Nov. 30, 1965 F. M. WOLFF ETAL 3,221,214

LIGHTING CONTROL SYSTEM

Filed Sept. 8, 1959 10 Sheets-Sheet 1
1:1.1. T::‘-E-
T 36 38
~ g 34
i 2.4
s 44 46 ¢
3 ' 3RR,
3 f r i 3
SE ! 44 46 gf?ﬁ
3 4 [’ 3¢
"’3% 44, 3R
6 l 3
Ry .
44 A6
= 44 -M RR4
% ]
hht L, L4445
44\~ m RR
Vv /8 % s
g o v p J
i | 77 4
T‘: J0.
0
:
3
5
7
Q1 2 34 6 69 99 10 iloeacnsomn. reocaceea . A2 43 44 A5
0
1
3
5
7
9 A6 47 AB 4y O Bt B2 53 S - ---ooooivoeo-o- e amn me 87 88 49 90
INVENTORS |
7 G Sl g

270 A LOoCky NV
;4?2(@/444 '%,'

ATTORNEYS;,



F. M. WOLFF ETAL 3,221,214

LIGHTING CONTROL SYSTEM

Nov. 30, 1965

. 9
S, © ¥
K'Y ¥¥ S ¥ 2 N N oY S
ng FAS ¥ 3 PRI
> . . Y. . - - —
2 & _ b | 2 A0 [ AN <1 T
ot § . S |
] 1_— i N Mtwv o % " .M/ JJ/ ]
2 “ N I ANERY N » I
° T " S
q.._n“ Illn ~ > NG T TN cfw& N N OV“ “
- AN o HIR v ISy ¥ X 8711 I
2| / 3 | 6 R Y]
. / ~ & AJ NREY - W Y ovlS N H
NN \ 3 i RN = R ARNR Y. N T
1 K W_ N ¥ NS N N N @w _.V M | 1
S CESTRR ke IR L AL L
._*._r-._ll_..,o i A ~N K ,.“M_ll;uluo_ |||i|lllﬂ |||||||||||||| Ry M“muza“ |
_ q N \ ] i
— | * N i |
Ly T ~q—=-] |
—||/ | !
~4 |
I3 § ! ,.m_ y W “ “ |
o 3 ¥ A I m& | R
n 1<u | A ]
NN 24 4 A - . _.v. | | | .Y_ .V_ L, 1 i 0l
O e T e Vehabdabs 1 |9
) v () Wl o] o) & 1
\4 o™y (] Y i
P D Loy " w N 0 Sl AN S S I
L R B . T | |
| T T Tsls | | i
) QN N ~
ly wT NIEEE S “ T
mw IR N o < O/wn b b | | > > 1 ﬂ 1 ™ |
3 “?u._..ln_lw ye EM?MWIN‘ IIME-.nleJﬁ iy S’ N rluulr,la! <l | |
H M NI ha) ! NN 1 |
- I N oy .
i o < o ] m _ m) O A l/ _fllllu..“
> R 1 1 \ o
Bl ¥y cRAfg 1 _ % DR
w a3 _o_ TR | | N AN |
IR~ ~ 8 L Ly ©
B _«_*/V..*I «— N Y Yown mv mw .“. “l -1 b I 9 ~
— L) (N S ST I AT =T T T T T T T . I
| NN 3 ¥
2y 1] ik 1 s N ! S0
L) S vispinsipscy SININL UHNIDEISY GUNP U SPN W S SE




Nov. 30, 1965

Filed Sept. 8, 1959

F. M. WOLFF ETAL
LIGHTING CONTROL SYSTEM

Tl:’.é B.

3,221,214

10 -Sheets-Sheet 3

ToF 744 2%, orp A
‘}- ———————————————— - —— G o - - G, ——— G S = e S G S = T
: by
| e
I 234 ] { 76 ather
Y -Jl--.il Ry, Retgys
AL
.+J} |
" L Iy
'-f—4k ‘ 7
| | Lp. 70 otlsen : * ¢ ;/0 30
— " i l; /Pd/ay.s {
: L’L. == )/303
! 4
e &
ROy 7, | s
e/ 262 e
LA A y 14
! 4
Ji
¢ | 706
/3/4 ):‘_ 134)
. 4' /[ | ea D+ Cammion 1o ald Solerroi]
30b — L (Yot Pulse
. l // 7 (ARD Penvey
w Y A S— Motor Power
. I2
") 306 JIep - 3 L \ ] ™ (3/)%?]2‘/’;’;5’
~ - ‘ )
- Vs '?L - 4 .420
™ sw - Goand i
— /4 L?-«*/J”:mf ("PJ&-/” 434
32— - ) “2 £ L 93¢
3 - LFEL9 LSk 1 AFL
26 gy 3 P L (=
e liTama
! G 332 Ll 78, T Vi &
340 + 1] 26 |
1253 35 | A2 s, I iR P
| v 1T TN A2«
I A7, L 332 28, | R Va 2
| bass T A MARRARS
37 : 374 76 other X, Contocls |72
} 2/
46 N 02
| &8
: 224 .
| N
-_.,;ﬁ e pa 7l te
o s W P 22 S I e 20




