Oct. 11, 1949. A. H. DICKINSON 2,484,081
ELECTRICAL ITEM COMPARING SYSTEM
Filed April 17, 1943 9 Sheets~Sheet 1

— ,,,,,,,,,, S ——— S— _ ‘aﬁ

C‘}‘l ____

AL [‘

i
l 'Illll

r-'—‘
{
|

5/

,
. \ E
\ . > e S Q

Sl IO

ATTORNEY

FIG.A

BY




2,484,081

9 Sheets—Sheet 2

A. H. DICKINSON
ELECTRICAL ITEM COMPARING SYSTEM

Oct. 11, 1949.
Filed April 17, 1943

09
19 /1

59
44

AP Y,

AN

INVENTOR

L

T2 727 77 T 2 2 2 LA 29

7777777777777 \ ‘€914
. : m,.W.Q.w

777,

nnnnnuunoanu.n...unuu.u FFACEEEEEEEEE S FEED ‘—

_.ﬂ__.v n_N_:

lllllllllll

e :_-_ 4___ W“n = )l NQ_.....—

um. o MR mrma e

i AT |
T .__:
i

ATTORNEY

BY



Oct. 11, 1949. A. H. DICKINSON 2,484,081
ELECTRICAL ITEM COMPARING SYSTEM

Filed April 17, 1943 a ' 9 Sheets—Sheet 3

p0 = .
+ / : , %
I 1 |
| § f60a /69 150y ! ,
| § sssa POAY | 1675
1 g ) i =
/6742«_& | ¥ //6/a ) /5.5 \ | -{:/‘
. | |
o | ¥ 1 4:3\51_ i B
T ANT 1
DN s6a 76657% |
| § mea | vees |
g
136 { 762a /625 l
N 1
< |
— || 7655 #reH |
. 3 oN I
- lI t65a Low |
- 7 N _
73/
SRS
|#oa} 4 }/505
¥ /65 7654 :
I /63 1715
i /&/3a 7635\ |
/7/a | 0
‘ 176a_3 <13 1766
m2—% 1) ~ 1755
175a]  §
136 .' '/‘ = \‘ |
" /33—%_ " 47Pa | 17254
134 —% S
/35 —% [ /Hal| imb !
— A i H : e -
4 s ras-—-

; : %IN VﬁNTOR

ATTORNEY.




2,484,081

9 Sheets-Sheet 4

A. H. DICKINSON

ELECTRICAL ITEM COMPARING SYSTEM

Filed April 17, 1943

Oct. 11, 1949.

= e S 1€/, 512) 5 >
b
voLY, 5 =
DGL9# ) vYL9/, =) o
i 2 999 vogar L goor - \L§ W7 = E
29 e w| vg "ET/ s \T1 ¢ [__2"89T 17 = @A
g, / _ “F
vy | \¥ —7 \
oo RN gt | [T \
L[5 ] S IS SIS .
F/W T T ‘ T T e ._. 2B TS
Tr / - , — T .W|l LY
\T Q\ 5\0.%\ . ’
L, m@\w b A1 9% - 4 9N § Uy
9909/ . /% E -/
. o4 \ 6% wm‘ 4 . 4 : w\ P24 -
& | , D 4
i - . . 74 =i il
w03 oz s w il 06/
2+ ' | /% -
g L 9¢/
. . gzof S| oef . 4
: 20/ =
1o 1% [ [ laes| e | T e N A 1
o [ . W‘N.Q\ 3 .\ \ : ‘\ 4 | o =|=F '.Iln
vy | 96/ . K g low | ge/ ._. ;
>t oo | 7o vo%, | 390 [loseis 261 g e nE
{ — e R T
3 N pu V -
- e AN T L st ¥
_ 7
60/ d ¥ ﬂ‘& L svwm_..\ 917/ “q V vN e 6t 002! g & %Q\ e \/“
_ o6/ /| 767 =N . v o o p P o3
g/ ﬁ : v/ |geri} 3\vewr €6/ ,
gl PR ) M s i
g9 2 66/| 57 )

N
ES

.dm 9| n_ a%\.\x\\u\w : w&.&.\x% - 0¢/



2,484,081

A. H. DICKINSON

- ELECTRICAL ITEM COMPARING SYSTEM

Oct. 11, 1949.

9 Sheets-Sheet 5

Filed April 17, 1943

s/c :
\%\N ) m
v/ Y9/ 2
7% R \L § 7 B
~ aVN \ VQ.VN: QQ%.W\ T “Q%W\/ T N“\\ X
99989 / r1 / \ S — .
| B LN i~ N
2 /\/ ) \l 5 - |_| </ pat wl_
L . » tyy [ 299’ . .
T 95/ 79€ TL
| _ a!
ny . 79 292
b
q
%\Ny
28/7
T \N\§ \
\TI/ 17
[ rlh
/€
TL i_
3 . D, Ui QEF
9% v > 782
h xg rg 7 . L—9¢/
T 2/} . . _
— oo . » obs /2= ¥
jor #1e— 99914 . i

ATTORNEY.



2,484,081

9 Sheets-Sheet 6

A. H. DICKINSON

ELECTRICAL ITEM COMPARING SYSTEM

Oct. 11, 1949.
Filed April 17, 1943

B. .
I XJ JUIUyp -7 &
L= T EE ] noi. H»M N A
i A= 1247 mf
(3 7b pubwt 3y , 37 .MW y
754 | | -5~ 7247 .
- xg UM 33 — . \
L AP EE ng --b
, . —d
hd r , -~0- ngy7
77 jlowdsa| VL . v (4 H.IH 5,
il -~3- 7917 ®
I Ay |78 oludya ) -~y
Ny JupU3f D ny . HH“.
ZZ; A
EARTEITE _ W -5
G5 EP7 -Hw
1 A047 —
PRFIE2TE ; 7
L1 A AN AAAA AN IAAAAAAAA N
(VT IV YV Y NI mwéaw‘ P Y Y Y e Y2
EEEEEEEEEESSGQ:EQEE@EEEQ yururyyrygyvuvuug s o L
AR AR R > €914
%whxm\tawwm*hwbhmnwmﬂwﬁtb-NM‘MWBQ%QEN\EQ-NN.YWWN.QQQ ‘

/4 n I

ATTORNEY.



2,484,081

Oct. 11, 1949.

A. H. DICKINSON

ELECTRICAL ITEM COMPARING SYSTEM

9 Sheets-Sheet 7

Filed April 17, 1943

AN AN AN GEARAGEZINRAR -GN G @mw.m
SN ) B Zy | = N
£22 4 i \R\w@w& see (vjeee S 2
V\N&N. -u |\ § \\\ 9e# \ :‘“.\ M %
, T TIHTIHT 11 022 | vt yY6 _ =8 (IE
g | [0} 1722 [ aeed el || [ |92 \ 0 A
" % VAL ozz|\| W\\ 98/
¥/ [f. A — e 3
sl ielelel e Bl RPN T2 TS Dl 6w ||
. i T 11982 G v6e/ .
N L - huu =i K= == £ vee »
ol 06 o ¢i @ o 0} @ ei|i( LD T 12t/ iou| i | e
WQN\ - Y9 - G\%\ g2¢ .
Vit N9/ %\w\. /3 i ooH
Lz2 Le2 il £ 09/
7 e s = 1 - 7 Al W
2 2 Pg)42é 2e :
| wjeze,  (9feez 2E2 sz (Bl Ve (76) gt 2, (Zcezy ) =
v xv\mm)
(€221 gz | 442 (0227 (€221 ()€22- (B)€22—] (2)£22-] (B)€22 +-(eeez qwxm
ya I v
1 1§
. K&\ Q\Q\N _ ..Um.\
oL/ v9s2 3 v 1113
9912 L3 v/
g0L/ \ 7 1 Ali go9v|| || 2o 3| 1 x/vm
v J
967 | €€/
1 =)
B2 T | TT TT 4! padhifl ] ] 00T | L4
r L L e e T L T el 7
: -+ N i D JTUN 71U o/
va: g9 o9 o oF i} G wyi i HY it i oud voor 7 nsy
89 E| % Tiiw Tiiy Tiiw 7w Tii v 7
. SHaT goa L1@ g-ca 6-£0 er-#a
&+




2,484,081

Oct. 11, 1949.

9 Sheets-Sheet 8

A. H. DICKINSON

ELECTRICAL ITEM COMPARING SYSTEM

Filed April 17, 1943

502 /€7~ Y.
1 7
/ — Y/ , % 29 vvL9/
i veLI. 29 voL/ £2 - >
_ \L L g2 || e€o \d
M wr | N Pe et o[ el N1 1B
o [oogey 24 99/ | V0893 27 999/|0089} 24
O WP Ve Mg OEgres ¥
’ A - A - - <
X F 5\3\ i j..wm\._. i -.J&wm I
1 T | [v9gf T T % T 7
4G L] e Tm\| 292 I, mwk\.,
02 197 /4 197 + \ 19% )
;[ xa ol e = e T L g o {£8 ,.C&.N
4 \ 02 N gL 202
gard vl vow
(")ecz
(meee
~ T—9¢/
LA T .
MW‘ O— O/ 1€l
calnian=44 —oe/
O O O £
O OF 2
~o+H-o-Htos|
—O 10, 09
oHeHo LT 2
O G 08 (z)e2e —
Oo-tH-o0+H-046
o—R-o—fGo ¥
—O0—H-O—-0/
o—H-o z
o B2z
o—Ho0—HOor
IMW O Q5
O O- O“'\k . .
O[04 98 ‘914
I A BN S - /7 o O- 10F°4
4+ T O . Ag
0 n Q & B @ 9 6B B 6 n ? y —0%2




Oct. 11, 1949. A. H. DICKINSON 2,484,081
ELECTRICAL ITEM COMPARING SYSTEM

Filed April 17, 1943 N ‘ 9 Sheets—Sheet 9O
I : /4

A A

v

4 v
FIG 9 d9gr76s5a3z210ul98r65932100l98765
» 79 -
a—-

il TR LU

ity
;—-LI'UT igigipigipipigigepipigipipnpigipll

stor|220
AL AL A R R AR AL

I

- ' 1N \ L)
(D4-12-- |, Wésd)

D3-9--1— L

D2-8-- A

it
,e<p/-7-— L

D06 - L

(2775 -- L
12R-_

9R and IRR-

4Rand FRR--

IR~ - = »

2R-- —A
1R—-
OR--

11R--
Kl -- !
K2--1 |
£h--
£L--
Fu--
£x—-

D9BT65432/0#DIB 765432/ 0D INVENTOR

A loithoieaor

BY

ATTORNEY




Patented Oct. 11, 1949

2,484,081

UNITED STATES PATENT OFFICE

ELECTRICAL ITEM COMPARING SYSTEM

Arthur H. Dickinson, Scarsdale, N. Y., assignor to
International Business Machines Corporation,
New York, N. Y., a corporation of New York

Application April 17, 1943, Serial No. 483,506
(Cl. 235—61.7)

19 Claims.
1

This invention relates to an electrical system
for determining the relative magnitude of values
represented by electrical signals. The values may
be digits or alphabetic characters or other sym-
bols to which value significance may be applied.
The values may be represented on suitable value
sources such as settable value registers or record
material on which the values may be represented
by a suitable code.

Means heretofore utilized for comparing values
and determining their relative magnitude have
utilized moving parts whose mass necessarily pro-
duced inertia and momentum effects which lim-
ited the operating speed of these devices. Fur-
ther, because of the existence of such mass; noise,
wear, and other undesirable effects were produced
which could be reduced by careful design but not
eliminated. '

The general object of the present invention is
to provide such comparing means as will be prac-
tically inertialess and will embody solely elec-
tronic means having negligible inertia which may
be disregarded completely in practice.

Another object is to provide electronic ma-
chine control means controlled by electronic com-~
parison of values.

Another object is to provide electronic means
for electronically, selectively manifesting com-
parison conditions.

Another object is to provide electronic means
for comparing multicolumnar data.

Another object is to provide a plurality of elec-
tronic comparing means so related that a mani-
festation by one will supersede a manifestation
by another of the comparing means.

Another object is to provide electronic means
capable of comparing alphabetic data, as well
as numerical data.

Other objects of the invention will be pointed
out in the following description and claims and
illustrated in the accompanying drawings, which
disclose, by way of example, the principle of the
invention and the best mode, which has been con-
templated, of applying that principle.

In the drawings:

Pig. 1 is a cross-sectional view of the record
controlled mechanism.

Fig. 2 is a sectional view taken along line 2—2
pf Fig. 1,
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2

Fig. 3 is an enlarged sectional view taken along
line 3~3 of Fig. 1.

Fig. 4 is a wiring diagram of one of the elec-
tronic trigger circuits employed in the invention.

Fig. b is a wiring diagram of another electronic
trigger circuit utilized in the invention.

Figs. 6a and 6b comprise the wiring diagram
of the record controlled embodiment of the in-
vention.

Fig. 7 is g timing chart for the latter embodi-
ment.

Figs. 8a and 8b comprise the wiring diagram of
a modification of the invention.

Pig. 9 is a timing diagram for the modification.

The invention is disclosed in connection with
a main embodiment and a modification. The
main embodiment is a record-controlled machine
and includes means to compare data designated
on records and to control the machine according-

.ly. 'The modification comprises means to com-

pare data entered in or represented Ly data rep-
resenting means. Such data representing means
may be considered, for illustration, as manually
settable, but it will be evident that automaticaily
settable data representing means may be used.

In both forms of the invention, electronic
means are provided to respond to data from cor-
responding columns of two data sources and to
control an electronic comparison manifesting de-
vice for the columnar order. The columnar com-
parison manifesting devices contro]l a common
comparison manifesting device according to com-
parison conditions in all the columns; that is, the
common manifesting means manifests the com-
parison relation of the data in all orders.

In the record-controlled embodiment, the com-
mon comparison manifesting means will control
continuation of operation of the machine or may
control another desired operation automatically
and selectively according to a comparison result.
Further, a plurality of such control devices are
embodied in the record-controlled machine, each
relating to a different class of data. These con-
trol devices are so related that one will dominate
another.

In the modification, the control device will be
disclosed as manifesting by visible signals the
different comparison conditions. It will be evi-
dent that other suitable manifestations may he
effected, ' '
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The record-controlled embodiment will now be
described.

1. General—record conirolled machine

Before proceeding to a detailed description of
the completely novel control device, a more gen-
eral description is set forth. BEach of the plu-
rality of control devices comprises a number of
electronic tubes and related circuits for compar-
ing data and for manifesting the agreement or
non-agreement of data. The manifesting means
comprises discrete electronic units, also termed
elements, each element including electronic tubes.
A number of such elements, termed denomina-
tional elements, equal to the number of columns
of data to be compared are provided. A common
element, termed a class element, is provided, for
effecting an all-column manifestation under con~
trol of the elements which relate. to. the separate
columns. Each element may have either an on
or an off status. When an element is in off status
following comparing operation, it. indicates a
condition of data agrecment. When an element
is in on status following a comparing operation, it
indicates a condition of data disagreement, The
status of the dencminational elements is regu-
lated under contro! of record controlled entry
means producing differentially timed irapulses,
each indicative of a determined entry.

It is appreciated, in view of the foregoing, that,
if two multicolumnar items are compared and
agree, all elements are in off status, and thaf, if
the items disagree, one or more elements are. in
on status. The class or common element be-
comes turned on, when one or more of the denom-
inationai elements are in on status. The common
element, therefore, when off, manifesis a condi-
tion of agreement between the two items of data,
and when on, manifests a condition of disagree-
ment. The status oi the common element con-
trols the entry means whereby the latter is main-
tained in operation as long as the common ele-
ment remains in off status and is interrupted in
its operation when the common element is in on
status.

In many instances it is- desirable to effect con-

trol of a record controlled entry means by more:

than one class of classifying data and generally
similar data. For this reason, therefore, a con-
trol device is provided in connection with each
class of data. Each device is capable of mani-
festing the agreement or non-agreement of its
reiated class of data and is also capable of main-
taining or interrupting the operation of the entry
means.

Since classifying data and generally similar
data may be divided into main and subordinate
classes, provision is made in this invention where-
by the manifestation of the control device related
to the main class of control data supersedes the
manifestations of the control deviceg related to
the subordinate classes of control data and where-
by the manifestation of the control device related
to the first subordinate class of control data su-
persedes the manifestation of the control device
related to the second class of control data.

The record medium for controlling the record
controlled eniry means comprises a film upon
which multidenominational control or classifying
data and other data are recorded by means of
code designations such as spots located. at dif-
ferent positions. The spot representations are
scanned by light to control photoelectric cells. in
electrical circuits whereby differentially. timed
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electrical impulses are produced, indicative of the
control data to be entered into the control de-
vices.

The film, upon which the differential spots are
located is controlled by a feeding mechanism
whose operation is manuailly initiated but is auto-
matically terminated. This mechanism includes
two analyzing stations separated by a distance
which is slightly less than the length of one film
frame. From both of the first and second analyz-
ing stations, classifying data are entered into the
control devices. In this manner the items com-
prising classifying data upon two adjacent film
frames are compared simultancously for agree-
ment or non-agreement. As long as all classify-

" ing data on successive film frames agree, film
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. frecly mounted on the sleeve.

feeding continues. When there is g disagreement
between either the main or any of the subordi-
nate classes of control data on adjacent film
frames, film feeding is interrupted so that the
tyre of “control break,” main or subordinate, may
be observed. Film feeding is then resumed after
one manual operation. This conditions the extra
elements of the control devices which manifest a
“break” in classifying data and initiates film
feeding cperations, which automatically continue
until another disagreement in the classifying data
on adjacent film frames is manifested.

