to be op 
erated by diiierent amounts of current, a light 
sensitive device associated with said magnets for 
controlling the amount oi! current ?owing there— 
through, and a record having characters thereon 
for controlling the amount or light falling upon 
said device, said characters being of progressively 
different total areas in accordance with their 
values. " 

6. A process for carrying out calculating and 
like operations characterized by exploring a rec 
ord by means of light rays and causing said 
rays to in?uence photo-sensitive means upon the 
record being of predetermined character, and 
causing such means to control operations of cal 
culating mechanisms. 

'7. A process for carrying out statistical and 
like operations characterized by exploring a rec 
ord bearing statistical indications by means of 
light and causing the light to radiate as means 
ior selecting certain records. 

- MICHAEL MAUL. 
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