Nov. 30, 1965

Filed Sept. 8, 1959

F. M. WOLFF ETAL
LIGHTING CONTROL SYSTEM

3,221,214

10 -Sheets-Sheet 4

'T'1 ﬁ.&C. o mp 8D
Ay
/bﬁy.-lﬁz“ 7 L
T % T
l ‘_J;—. Jrrrvy
! 1#-» ot P 70 B R L7
H 0 olrer 256“-" 1
by [ Wi ! : 240
=) 25 b
L)
! 262
! : j
236
20 S B s s A il
: |
: 154, _|7%, /s
|
252} : i 185 Vaaid
] 236
r_.T_- VA G
i PG P
X 234) I et
I &U 2%
|
| 493 T
|
|
Y | ' -
AR R R
29— | ~==F-
‘( Pl v
i ¥
e - | 234 '
“} 17 VI Lage o o | sva |-V | 530
| 7/
| v » 7
4ﬁr—o—’— 'y S74
’ 70024,
o +5q/ on
il Il f 7 - g7 2L Felays
2% i ngz___’_. 70 Ad A AL
4207-—0—1'-— Id/ JOs e it
J-—-- Pringl g |-} T i
374, 25 BE%5] %] EE] BE] =2 o
76, 23| |97 SPo 327, S22, | |65 | 57% P
S/ NV AV AY Ay A r gz
Loz 25 I8 | | F2e6 J27 S50
! 5¢
b5 s | | 420 | | g2 | s2- o5 it
1
7o
POl Rl W o I 2 1 i I s B I 2 M ol F g ™
f;gibf Todr




Nov. 30, 1965 F. M. WOLFF ETAL

LIGHTING CONTROL SYSTEM

Filed Sept. 8, 1959

L 1.4 D.
_‘7|'oi"1y4c’ T ﬁ

3,221,214

10 Sheets~Sheet 5

260~
Y b
= 57
/ 2,
[ ¥4 ¥
!
62 :
12,
.| P o
3o-ﬂ S S~/
ST
I58 ; _ '. "
554 560 s Shy, SEF
¥ !
l
T 2 !
JIE6 ,; | S66
S5 < : 365
| o5 % !
/ / -t
7
Card D Comman Lo 236
RES | Rooatn W Cottacts [ S P e e
CREL Hotor Fower ——omeeme J7e, 23 |
er33| Sconductons 197 | e 2 255 234 |
RBL| perl e 2 _— £ {
4{//{‘/€1 wxe '
R/ 2y 1
| e 7
A0 | . L z '; kz Ifz l
Groara — | - I7E 5 ]__ |
552 i 77 L4 I
[ | L,f 446 ) i
|
I S 45 s
=<4 D160 | w58 |
23"1 : 5o 62 jﬂ l
/554 | f/;}.,ft,a/ > RV L ACE |
| [# IP,, *% 7
=== o : i I— S A
66 ™,
S| B [P BT
Jj’o/f' oy V% A
z 54
b 2 942 38
s 740 o - i = I
/) - 3 A
- % s 2 o] | A%
A/6 CI7 ya
20Z i |
o I I
762 | -452 2347, 236 1
e e e e o o o e e e e o o e e e et e i —— d