2. Structure—record controlled machine
(Figs. I to 3)

This structure includes means to feed records
and analyze them for data. The record medium
is a film ¥ of which successive frames constitute
successive records. Fig. 2 shows five such frames
designated 1, 2, 3, 4, and 5. The feed means is
driven, through clutch means, by a motor M
mounted on a base §9. An upright frame mem-
ber &i is carried by the base and supports the
feeding and analyzing means. All of the struc-
ture is enclosed by a casing 52 having a door 58.

The film is wound on a supply reel 54 and fed
by three similar pairs of feed sprockets 55 to a
take-up reel 56, The film is suitably guided and
formed with loops as shown in Fig. 1. A single
clutch may be used to drive all three sprocket
pairs. However, to reduce stress and inertia, a
separate clutch is used for each sprocket pair.
This. clutch may be of any suitable construction
and one such as disclosed in Patent 2,150,227 has
been chosen. Since the details of the cluteh do
not. enter into the invention, it will be briefly
explained only in so far as necessary to under-
stand its present function. It may be mentioned
that while the clutch is used in said patent as an
accumulator actuator, its function here simply is
to releasably connect a sprocket pair to the motor
M for drive. Briefly, the drive part of the clutch
is a rigid assembly of gear B0 and ratchet 81 jour-
naled on a rod §2. Both the gear and ratchet
have ten teeth. The driven part of the clutch
includes a sleeve 83 journaled on rod 62 and to
which one sprocket pair is fixed. A detent disk
64 is fast on the sleeve while a tocthed disk 65 is
Carried, in a man-
ner not shown here, by disk 64 is a clutch dog
68. A clutch lever 6T engages a tooth of disk 65
to prevent rotation of the driven part of the
clutch. When the clutch lever is rocked clock-
wise (Fig. 1) by energization of a clutch magnet
68, it releases disk §5. The disk thereupon per-
mits cluteh dog 8% to engage ratchet 6{ which
then drives the sleeve 63 and:the parts carried
thereby. Upon deenergization of the magnet, a
spring 69 returns the clutch lever into arresting
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éngagerient with disk 65 and, a8 the disk 64 with
clutch dog 66 move slightly further, the cluich
dog is forced to disengage ratchet 6i. The driven
part of the clutch is thereby uncoupled from the
drive part. Gears 60 of the clutches are meshed
with gears 10. The lowest gear 10 is driven by
gearing Ti from motor M. One-to-one gearing,
including a gear T2 (see Fig. 1), transmits drive
from the lowest gear 10 to the other two gears
70. Rigid with gear 72 is a pulley 13 connected
by a coil spring belt 14 to a pulley 75 on shaft 16
of the take-up reel 56. The reel is thereby urged
constantly in take-up direction.

Feed sprockets 55 are of such size that in one
tenth of a revolution they feed the film through
one frame length. Since feed sprockets 55 are
clutch-driven by ratchets 61, it follows that one-
tenth of a revolution of the ratchets 6{ effects
one frame advance of the film. Ag stated before,
each ratchet 61 has ten ieeth, so that one-tenth
of a revolution thereof is its travel through one
tooth distance. Thus, one tooth travel of the
ratchet will cause a single frame advance of the
film. This single frame advance is taken here as
the measure of a machine cycle (see Fig. 7).
When the clutch dog 66 is permitted to engage
the ratchet 61, a tooth of the ratchet will pick up
the clutch dog at the beginning of such machine
cycle, and in one machine cycle, the ratchet will
move through one tooth distance and cause ad-
vance of the film for one frame length.

As the film feeds from the upper pair of
sprockets 55 to the next pair, it moves through a
film gate. The film gate comprises a channeled
guide plate 1T and a coacting pressure plate 78.
The plate 17 is fixed to cne end of a block 719,
while the plate 78 is slidably carried by a con-
fronting end of a block 80. Both blocks are of
molded material and attached to frame member
5. The gate may be opened by retracting the
pressure plate T8, This is effected by manually
rocking a lever 81 clockwise. The lever is con-
nected to the pressure plate and is acted on by a
spring 82 which normally maintains the pressure
plate in closed position. In its passage through
the film gate, the film is scanned for data desig-
nations. Such designations are in the form of
spots disposed in differential positions of g film
frame and represent numerical data by the single
point Hollerith code and alphabetic data by a
known combinational code. The analyzing means
includes upper and lower designation sensing
means. These are spaced apart slightly less than
a frame length. Each sensing means is of the
light responsive type including photocells and a
light source. The cells of the upper sensing
means are designated UP and those of the lower
sensing means, LP. Upper and lower groups of
quartz rods 84 and 85 are molded in the block 89.
The upper group pertains to the upper analyzing
meang and the lower group to the lower analyzing
means. Each rod terminates at its front end
(right end) in alinement with a column of the
film. The rods 84 thus terminate in a single
transverse line at one side of the upper sensing
station, while rods 85 are similarly alined at their
front ends at one side of the lower sensing station.
Each rod 84 conducts light passing through a
designation position in one column of the film,
at the uprer sensing station, to one cell UP.
Similarly, each rod 85 conducts light passing
through g designation position in a column of the
film, at the lower sensing station, to one cell LP.
The duartz rods 84 and 85 constitute one side of
the upper and lower sensing means, respectively.
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The other, codctihg side of the seénsing means
includes a common light source consisting of an
elongated lamp 86 carried by a socket 87 which
is attached to frame member 51. Molded into
the block 719 are two wide quartz pieces 88 and
89. Piece 88 conducts light from the lamp to
the right side of the upper sensing station while
piece 89 conducts light to the lower sensing sta-
tion. Rach piece forms a thin line of light at its
related sensing station. This line of light at a
sensing station is such as to cross all the columns
of the film and to illuminate only a single row of
the designation positions when the row is at the
sensing station. In this manner, at each sensing
station, light is commonly supplied to all the
designation positions of a single row, while light
passing through a position in any particular col-
umn is conducted by one quartz rod to the related
photocell. When a designation position in g col-
umn bears a data representing spot, light to the
related column cell is obscured. In a manner
described later, the reaction of the cell to the
change in light manifests the significance of the
spot.

It will be clear that while one record or film
frame is being sensed by the upper scanning
means, the preceding record or frame is being
scanned by the lower sensing means. Further,
each frame will be scanned successively by the
upper and lower sensing means.

It will be recalled that in one cycle, the film is
advanced through one record or frame length.
This cycle has fourteen cycle points (see Fig. 7).
Thus, a record will pass a sensing station in one
cycle of fourteen cycle points. Further, the des-
ignation positions of a column of a record will
pass a sensing station in successive portions of
the cycle, each such cycle portion being equal to
the cyclic spacing between successive cycle
points.

3. Oscillators—record controlled machine

Pulses are utilized in this invention for various
burposes. One pulse may be required in any of
the fourteen cycle portions which are defined by
the cycle points of a cycle. Accordingly, pulses
must be supplied at the same rate as the fre-
quency of the cycle points. The source of these
pulses is preferably a main oscillator of the type
known as a multivibrator. The duration of time
corresponding to one cycle determines the base
frequency of this oscillator, as will be clear from
the previous explanation. Essentially, the mul-
tivibrator consists of a two-stage, resistance cou-
pled amplifier in which the output of the second
stage is fed back to the input of the first stage.
Such an oscillator is capable of producing either
square-topped or saw-toothed waves, depending
upon the portion of the oscillator from which the
waves are derived. The square-topped waves are
employed herein because they are easily changed
into pulses of extremely sharp wave front and
short duration. The circuit diagram of the mul-
tivibrator and its principle of operation will now
be described in detail.

Referring to Fig. 6a, a voltage is supplied to
lines 130 and (3{, and to a voltage divider con-
sisting of resistances 132, 133, (34, and {35. Po-
tential is also supplied by means of this divider
to lines 136, 131, and 138, their potentials being
positive with respect to each other in the order
given and with respect to line 131, The oscilla-
tor, generally designated W, comprises a duplex
tube containing triodes 139¢ and 139b and as-
sociated resistances and condensers, The an-
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odes of the respective triodes are connected to
line {34 through load resistors {40a and {48b and
the common cathode is directly connected to
line 131,

The anode of triocde 1332 is coupled back to the
grid of triode i3%b by means of coupling con-
denser {4ib which is also connected to line (3!
through the grid leak resistance 142b. 'The anode
of triode 138b. is coupled back to the grid of
triode
{4la, which is also connected to line 131 through
the grid leak resistance #42q. With this circuit
connection, the normal bias of the grids of tri-
odes 38¢ and {33b is zero. Such an arrange-
ment is unstable and oscillations are initiated by
a minute change of emission of either triode.
Assuming that the current through {382 momen-
tarily increases, there is produced across resist-
ance l48e an increased voltage drop and a de-
crease in potential across 13%a. The resulting
negative pulse is fed through coupling condenser
14ib to the grid of triode 139b, making it more
negative. Current through 138b is decreased, de-
creasing the voltage drop across resistance 148b
and an inecrease in potential across 1396. This
inerease is equal to the original decrease across
139a muitiplied by this tube’s amplification factor
and is thus muech higher. Coupling condenser
{4ia conveys this potential change to the grid

of {38a making said grid much less negative with

a resulting rapid increase in the current through
§88¢. The voltage drop due to this increased
current is in turn fed to 139b with cumulative re-~
sults. Actually, the current flow through 188« is

increased to a high value substantially instanta- =53

neously, which flow reaches a maximum when the
grid of (390 has a negative potential great
enough to reduce the current flow through. {3396
to. zero. When this condition is reached, the

charge on condenser i141b commences to leak off .

through resistance 142b, the time conswmned
being determined by the time constant of the
condenser 14ib and resistance (42b. When this
leakage is completed, current flow in 138b begins
and the operation deseribed above reverses, that
is, the grid of #5%a¢ will instantaneously bscome
negative, shutting off flow through 13%a and the
grid of 138b will instantaneously become slightly
positive and heavy fow will occur in §39b.

It will now be understood that & heavy current
flows alternately and for a given period of time
through each of the triodes 139%9¢ and {39b.
When triode [28a is conducting, the other tricde,
138b, is shut off; this situation then instantane-

ously reverses and {38q is shut off and tube 390

conducts. This produces alternate and sustained
voltage drops across resistors t48a and i43b, these
voltages being 180 degrees out of phase with each
other, These voltages are in the form of square-
topped waves, easily converted into pulses that
possess a steep wave-front and are extremely
short in duration.

Fig. 7, line a, diagrammatically illustrates the
vollage osciillations (with respect to line 13D
which occur at point 43¢ (Fig. 6a) and shows
that they are square-topped in form and occur
fourteen times per machine cycle. Fig. 7, line b
illustrates the voltage oscillations (with respeet
to line §%1) which occur at point 43b (Fig. 6a)
and also shows that they are square-topped in
form and aiso occur fourteen times per cyele.
Since as stated above these voltages are 180 de-
grees out of phase the potential of point {43a
rises at each of the fourteen cycle points and
drops midway between cycle points while the po-
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tential of point 1430 rises midway between cycie
points and falls at each cycle point, One cycle
of oscillator operation is that period between
successive potential rises of point {43a, for exam-
ple, and its time duration in seconds is propor-
tional to the sum of the time constants of con-
denser [4ia and resistor 142 and of condenser
i41b and resistor 142b, respectively, i. e., 1/f is
proportional to RiweCiata+ RiawCraw. It is un-
derstood that while the frequency is determined
primarily by the grid-leak resistance and grid-
condenser capacity, it is also influenced by the
remaining circuit constants, the tube charac-
teristics and the electrode voltages.

A rise in potential of point (43b causes charg~
ing of condenser 144 and current flow through
resistor 145 to line (38. By suitably choosing
the values of resistor 1485 and of condenser 144
so that their R. C. product is relatively small,
the rise in potential of 143b produces on {45 z
positive pulse of extremely short duration hav-
ing a steep wave front. A decrease in the poten-
tial of 143b causes 184 to discharge and a nega-
tive pulse of the character just noted is thereby
Since the rise and fall of 143b
is constantly recurring, positive and negative
pulses are continually produced on resistor {45,
of the form shown in Fig. 7, line c.

The foregoing has described the manner in
which an oscillator of the multivibrator type is
employed to produce square-topped waves, which
are converted into pulses of extremely sharp
character, suitable for use in various portions. of
the circuit of the control device. The manner
in which pulses are employed for control purposes
is described subsequently in Section 5. The syn-
chronization of an auxiliary oscillator by means
of pulses generated by the main oscillator is now
congidered.

Attention is again directed to the fact that
whenever film feeding operations occur, a film
iframe completely traverses a sensing station in
one machine cycle. It is sufficient to state here
that each differential position on the film must
be at a sensing station at the time a control pulse
is generated. Accordingly, the film feeding
mechanism, when it is operating, must be syn-
chronized i operation with regard to the gen-
eration of pulses by the main oscillator. That
Is to say, during one machine cycle in which one
film frame traverses a sensing station, it is re-
quired that the rate of presentation of the differ-
entially disposed designation positions to the
sensing station be equal to the rate at which the
main oscillator generates control pulses.

It has already been pointed out in Section 2
that a movement equal to one tooth movement
of ratchet 8{ (Figs. 2 and 3) advances the film
one frame length. It is therefore apparent that
the time during which ratchet 61 is advanced one .
tooth must be equal to that of a machine eycle.
Accordingly, the motor M (Fig. 1) is driven ab
the proper speed to cause ratchet 6¢ to advance
one tooth each machine cycle. Synchronism
between the film feeding mechanism and the
generation of control pulses by the main oscilla-
tor is accomplished by supplying motor M (Figs.
1 and 6a) from a power source which is con-
trolled from said main osciliator.

It has been explained above that positive and
negative pulses appear on resistor 145. The grid
of triode 146D is connected to resistor 145. The
cathode of 148b is connected to line i35 and
resistor 148 terminates at line 138. The differ-
ence in potential between lines 136 and {38 is
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the grid bias for triode 146b and is sufficient to
maintain the triode at shut-off when no pulses
appear on resistor 145, It is therefore apparent
that negative pulses appearing on 145 momen-
tarily serve to increase further the grid bias of
1461 without affecting the shut-off condition. A
positive pulse, however, on resistor 145 reduces
the grid bias of triode 146b, permitting current
to flow therethrough momentarily. A resonant
circuit, comprising inductance 141 and condenser
148, in series with triode 1460, hetween lines 130
and (36, is momentarily excited upon current
flow in the triode, and oscillations are initiated
in the resonant circuit. The inductance 14T and
condenser 148 are adjusted so that the period
of oscillation is either equal to, or is a multiple
or submultiple of the frequency with which (46D
passes current. The output of this resonant cir-
cuit is coupled by means of condenser (49 and
resistor 150 to an amplifier 151. The output of
this amplifier is of sinusoidal character and of
sufficient power to drive motor M, when switch
152 is closed. In this manner, a power supply
of correct frequency is afforded the motor so that
when the film feed means is subsequently
clutched to the motor drive, the feed of film is
such that the rate of presentation of differen-
tlally disposed designation positions to a sensing
station equals the rate of generation of control
pulses by the main oscillator.

Having described the main oscillator which
produces control and synchronizing pulses and
the auxiliary oscillator for supplying power to
the motor of the film feeding mechanism., a
fundamental circuit employed in the control de-
vice Is now discussed.

4, Trigger circuit

A basic circuit, which is employed in this in-
vention comprises electronic discharge means,
iNMustrated in Fig. 4 as a plurality of triodes in one
envelope, these triodes being associated with re-
sistances and condensers as shown. These
triodes are so interconnected in s circuit and
operate in such a manner that the circuit assumes
two conditions of stability. When one of the
triodes is conducting, a large amount of current
flows through it and the other triode is at shut-
off. TIn other words. in one condition of stability,
one of the triodes has a relatively low impedance
and the other has a relatively high impedance.
In the other condition of stability, the respective
conditions of the two triodes is reversed. Con-
trolling impulses are appolied to resistances and
condensers associated with the circuit to cause
the shift from one condition of stability to the
other. Every other impiilse brings the circuit to
the orizinal condition of stability. Such an ar-
rangement of vacuum tubes and associated cir-
cuits is herein termed a trigeer circuit, and volt-
age variations therein, which are determined by
the conditions of stability, may be emploved for
various controlling purposes.

Referring to Fig. 4, voltage of the polarity in-

dicated is supplied to lines 130, 131 and 136 in -

the manner described in Section 3 in connection
with Pig. 6a.

The trigger circuit (Fig. 4) comprises two im-
vedance networks. One network includes re-
sistances 16Ra, 181g., and 162a, resistance 16ig
being shunted by coupling condenser 183a. Tri-
ode i84b is connected in parallel between the
junction of resistances 160a and {6la and line
136. The second impedance network consists of
resistances 1600, 1615 and 182b, resistance (61D
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being shunted by coupling condenser {63b. The
triode (84q is connected in parallel between the
junction of resistances 160b and {61b and 136.
Resistances 16§0¢ and 160b are equal in value as
are resistances {6la and 161b, and resistances
82q and 162b.- The capacities of condensers
163 and 1630 are also equal. In actual practice
an efficient combination was found when the
values of resistances i60a and 162a were each ap-
proximately one-third the value of {6la. A suit-
able value for the capacity of 163b is of the order
of a few hundred micromicrofarads.

Assuming that the grid of 184a is substantially
at the potential of cathoede line 1386, its grid bias
will be substantially zero. With resistance 160b
properly chosen, i64a has an impedance rela-
tively low as compared to that of 166b, and its
ancde and point 1656 to which the anode is con-
nected will have a voltage which is not much
greater than that of cathode line {38 with large
current flow through 164a. With resistances
181b and 1620 properly chosen, the potential drop
across {61 is great enough to maintain point
{66b and hence the grid of tube 164D, negative
with respect to cathode line 138, With 164b
negatively biased, it has an impedance greater
than that of 160¢. Hence the anode of 164b and
point 168¢ to which the anode is connected are
at a high enough potential so that the voltage
drop across resistance 18la will not force the po-
tential of point t68a below that of line 136, The
foregoing describes one condition of stability of
the circuit in which 164 has a large current flow
therethrough and 164b is at shut-off; hence, with
no cwrrent flow therethrough, and point (65a
is at a higher potential, with respect to lines 136
and 131, than is point 165b. The manner of
switching the trigger circuit to the other condi-
tion of stability, is as follows.