L



Nov. 30, 1965

Filed Sept. 8, 1959

F. M. WOLFF ETAL
LIGHTING CONTROL SYSTEM

3,221,214

10 Sheets-Sheet 6

-

70 Fig 48 ToFig 45
L 75@4/_‘;1
' [ rj 6o _l}a.? L 254 !
L Y |
480 ""/2 #g2 SHE
S50 RS r[J
| 7.
1zop L) 476
14.C J X
l ¢ £ N T .9;# .
i é[ y e il ml_% i > | % othen ,
l “ v 7R L |/ Ly P> | Hatnces
1 ! i ” - #76 Sy .y - (4, and
Pl 15" A= -
Léc [} N
round 352 2 L. 7B other Rolzys sgo
1 u; Aoo Js2 2 IPYCoMMJy/ £
= — . |
bl b I
T
> rr
: ) 55| |
1 5,-"1_1
:/235 2345 M
? 7.
{
! |
L m———— s
— J90 % zscj 352}
e 774 224
W, 1!
(] ]
i 2 667 l
JE6 FT—A;—
AL b ——— i
|~ IEL

2, G 7 & FJfZQ_-i-
> Id
e 1] ’ o,
I FL—_
[”""VyA
7
Jéo | 7o othber Re/, f 597
a; er 2ys ! f—Z;;éV—_
commy Y 4
Y 7
|
L 2
32 : P
350 . |
1
|
J&o
Vi g J80
e e e e e e o

70/



Nov. 30, 1965 F. M. WOLFF ETAL 3,221,214
LIGHTING CONTROL SYSTEM
Filed Sept. 8, 1959 10 Sheets-Sheet 7

Tl A T 1=q-4 F. 7o Figd

7o Fig#£ L
l]

15

&

USROSt §

’ > 552 252 | LZ
s L] 592 A1 b .

ElEA 8234 b4 J254 | s264

g2z T
s s B
£/ R,
S%6 ’P’;’x‘ (5% ,7,1;4 .3—'/ Yy
AAA
J-'." 44/
£
2
% <),
1%
L £
%4
;;; . 7 ST
557 S5
557
357 o 557 Cs57 /Mé
234)
I283
2

26+

27 2 1
S35 "

] ~ £ 2 -1
- ] -- --Eil ] i
Y, Ry, '
" % Z |
7 ‘; 4 Js0 |
F62 :
234, 2y 1
== f';my {

[
T | |
| j’j/ 7 4“""””’6:-7 | | '
J57 ¢ J(omm\yy_al_f 1_}__0_ '
. ff/ e ZCGMW P S '
' JEO g5/ z = |
€O N7y,

| 2360 Ja “ori, 11
[ —— T — —— —— . - - - A - —— i oo o > o]

7o Fig AL



Nov. 30, 1965 F. M. WOLFF ETAL 3,221,214

LIGHTING CONTROL SYSTEM

Filed Sept. 8, 1959 10 Sheets-Sheet 8
T’.u:'.E.
45}
niniihiﬁijl‘fh‘.’p
T‘.;::ib.
i g ¥
A /7 7 —
e T T N T T e
@@@@@@@L@@Q@O@OO@Q@OOOOO
- - MY \

2760700e004aw®o@
oL 2 o [ o B0
osa0 ’ HSTER Sw. 254
smmnr Aﬁw@m/jg/g P /56, \ %:71{:2 @/
/ @ = Consor
@

(=]
o
(]

FADER

g @f/ﬁz

2 X e, hoswune g I
140, g l’)/ e Y L1GHrS
e V77 2 ¥ 4 % ctheur-seuscron 5

™

?h

|

;1 i
| A _ | ////

INVENTORS;
[FEOERICK M. HoLFF
GEOFCE . JZENIUR

&,A BY%D Z } %ﬂ

ATTORN




Nov. 30, 1965 F. M. WOLFF ETAL 3,221,214
LIGHTING CONTROL SYSTEM
Filed Sept. 8, 1959 10 Sheets-Sheet 9

737 = )

22’ 20 |
/'/ "o / 4

INVENTORS ;
LREDER/CA N Ik~
GEQRCE C, LZLNIUR

. DAy A Lo 2%
kil ézav%

ATTORNEY.



Nov. 30, 1965 F. M. WOLFF ETAL 3,221,214
LIGHTING CONTROL SYSTEM
Filed Sept. 8, 1959 10 Sheets-Sheat 10

s i B [ Q- e e |

INVENTORS
/%En&wnv;(%%ur
GEORGE C. JZENIUR

@ LBY%%Z/Z VA %j//v

ATTORNEYS



United States Patent O

i ]

3,221,214
Patented Nov. 30, 1965

ice

1

3,221,214
LIGHTING CONTROL SYSTEM
Frederick M. Wolff, Montclair, N.J., and George C.
Izenour, New Haven, and David H. Locklin, Hamden,
Conn., -assignors, by mesne  assignments, to Century
Lighting, Inc., a corporaticn of New York
Filed Sept. 8, 1959, Ser. No. 838,730
17 Claims. (Cl. 315—292)

This invention relates to a lighting control system.
More particularly, the invention relates to a remote con-
trol system which will regulate, in accordance with a pre-
determined schedule, at least one characteristic of plural
pieces of lighting equipment, such, for instance, as inten-
sity, color, position of one or more optical elements; or
polar orientation.