A condenser {67¢g is connected in series with a
resistance 188a and the latter terminates at point
168a. A condenser {6Tb is connected in series
with a resistance 168b and the latter terminates
at point 166b. Condensers 167a and 1815 serve to
couple resistors 168¢ and 168b respectively to
sources of steep pulses, not shown in Fig. 4. In
the absence of any pulses on resistors 1882 and
1680, the potentials of points 166a and {6€D re~
main at the values determined by the condition
of stability described above.

When a positive pulse is apblied through con-
denser I87h to resistance {58b, it is also applied
to resistor 1520, since these two resistors are con-
nected in series. Accordingly. point 168 rises
in potential with respect to line 131, Also, the
difference in potential between cathode line 12§
and !88b. the grid bias of triode 164b is re~
dused. If the pulse applied to 168b and 67D is
of sufficient value, the grid bias voltage of 164b
is reduced to less than the shut-off value. Snch
operation permits 164b to pass current. causing
point {85a to suddenly drop in potential, produc-
ing a negative pulse. This pulse is fed through
condenser 163a¢ to the grid of 164, effecting a
sudden increase in the negative grid bias thereof,
and reducing current flow through 164a and re-
sistance [8Rb. Point 165b, accordingly, rises in
potential, with respect to line 138 to produce a
positive pulse which is fed through condenser
1830 to the grid of 164b, changing its grid bias
to substantially zero. Since, as just described,
the potential of 165b has now risen and that of
1852 has now dropped, triodes 168g and 164b
assume a condition of stability which is the re-
verse of that originally described; namely, 164a




2,484,081

11

is now at shut-off while I64b passes a. large
amount of current. The new status of the trigger
circuit is maintained until a positive pulse is ap~
plied to resistances 168a and (82¢. When this
oceurs, the resulting negative grid bias reduction
of 8% causes increased current flow there-
through, and the trigger circuit is returned to
the former condition of stability.

In the foregeing description, it was assumed
that positive pulses are not applied concurrently
to resistances 1685 and (62b, and to resistors
168¢ and {62a. If, on the other hand, either posi-
tive pulses from two sources are concurrently
applied through condensers 16%7a and {67 to as~
sociated resistors or positive pulses from a single
source are applied with 16%¢ and 167b connected
in parallel as indicated by the dash line wiring
169, such pulses are effective alternately only, in
two branches of the circuit and cause it to shift

back and forth from one condition of stability to .

another.

Assume now that pulses are simultaneously
applied to two points of the trigger circuit by
either of the two methods given in the paragraph
above and that the trigger circuit is in the con-
ditionr of stability where points 1654 and 18§50
arerespectively high and low in potential. When
a, positive pulse is applied through condenser 157a
to resistances 168a and 1624, point 168a rises
semewhat in potential with respect to line {3%.
Since I$6a is already substantially at the poten-
tial of line {38, the bias of triode {84qg is at or
near zero and it is passing substantially maxi-
mum current. Therefore, a further rise of {6%¢
in potential may cause the bias of 164a to go
slightly positive without affecting current flow
therethrough. Thus = positive pulse applied to
this branch. of the trigger cireuit, when it is in
the condition of stability specified, has no effect
thereon. The simultaneous application of a posi-
tive pulse through condenser 167b to resistors 168
and 162b, however, does cause the trigger circuit
te shift: its condition of stability in the manner
described above. In further explanation, the
positive pulse applied through condenser 16Ta and
resistor 1680 to the grid of friode i64q is ex-
tremely sharp whereas the negative pulse applied
through condenser 163¢ is exponential in char-
acter. The pesitive pulse will, therefore, have
substantially lost its effect when the negative
pulse applied via condenser 163¢ is still effective.
It requires only a minute change in conductivity
of triode 164b to start the triggering action which
continues in a regenerative manner until the cir-
cuit is fully triggered in the same way as when
4 positive pulse is applied only to the grid of triode
164b. Just as the circuit is triggered, when posi-
tive pulses are applied conecurrently, from the
status in which point 185b is at Jow potential to
the status in which this point is at high poten-
tial, the circuit may be triggered back to its former
status when the positive pulses are next applied
concurrently to the grids of the triodes.

So far in this description of the trigger circuit.
Dositive pulses have been employed to cause a
shift in the condition of the circuit’s stability. Tt
is to be noted that negative pulses are equally
effective in catsing a ghift in the condition of
stability. Assume that the condition of the trig-
ger circuit is such that points 185b and 165a sre
respectively high and low in potential. When =
negative pulse is applied through condenser 187H
to resistor 188D, it is also applied to resistor 62h.
Accordingly, point 1660 falls in potential with
respect to line 131, and the grid bias of triode 164
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is'ingreased. Such operation reduces eurrent flow
through. triode 164b, causing point 165a to sud-
denly rise in. potential, producing a positive pulse.
This pulse is fed through condenser 183a to. the
grid of 164a, effecting a sudden decrease in the
grid bias thereof, and causing increased current
flow through 164a and resistance 160b. Point
k88b,. accordingly, drops in potential, with respect
to line (36, to produce a negative pulse which
is fed through condenser 163b to.the grid of 1645,
increasing. its. grid bias to shut-eff value. Since,
as just. described, the potential of 1656, has now
dropped and that of 65¢ has now risen, {64¢ and
184b assume a conjoint conditien of stability

- which is the reverse of that originally described,

namely, 164a passes a large amount of current
while 1840 is. shut off. The new status of the
trigger circuit is maintained until another nega-~
tive pulse is applied to 168¢ and 162¢. When this

. occurs, the resulting grid bias increase of i64a

causes decreased current flow therethreugh, and
the trigger ciremit is returned to first condition
of stability.

In the description just concluded, it was as-
sumed that negative pulses are not applied con-
currently to resistances {68 and 1628, and the
resistors 158a and. 162¢. If, on the other hand,
either negative pulses from two sources are con-
eurrently applied through condensers 167a¢ and
{67b to associated resisters or negative pulses
irom a single source are applied to 167a and. (675,
econnected in parallel as indicated by the dash
line wiring 169, such pulses are effective alter-
nately only, in two branches of the circuit and
cause it to shift back and forth from one condi-
tion of stability to another.

Assume now that negative pulses are simul-
taneously applied to two points of the trigger cir-
cuit by either of the two methods given in the
previous paragraph and that the trigger circuit is
in the cendition of stability where points 165»
and i88a are respectively high and low in poten-
tial. When a negative pulse is applied through
condenser 161a te resistances 168« and 162a, point
188a drops semewhat in potential with respect
to line 131, Since 163¢ is at the lower of its two
bossible values, the bias of tube i64¢ is equal to
or greater than that required for shut-off, when
1846 passes no current. Therefore, a further drop
in potential of 166a merely causes an increase in
the grid bias of 184¢ without affecting the shut-
off condition. Thus a negative pulse applied to
this branch of the trigger circuit, when it is in
the condition of stability specified, has no effect
thereon. The similar application of a negative
puise through condenser 161b to resistors 188b
and 162b, however, does cause the trigger circuit
to shift its condition of stability in the manner
described above. In further explanation, the
negative pulse -applied directly to the grid of
triode 164q is extremely sharp whereas the posi-
tive pulse applied through condenser 163¢ is ex-
ponential in character. Accordingly, the negative
pulse will have been substantially dissipated when
said positive pulse is still effective. The trigger-
ing action thus continues and is completed in
the same way as though a negative pulse were
applied directly only to the grid of triode 1645,

That portion of the circuit in Fig. 4, within the
broken line enclosure is a trigger circuit which
is vsed in various portions of both the main em-
bodiment and the modification. For purposes
of simplification, this enclosed portion also may
be termed an element which may be considered
to be “on” when points 165b. and 65z are at
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high and low potentials, respectively, and to be
“off” when the potentials of 1650 and 165a are
low and high, respectively. The voltages which
exist at points, such as 165a¢ and 165b, of the
triggering circuit, and which vary in accordance
with the conditions of stability are employed for
many control purposes as subsequently explained.
Several such elements are utilized in the inven-
tion. To aid in identifying the purpose of parts
of these elements, these parts will be designated
the same as in Fig. 4. Pulses are applied to some
of the elements via condensers and resistors such
as 16Ta¢ and 18Tb and 168a and i168b of Fig. 4.
Ready identification of the purpose of these parts
will be afforded by designating the similar parts
wherever they appear by the general reference
numbers 167 and {68 followed by one or more
letters o or b.

It may be noted that to successfully achieve
the operations as descriked above, the pulses ap-
plied to the points 166a and 1665 of an element
should be of steep wave form. Preferably the
R. C. product of the value of resistances such as
168a and 1820 and the value of the capacity of
an associated condenser such as 167a should not
exceed one-fifth the R. C. product of resistance
16i¢ and condenser i63a. The effect of these
relative time constants is to prevent a single
pulse from causing more than one change on the
state of the element or trigger circuit.

The foregoing has described an element com-
prising a trigger circuit in which vacuum tubes
and electrical parts are so interconnected and op-
erated as to produce alternate conditions of sta-
bility. Either positive or negative pulses may be
employed, and these may be derived from either g
common source or & plurality of sources and ap-
plied to two points of the circuit. Pulses simul-
taneously applied are effective alternately only
in two branches of the circuit and cause it to shift
back and forth from one condition of stability to
another.

5. Control device—record controlled machine

A general explanation of the operation of the
control device as applied to a record controlled
machine is given in Section 1 and, therefore, need
not be repeated here. Accordingly, the specific
details of the construction and operation of the
control device are now set forth.

Prior to placing the machine in operation the
operator closes a switch (not shown) which sup-
plies a voltage to lines {30 and {3{ (Fig. 6a) and
also to lamp 102, Certain conditioning opera-
tions are next performed and these are descrihed
in detail subsequently (Section 6). For pur-
poses of facilitating the description it is assumed
that the conditioning operations have been per-
formed, as a result of which elements T, Af, Au,

Ar, Bt (Fig. 6b), Bu, Bx, Ci, Cu and Cz, each

of the same nature as the trigger circuit element
described in Section 4, are in off status. Accord-
ingly, the point 1680 in each of the aforesaid ele-
ments is at low potential with respect to 131.
Since the main and intermediate oscillators (Sec-
tion 3) now function, the operator closes switch
152, placing motor M in operation.

Referring to Figs. 1 and 2, the film F is inserted
in the record feeding mechanism (Section 2) so
that the leading edge of frame { is about to pass
the lower sensing station. With such adjustment,
it is seen that frame 2 is about to pass the upper
sensing station 110.

Referring now to Fig. 6a, a voltage divider com-
prising resistors 189 and 190 is connected be-
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tween lines 130 and 131. Normally, switches 192,
{93, 194, and 195 are in the position shown, thus
affording circuit connections for condensers 196,
£97, 198, and 199 between a point 288 on the afore-
mentioned voltage divided and 3. With this-
circuit arrangement and with the switches posi-
tioned as shown, the condensers 196 to 199 are
each charged to a potential equal to that across
resistor 190.

To initiate film feeding operations, the operator
throws switch 193 to reverse position from that
shown. The discharge of condenser 19T through
resistance 1620 causes point 196b of element T
to rise in potential, thus shifting element T to an
on status. This rise of potential of point 166b
oceurs, by happenstance, shortly after “9” of cycie
I (Fig. 7, line d). The grid of a triode i46¢ is
connected to point 166D of element T, the anode
of the triode is connected to line 130 by parallel
clutch magnets 68 (alsc see Figs. 1 and 2), and
the cathode of this triode is connected to line 138.
The rise in potential of point 18€b of element T
reduces the grid bias of triode 148¢ causing cur-
rent flow therethrough and through the clutch
magnets 68. The energization of these clutch
magnets releases the several clutch dogs 66 for en-
gagement with ratchets 61 (Fig. 3) of the cluich
mechanism (Section 2). Since rotation of the
ratchets through one tooth distance requires a
complete cycle, dogs 66 will not be picked up by
the ratchets until “D” following the switching
of element T to an on status and regardless of the
time at which, by happenstance, this element is
switched on. Since element T is a trigger circuit
such as described in Section 4, when it is switched
on its point 168b remains at relatively high po-
tential and triode [48a remains conductive and
clutch magnets 68 remain continuously energized,
until element T is switched to off status.

It wil] be assumed that automatic control is to
be effected according to comparison of major,
minor, and intermediate classification data re-
corded in six columns of the film.

Fig. 6a shows the six cells LP and six cells UP to
sense the classification data at the lower and
upper sensing stations. Fach cell is similarly
connected into a control circuit which determines
the current flow through an electronic unit. The
units relating to the two cells LP and UP which
sense corresponding coliimns are in parallel with
each other and connected to a common load re-
sistor. Impulses are dproduced on this resistor
upon changes in current flow through the con-
nected tubes. These impulses contro] the switch-
ing of a demoninationsal control element from one
status to another. There may be a plurality of
dencminational control elements for each class
of data. Thus, if the major class has two col-
umns of orders, there will be two denominational
control elements for such class. The denomina-
tional control elements relating to the same class
each conirol a common class control element.
The condition of the class element determines
whether an agreement has been found in all the
orders of the class of data. Thus, there will be
one class control element for the major class, one
for the intermediate class, and one for the minor
class. The major class control element dominates
the intermediate and minor class control ele-
ments, and the intermediate element also dom-
inates the minor class element. - ’

As stated in Section 2, the lower and Upper sens-
ing stations are slightly less than a frame length
apart. It follows thai with respect to two like
designation spots on successive frames, the spot
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on the leading frame will be sensed slightly before
the spot on the following frame. In other words,
since one cycle is required for travel of each
frame across g sensing station, the spot on the
leading frame will be sensed at a time of the
cycle which is just previous to the time at which
the spot on the foilowing frame will be sensed.
With the film adjusted in the manner previously
described in this section, a spot on the leading
frame will ke sensed substantially at an exdch
cycle point while a corresponding spot on the fol-
lowing frame will be sensed g slight fraction of a
c¢ycle pertion later.

For convenience, in the further description,
parts may be distinguished as follows: The letters
U and L denote relation of the parts to upper and
lower sensing means; letters 4, B, C denote major,
intermediate, and miner class relations; and let-
ters £ and ¥ denote tens and units orders.

In Figs 6a and 6b, the major, intermediate, and
minor class control elements are designated, re-
spectively, Az, Bz, and Cz. The denominational
control elements associated with element Az are
designated Af and Au. Similarly, the denomina-
tional elements associated with the intermediate
class element Bz are designated Bf and Bu, and
those associated with element Cx are désignated
Ct and Cu. The control tricdes for the denom-
inational element Af are designated LIA¢ and
UtAt. The common load resisior connpected to
these triodes is designated 2Af. The similar in-
termediate class parts are designated LIBE, UliBt,
and 2BZ, and the similar minor class parts are
desighated T.ICt, UICE. and 2Ct.

The manner in which sach photocell shown in
Fig. 8o controls g related triede is the same and
will be explained in detail only in connection with
the cell LPt (major) which senses the tens order
of the major field of the leading film frame.

The cell is connected by a plugwire 184 1o a re-
sistance 185. Thisx resistance is tapped at a
chosen point 186 by a wire 187 leading to the grid
of triode LIAf. The cathode of the triode is con-
nected to line 138 while resistance 185 terminates
at line 13T. The cell is of the type whose imped~
ance is lowered by light falling thereon. When
the cell is illuminsated, its impedance is low and
the potential at point 186 is substantially the
same as that of line 135. The grid bias of triode
LiAZ is then aprroximately zero, and there is
substantially maximum current fSow through the
triode. When licht to the cell is obscured, the
cell impedance is high, and the potential at point
186 is approximately the same as that of line §37.
The grid bias of tricde I4At is then high, and
current flow in the triode is rapidly curtailed. It
should be undersisod that the cell reacts extreme-
Iy rapidly to a change in light falling thereon and
causes a correspondingly rapid change in the cur-
rent flow through the related fube and, hence, of
its impedance.

As the impedance of tricde LIAf rapidly rises,
the potential across the load resistor 2A# sharply
drops. The load resistor is connscted te con-
densers 16Ta and {37h which lead through resis-
tors 188a and 188k to points 186a and 186b of
denominational contro} element Af. Tt should be
noted that condensers 187a and 1675 and resis-
tors i68a and {585 correspond to the similarly
designated parts of the circuit shown in Pig. 4
and explained in Section 4. Henee, upon the
occurrence of ths drop in voltage across the load
resistance 2At, the condensers apply steep posi-
tive pulses to both branches of element Atf, shift-

10

24

1551
W

30

40

45

60

%

16

ing it from assumed off state to an on state.
The above explains the action of a control ele-
ment in response to the sensing of a designation
at the lower sensing station. Subsequent to this
action, a matching designation may be sensed
at the upper station. In a manner now clear,
the related triode UtAt will increase rapidly in
impedance, and a seeond further sharp drop in
voltage seross the load resistance 2At will oceur.
Positive pulses are again produced by condensers
{8%a and #1670 and element At thereupon shifts
back to off state.

Attention is directed to the fact that because
of the tricdes LiAf and UiAt being in parallel
with each other, the voltage across the load re-
sistor 24t will depend on the impedance of both
triodes. Thus, when one triode rises in imped-
ance while the other triode remains at low im-
pedance, o first drop in voltage across the load
resister occurs. When the impedance of the
other triode also rises, a second, further drop of
voltage across the resistor occurs. Likewise, g
decrease in impedance of one triode, while the
other triode remsins at high impedance, causes

- the potential across the resistor to increase to a

first extent, and g decrease in impedance of both
triodes producss a further rise in potential across
the resistor.

It hag heen explained that when a designation
on the leading frame was sensed, element Af was
turnad on and that the element was turned off
upon the sensing of a matehing designation on
the following frame. The operation of turning
a1 element to one status and then back to the
original status may be referred to as a switching
sequence. Thus, the sensing of the matching
beints jointly controls one switching sequence
(off to on and back to off) of a related denomina-
tional eontrol element. A second, similar switch-
ing sequence of the element, under joint control
of the matching designations as they successively
leave the lower and upper sensing stations, is
effected as follows. When the spot in the leading
frame leaves the lower station, light again falls
on the related cell LP and the grid bias of triode
LIAt decreases rapidly, causing the impedance
of the triode to drop abruptly. The result of
this is a first rapid rise in potential across the
load resistor, causing negative pulses to be applied
by condensers (6%a and 167b to element Af In
the manner described in Section 4, such pulses
also shift the status of the element. Since the
element, at the end of the first switehing se-
auence, was off, it is now shifted to on status
again. Subsequently, the spot on the following
frame leaves the upper sensing station and the
cell UP is again illuminated. The impedance of
the related tube TIAf drops rapidly, and there
is a second, further rise in potential across re-
sistor 2At. Consequently, negative pulses are
again applied to element A%, returning it to off
status. This completes the second switching se-
quence of the denominational control element
under joint control of matching spots.

It may be mentioned at this time that lines
4, 0.7,k n qr uy and 2 of Fig. 7 graphically
represent high and low potential states of points
1650 or points 185 or on and off states of the
trigger circuita or elements, the on state being
indicated by the high part and the off state by
the low part of the graph relating to an element.
Lines e, £, i, and other lines of Fig. 7 relating
to electronic discharge units, such at LiA¢, graph-
ically represent high and low current.

The operations will be explained further with
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reference to the illustrative data tabulated below. -
data - are included-

The general (accounting)
merely to: indicate: other data which may be re-
corded on the flm.

Classmcatlon Data
Frame: G]ejx;%;a.l,.
Major- Intermediate’ Minor
08" 76 54 22
98 76 . 54 33:
45 6T 89 76
AR C&E 89 27
AF CG- 89| 59

Whiie the 9 spot in the.tens.order of the major.
fieid of frame [.is traversing: the lower station:. it:
interrupts. light. to. the: related. cell LP; sharply.
reducing curreat.flow: through the:triode I.{At..

This action.occurs gt the “97:time-of the cycle II,
as:indicated. by line:e of. Fig: 7.

state (see line g of: Fig. 7, cycle ID), inthe manner:
explained before..

Since frame. 2. contams a-.matching:9 spot.in. ¢

the. tens. column of: the: major. field;.the:light to
the related. cell is interrupted and :the current

flow through triode.UliAt reduced rapidly.. This. .
action occurs .after.the:element. At has. shifted -

to on state, as indicated:by. comparison:of. lines
f.and.g. of Fig. 7,.cycle II.. The. increased.im-

pedance of triode UlAt causes a_second shift. of:

the element AZ, so that:the element returns to off
state. This completes. one switching sequenece of
the element. Reference:to.line ¢ of Fig. 7, cycle
II, shows that element AZ; after completion of the

first switching sequence,. remains in- off status.:

mid-way of the. cycle. portion between cycie:
points 9 and 8. Such attained status is a mani-
festation of matching data in ‘corresponding col-
umns of two successive film frames. )

The configuration of.a designation spot is such

that in its passage through a sensing- station,.it -

interrupts the light to the.related photocell for.

slightly more than half the cycle portion between:-

two successive cycle -points. Thus, the 9 spot.in
the tens order of the major field of frame [ leaves:
the lower station shortly after the: midway point
between the cycle points-9rand-8. The related

cell LP is again illuminated -at this time and.the .
impedance of triode L:{A% rapidly drops, causing .

the voltage drop -across resistor. 2At. to: increase
rapidly. As a:result,; condensers 167a and-167b
apply steep negative pulses to .element Af, shift-
ing it again to-on state at the time indicated in
line g of Fig, 7, cycle. II,

With regard to.frame 2, the -matching 9-spot

leaves the upper sensing:station shortly: before--
“8,” permitting light to:fall'again -on related cell:
TUP. A sharp drop in:impedance -of -triode Ui AL -

results, and. the voltage. drop. across resistor 2Af
rapidly increases to a further: extent.
negative pulses are again applied to points166a
and 1660 of element Af; shifting it back to. off
status. This completes.the second: switching se-
quence . of element At and -the element remains

in off status until designations-on:frames-2-and -

3 are compared. It is'seen that following a point
midway between ‘cycle-points;-a

agreement cof data in. corresponding.columns . of
two successive film.frames. ] '
The switching of a control element t6 off status.
prior to a mid-index point .time is a manifestd-
tion of the agreement of ‘datd in’ correspording

The increased :
impedance of- triode LilAt: causes. substantially.
immediate switching of element At from:off to.on
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columnis- of sucéessive frames. A subsequent
sWit¢hing-of the élément to on and then to off
status; prior-to the end of the ¢ycle portion, oc-
curs as-the matching spots successively leave the
The net re-
sult- is- that the elément-is off ‘at the end of the
cycle portion and“is ready for operation in ac-
cordancewith the rieXt comparison of data in the
related colurhrisi: When' the' designations on the
frames being'compared do et agree, these desig-
nations will be sensed in different cycle portions.
The fi¥st desigriatidil’sensed will be the one cor-
resporiding to'a-higher value. Each designation,
whernsensed; will'turrion the denominational ele-
ment whizgh' will' thefi-stay on until this same
désigriation- lé4ves’ the’ sensing station. The
desigriation: spot’ is* of sueh length as to require
more than half g:cycle portion to cross the sens-
irig: stetion. Hence, thé element will remain on
In a manner ex-
pldgined later, this:condition of the element at
such! mid-index" point time causes a disagree~
meht of data to be'matiifested. This manifesta-
tion. will be: effected- as:the higher value repre-

> senting’ spot: of the two: non-matching spots

crosses a - sensinig: station.. Such spot may be
either on’ the’ leading: or’ the following frame.
When: the spot leaves the station after the mid-
index point time,: the element: is again turned

voff:  Thus, o switching: segueénce will be com-

pleted-under individual control of each spot dur-
ing.each of the separate cycle portions in which
such. noa-matching: spots - are scanned. Each
such switching sequence requires s longer time

~than theswitching sequénce effected under con-

trol- of ‘mafching: designations. - Before the first
of the individually controlled switching sequences
is completed, - the element is‘on at a mid-point
and: a; condition-of non-agreement will be mani-

fested: The subsequent-completion of the switch-

ing-sequence ‘brings: the element to off state, in
condition to-operate under control of the next
spot-or: spots-in the related -columns of the suc-
cessive frames:.

The-manner- inwhich- the' on state of a de-
nominational-control element:causes a condition
of non-agreement; i. e, a-“break’ in classifica~-
tion - data; to -be manifested will be explained
shortly. hereafter. -

Reference -to- the- above -table of- illustrative
clagsifying data :indicates” that the' remaining
classifying -data-on-frames.-f -and 2 agree; i. e,
—87654—and ~—87654-—. - In view .of the detailed
explanation given regarding operation of element
At.-under-a condition of agreement in designa-
tion spots, a detailed -description of the operation
of-the other control elements under conditions of
agreement: is- believed, unnecessary. It is suffi-
cient-to-state that the two switching sequences

-are effected for each of the other control ele-

ments. at the times indieated by lines 7, 7, q, u,
and-y.. It is clear now that all the control ele-
ments At; Au, Bt; Bu, Cf, and Cu are in off status
at midpoints. of indicated. cyc1e portlons, mani-
festing - agreement of major, intermediate, and
minor data in- frames- | and- 2.

Pomt 1665 of element Afis connected to the
grid: of a tube 3A%. When element At is off, point
166D is at low potential and the grid bias of the
tube .8A#.is high.. Under this condition, there is
substantlally no. current flow ‘through the tube.:
In a similar’ manner, points 1665 of the other
control elements are. ‘conneécted to the grids of
related tubes As W’lll be explamed later in this
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more of these tubes at mid-points of cycle por-
tions, conditions of non-agreement in classifying
data are manifested and one or more of the ele-
ments Az, Bz, and Cr are shifted to on status. It
is sufficient to state here that since all classify-
ing data on frames { and 2 agree, elements Azx;
Bz, and Cr remain in off state during the ma-
chine cycle in which these frames are compared.
‘When these elements thus remain in off state,
feed of the film continues and a third cycle will
be performed.

During the third cycle, frames 2 and 3 will be
compared. Since frame 2 contains a 9 spot in
the tens order of the major field, element At is
first shifted to on state, such shift cccurring at
the 8 point of cycle III, as shown by line g of Fig.
7. Frame 3, however, contains a —4-— instead
of a —9— in the tens order (major field) and
there is no interruption of the light falling on
its related photocell UP (Fig. 6a) at shortly after
“9.”  Accordingly, element At remains in on
status at midway between “9” and “8” of cycle
3, as indicated by Fig. 7, line g (ITI). With ele-
ment A7 on at this time, its point {665 is at high
potential, and therefore, a low bias voltage is
applied to the grid of its associated tube 3AfZ,
causing current flow through said tube and a
common load resistor 4A. The screen grid (here-
inafter termed screen) of a pentode 5A is con-
nected to a point 206 of a resistor 4A. The cur-
rent flow through tube 3Af and resistor 4A brings
about an increase in the potential drop across the
resistor and, accordingly, the screen voltage of
tube BA is reduced.

The control grid (hereinafter termed grid) of
tube 5A is connected to line 1386, as is the eathode
of this tube. With this circuit arrangement, tube
BA is always maintained at zero bias, and varia-
tions in current flow therethrough are controlled
solely by changes in its screen voltage. Since this
screen voltage is now low, current flow through
tube BA and its lcad resistance 6A is relatively
small and, therefore, the drop in potential across
the latter resistance is small. The screen of g
tube TA is connected to point 209 of resistor GA.
The grid of tube TA is connected to wire 218 which

xtends to & point on resistance {45 on which, as
explained before in Section 3, is continually pro-
duced the steep pulses, as shown in line ¢ of Fig.
7. The cathode of tube TA is connected to line
135 and resistance {45 terminates at line 138.
The difference in potential between lines {36 and
138 is the normal grid bias of tube TA. This grid
bias is sufficient to maintain this tube at shut-
off for the values of screen potential which are
utilized. If is only when both the screen voltage of
tube TA is at high value and the grid bias of said
tube is reduced by a positive pulse appearing on
resistance 145 that there is current flow through
the tube.

When the drop in potential across resistance 6A
is small, as is now the case, the point 209 and,
hence, the screen voltage of tube 14, is at & high
potential. The appearance of a positive pulse
on resistance {485 at midway between “9” and
“8” (Fig. T, line ¢ III) reduces the grid bias
of tube TA (Fig. 6a), causing current flow there-
through. The anode of this tube is connected
to point 165a of resistance 160a of element Azx.
The current flow through tube TA is in the form
of a sharp pulse, and causes an extremely rapid
increase in potential across resistance 160a of
element Arx. Accordingly, a negative pulse is
applied by the condenser 163a of the element to
the grid of triode 184¢ of the element. The cur-
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rent flow in triode 164a falls rapidly, point 165b
rises in potential, and the grid bias of triode
1640 is reduced sharply. Consequently, current
flow in triode 164b rises, maintaining point 165a¢
at low potential. Since point 165b is now at high
potential and point 165a at low potential, the ele-
ment Ax has been switched to on status. The
time at which this action occurs under the stated
disagreement condition is indicated in line k,
cycle III of Fig. 7. As has been mentioned pre-
viously (Section 1), the manifestation of the
countrol device related to the major class of data
supersedes the manifestation of the devices re-
lated to the intermediate and minor classes of
dafa. Also, the manifestation of the intermediate
control device supersedes that of the minor con-
trol device. The means whereby such superseding
contro] is efiected is now set forth.

It has been explained above that element Ax
has been shifted to on state as a result of a dis-
agreement found in the tens order of major class
data on frames 2 and 3. As is now understood,
point 1656 of element Ax is high in potential
when the element is turned on. Point 1655 of
element Ax is coupled by pairs of condensers
{670 (Fig. 6a) and resistors 168bb and wires
300 and 301 (also see Fig. 6b) to points 168b of
elements Bx and Cx, respectively. Point 1550
of element Bz (Fig. 6b) is also coupled to point
1660 of Cx by means of a condenser (67bb and a
resistance 168bb and the wire 301. The recovery
time of the condenser-resistor circuit is relatively
small and, therefore, the rise in potential of point
1650 of element Axr at midway between “9” and
“8” of cycle 3 causes steep positive pulses to be
applied concurrently to points 166b (Fig. 6b) of
elements Bx and Cz, thus shifting both of them
simultaneously to on status at the time indicated
in lines r and 2 of Fig. 7 (ID).

To recapitulate, when frames 2 and 3 were
compared, a disagreement was found in the tens
orders of the major classification data designated
on these frames. This condition was manifested
by the retention of an on status by element Af
(Fig. 6a) during a mid-point between two cycle
points. With element Af in on state at such
time, the result was that element Axr was turned
on. As element Ar was switched on, it brought
elements Bx (Fig. 6b) and Cz fto a like status.
Accordingly, whenever there is a manifestation of
a “break” in the major classifying data, such
manifestation produces “break” manifestations
for the intermediate and minor classes of data,
even though there should be no disagreement in
either of the latter classes of data. It will be
appreciated that, by virtue of the point 165b of
element Bz and point 166b of element Cx being
coupled by a condenser 16Tbdb and resistor 18800,
when there is a “break” in the intermediate classi-
fying data, such manifestation produces a like
manifestation for the minor class of data. The
“break” in the intermediate data, however, has
no effect on the manifestation of the major con-
trol device. Further, when there is a ‘“break”
solely in the minor classifying data, the mani-
festations of the major and intermediate control
devices are unaffected.

As the —9— spot, recorded in the tens order
(major field) of frame 2, leaves the lower sensing
station shortly after midway between “9” and “8”
of cycle 3, light again falls on its related photo-
cell LPt (Fig. 6a) and the current flow in triode
LiAt is increased. Hence, element A%, previously
in on state because of the discussed disagreement
condition, shifts to an off status in a manner now
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understood. The resulting: increase in: current:

flow through triode LlAt: and the. shift of ele-
ment At to an off status. occur slightly after mid-.
way between “9” and “8,” as indicated by lines e
and ¢, Fig. T, cycle III.. Thus, only a single
switching sequence is. effected. during one cycle
portion (hetween successive cycle points). when
there is a disagreement of data in corresponding
columns of successive film frames. It is. clear

that a denomingtional centrol element.is switched.

V2

10

to an on status and remains in said: status mid- -

way of a_ cycle portion to indicate a. condition of
non-agreement, and is. automatically switched off
prior to the termination of the cycle portion,
under control of the non-matched. data. spot of
one only of the successive film frames.being com-
rared. By thus.automatically.returning said con-

rol element to.off sfate after it has.manifested a.

cendition. of non-agreement of data, the element

is. placed. in proper status for operation.infollow.-. s

ing cycle portions.

The operations resulting from .g. condition. of
nen~matching data in the tens orders of the major
data of frames { and 2 have been. described. It
has been shown that wken the data.in correspons-

ing columns of two successive film frames dis-.

agree, a denominational contrel element Af un-
dergees. gne complete switching operation. only,
thereby resulting in its: being in. on. status at a
mid point of a cycle portion. Further, it has been

shown thaf it is the en status of the denomina-.

tional element at the mid point of the cycle por-

tionr which is & manifestation of the non-agree-.
ment of the entered data. It.is.seen, further, that
when: a denominational: control element, such as.
At (Fig. 8a)., 15 on at a mid-index point time, it.

causes a related class control element, such as Az,
to shift also to on status.. Finally, it has been

shown that element Az, when. turned on, shifts.

elements Bx and Cx to on state and element. Bz,
when on, regardless of the status. of element Az,
also ghifts element Cz to:on state.

Reference-to the table:of illustrative data indi-.

cates that the remaining classification data. of
frames 2 and 3 also disagree; 1. e,, —87654— and
—56730—.

Ct, and Cu are similarly operated upon.a condi-
tion of disagreement in:the related. orders.
sufficient to state that such operation of each. ele-
ment is a turning on and off of the element dur-
ing & cycle portion under control of only. cne of
the non-matching designations of the related
order. This cycle portien:is the one-which is in-
dicated. by the higher of the two nen-matching
values. which may be:either on.the.leading frame

or the following frame. At the.mid point of such-

cycle portions, the several denomination contrel
elements will still be in. on state, manifesting non-
agreeing-designations. The times-at which such
agtion of these elements. cccurs. are indicated in
Fig. 7, cycle: 111, lines g,.9, 1, @, u, and-v. At-the
indicated mid-eycle point times, the:points 188b
of the denomination elements will be.at. high po-
tential, thereby reducing the grid bias: of related
tubes. 3A¢, 3Au, 3Bt, 3By, 3Ct; and 3Cu. Each
such tube, as has aiready been explained for tube
SAT

wifil,

Cz to be turned on. If the ciass element has been

turned on previously in the same cycle under -

control of one such tube related thereto, the action
of the other related tube.has.no, effect; the class
element simply remaining in on state: For in-

st,z}nc,e,‘ since element. Az is, turned on undex con- .
trol of tube 8AZ between, “9” and.“8” of: cycle:&;.