Although in the following description we will describe
the invention specifically as applied to intensity control of
lighting equipment and specifically will show the use of
voltage dividers for this purpose, our invention is not to
be so limited, i.e., it is not limited to the control of inten-
sity nor to control by the use of voltage dividers. As an
example, our invention embraces the azimuth control of
rotatable pieces of lighting equipment, for instance, spot-
lights, by the use of variable auto-transformers.

In recent years the operation of lighting control sys-
tems in theatres, television studios, and commerical in-
stallations has become increasingly complex. Variations
in intensity, color and distribution, rapid changes and the
number of settings required have greatly increased the
number of controls and control circuits. ' It is usual at
the present time to regulate lighting from a control center.
In order to bring the elements of the control center with-
in reasonable working distance of one or a few operators
larger systems use a remote control network for the ac-
tual dimmer and positioning devices, these remote con-
trols generally taking the form of small potentiometers,
miniature variable autotransformers or both. Such de-
vices permit the operator to select, ie., to “pick off” low
control voltages which, when applied to various types of
A.C. power units, such as magnetic amplifiers, thyratrons,
motor drives and controlled rectifiers, cause these units
to provide a corresponding voltage, position or color for
the lighting equipment.

Moreover, it is the present practice for a director or
one of his assistants to determine in advance of the ac-
tual performance the various settings for different char-
acteristics of the various pieces of lighting equipment,
this being done by experimentation, for instance, during
rehearsal. These settings will change from time to time,
sometimes only a few seconds apart, during a scene or
act. Accordingly, the operator or operators must quickly
change the settings of a very large number of control
devices from time to time during the progress of a play
or the like.

Usually, the operator is provided with groups of control
devices one of which controls the current characteristics
of the lighting equipment and others of which are set in
advance to control future characteristics. of the lighting
equipment. Due to this ability to regulate the future
characteristics, these control devices are commonly known
as “presets” and it is not at all extraordinary for a light-
ing control system to utilize as many as ten groups of pre-
sets for a single piece of lighting equipment, so that when
the occasion arises the operator may change from one
value of a characteristic to a second and a third and a
fourth, etc. within a short period of time. Thereafter,
when his time permits the operator will reset the used pre-
sets to some new value of the characteristic to be con-
trolled.

During rehearsal a primary or “rehearsal” control is
used for setting a characteristic, i.e., condition, of each
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piece of lighting equipment. The same control may be
used for “manual” or individual control during a presenta-
tion, that is to say, an actual enactment, for instance, of
a scene. The “presets,” on the other hand, are set at
readings which have been determined during the rehears-
als for each of several times, cues, or, as is commonly
referred to in lighting practice, “scenes.” The master con-
troller moved by the operator then selects whichever pre-
sets are required and moves the circuit readings smoothly
and evenly from those corresponding to any ome group
of presets to other readings corresponding to those of an-
other group of presets.

The individual presets are not required to vary their
outputs at a given rate over a given period of time, this
being the function of the master controller, ie., the
“fader.” The individual presets merely are required to
select a given reading corresponding to a given value of
characteristic for a piece of lighting equipment at a given
time. Whether this selection is performed by a switch,
a relay, a potentiometer or any other device has no bear-
ing upon the operation.

The growing complexity of lighting equipment has in
turn complicated the control panel many times to the
point where no one person can properly operate the sys-
tem. Literally hundreds of pieces of lighting equipment
must be controlled and a large number of presets must be
manipulated with dexterity and speed.