In the manner described for element:
At, the other denomination elements Au, Bf, By,

It is.

causes the related class. element Az, Bz, or-

22
the subsequent zction of tube 3Au between the <8
and “7” times of the same cycle has no. effect on
element Azr. However, if the element Ax had
been off at the time the tube 3Au was rendered
conduetive, this tube would then have caused ele-
ment ‘Az to turn on. Further, in the assumed
example of data compared on framss 2 and 2,
the element Az was the first one turned on of all
the class elements. In the manner explained
before, as class element Az is turned on, it causes:
class elemenis Bz and Cx to be turned on, so that
the contrel of the latter elements by the related

. denomination contrel tubes thereby is superseded.
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When one or more of the class elements: are
turned-on, they cause an interruption of record:
feeding operations in the following manner.

The point 185 of element Cz (Fig. 6b) is
coupled by means of a condenser 187bbb, resist-
ance BbLB, and line 291 (see also Fig. 8a) to
point: t88a of clement 7. Element T hag been
turned. on, in the manner described before in
this: seetion S0 as to energize the clutch magnets
£8. Cocndensers I678bb and resistance (885bb
correspond to condenser 8Th and resistance 188b
of Pig. 4. Hence, when the class element Cz. is
turned on, and its point (68 rises in potential; a
steep positive pulse is applied to point {68z of
element T (Fig. 64), shifting it to off status, It.
is rzealled that elemsant Ca (Fig. 6B). hecame on
at midway between. “9” and “8” of cycle T&L. Ac-.
cordingly, element T (Fig: 6a) isturneg off at this.
time, asshown in Fig. 7, line d (I11).

When element T is turned off, its point {656
falls to: a low potential, therehy increasing the
grid bias of tube {48¢, interrupting current. flow
thersthrough, and through the clutch magnets
68, causing thelr deenergization. Such deenergi-
zation of magnets 88 (cee also Figs. 1 and 2) al-
lows: the clutches. to latch up at “D” at the end
of the cycle. Thus, the feed of film T is termi-
nated with frames 2 and 4 about to pass the
lower and upgper sensing stations, respectively.

When & class control element, such as Az (Fig.
6a), is on, its point {8%a is at low potential. A
neon or like gaseous discharge lamp 212, in series.
with a current limiting resistor 2{3 is connected
between line 132 and point {85¢. When this
point is at said low potvential, the voltage differ-
ence-between the point and line is sufficient to
ignite lamp: 212, thus affording a visual mani-
festation that class element Az is on; i. e., that
there is a “break” in the major classifying data.
The class elements Bz (Fig. 60) and Cr are also
provided with. neon lamps 212 which become ig-
nited when said elements are on.. In the exam-
ple set forth in detail above, all of the class ele-
ments are cn, and all the lamps 212 are ignited,
visually manifesting “breaks” in the major, in-
termediate and minor classifying data.

As Iong as element T i5 off, clutch magnets 63
are-deenergized and film feed suspended. At the
same time, one or more of elements Az, Bz, and
Cz remains on, indicating the disagreement of
control data. 'To restart film feed and turn off
elements Az, Bz, and Cz, the operator reverses
the position of switch: {94 (Fig. 6a), causing con-
denser 188 to discharge a steep positive pulse on
wire 214. This pulse is applied via coupling con-
densers {8Tqa and related resistors to points (88¢

-of elements Az, Bz, and Cz, turning them off.

When element Czx turns off, its point 185b falls in
potential, so that a steep negative pulse is applied’
via condenser {87bbb and resistor {68bbb- and
wire 214 to point i86¢ of element T. Element T;
consequently, turns on and causes clutch mag-
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nets 68 to be energized. At the following D point,
film feed resumes and frames 3 and 4 are fed past
the lower and uppber sensing stations, respec-
tively.

The foregoing has described automatic ma-
chine control means comprising electronic de-
vices for comparing and manifesting conditions
of agreement and non-agreement of classes of
data recorded on successive record bodies. It has
been explained that a “break” or non-agreement
in a class of data is manifested by the lighting
of an associated “class” lamp, and further is
manifested by interruption of record feed. While,
in this illustrative case, the control of the ma-
chine by the class contrel devices is applied to
the common feed means, it is evident that the
separate class control devices are capable of in-
dividually controlling separate machine control
means, just as they control lamps 212 individual-
ly. It will now be understood that the electronic
auto-control means is capable of (@) detecting
non-agreement of data among different groups
of record bodies constituted by successive sections
of the film, of which each section may contain
one or more frames or record bodies (b) detect-
ing unwanted, extra classifying data on records
(¢) detecting missing classifying data on either
of the compared records. Either numeric or
alphabetic contre! date may be compared for
agreement or for non-agreement.
from the fact that the control devices effect po-
sition by position comparison of successive rec-
ords in each and every onhe of the cycle portions
between points “9” to “13” of a cycle as the desig-

nation positions 9 to 0, 11, and 12 of the succes- -

sive records fraverse the lower and upper sensing
stations. If comparison of any pair of corre-
sponding positions on the successive records shows
that one is marked and the other is not marked,

a condition of non-agreement will be manifested.

Such manifestation will be effected at the mid-
point of the first cycle portion in which such dis-
agreement of marks in corresponding positions
has been detected. Numeric data are represented
by marking designation positions of the columns
according to the Hollerith single-point code; that
Is, @ digit is denoted by marking one position of
a column of the record. Alphabetic data are
designated here in accordance with the code
shown in Patent 2,224,771, By such code, a let-
ter is designated by marking a combination of
two positions in a column, one marked position
being in the zone of positions 9 to 1 and the other
marked position being in the zone of positions
0, 11, and 12. Thus, letters A to I are designated
respectively by marks in positions 1 to 9 paired
with a mark in position 12; letters J to R by
marks 1 to 9 paired with marked position 11, and
letters S to Z by marks in positions 2 to 9 paired
with & —0— mark, Referring to the illustrative
table of data, it will be found that frame 3 bears
classifying data —456789— and frame 4 bears
classifying data —AFCGS89—. When these two
frames are compared by the auto-control devices
during a cycle, no disagreement will be found
during cycle portions “9” to “8” and “8” to “7”
since, in these cycle portions, agreeing minor data
are sensed. During the “7” to “6" cycle portion,
mark —7— in the units order of the intermediate
class field of frame 3 is sensed and, at the same
time corresponding position 7 of frame 4 is found
to contain a mark. Thus, at this time, there will
be no manifestation of disagreement between
number 7 designation and letter G designation
since the designation of letter G includes a mark

This follows

10

60

75

24

in position 7. Subsequently, in the cycle portion
“6” to “5”, a mark is sensed in position 6 of the
tens order of the intermediate field of frame 3,
whereas no corresponding mark is sensed on
frame 4. Accordingly, denominational control
device B will be on mid-way between “6” and “5”
and will cause class control device Bz to be
turned on, manifesting disagreement of inter-
mediate data on frames 3 and 4. Similarly, dis-
agreement will be found at the “12” to “13” time
by element Bu since position §2 of the tens order
of the intermediate field of frame 4 is marked and
the corresponding position of frame 3 is not
marked. Element Bz, having been turned on
breviously, is not affected by the on condition of
element Bu. In a similar manner, comparison
of the tens order of the major field will detect
non-agreement between “4” and “3” and element
Az will be turned on. The later disagreement
found between “12” and “13” in the tens and
units orders of the major field will have no effect
because Az is already on. :

It will be clear from the foregoing that alpha-
betic as well as numeric data may be compared
for conditions of agreement and non-agreement
to control machine operation and to manifest the
result of the comparison.

Film feed will be interrupted as a result of the
disagreement found between the classifying data
of frames 3 and 4, after which manual re-initia~
tion of film feed will be effected, in the manner
now clear. Frames 4 and 5 will then be compared.,
As shown by the table of illustrative data, the
classification designations on these two frames
agree, so that film feed will continue for another
cycle. It is assumed that frame § is blank. Hence,
during the cycle following the cycile of comparison
of frames 4 and §, frame 5 will traverse the lower
station and blank frame 6 will traverse the upper
station. Since the blank frame does not have
data agreeing with the classifying data on frame
5, the film feed will be interrupted at the end of
the cycle in which frames 5 and § are compared.

Having described the operation of the control

- devices for the various conditions of agreement

and non-agreement when alphabetic and numeri-
cal data are being compared, a description will
now be given of various conditioning operations
which take place prior to placing the machine in

n Operation.

6. Conditioning—record controlled machine

When the operator closes a switch (not shown)
to supply a voltage to lines 130 and 131 (Fig. 6a),
elements T, Af, Au, Az, Bt (Fig. 6b) , Bu, Bz, Ci,
Cu, and Cr assume either an on or off status
which is governed solely by chance. Prior to
placing the machine in operation upon a run of
film, it is necessary, therefore, for the operator
to adjust the several elements to g given status
by the following conditioning operations.

The operator first throws switch 195 (Fig. 6a)
to a reverse position from that shown, permitting

- condenser {89 to discharge over line 2(5. Con-

densers (6Taa and (63aa couple line 215 to the
points 166a of elements Af, Au, Bt (Fig. 6b), Bu,
Ct, and Cu. The discharge of condenser 199
(Fig. 6a) causes a steep positive pulse to be ap-
plied through condensers i6Taa and 168aa to each
of the points (66a of the above mentioned ele-
ments, thereby shifting any of said elements
which happen to be in on status to an off status.
The operator then throws switch 194 to g reverse
position from that shown to shift any of the ele-
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ments Az, Br (Fig:60) and Cz:which happen-to
be on to an off status;in a manner described above
(Section 5). Following this conditioning opera-
tion, the operator throws-switch:192 (Fig. 6a) to
a reverse position.from that shown, ‘thus allow-
ing condenser 18§ to discharge:and apply a posi-
tive pulse to a point- 166a of element T, thereby
shifting said element to an off status should it be
on, perchance, at this time.: Since in each such
conditisning operation, positive pulses have been
applied only to-the points 166a. of .the elements,
it follows that if any such element happened to
be off, the application of the positive pulse to its
point (586¢ will have no effect, and the element
will remain off. )

The foregoing has deseribed the .conditioning
operations which are performed when starting
up the machine. The result of such conditioning
operations is to 'place all of the elements T, Af,
ete., in an off status. Following said -condition-
ing operations the: film ‘may- be inserted in the
record handling' mechanism and feeding opera-
tions initiated . as: described - previously: (Sec-
ticn 5).

7. ‘General—modiflcation

This modification applies the :principles of the
invention to -the -comparison of settable data by
the electronic comparing -means. The electronic
comparing means: of .the modification is essen-
tially of the same nature:as:the comparing means
of the record-controlled embodiment. However,
the modification; ~instead: of comparing 'data
designated con successive records, compares data
entered in and represented by settable entry re-
ceiving and: representing means. Instead of
manifesting -agreement  of :data by. continuing
record feed, the modification manifests agree-
ment by lighting a signal lamp. Whereas: the
record-controlled  embodiment :continues auto-
matically ‘to compare data -on. one record after
ancther during successive cycles:until a disagree-
ment is detected, the-modification compares. one
set of dafe in one: cycle -and must then be re-
started to compare data. in :another. cycle, and
so on. While the: record-controlled embodiment
provides for cyclically timed emissioh of control
impulses for the comparing means under con-
trol of and in accordance:with ‘the sensing of
recerded designation spots differentially related
to a cycle, the modification provides a commuta-
tor -for supplying  differentially - timed impulses
ich are converted by means including the data
ting devices -into--control- impulses for
controlling the comparing means according to
the dats standing on the-data representing means,

As in the record-controlled  embodiment, the
modification. provides.a plurality of  denomina-
tional confrel elements, -each to compare, elec-
tronizally; the data in corresponding-orders, and
2. commen data comparing means jointly con-
trolled by the denomination -comparing means to
manifest agreement or non-agreement of the
comparad data as-a whole; -

8. Trigger circuit—modification

In addition to utilizing .the  trigger circuit
shown in Fig. 4 and. described. in.Section 4, the
modified embodiment. of this invention .also- em-
ploys another trigger circuit. This .circuit is
shown in Fig. 5, and, except for certain features,
is substantially similar to the Fig. 4 circuit. Por-
tions.of the Fig, 5 circuit; which: correspond in

character and function to portions-of the circuit i
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of Fig. 4, are given the same reference charac-
ters. :

The trigger circuit shown in:Fig. 5 may also
have two conditions of stability. Whereas the
Pig. 4 circuit hasonlyonevacuumtubeunitineach
branch and to which the controlling pulses are
applied to effect switchinig action, the ¥ig. 5 cir-
cuit includes in each branch an additional vac-
uum tube unit to which the control pulses are
applied to -efiect switching action. 'The addi-
tional vacuum tube units are pentodes {78a and
£18b.- The screen of 170¢ is connected to a point
{18a on a voltage divider consisting of resistors
Mg and t7%¢. The potential of point 176a is
positive with respect to line {36 when switch 175a
isin - reverse position from that shown, and,
hence, the screen voltage of 178a is positive with
respect to its-cathode. The screen of 178D is
connected to a point 1780 on a voltage divider
consisting of resistors {716 and 172b. The volt-
age-of this point is likewise positive with respzct
to line 136 when switch 175D is in reverse posi-
tion from that shown; so-that the screen poten-
tial of 1785 is positive with respect to its cathode.
The grid of 118ca is connected to a resistance 173¢
and the grid of 170b is-connected to a resistance
113b.  Positive pulses are applied to resistances
113¢ and (130 through-condensers 114 and (14D,
respectively, from a source or sources not shown
in Fig. 5. In the absence of any pulses on the
resistors {73a -and 118b, the grid bias of each
of units [78a and 1106 -is the potential difference
between lines- {36 -and (31 and is great enocugh
to:maintain these -units at -shutoff. It is also
assumed that switches -{15¢ and {75b are each in
reverse positions from that shown and that the
trigger circuit has- attained -a state of stability
such that. points -165a-and -165b are respectively
at-high and low potentials. -

When a positive pulse is-applied threugh con-
denser [T4b to resistance ‘178, the -grid bias of
tube- unit- {706 is-reduced. - The anode of tube
unit- 11006 is connected to point £65¢, the potential
of -which. with- respect- to line {38, is relatively
high.. Hence, the bias ‘reduction of tube 1785
causes a current flew as follows: from- line {38,
via resistor 160q; tube unit §78b, line {36, resist-
ances. 133, 134, and: 35, to line A31. As a result
of .such current flow, point 165¢, suddenly drops
in..potential, producing .z negative pulse which
increases the grid bias.of tube unit 164e, shutting
off this tube unit. Accordingly, poin{ 1855 rises
in potential, decreasing the grid bias of tube unit
164D so that current flow therethrough increases.
Since the anode of this tube unit is connected to
point #68¢, current flow ‘through the tube unit
maintains this point at low potential. Thus, as
a result of the positive pulse applied to resistaiice
1713b-and which rendered tube unit 4 18b conduc-
tive, points 1650 -and -165a are at high and low
potentials, respectively..: Thus; the trigger circuit
has-been shifted to a condition of stability which
is-the reverse of that -originally described. The
new status-of the trigger circuit is maintained
until.a positive pulse is applied to resistance {782
through condenser - {T4a¢. When this occurs the
resulting grid bias reduction of tube unit 178¢q is
effective ‘to increase: current flow therethrough
and the trigger circuit is returned, in a manner
now. clear, to- the first .condition of stahility. It
is to be noted that negative pulses applied to the
grids- of units- 170¢-and 118b are ineffective to
cause. the-shifting action explained above.

In.the foregoing - description, it ‘was assumed
that .switches-115¢ and (115D are each in reverse
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position from that shown. Assume now that
switch 175¢ is closed; hence, it shunts out resist-
ance {12a, reducing the screen potential of 170¢
to substantially that of line 136. Assuming that
the condition of stability is such that point 165b
is at a high potential, such screen voltage reduc-
tion prevents any grid bias reduction of 110¢
from being effective in bringing about increased
current flow therethrough. Therefore, until
switch 175a is opened, applications of pulses to
resistance 173a are ineffective to change the
status of the trigger circuit from a condition
in which points 165b and 165¢ are at high and
low potentials respectively.

Similarly, switch 1755, in the position shown,
shunts out resistance 172b, thus reducing the
screen potential of 1710b to that of line 136.
Such screen voltage reduction, when point 165a
is at high potential, prevents any grid bias reduc-
tion of 1700 from being effective in bringing about
increased current flow therethrough. Therefore,
until switch 178b is placed in reverse position
from that shown, pulses appearing on resistance
1736 are ineffective to change the status of the
trigger circuit from a condition in which points
16%a¢ and 1656 are at high and low potentials re-
spectively. Switches 115z and 115b, therefore,
comprise parts of selection means whereby selec-
tivity in operation of the trigger circuit is ob-
tained.

That portion of the Fig. 5 circuit within the
broken line enclosure is also hereinafter termed
an element, utilized in various parts of the em-
bodiment under discussion. One such part is the
electronic commutator which is described in the
following section. .

The foregoing has described a trigger circuit
in which controlling impulses are applied to
vaccum tube units of the circuit to cause the
shift from one condition of stability to the other.
The manner in which the screen grids of pentodes
are employed to permit triggering impulses to be
selectively effective for controlling sequential op-
eration was also described. It will be seen that
{70, when it responds to a pulse, causes triode
1840 to pass increased current and that a pulse
applied to 110b causes triode {64b to become more
conductive. The portion of the element in which
164a and (T0a are shown as located may be re-
ferred to as one element portion L. Similarly,
the other portion in which 164b and 110b are
shown as located may be called element portion
7. For convenience, an element portion will be
referred to as on when its triode is highly con-
ductive.

9. Electronic commutator

The purpose of this commutator is to provide
means whereby various results may be obtained
with negligible inertia and at high speeds. The
commutator has a number of elements such as
described in the preceding section. The number
of steps in a commutator cycle determines the
number of elements required. Specifically, there
are half as many elements as steps; hence, as
many element portions as steps. Stated general-
ly, advancing pulses will be applied to the com-
mutator elements. Each element portion when
on will condition a succeeding element portion
to be turned on in response to an advancing pulse.
Thus, in a commutator cycle, the element por-
tions will be turned on successively in response to
a series of pulses. When one portion of an ele-
mens$ is turned on, the companion portion of the
same element thereby automatically is turned
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off. " Briefly, then, 'a commutator cycle of twelve
steps will require six elemeénts. Assume portion
7 of a first element.to be on and all other element
portions 'r to be off. Portion r of the first ele-
ment, being on, conditions corresponding portion
(r) of a second element to be turned. 'The first
advancing pulse after such conditioning will turn
on portion r of the second element. Both por-
tions 7, of the first and second elements, will re-
main on. In such manner, the portions r of the
six elements will be turned on successively. When
portion r of the sixth element is on, it conditions
the non-corresponding portion (L) of the first ele-
ment to be turned on by the next advancing pulse.
Portion L of the first element upon being turned
on will turn off portion r of the same element
and will -condition the portion I. of the second
element to be turned on. The L portions will be
turned on in-this way successively, coincidentally
turning off companion elements r until the L por-
tion of the sixth element has been turned on.
This L portion conditions portion r of the first
element to be turned on, and the next pulse will
start a repeat cycle of the commutator.

Fig. 8a shows such a commutator circuit having
six elements, designated D4—1 2, D3—9, D2—3§,
ete. Assume portion r of element D4—12 to be on
and the other element portions r to be off and
further, that switch 218 is in the position shown,
and that pulses are being applied to resistance 173
of the character indicated in Fig. 9, line d.

The screen of pentode 170 of each portion r of
elements D3—9 to D11—5is connected, vig a cur-
rent limiting resistor 216b, to the midpoint of the
resistor 161b of the preceding element. The
screen of pentode 110b of element D4—i2, how-
ever, is connected via a resistor 216a to the mid-
point of resistor 16ia of the sixth element D11 —B,
which may be considered as preceding the first
element. The screen of pentode 170a of each of
elements D3—9 to DI {—35 is connected via a re-
sistor 2{6a to the'midpoint of resistor 1814 of the
preceding element.  The screen of pentode {70g
of element D4—I12 is connected, however, via a
resistor 2166 to the midpoint of resistor 151 of
of element DI {—5. " When portion r of an ale-
mentis on, the potential of the midpoint of the
resistor 1615 of the element is high. When por-
tion L of the élemeént is on, the potential at the
midpoint of resistor 161a of the element is high.
Thus, the screen potential of pentode IT0b of
each of elements D3—8 to DII—5 will be high
when the portion 7 of the preceding element is on,
while the screen potential of pentode 1180 of cle-
ment D4—I2 will be high when portion I of ecle-
ment DI1—5 is on. Similarly, pentodes 110¢g of
elements D3—9 to Dil—5 will have high or low
screen voltage according to whether the preced-
ing element portions L are on or off, while pentode
110 of element D4—12 will have high or low
screen voltage depending on whether portion r
of element DI{—5 is on or off. The grids of the
pentodes of elements D4—12 to DI {—5 are con-
nected to a common linie' 217 which taps resistor
173, terminating at line 13l. The cathodes of
these pentodes are connected to line 136. Hence,
the normal grid bias of each of pentodes §70¢ and
170D is the potential difference between lines 131
and 136. At such normal grid bias of a pentode, 5
rise in its screen voltage has no effect. Moreover,
a reduction in grid bias of the pentcde has no
effect while the screen voltage is low. The screen
voltage must be high and, in addition, the grid
bias reduced to render a pentode conductive.
When a pentode is made conductive, it shifts the
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related portion to on.status,-as-explained in Sec-
tion 8. The grid bias is-reduced by application of
an advancing pulsethereto. Such pulses are taken
off resistor {73 and -applied to the grids of the

pentodes of all the elements simultaneously via -

wire 247. Only the pentode at high screen voli-
age will be made conductive by the application of
the pulse to its grid. The manner in which the
advancing pulses are -produced is described later
on in this section of the specification.

This modification operates en a twelve-point
cycle basis, a fact which follows {rom the utiliza-
tion of the commutator-described akove, having
six elements, each with -two cross-tied element
portions.
ginning, “D” or “12” point, of .a cycle, the right
hand portion r -of element D4-—iZ.is-on and all
other portions r are off. The cycle (Fig.-9) may
Le-considered arbifrarily as at the “D” point when
portion r of the first elerient begins to be turned
on. In the manner-explained abeve, portion r o
element D3—32 is-now conditicned to be switched
on. The first effective advancing pulse (line d,
Fig. 9) occurs at “9” of the-cycle and, therefors,

.conditioned portion r of element D3—2 is turned :¢;

on substantially .at “9.”  -Similarly, porticns r of
elements D28, D{—T, D8—5, and Di{—F will
he turned on by .advancing pulses produced -at
succcessive cyele points 8, 7, 6, and 5. Since por-
tion r of element Di1—5 is turned on, it condi-~
tions portion L of element D4—12 {0 be turned on
by the next pulse, as is clear from the previous de-
scription. Accordingly, the advancing pulse at
“4* {urns on portion L of D412, coincidentally
turning off portion -r. . Similarly, portions L of
elements D3—8, D2—8, D{—1, D&—§, and Dil—5
will be turned .on:successively at cycle points 3, 2,
1, 8, and 11 (see Fig.'®) -and the companion por-
tions 7 turned off. When portion L .of element
Dii—5 is turned -on, it conditions. portion r of
element D4—12 to be turned on. The next pulse
at the “D” point will turn on portion r of the ele-
ment DA—£2, thus initiating a new cycle.

At any peint of the cycle when advancing
pulses cease to be applied, the element portions
will remain in the states they .assumed before
pulse application .was interrupted. 'The circuit
is so devised that when a pulse turns an ele-
reent portion on, rise in potential of the midvoint

of resistor {6la or 15D -of the elemeny is ex- °

ponential; that :dis, does not take place instan-
tanecusly. Accordingly, voltage of the connected
screen of the pentode of the next element does
not rise to required high wvalue while an effec-

tive portion of the same advancing pulse is being -

applied. Thus, each advancing pulse may turn
on only those portions conditicned for such -ac-
tion previous to the application of the pulse.
Further explanation.of this phenomenon will be
found in my copending application, Serial No.
304,833 which has matured into Patent No.
2,402,989,

It has now been shown that as long-as advanc-
ing pulses are applied to the commutator circuit
the element portions D4—I27,
Dii—5r, D&—L21, ete., are tripped on (and ofl)
seguentially. There have also been explained
circuits which interrelate the various element
portions and provide for positive .sequential op-
erations, and it should be clear that the turning
on (or off) of an element portion is not depend-
ent upon inductive or capacitative coupling. It
hasbeen shown that a given element portion can-
not be switched on until its predecessor element
portion is on. With this ‘circuit arrangement

It will -be. assumed that at the be- »
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-step-by-step progression from one-element por-
‘tion to the next is positive in character.
_glectronic commutator is utilized in this inven-

This

tion -as a means for producing sequentially timed

control and entry pulses, both of said functions

being described in- detail later in this section.
As described above, the commutator is oper-

-ated by positive pulses (Fig. 9, line d) which ap-

pear-on resistance 173 (Fig. 84) and are trans-
mitted therefrom by wire 2{1. Such transmission
of pulses by line 217 cccurs only while switch 218

-ig in the position shown. When switch 218 is in
‘reverse position, it connects wire 217 directly to
‘line 31, shunting out the portion of the resist-
.ance extending from the tap point of wire 247
“to the line 131.
_said reverse position, wire 217 is at the potential
-of line {31 and is not effective to transmit pulses

Accordingly, with switch 218 in

to the commutator. In the absence of such pulses

-on the control grids:of pentodes 178« and {196 of
“the eommutator, the pentodes are at cut-cil.

Thus, by shifting switch 218 to a position reverse

to the shown position, the operation of the com-~

mutator is interrupted. Conversely, to place the

-comnmutator in operation, switch 248 is set to the

position shown.

In this modification, an oscillator WW (Fig.
8a) of 'the same structure as oscillater W (Fig.
Sa):of the record controiled machine is employed
for generating square-topped wave forms which
are converted into steep pulses. To 2id in iden~
tifying the character and function of portions
of -oscillator WW without further explanation,

.such portions are given the same reference char-

acters as corresponding portions of oscillator W
(Fig, 6g). Fig. 9, lins ¢ diagramimatically illus-
trates the voltages (with respect to line 131)
which are produced on the lower end {43g of re-
sistance 188a of cscillator WW (Fig. 8a) and Fig.

-9, line b illustrates the voltages (with respect to

131) which are produced on the lower end {4%5b
of resistance (48b (Fig. 82). It is seen that these
voltages are sqguare-topped in form and occur
twelve -times per machine cycle, the respective
voltages being 180 degrees out of phase.

A fall in potential of point {43b causes a dis-
charge of condenser 2{8 and reverse current to
fow through resistance 2208. By suitably choos-
ing the value of condenser 219 and resistor 228 so
that its discharge time is rvelatively short, the
drop. in potential of point {430 produces a neg-
ative pulse of extremely short duration having a
.steep-wave front on resistance 228. A rise in the
potential of point {43b causes charging of con-
denser 218 and circuit flow through resistance
229 to line t21. Such current flow is in the form
.0f -2, steep positive pulse. Since the fall and rise
in potential of point {436 is continually recurring,
negative and positive pulses are continually pro-
duced on resistance 223 of the form shown in
Fig. 9, line c.

The grid of «a triode 22! is connected to re-
sistance 228 (Fig. 8a). Resistance 229 and the
catiiode of triode 221 terminate at line {34, With
this circuit arrangement, the normal bias of
triode 224 is zero, and the currvent flow through
triode 221 is unaffected by positive pulses appear-
ing: cn resistance 228. A negative pulse on re-
sistance 228, however, increases the grid bias of
triode 221, decreasing the current flow through
the triode and through its load resistance 222.
A condenser 174 couples point 223 of resistance
2292 to resistance (3. Since switch 2(8 now is
in the position shown resistance {713 is completely
in circuit. Accordingly, a reduction in current
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flow through resistor 222 and triode 221 causes
Ppoint 223 to rise in potential with respect to line
{81, thereby producing on resistance 173 an ad-
vancing pulse of the form shown in Fig. 9, line d.
Such pulse is effective to advance the commutator
one step in the manner described before.

As has been mentioned previcusly in this sec-
tion, the commutator is utilized as 2 means for
Pproducing sequentially timed entry and control
pulses. The manner in which this is effected is
now described. Fig. 9, part e indicates that sub-
stantiaily square-topped waves are sequentially
produced at points 1655 and 165¢ (Fig. 8a) of the
several element portions. For entry and control
purposes, these square-topped waves are con-
verted into pulses having a sharp wave-front of
short duration. Each pulse has a definite dif-
ferentially timed relationship within a machine
cycle.

For instance, a rise in potential of point 165b
of element D4—12r determines the “12” or “D”
Ppoint of the cycle (see part e of Fig. 9), and is ef-
fective via wire 223(12) to cause charging of con-
denser 224(12) and current flow through resist-
ance {2R, connected at one end to the condenser
and at the other end to line 18{. The R. C. prod-
uct of the resistance 12R and of condenser
224(12) is so small that this current flow through
resistance I2R is in the form of g sharp positive
pulse, occurring at “12.”

A fall in potential of point 1855 of element
DA—12r occurs at “4” (Fig. 9, part e) and causes
discharge of condenser 224(12) and reverse cur-
rent flow through resistance {2R. This current
flow is in the form of a sharp negative pulse oc-
cwiring at “4” in the cycle.

In a similar manner, as the potentials of points
1855 of the other elements D3—9, D2—8, DiI—1,
D840, and DI {—§ rise, there are produced Pos-
itive pulses on resistances 9R, 3R, TR, §R, and 5R
at cycle points 9, 8, 7, 6, and 5, respectively. On
the other hand, as the potentials of points 1556
of these elements fall, negative pulses are pro-
duced on resistances 8R to SR at cycle points
3,2,1,0,and 11. Wire 223(9) is connected not
only to condenser 224(8) but also to a condenser
224(8a) which is in series with a resistance SRR
terminating at line 13{. Thus, positive and neg-
ative pulses having timing similar to those pro-
duced on resistance 9R are also produced on re-
sistance SRR. The successive rises in potential
of the points 165¢ of the six elements D4—12,
D3-—9, D2—8, DI—T, D0—4G, and Df I—5 produce
successive positive pulses on resistance 4R, 3R,
2R, IR, IR, and {IR at cycle points 4, 3, 2, 1,0,
and 11, respectively. The successive decreases in
potential of these points 165¢ produce successive
negative pulses on resistances €R to IR at cycle
points 12, 9, 8, 7, 6, and 5, respectively. Wire 223
(4) also is connected to condenser 224(3q) which
is in series with a resistance 4RR which termi-
nates at 131. Accordingly, positive and negative
pulses having timing similar to those produced on
resistance 4R are also produced on resistance 4RR.

The pulses thus produced on resistors SR . . .
IR, {{R are shown by full lines in Fig. 9.

As explained above, both negative and positive
pulses are produced on the resistances 12R,
SR ... {{R. The negative pulse appearing at
“D” on resistor 4RR is used to reset the denom-
inational comparing elements of the comparing
means, as will be described in subsequent Sec-
tion 10.

The positive “11” pulse on resistor (IR is ef-
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fective to control operation of the common com-
paring element; i. e., the element which man-
ifests a combined comparison condition for all
the denominations. This, too, will be explained
in Section 10.

The positive “D” pulse on resistance 2R is ef-
fective to initiate and terminate operation of a
single entry cycle limiting means; namely an
element K2 (Fig. 8a), in a manner described in
Section 10.

Element K2 is brought into action under con-
trol of a related element Ki, operation of which
is manually initiated, as will be described in Sec-
tion 10. The positive «9” pulse appearing on re-
sistor SRR is used to terminate operation of this
initiating element KI (Section 10).

Only the positive pulses appearing on resist-
ances 9R, 8R ... 5R, 4R . . . OR are utilized,
and the effect of the negative pulses is eliminated.
The positive pulses appearing on resistors SR to
O0R are converted into negative entry transmit-
ting pulses by electronic means which are under
additional control of the single entry cycle limit-
ing element K2 (Fig. 8¢). The electronic means
referred to are shown in Fig. 8¢ and comprise ten
pentodes 226(9) to 226(0), each having its
anode connected to line 130 by one of the related
load resistors 227(9) to 2271¢0). From points
232(2) to 232(0) of these load resistors the neg-
ative entry transmitting pulses are derived. The
pentodes have their cathodes connected to line
138. The screens of these tubes are connected
te a common wire 228 which terminates at a noint
between resistances 229 and 230, comprising a
voltage divider between lines 138 and {38i. The
drop in potential across resistance 230 exceeds
the drop between lines 131 and 136. Hence, the
screen potentials are kept constantly positive
with respect to the cathode potential. The sup-
pressor grids (suppressors) of the pentodes are
connected via a common wire 231 to point 168db
of element K2. When this element is off, point
1860 is negative with respect to line 136. Hence,
the suppressor botentials, when element K2 is off,
are negative with respect to the cathode poten-
tials. The pentodes 226 are of the type which
are at cut-off when either the suppressor or the
control grid potential is negative with respect to
cathode potential. The grid of each pentode taps
a separate one of the resistances 9R to OR which
terminate at line 131. Normally, therefore, the
grid potential is below the cathode potential and
the tubes are at shut-off. The tubes are also ab
shut-off when the suppressor potential is neg-~
ative with respect to the cathode potential. Only
when both the suppressor potential and the grid
potential are concurrently high will the pentode
be rendered conductive. Thus, to prepare a
bentede for a conductive condition, element K2
must first be placed on so that the suppressor
potentials will be increased. Thereafter, dur-
ing a cycle, as positive bulses appear at succes-
sive cycle points “9,” “8” . . . “0” on resistances
IR, 8R . .. OR and reduce the grid bias of the
pentodes, one pentode at each cycle point, the
pentodes become successively conductive. Since
& negative pulse on any one of the said resist-
ances will merely increase the grid bias of the
related pentode, the latter will remain at shut-
off. 'Thus, only positive pulses on the resistances
render the pentodes conductive when their sup-
bressor potentials have been raised by the on
condition of element K2, and the effect of the
negative pulses is eliminated.
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As a:pentode 226(9) to 226(0) becomes con-
ductive, a. surge of current fiows therethrough
and through.the connected.load resistor 227(8) to
221(0). Accordingly, the potential of point
232(9). t0:232(B) droeps.sharply and a negative
pulse .appears thereat. . The timing of these neg-
ative ‘pulses is the same.as the timing of the
causative positive pulses - appearing on resistors
9R to 0R, and such negative pulses are indicated
in:PFig. 9 .by dotted: lines adjacent the full lines
denoting the positive- pulses on the resistors SR
to:0R:.

The: foregoing has :described a continuously
operating electronic commutator ‘which produeces
pulses-grouped in separate:cycles, each: pulse of
a.group having a differentially timed sequence in-
a-cycle..

The ‘data ‘comparing device will now be de-
seribed.-

10.. Comparing device—modification

To place-the comparing device in operation, the
operator closes a switch (not shown) to supply a
voltage-to-lines 1307and 131 (Fig. 8a).
oscillator WW - (Fig.-8a) is thereby brought into
operation, the ‘operator may now open switch
218 (Fig: 8a) to: place the electronic commutator
in- operation. Certain conditioning operations
are-next -performed, which ‘will be explained in
subsequent-Séeetion 11, and: as a-result-of ‘which
all the elements are adjusted to a starting status.