Some efforts have been made to simplify this problem
by the use of group masters (variable transformers or
potentiometers) which exercise control over selected
groups of individual controls. Also, scene masters have
been used to provide the mastering of the individual con-
trols in any one scene or cue. Still further, submasters
frequently have been added to break up scene master or
group master control groups. And multi-throw switches
for each individual control circuit and master control
have provided an apparatus for selecting the master or
masters to be used. However, all of the above modifica-
tions have been provided for but one of two reasons, to
wit, to provide greater flexibility for the operator when
in “manual” or “independent” control or to reduce the
number of scene presets required for a given presentation.
Additional scene presets for each control circuit add
greatly to the size, complexity, and cost of the control
system. Ten scene presets, for example, are nearly twice
as costly and occupy twice the space of five. But a ma-
jority of presentations require many more than ten pre-
sets. Therefore, using a ten scene preset system for ex-
ample, after preset 1 has been left by the operator master-
ing or “fading” into preset 2, preset 1 must be reset to
preset 11. Later preset 2 becomes preset 12, ec. If an
infinite number of presets were available, no resetting
would be necessary. And with an infinite number of
scene presets, no manual operations would be required
save in rehearsal or “set-up.” Here, where exact tim-
ing is unimportant, individual circuit controls would be
satisfactory and the complications of masters and sub-
masters could be eliminated.

It is an object of our invention to provide a system
which affords an infinity. of presets that may be estab-
lished directly from rehearsal set-ups or can be set up
in predetermined readings. Heretofore with manual pre-
setting alone, in addition to size and cost, much time was
required in rehearsal as well as in setting up and re-
setting presents during the presentation. The likelihood
of error was great. In rehearsal, readings had to be
made of the indication for each control circuit. These
readings were then transferred to “cue” sheets. During
the presentation the cut sheets had to be read and the
readings transferred to the individual presets. This ar-
rangement idled expensive directorial and acting time
while the readings were being taken and transferred.
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It is another object of our invention to provide a sys-
tem of the character described which can almost instan-
taneously record all of the necessary preset information
for a scene without individually noting the preset infor-
mation for any single individual circuit control.

It is another object of our invention to provide a sys-
tem of the character described which can record all the
information to be preset for a single scene simply upon
the movement of a single control, e.g., the pressing of a
button or the throwing of a switch.

It is another object of our invention to provide a sys-
tem of the character described which can record in a
very short period of time, e.g., a matter of seconds, a
very large number of sets of information to be held for
insertion or read-out subsequently into individual system
circuits when the same are desired.

It is another object of our invention to provide a sys-
tem of the character described wherein the preset infor-
mation, although not the actual presets themselves, is in
permanent form which may be handled manually and
easily and arranged in any desired otder. and duplicated
with ease when desired and with or without correcting
the same. '

It is another object of our invention to provide a sys-
tem of the character described wherein human error in
the recording of information is eliminated and in which
such recording is accomplished automatically, that is to
say, by equipment rather than manually with the aid of
the human hand, eye and brain.

It is another object of our invention to provide a sys-
tem of the character described in which instantaneous cor-
rections may be made to preset circuit conditions.

It is another object of our invention to provide a sys-
tem of the character described in which the preset in-
formation can be recorded with extreme rapidity and after
recording can be scanned, i.e., read back, with great
speed.

It is another object of our invention to provide a sys-
tem of the character described wherein the recorded in-
formation is inscribed on discrete members, such, for in-
stance, as single cards, and further wherein the amount
of such information which can be recorded is not limited
to the size of such a member, the system being so flex-
ible that the information can be recorded on a series of
members in sequence and subsequently read back sequen-
tially or in any other order desired from such series.

It is another object of our invention to provide a sys-
tem of the character described in which the recording
and reading of numbers is so rapid that the use of sev-
eral cards for a single scene preset does not interfere with
normal operation.

It is another object of our invention to provide a sys-
tem of the character described wherein a group of mem-
bers on which information is recorded, e.g., a stack of
cards, can be moved, used and otherwise handled as an
entity, the members being properly arranged in the group
and the feeding of the members into and out of the group
being automatic.

It is another object of our invention to provide a sys-
tem of the character described in which despite the abil-
ity to utilize the members in a predetermined sequence,
such members may be recorded or the information there-
from read out of order, that is to say, in a sequence other
than the predetermined one.

It is another object of our invention to provide a sys-
tem of the character described which despite its apparent
complexity has a low initial cost in contrast to that of a
conventional system which is capable of providing a like
number of presets and a like flexibility.

It is another object of our invention to provide a sys-
tem of the character described which has a low operating
cost in terms of man hours required for recording and
resetting presets during rehearsals and presentations.

It is another object of our invention to provide a sys-
tem of the character described in which it is particularly
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4

easy to read out the information for any preset in any
order or to change presets or even to skip presets at will.

It is another object of our invention to provide a sys-
tem of the character described the physical portion of
which is highly compact and the controls for which are
very simple.

It is another object of our invention to provide a sys-
tem of the character described which can be operated re-
motely either for recording or reading out information,
and wherein the final control during presentation requires
the use of only a single handle.