Two- amounts to be- compared are entered in
electricalamount representing devices ¥ and G
(Fig:8b). Essentially, these devices are required
td provide differential, electrical value represen-
tations-of amounts.: Such-value representations:
are in the form of a set of contacts, one set for-
egch denominational order, and each contact in
each'set corresponding to-a-different digital value.
Such amount representing device may be-of the
kind set under controi of a keyboard as in my co-
pending application,-Serial 0. 314,767 or may be
of ‘the ‘readout commutator kind: The readout
commutator is usually asscciated with g value

register or accumulator which may be operated in -

a known manner. For purposes of the present
invention, the readout commutator may be con-
sidered as of the kind in which each: order may
be set individually by the operator, as disclosed
in'Patent No. 2,113,229 to J. W. Bryce. Fig. 8b
diagrammatically shows  such readout com-

mutators as the amount representing devices F' -

and G. For illustration, each device is shown
with three orders, hundreds (&), tens (), and
units (x). Each order has ten contact segments
250 corresponding to values 0 to 9. There is a
common segment 251 for each order and a com-
mutator brush 282 which is settable to bridge
any desired one of the value segments 256 and
the common segment. 251. It may be mentioned
that the operator can set the devices F.and G to

desired amounts before the switch 218 (Fig. 8q) is .

thrown .to the position shown to initiate elec-
tronic commutator operation or after the switch
218 is in the position shown but before a com-
paring cycle is initated by throwing a switch
236 (Pig. 8a) to a position reverse to the posi-
tion shown. ’

The switch 236, when in the position shown
in‘Fig.8a; is connected to a point between resist-

ances:234-and 235 which form a voltage divider

across-lines 130 and 13f. The switch blade is

connected to one:side of a condenser 237 whose

opposité- side ‘is-wired fo:line 131. With switeh -

A1)
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236 .in‘ the shown. position, the condenser 237 is
charged to the potential across resistor 235. After
the electronic commutator has been: brought into.
aection and after desired amounts have been en-
tered in the devices Fiand G, the operator reverses
the position. of switch 228 to initiate a compar-
ing . operation.. Condenser 287 thereupon dis--
charges.through:the resistor .i82b of slement KU,
raising the potential of its point {8£b. RElement
¥ 1 and element K2 comprise a single cycle con~
trol.device. Element K2 .is of the same type as -
the element shown in Fig. 5. Element XKi{ com-
bines features of the circuits shown in Figs. 4 and
B; that is, its righit-hand portion r contains a tri-
cde 104% and. its lefthand poriivn L contains a -
triode-pentode ..tube. The: right hand portion
contains:only.a triode because preconditioning
is not required in:order to turn on element KIi.
The element Kl is to ke turned off only after
element K2 has-been. turned on. Accordingly,
wreconditioning is required to prepare the element
i to be turned off ‘and, thersfore, the triode-
pentode is used:in the:left hand porticn of ele- -
ment Bl: When switch 2368 is reversed. from the
position shown: in Fig. 8a, condenser 237 dis-
charges through resistor.182b:of element K, rais-
ing thepotentidl of its-point {188b. The increased:
potential at point 1855 of element Ki acis on the
crid of triode: {84k of this:clement, as a result of

o which: the triode starts. to conduct and a neg-
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; potential.

ative pulse is transmitied through condenser -
i63a of element K1 to-triode-163a of the element.
Accordingly, in' the ‘manner fully described in
Section 4, element ‘K :is triggered to-on status;

711 e, to the status where its point 188b (also point

§€85b) stays at relatively high potential. Sub-
sequently, as will be fully described later, ele-
ment K2 is turned on and increases the screen
potential of pentode {70a of element X{. There-

U aiter, a.pulse appearing on resistor 8RR is fed

to the grid of ‘this pentode and in the manner
fuily described in- Section 8, causes element Kl
to be turned off. The shift to on status of ele-
ment KI which occurs when switch 236 is
reversed from shown position may occur at any
chance time depending -on when the operator
chooses to reverse the position of switeh £36.
As illustrative, the element K{ is assumed to be
switched on shortly after “4” of cycle I (Fig. 9).
The-screen of pentede 1700 of element K2 is con-
nected to the-midpoint of resistor 1615 of ele-
ment KI. Since, with element X{ on, the mid-
point of its resistor I'81b is at high potential, the
screen-of tube 170D of element K2 now is at high
A reduction in the grid bias of the
pentode " will now be- effective to render the
pentode conductive.. Such grid bias reduction
eceurs at “D” foliowing the shift of element Ki
to-on'status and is effected by a positive pulse ap-
pearing at “D” on resistance 2R which is
tapped by the grid of the pentode (see Figs. 8¢
and 9). When tube 178b of element K2 is thus
tripped to- a conductive -condition, it causes the
element to shift to on status, in a manner pre-
viously described (Section 8). Cycle II (Fig. 9),
starting with the shift of element K2 to on
status, may be referred to as the comparing
cycle.

The element K2 is in on status and, hence, the

‘suppressor grids of tubes 228(9) to 225(8) are at

high' potential, conditioning these fubes to be
renidered conductive upon reduction of grid bias.
The -electronic commutator has been placed in
operation-and positive pulses are being produced

on-resistances 9R to R at the times indicated
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in Fig. 9. In the manner previously explained,
the application of these positive pulses to the
tubes while the suppressor potentials are high
causes the tubes to become conductive, each tube
becoming momentarily ¢conductive as the positive
pulse is applied thereto. As each tube becomes
conductive, the potential across the related load
resistor 227 increases and a negative pulse ap-
pears at its point 232. Points 232(9) to 232(@)
are connected by wires 223(9) to 223(0) with the
rows of value segments 250(9) to 258(8) of both
amount representing devices F and G (Fig. 8b).
Accordingly, negative pulses are impressed on the
value segments 9 to 0 of each device at the dif-
ferential times of the comparing cycle corre-
sponding to the values of the segments. Such
negative pulses on points 232(9) to 232(8) and
on the value segments are indicated in Fig. 9 as
dotted lines in relation to the timing lines of the
causative positive pulses produced on resistances
SR to OR.

The value segments 250 are the inputs of the
devices F and G. The outputs of these devices
are the common segments 251. The value for
which an order of either device has been set se-
lects the time at which the output of this order
to. receive a negative pulse. This is because
only that negative pulse which is impressed on
the value segment connected by brush 252 to the
common segment 251 will be passed through by
the brush to the common segment. Thus, the
outputs of the devices F and G will be negatively
pulsed at differential times of the comparing
cycle selected by the amount settings of the de-
vices.

Common segment 25%1(2) of device F is con-
nected to line 136 by a wire 238(®), condenser
Fl(r) and resistor F2(#). Similarly, common
segments 251({) and 25t (w) of device F are con-
nected via wires 238(f) and 238 (u) to condensers
Fi(¢) and Fi(yw) which lead through resistors
F2(2) and F2(u) to line 136. Common segment
281 (2) of device G is connected to line 13§ via
a wire 239(h), condenser Gi(r) and resistor
G2(n). Likewise, wires 239(£) and 239(u) and
condensers Gl({) and Gi(u) and resistors G2(¢)
and GZ (u), respectively connect the common seg-
ments 251(Z) and 251 (u) of device G to line 136.
The resistances G2(n), G2(t), and G2(u) are
tapped by the grids of triodes G3(n), G3(2), and
G3(w, respectively. Resistances F2(x), F2(d),
and F2(u) are tapped by the grids of triodes
F3(h), T3({), and F3(w), respectively. Since
the several resistances F2 and G2 terminate at
line 138, as do also the cathodes of triodes F3
and G3, the normal grid bias of these triodes is
zero, and the triodes are normally conductive.
The pair of tubes associated with the correspond-
ing orders of devices F and G are connected, in
parallel with each other, to a common load re-
sistor 282. The load resistor of each order is
connected by a condenser 187b and resistor 168b
(also see Fig. 4) to point 166b of a comparison
manifesting element E for the order. When both
triodes G2 and F3 of corresponding orders are
conductive, there is & maximum drop of voltage
across the connected load resistor 202. When
only one latter triode is conductive, the potential
at the lower terminus of the load resistor rises
to a certain extent and a positive pulse is applied
via resistor 188b and condenser 167 to the point
166D of the related E element. Such pulse, how-
ever, is not of sufficient amplitude to shift ele~
ment E to on status. When both triodes F'3 and
G3 of corresponding orders are shut off, the volt-

[%;]

10

20

£
[

30

40

50

70

78

36

age across the connected load resistor 202 de-
creases to a greater degree, causing condenser
{67b to apply a positive pulse at the instant both
triodes are shut off, to point 168 of the related
element E, which pulse is of sufficient amplitude
to shift the element to on status. Both triodes
F3 and G8 of corresponding orders of devices
F and G will be shut off only. when the values
registered by these orders are equal. When all
the orders of the devices P and G contain equal
values, all the elements E(h), EW®), and Eu)
will be shifted to on status, afording a mani-
festation of the fact that the amounts set in
their devices are equal.

As an example, assume each of devices F' and
G has been set to the amount 274. Accordingly,
at *'2” of cycle II (Fig. 9), a negative pulse im-~
pressed on segment 256—2 of the hundreds order
of device F will be passed through to common
segment 251 (k) of the device. The negative pulse
will be transmitted therefrom via wire 238(h) and
condenser FI(n) and resistance F2(ha) to the
grid of triode F3(%). 'The grid bias of this triode
will increase and the tube will be shut off at “2”
of cycle II. At the same time, a negative pulse
has been passed threugh value segment 2 in the
hundreds order of device G to the common seg-
ment of this order. The pulse is applied via wire
23§(n), condenser Gi(2) and resistance G2(k)
to the grid of triode G3(A), shutting of this tube
at “2” of cycle II, With both triodes F3(h) and
G3(R) concurrently shut off at “2” (cycle 1D,
the voltage drop across load resistor 202(%) de-
creases materially, and a positive pulse is applied
via connected condenser 18Tt and resistance 168D
to point 1660 of element E(#). The element E()
thereby is turned on at “2” of cycle II (see Fig.
9).

In a similar manner, element E(¢) is switched
on at “7” and element E(u) at “4” of cycle II
(see Fig. 9).

Each of the elements E(&), E(Z), and E(w)
has its point 166a connected to the grid of an
associated one of the tubes 283(h), 203(%), and
203(u). The cathode of each tube connects to
line 136 and the ancdes of the tubes are con-
nected to a common load resistance 204. When
element Eh, Ef, or Eu is turned on, the poten-
tial of its point 186a drops, increasing the grid
bias of the associated tube 283, thereby reducing
current flow through the tube to the point of
virtual cut-off. The screen of a tube 285 is
connected to point 206 of resistance 284. The
grid of this tube is connected to the resistance
iR which provides a positive pulse at “11.”
Such pulse decreases the grid bias of the tube
205 at “11.” If the screen potential of this tube
is low, the reduction in grid bias is ineffective
to cause current flow through the tube. Only
when the screen potential of the tube is high
does the reduction in its grid bias at “11” render
the tube sufficiently conductive. The screen po-
tential of tube 205 is the potential of point 265
of load resistor 204. When any cne or more
of tubes 203(n), 203(1), or 203(u) is conducting
current, the voltage drop across load resistor 204
is high and the potential of point 206 is not ap-
preciably higher than that of line 138. TUnder
this condition, the tube 205 will not become con-
ductive when its grid bias is reduced at “11” of
the cycle. When all the tubes 203 are shut off,
the current flow through common load resistor
204 is negligible and point 206 is at high po-
tential. The potential of the screen of tube 205
is then high enough to cause the tube to become
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conductive:when-its grid-biasiis-reduced at #11”
by: the: positive pulse appearing  on resistance
{IR:: All the tubes 203(u), 263(1), and  203(h)
will:be shut off only when all the-elements E(u),
Eft), and- E{u) are:on:  The digifal positions of
devices P and :G are-all sensed: by :the compar-
ing; tubes:.F3 .and G3 -beforethe:“11” time. of
a comparing cycle, and when an equality .condi=
tion-is ascertained:to-exist; then all the elements
E+will:be on before “11.” In:the assumed:ex=
ample, the amounts in devices F: and.G are equal;,
hence;; all; the -elements E:.are: on before ‘11”7
(eycletIL).
shut. off, and the: screen.:potential :of rtube: 205
is: high.: When: the- grid bias..of this:tubeis
deereased : at. “11” (cycle IL), the-tube: becomes
conductive:

The-anode: of tube-205°is connected. to: line- l3o

via:resistor . 160¢-of element -Ex. . Thus, current

flow.-through -the:tube &t 117 (cycle~ID). pro-
duces-a-sharp negative pulsation at point:i 652 of:
resistance: [60a.:. In -the 'manner: described’be-
fore; this:causes:element Ex.to switch on.. With
point - 165a.-of "element-Ex-now at low-potential,
there is:sufficient ‘voltage-difference across:neon

lamp.2#2a to:ignite the lamp, thus visibly: mani-

festing -the-~quality: condition:
. If :the~amounts:on "devices . F -and' G doinot:

agree,-at:least one of-the E order elements will:

remain off. Correspondingly; at least one of the
tubes 203 will: remain conductive, and the:point
206+ of-- common: load: resistance will be:at:low
potential;: and :the-screen-of tube 205 also:will
be at low-potential.: Accordingly, the grid ‘bias
reduction-of :this tube-205-will be ineffective; and

the . tube--will .remain shut off, element EX will
notbe.turned on;. and lamp:212a¢ will not be lit.
With. element -Ex - off; its point: 166b:is atilow:
potential and neon lamp -212b is ignited: When:
lamp 212b -is-lit -after:a -comparing: cycle :has.
been:initiated; it visibly manifests non-agreement:

of:. data :standing:on:devices: F. and":G.

It will be recalled that element K1 was switched:-
on before the comparing cycle began, and:that:

the.comparing. cycle began: with the-switehing.on

of .element K2, under :.control of element K -and.
Element Ki may:
be: turned off after element K2 has been: turned:
on. . For:this. purpose, the:- midpoint of: resistor:

a.pulse on resistor-12R-at “D.”

161b-0of -element K2 is-connected: to the screen:of
tube.170qg..0f .element K.
is.connected to resistance 9RR -on which g posi-

tive pulse.appears.-at “9" to reduce the:grid: bias.:
With element. K2 -on,-the midpoint of:its resistor
161b.and, hence the screen-voltage of.tube:170a:
of element K, is-high. The subsequent grid bias.
reduction. of . this. tube;: at .“9’" of ‘the -comparing:
cycle, renders the tube conductive, causing ele~-

ment Kl to.return to off state. As-soon:as:ele~
ment K| returns to.off state; it, in-turn, condi-
tions.element K2 to: be.switched: off. . Such: con-
ditioning:is brought about by the connection:-be-~

tween, the midpoint of resistance 6te¢ of Kl and:
, When Ki is-offy
the. . midpoint .of 'its resistor - (6{a:is at high’ po=:
tential -and the:screen .of:rthe:latter tube. {70¢"
The grid:of :this. tubes
is connected. to-resistance 12R. -When:the :posi=:
tive pulse-appears at “D” at the end of the com=-
paring .cycle on. -resistance [2R, it reduces.the:
The:screen-
potential of this tube.was.increased.since “9* of.
the comparing cyele, when element Kl was turned-.
off,  Hence, with high screen. potential. and re--
duced ‘grid bias . at. “D” at.the end.of the:come-

the .screen of tube:170a of K2.:

also.is.at high- potential.:

grid bias of tube .170a.0f element K2.

Accordingly, all’ the tubes 203 :are

The-grid-of this tube:
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paritie cyelez tubew | T0a: of: element K2 is-rens:
dered-conductive, causing:the:element: toswitcht
to-off-state.. -

Ttis seen from-the -above that elements®A. and:
Ki.areinterrelated: to: provide :a: single-entyy:
cycle limiting:means;affording ionly-a single:com=-
paring cygle. for each reversalk of switch' 236 (Figy
8a) :from the-position ~shown:. During this:sin=.
gle:comparing; cycle; element ‘K2 swill -enable:thes
amounis;iion devices::.F-and: G:ito be-entered- only'«
once in the comparing :means.-

Provision is made to switch ofr automatlcany,
at the.end. of a comparing-cycle; any -of-the ele-
ments: E(h), BE(),; and E(u) which: may have
been placed in-on. condition.during the comparing
cycle. For this:purpose, resistance 4RR is!con-
nected: to the grid of a tube 242 (Fig..8b). . Both
this resistance and the cathode of tube 242 con-
nect. to-line.436,:s0.that. the normal: grid, biasof
the tube is zero, and.the-tube.is normally.icons:
ductive. The anode of tube 242 is connected to
line 130 _through a.load resistor 243.. The lower
end of:the resistor: 243!is.connected. to ai wire
260 which. is:coupled.by.condensers..i6Taa and
resistors 168aa to the points (66a of the elements
E(h), E@Y, and"E(u). A -negative pulse:on re-
sistance 4RR appears at“D” (see Fig, 9) and in-
creases: the bias of :tube 242,! decreasing current
flow therethrough and through its load resistor
243.: Accordingly; a.positive pulse-is-applied via
wire: 269 ..and.: condensers . {6Taq -and " resistors:
168aa..to points 166a of -theelements E. Such:
pulse is..effective,-in .the manner . descnbed bex-
fore,. to turn. off. any .of. ‘the-denominational. ele=-
ments E which may have been switched on.durs-
ing .the comparing cycle. .

Following. determinabion of. the .agreement .or.
non-agreement of data. standing on. the: amount
representing.devices F and G, and prior to mak--
ing:a..new-data- comparison,. element Ez, if on,
must be switched .off.. This is done. by the-fol--
lowing.means... A voltage.divider comprising.re-
sistances.244-and.245 is connected between. lines
130 and :13! (see Fig. 8b).. One pole of -a-hand-
switch 248 is.connected. to a-point intermediate:
these resistances.. The blade. of:: the..switch.  is:
connected.to line 131 by a condenser 247, With:
this arrangement, when switch. 246 is.in-shown:
Dosition, condenser:2417 is.charged to.the voltage:
across resistance 245.. After a.comparing opera--
tion “has. been..completed,. the operator throws:
switch. 246 to reverse .position, causing: the con--
denser 241 to discharge a:positive pulse which-is:
applied to point 166c of element Ex. Such pulse.
turns off. element Ez, if the. element had been
turned on during the comparing cycle.