1t is another object of our invention to provide a system
of the character described wherein the operator can
revert to manual control in case of emergency such as
a failure of a part of the automatic equipment.

It is another object of our invention to provide a system
of the character described wherein the emergency manual
reversion can be accomplished either circuit by circuit
or throughout the entire lighting system at once.

It is another object of our invention to provide a
system of the character described in which the operator
is able at any time he desires to read out the information
set into the control circuits, circuit by circuit instantane-
ously.

It is another object of our invention to provide a sys-
tem of the character described in which presets of in-
formation can be sequenced either automatically by
movement of the fader equipment or manually as by use
of a special button or switch when the system is reading
information into the individual circuits.

It is another object of our invention to provide a system
of the character described which is capable of skipping
presets from normal sequence at will.

It is another object of our invention to provide a system
of the character described which can transfer informa-
tion from preset cards to electric memory circuits and
hold this information for indefinite periods of time.

It is another object of our invention to provide a sys-
tem of the character described wherein the operator can
“fade” to or from “black-out” or move to a homing
position and while in such black-out or homing position
skip or omit presents.

It is another object of our invention to provide a system
of the character described in which skipping cannot be
performed while the fader is being operated, thus prevent-
ing the possibility of errors when between two presets.

Other objects of our invention in part will be obvious
and in part will be pointed out hereinafter.

Our invention accordingly consists in the features of
construction, combinations of elements and arrangements
of parts which will be exemplified in the lighting control
system hereinafter described and of which the scope of
application will be indicated in the appended claims.

In the accompanying drawings, in which are shown
various possible embodiments of our invention,

FIG. 1 is a diagrammatic view of a conventional volt-
age divider;

FIG. 2 is a diagrammatic view of a resistance-relay net-
work constructed in accordance with a feature of our
invention and embodying in the simplest form the prin-
ciple by which we have approximated for binary coded
operation a voltage divider such as that of FIG. 1;

FIG. 3 is a diagrammatic view of a resistance-relay
network similar to that shown in FIG, 2, but of more
complex form for finer degrees of gradation;

FIG. 4 is a circuit diagram of our lighting control
system, the same including, as shown, a control section
for manual and automatic regulation of a single power
unit, the same being in six parts designated FIG. 4q,
FIG. 4b, FIG. 4c, FIG. 4d, FIG. 4e and FIG. 4f.

FIG. 5 is a thumbnail perspective view of the three
principal pieces of equipment used in our lighting con-
trol system, to wit, a card punched, a console and a card
reader;
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FIG. 6 is an enlarged perspective view of the console
keyboard and bank of control units;

FIG. 7 is a schematic view of the principal operating
parts of the card reader;

FIGS. 8 and 9 are schematic views of the principal
operating parts of the card punch;

FIG. 10 is a face view of a typical preset card;

FIG. 11 is a side view of a manually operable control
unit for an individual control circuit;

FIG. 12 is a top view of said unit; and

FIG. 13 is a sectional view taken substantially along
the line 13—13 of FIG. 12.

In a lighting control system embodying our invention
each control circuit includes two electrical elements,
preferably of like kind, each of which is capable of hav-
ing a similar electrical value thereof, e.g., voltage, in-
dividually changed. For example, such elements may
constitute variable autotransformers or potentiometers,
a typical system of our invention utilizing two potentiome-
ters for each control circuit. These elements are regu-
lated by an external memory system. - While one element
is in control of ‘a piece of lighting equipment the other
element which then is idle is set by means of the memory
system so as to supply a voltage value, i.e., to assume a
reading or position, which has been predetermined for
the next scene. The operator by moving a changeover
device, i.e., a fader, gradually changes, i.e., fades, the con-
trol signal to the piece of electric equipment from that
of the initially controlling element to that of the second
element, i.e., to the next scene preset. Now the memory
system resets the first element which is idle while the
second element is active, the first element being reset from
scene 1 to scene 3. Next the fader is returned to its origi-
nal position and the lighting will be altered to preset 3 con-
dition.  While this is occurring the second element which
again is idle is changed to preset 4 condition. This han-
dling of presets with only two variable control elements
might be referred to as a two scene preset system with a
memory system doing the presetting, e.g., with the aid
of potentiometers, i.e., voltage dividers.

It will be apparent from the foregoing that the two
variable electrical elements are not per se required to
move or to change taps smoothly during the rearrange-
ment of their setting in idle position, this being the func-
tion .of the fader or master control. The elements must
only be capable of being set by the memory system at a
number of different points. This number might be es-
tablished, depending upon the function to be performed,
at anywhere from two to many hundreds. The accuracy
required also will determine the number of points to be
utilized. For the purpose of illustration we have shown
herein 32 different positions which have been found to be
adequate for practical comtrol of electric lighting in-
tensity. It will be understood, however, that this particu-
lar number is in no way to be considered as limiting. For
instance, 64, or many more control positions can be pro-
vided with ease and might or might not be necessary or
appropriate for color control, control of direction, various
combinations of controls, or still other controls.

The potentiometer 10 shown in FIG. 1 is a conventional
potentiometer such as is presently used for controlling
electric lighting equipment, e.g., for the purpose of regu-
lating intensity. It constitutes a length of electrical re-
sistance material which may, for example, be wound on
a supporting strip and the turns of which are adapted to
be engaged along the length of the strip by the contact
end of a movable slider 12. For the purpose of control-
ling intensity of illumination, the variation of resistance
between any two turns is so small that the potentiometer
is considered to afford an almost continuously veriable
regulation.

The potentiometer is a voltage divider. Depending
upon its position it will pick off any voltage between
the extremes of voltage applied to the terminal ends of
the resistance. For example, if 10 volis is applied across
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the resistance terminals, the voltage appearing between
the tap and either of the terminals will vary from zero
to ten volts. The absolute resistance value of the po-
tentiometer has no bearing upon its ability to divide the
voltage appearing across its terminals.

Let it be considered that the potentiometer resistance
has a uniform resistive gradient and that there are only
four taps on the potentiometer, two of these taps being
at the terminal ends of the potentiometer and the remain-
ing two taps being ome-third of the distance from each
end. The resistance between each end of the potentiom-
eter and the closest intermediate tap will be denoted by
the reference character R, and the resistance between each
intermediate tap and the remote terminal will be denoted
by the reference character Ro. When the slider 12 is on
the left-hand intermediate tap, as shown in full lines in
FIG. 1 the resistance from this tap to the nearest end
terminal will be R; and the resistance from this tap to
the other end terminal will be Ry. If the slider is swung
to the other intermediate tap the resistance values like-
wise will be Ry and R,, but they will be reversed.

In FIG. 2 we have shown how, pursuant to a feature
of our invention, we have provided an arrangement,
specifically a resistance-relay network 14, which is capable
of being operated by a binary code and which will pro-
vide the same two values of R; and R, and their reversal
and also the electrical equivalent of locating the slider 12
on either end terminal. Said network is the simplest form
of this phase of the invention and has been shown to aid
in the comprehension thereof. Such type of network can,
as soon will be seen, be expanded to a greater complexity
in order to provide more refinement in the equivalent
positioning of the potentiometer slider, although -the
actual circuit illustrated will, under certain conditions,
suffice for some functions.

The network 14 includes two banks of fixed resistors
of different value. FEach bank includes a first resistor
haying a resistance value and denominated R; and a second
resistor having a resistance value and denominated Ro.
The resistors R; and R, in each bank are comnected in
series at point 16. One terminal of each bank is connected
to a source of electric energy. The remaining terminals
of the banks are connected to one another by a lead line
18, so that the to banks are connected in series. A termi-
nal 20 is Jocated in the lead line 18. For a reason which
soon will be apparent this is referred to as the “slider”
terminal.

It is pointed out that the total resistance value of each
bank of resistors, i.e., R;+Rs, is equal to the value of the
resistance of the equivalent potentiometer 10 and that the
absolute values of R; and R, are equal to the values R;
and R, for the tap points of the equivalent potentiometer
10. Preferably, and in order to obtain a maximum uni-
foripity of variation for the various positions of the
equivalent potentiometer, R, has a resistance value twice
that of Rl'

The resistor Ry of each bank is provided with a pair
of lead lines 22 running to a shunting switch 24 of a
relay 26. One of the switches is normally open and the
other normally closed. Similarly, each resistor R, has a
lead line 28 and the lead line 18 runs to a shunting switch
30 of arelay 32. One of the switches 30 is normally open
and the other normally closed.