Having. described the -operation. . of  the -comm-
paring device when equal and unequal amounts:
are.set.up in .the amount .receiving-devices, an"
explanation is now. given:of the. conditioning:
operations which .are required upon starting up:
the machine.-

- 11... Conditioning

When the operator closes a: main. switch:-(not
shown) to.supply:a voltage to lines 130 and 131
(Figs.. 8a -and 8b), elements E(h), E), E(w).,
Ez,. Kl, K2, D4—I12; D3—9; etec.; assume:either:
an. onor- an off status :which is governed. solely:
Thereupon: the: operator opens:
switch 218, which:should ‘be -in:'reverse: position:
from:that shown up:to this-time: The ;opening:
of:the switch:- 218 ;permits.advancing pulses-to-be-

5+ applied;:. via:s wire:211, to :the - commutator - elé+
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ments. Regardless of the chance status which
the elements assumed when the main line switeh
was closed, the circuit relationship and organ-
ization of the elements are such that the element
portions will be compelled by advancing pulses
to assume the orderly cyclical status shown in
Fig. 9. The number of pulses so required de-
pends on the initial chance status of the ele-
ments. - Assume, for instance, that the initial
chance status of the elements is as follows, on
portions only being noted: .

'D4—12' D39 | D2-8 | D1-7 | D0-6 | D11-5

r’er L.} L | L

The next four pulses will cause the status of

the elements to shift as follows:
D412 | D3-9| D2-8| D1-7{ D0-6 | D11-5
1 T r L T L L
2 r r r L T L
3 r r r T L r
4 r T T T T L

It will be noted that the fourth pulse has
brought the element portions to the status they
should have at “6” of a cycle (see Fig. 9).
Thereafter, succeeding pulses will shift the status
of the element portions in the cyclical sequence
indicated in Fig. 9.

If either one of the elements Ki and X2 should
chance to turn on when the main line switch is
closed, such on element will automatically shift
to an off status in one or two cycles in a man-
ner described before in Section 10. This is be-
cause control pulses at “D” and “9” appear on
resistances (2R and 8RR respectively. Once a
pulse appears at “D” on resistance 4RR (Fig. 8b)
any of the elements Eh, Bf and Eu which may
have been initially on, by happenstance, are au-
tomatically switched off as described previously
in Section 10. The operator throws switch 246
to a reverse position from that shown in order
to switch element Ex to an off status in a man-

ner set forth above in Section 10. Having per-"’

formed the foregoing conditioning operations
when starting up the machine, the operator may

thereupon condition the machine to perform”

comparing operations on desired data. ;

While there have been shown and deseribed
and pointed out the fundamental novel features
of the invention as applied to a preferred em-
bodiment, and to a modification it will be un-
derstood - that various omissions and substitu-
tions and changes in the form and details of the
devices illustrated and in their operation may be
made by those skilled in the art, without depart-
ing from the spirit of the invention. It is the in-
tention, therefore, to be limited only as indicated
by the scope of the following claims,

What is claimed is:

1. An electrical system comprising circuits pro-

ducing signals representative of values from- dif-~

ferent sources, means to manifest the compara-
tive relation of the values from the different
sources and including selectively conditionable
electronic discharge means having alternative
self-sustained electronic discharge conditions,
electron discharge devices respectively varied in
impedance by the signals from the different
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sources, and circuit means coupled to all said
electron discharge devices to be commonly con-
trolled by the devices according to variations in
their impedance for selectively electronically
conditioning - the conditionable electronic dis-.
charge ‘means according to matching or non-
matching relation of the values represented by the
signals. . . g

2. An electrical system comprising circuits pro-
ducing signals representative of values from dif-
ferent sources, means selectively to manifest
equal and unequal comparative relations of the
values from the different sources and including
an electronic trigger circuit having two alterna-
tive states of stability and shiftable in response
to a tripping pulse from one state to the other,:
a circuit network operable to produce the trip--
ping pulse, a plurality of electronic discharge de-
vices respectively varied in impedance by the sig-
nals from the different sources, and a ecircuit
commonly coupling the plurality of electronic
discharge devices to said circuit network and
rendered effective, in.response to variations in
impedance of the electronic discharge devices:
broduced by signals representative of values hav-
ing one of the aforementioned comparative re-.
lations, for rendering said network operable to
produce a pulse to trip the trigger circuit to g
state manifesting said one of the aforesaid
comparative relations.

3. An electrical system comprising circuits pro-
ducing signals representative of values from dif-
ferent sources, means to compare the values and :
including a switchable element performing a
switching sequence in which it shifts from one
state to a reverse state in response to one pulse
and back to the first state in response to a suc-
ceeding pulse, and electrical means responsive to
the signals produced by said circuits and repre-
senting values from the different sources for pro-
ducing successive pulses and transmitting them
along partially common paths to the switchable
element to cause a switching sequence to be per-
formed. :

4. An electrical system comprising circuits pro-
ducing signals representative of values from dif-
ferent sources, means to compare the values from
the different sources and including an electronic:
trigger element having alternative conditions of
equilibrium and shiftable from one condition to
the reverse condition and back to the first condi-
tion in response to successively applied pulses, an
electron discharge device varied in operation by
signals from one source, another electronic dis-
charge device varied in oberation by signals from
another said source, and common means con-
trolled by said devices upon their being varied in
operation for applying a pair of pulses in suc=
cession to the trigger element to shift it from and
then back to said first condition.

5. An electrical system comprising circuits pro-
ducing signals at differential times of a cycle and
representative according to their timing of values
from different sources, an electronic  element
having alternative self-sustained states of equi~
librium and performing a switching sequence in
which it shifts from one state to the other and
back to the first state in response to a succession
of applied pulses, means responsive to the signal
circuits for controlling application of pulses to
the electronic element to cause a switching se-
quence thereof to be completed by a predeter-
mined point of the cycle when the values repre-
sented by the signals from the different sources
are equal and to remain uncompleted at said
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:predetermined -eycle point.-when: the values..are
-unequal;;and-means: coacting-with. the-electronic
selement - at. said -predetermined - cycle. - point:to
-manifest the equal-or-unequal relation-of: the val-
-ues selectively.according to whether the switching
ssequence;- has-been- completed- or-is incomplete :at
.said predetermined cyelepoint.

- 6.. An electrical system comprising circuits:pro-
-ducingsignals at:differential fimes-of a.cyele and
representative according totheir fiming-of values
‘fram -different sources, electronic- - means having
alternative self-sustained:conditions of-equilib-
~rium:and shiftable-in condition in response:to-an
rapplied pulse; means-responsive-to the signal eix-
cuits. for. generating-and: applying -pulses . to-the
electronic means to-establish-one-condition there-
-of- at-any:of predetermined - points-of-the-ecycle
-when: the values from the. different sources. are
-equal.and.to establish:a different . condition-there-
of when said values are-wnequal,-means produc-
<ding testing:pulses at such predetermined points of
the:cycle: to- test -for:the -condition -ofthe:elec-
-tronic ‘means,-and .means- controlled- by the -elec-
“tronic means aecording to.its condition: at-a said
cycle point .and. by the testing pulse produced-at
sald point for manifesting-equal or ynequal com-
parative relation-of the values from. the different
sources.

.17.. An electrical system comprising a circuit ea-
pable. of. producing a-signal-at-any of differen-
‘tial: times. of -a cycle- according. to- a-value repre-
.sented. on .one. value source,-another- circuit- ca-
pable of producing a signal at-any of differential
times,. off timed: with respect:4o-the first -men-

tioned: times, according to.a value represented-on 3:

another -value . source, means:producing- testing
pulses: at. recurrent points of the cycle: off timed
with, respect to the differential: times- at- which
signals- may -be produced. by the -said:circuits,
means converting the signals produced by-each
circuit to control pulses, whereby when the values
on_hoth sources agree a control-pulse :derived
from one source,.a control pulse derived from the
ather.source, and a.testing.pulse follow each other
in.the order stated, and electronic-meanscon-
trolled by the pulses when produced in the stated
order. for manifesting agreement of values from
the sources and controlled: by the -pulses:when
produced.out of the stated order for manifesting
disagreement.of values from the:sources.

. 8. An electrieal system comprising circuits.pro-
ducing signals representative of multicolumn val-
ues represented on a pair-of value sources,.a plu-
rality . of . denominational - electronic elements,

means controlled by the signals representative of 5!

values in corresponding -columns: of the sources
for.separately conditioning each denominational
electronic element to one condition when: values
in corresponding columns are in-matching rela-
tion and to another-eondition when yalues in cor~
responding - columns. are in--non-matching rela-
tion, a common, electronic trigger element having
self-sustained alternative:conditions -of -equilib-
rium and shiftable from a normal state to a re-
verse state in response to an applied pulse, elec-
tronic discharge means conditionable to pass. an
applied pulse fo the trigger element, and-means
controlled by the:denominational electronic: ele-

ments when in condition manifesting: one said re-

lation . of values .in.corresponding. columns - for
conditioning the. electronic-discharge ‘means 4o
pass a. pulse to.said-common element to: shift it to
sajd reverse state so as to manifest the latter-pe-
lation of the values.as.a whole.
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::9.;An electrical system for comparing values .of

-different classes represented upon.aplurality.of
svalue :sources, -and comprising circuits producing
-signals -representative of . the- values,: electronic

class comparing organizations, each for: compar-
ing. the: values-of one said class for equal and un-
equal -comparative: relations- and. including --an
electronic: -element shaving - alternative: -self ~sus-

“tained -conditions..of equilibrium -and shiftable
from a normal state.to-a reverse state in response

to an-applied pulse;, means -controlled by said sig-

‘nal circuits for-controlling application of a pulse
-to-the electronic-element of -each said organiza-

tion to-shift the element to said reverse -state

-when. the. values-of the related class have one
-of said comparative relations, and a circuit -eon-
strolled-hy. the elewment -of -one said organization
~when- shifted to.said-reverse condition -for .ap-
plying a-pulse to the element of another said.or-

ganization for shifting it'to the:reverse state in-
.dependently.ef the relation of the values of the
class to-which said another organization pertains.

-10.-- An -electrical -system comprising : circuits
producing signals-representative - of values from
difierent-. sources, an. electronic trigger -element
having alternative states of equilibrinm and com-
posed .of cross-tied tubes,  one of which:is: con-
ducting and the-other-non-conducting: to .deter-

‘mine one state-of-equilibrium; and-the coriductive

conditions of which are reversed.to-establish a re-
verse state-of -equilibrium: of the-element, means

for:applying a pulse to-the element to-reverse-its

state -of - equilibrium,. and -electrical -Imeans -com-

‘monly .controlled by the signals from the different

sources for controlling application  of such-pulse
to the element in-accordance with thematching or

non-matching comparative relation of the values

from the different. sources. .

11. An electrical . system: .comprising - circuits
producing. signals representative -of values: from
different: sources,=a trigger:circuit. having:alter-
hative -self-sustained -conditions. of::equilibrium
and shiftable from. one condition to a-reverse con-
dition in response-to an -applied pulse,-means for
applying. .a :-pulse.to the trigger circuit to effect
such reversal in condition, and an-electronic tube
circuit-having its output commonly controlled by
the signals. from the different- sources for con-
trolling the application of the pulse to the trigger
circuit. according -to-.matehing -or: non-matching
comparative relation-of the values from the dif-
ferent. sources.

.12, An. electrical system . comprising - circuits
producing. signals. representative: of- values from
different sources, a pair of electron-emitting tube
units, each varied .in impedance by signals from
a.different one -of the -sources, an electronic trig-
ger. circuit. capable . of: -being reversed from one
electrical status.to. a-reverse status.in response to
a. pulse.applied thereto, and-means: commonly
controlled. by the pair of-electron emitting tube
Units..upon. eoncurrentvariation in:impedance
thereof in response to signals representing:equal
values for producing-and applying a pulse to the
trigger circuit to reverse-its status.

.13, An - electrical: system comprising a pair of
electron emitting devices, means-producing a suc-
cession-of differentially timed pulses, a plurality
of sources: of value representations, circuits con-
trolled by value representations on the plurality
of 'sources’for applying: those of the-pulses se-
Jlected by and corresponding to the value repre-
:sentations to said devices, the pulses selected by
representations from-one:source being applied to
one said:device and those selected by representa-
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tions from another source being applied to an-
other said device, said devices being varied in flow
condition in response to the applied pulses, a
common load impedance across which a desired
change in potential is produced upon concurrent
variation in flow condition in both devicesiin re-
sponse to correspondingly timed pulses selected
by equal value representations on the pair of
sources, electronic means for manifesting the
equality of the values represented on the pair of
sources, and means coupled to said impedance for
operating the electronic means to manifest said
equality upon the occurrence of the desired
change in potential across said impedance.

14. An electrical system comprising circuits
producing signals at differential times of a cycle
and representative according to their timing of
data from different sources, an elecirical trigger
circuit having alternative self-sustained condi-
tions of electrical stability and shiftable from
either condition to the other in response to an
applied pulse, elecirical means responsive to the
signal circuits for selectively pulsing the trigger
circuit to establish one condition thereof at any
one of given times of the cycle if the data from
the different sources have a matching compara-
tive relation and to establish the alternative con-
dition if said data have non-matehing compara-
tive relation, means producing testing pulses at
said given times of the cycle, means selectively
controlled by said trigger circuit at a said given
time according to its condition and by the testing
pulse produced at this time for manifesting one
sald comparative relation of the data from the
different sources.

15. In combination, an electronic trigger cir-
cuit capable of performing a switching sequence
in which it is tripped by one pulse from one elec-
trical status to a reverse status and back to the
first status by a following pulse, a circuit capable
of producing a signal at any of differential times
of a cycle according to a value represented on one
yalue source, another circuit capable of produc-
ing a signal at any of differential times off-timed
with respect to the first mentioned times, ac-~
cording to a value represented on another value
source, electrical means responsive to a value rep-
resenting signal from one source for applying a
pair of successive pulses a given interval apart
?o the trigger circuit and responsive to a match-
ing value representing signal from another source
for gpplying to the trigger circuit g pair of suc-
cesslve pulses staggered with respect to the pulses
derived from the first mentioned signal, whereby
the trigger circuit completes a switching sequence
before the end of said interval if the signals
matclfl and at the end of the interva] if the first
mentioned signal is unmatched by a correspond-
ing signal from the other source, and means for
manifesting the relation of the signals from the
different sources including means to test the
status of the trigzer circuit before the end of said
interval.

16. In combination, an electronic trigger cir-
cuit having cross-coupled impedance networks to
sustain the circuit in either of alternative states
of electrical stability and arranged upon simul-
taneously receiving pulses of either positive or
hegative polarity to bring about the tripping of
the circuit from either prevailing status to the
alternative status, a eircuit capable of producing
a signal at any of differential times of a cycle
according to a value represented on one value
source, another circuit capable of producing a
signal at any of differential times off~timed with
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respect to the first mentioned times, according to
a value represented on another value source, elec~
trical means responsive to g signal from  one
source for producing a pair of pulses of relatively
opposite polarity and applying them to the trigger
circuit at a given interval apart and responsive to
a matching signal from another source for pro-
ducing and applying to the trigger circuit a simi-
lar pair of pulses staggered with respect to the
first mentioned pulses, whereby the circuit per-
forms a switching sequence within said interval
in consequence of a pair of pulses of like polarity
derived from matching signals and performs a
switching sequence completed at the end of said
interval in consequence of a pair of pulses of op~
posite polarity derived from a single signal unac-
companied by a matching signal, and means for
manifesting the relation of the signals including
means for testing the status of the trigger circuit
before the end of said interval.

17. In combination, an electronic trigger circuit
to perform a switching sequence in which it trips
from one electrical status to a reverse status and
hack to the first status in response to a pair of
successive pulses, means to sense data designa-
tions on one record portion, means to sense such
data designations on another record portion at
times offset with respect to times at which the
first mentioned designations may be sensed, elec~
trical means controlled by each sensing means
upon sensing a designation for applying a pair of
pulses to the circuit an interval apart greater
than the period between the sensing of corre-
sponding designation on the two record por-
tions, whereby the circuit completes a switching
sequence in response to pulses relating to such
corresponding data designations before the end
of said interval but completes a switching se-
quence at the end of said interval in response to
pulses relating to a data designation on one rec-
ord portion which is unaccompanied by g corre-
sponding data designation on the other record
portion, and means for manifesting the relation
of the data designations on the two portions in-
cluding means for testing the status of the circuit
within said interval.

18. An electrical system for concurrently com-
baring data of different classes represented
upon a plurality of data sources, comprising cir-
cuits producing signals representative of the data,
an electrical comparing organization for compar-
ing values in each class of data for matching and
non-matching comparative value relationships and
including an electronic trigger circuit and elec-
trical means controlled by signals representing
data from the different sources and having a
given one of said comparative relations for trip-
ping the trigger circuit from one electrical status
to a reverse electrical status, and means con-
trolled by the trigger circuit of one class upon
being tripped to said reverse status for applying
a pulse to the trigger circuit of a different one of
the classes to trip it to the reverse status.

19. An electrical system for concurrently com-
paring data of different classes represented upon
a plurality of data sources, comprising circuits
producing signals representative of the data, an
electrical comparing organization for each class
of data and including an electronic trigger cir-
suit and electrical means controlled by signals
representing non-agreeing data for applying a
pbulse to the trigger circuit to trip it from one
electrical status to a reverse electrical status, and
means controlled by the trigger circuit of one
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class upon being tripped to the reverse status for
applying a pulse to the trigger circuit of another
of the classes to reverse its status.

ARTHUR H. DICKINSON.
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