As shown in FIG. 2, when the two relays are idle, ie.,
de-energized or de-activated, the resistors R, and R, of
the left-hand bank are shunted out, while the resistors
R, and R; of the right-hand bank are effective. There-
fore, the left-hand power terminal of the network 14 is
djrectly connected to the slide terminal 20 and the re-
§1stor§ R; and R, of the right-hand bank are interposed
in series between the slide terminal 20 and the right-hand
power terminal of the network. * This is the equivalent of
having the slider 12 of the conventional potentiometer of
FIG. 1 resting on the left-hand terminal tap.

If now only the relay 26 is energized the resistor Ry of
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the left-hand bank will be interposed between the left-
hand power terminal and the slide terminal 20 and only
the resistor R, of the right-hand bank will interposed
between the slide terminal 20 and the right-hand power
terminal. This is equivalent of having the slider 12 lo-
cated on the left-hand intermediate tap of the conventional
potentiometer illustrated in FIG. 1.

Next, if the relay 26 is de-energized and the relay 32
energized, the resistors of the network 14 will be so con-
nected that they will be equivalent to having the slider
12 of the conventional potentiometer 19 in FIG. 1 on the
right-hand intermediate tap. Finally, if both relays 26
and 32 are energized, the network 14 will be equivalent to
the conventional potentiotmeter 10 with the slider 12 on
the right-hand terminal tap.

It thus will be seen that we have in this simple manner
provided a resistance-relay network which is the equivalent
of a potentiometer acting as a voltage divider and is capa-
ble of binary code operation by virtue of the “off” or “on”
position of each relay. For the purpose of maximum
evenness, the resistors utilized have values which are so
proportioned that (a) any resistor in any bank has a
resistance value twice that of the next lower value resistor,
(b) the total resistance value of ail the resistors in each
bank is equal to the total resistance value of all the re-
sistors in the other bank, and (c) when any given resistor
of a specific bank is shunted, the corresponding resistor
in the other bank is unshunted, i.e., rendered effectively
operable in the circuit.

It further will be appreciated that the number of equiva-
lent slide positions is equal to 2» when 7 is equal to the
number of resistors in each bank. In the example just
described n is equal to 2 and 20 therefore equal to 4, that
is to say, with 4 resistors, 2 in each bank, we have pro-
vided the 4 equivalent positions for the equivalent slide
of the equivalent potentiometer. Although this is a seem-
ingly high cost in equipment to pay for the number of
positions obtained, it will be realized that as # is increased,
the number of positions increases exponentially. For
example, if there are 3 resistors in each bank (6 resistors
in all and 3 relays), the number of equivalent slide posi-
tions will be 8. Going a step further, if the are 4 resistors
in each bank and 4 relays, the number of equivalent slide
positions will be 16, With 5 resistors per bank and 5
relays the number of equivalent slide positions will be
32, etc.

It will be appreciated that with the foregoing network
we have provided an equivalent potentiometer of suitable
accuracy which can be operated by means of external
information in the forms of “on” or “off,” i.e., binary,
signals, this being capable of adaptation to a memory
system. With 5 such signals, i.e., with 5 bits of informa-
tion (one for each relay), an equivalent potentiometer
of this type operating upon 5 relays can be made to as-
sume any one of 32 slide positions. This obviously is
superior in simplicity to any control system which requires
32 bits of information or even the addition of fractions
to whole numbers to form signals. Moreover, such a
system is capable of very rapid operation, so that a given
combination of presets can be quickly arranged merely
by feeding the necessary information to a group of such
equivalent potentiometers. For a complete two scene pre-
set system of the type which constitutes the preferred em-
bodiment of our invention all that is necessary is two
groups of equivalent potentiometer resistors and two
groups of relays together with a holding relay or the
like for each group to maintain the information in the
equivalent potentiometer network, sometimes hereinafter
referred to as the “translator relay matrix,” once it has
been received, so that any given setting of a group can be
retained while the group is in control of a scene and while
another setting is imparted to the other group.

In FIG. 3 we have illustrated a more complex trans-
lator relay matrix or network 34 having power input
terminals 36, 38, the network constituting an equivalent
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8
of a potentiometer having 32 tap positions with uniform
resistance values therebetween. Said matrix includes two
series-connected like sets 48, 42 of resistors Ry, Ra, R3,
R4, R5, and RRl, RRz, RR3, RR4, RR5. All the com-
panion resistors of the two sets are equal, that is to say,
the resistor R; is equal to the resistor RRy, the resistor
R; is equal to the resistor RR,, etc. Each resistor Ry,
RR;, has a resitance value of one unit, each resistor Ry,
RR, a resistance value of two units, each resistor Rj,
RR; a resistance value of 4 units, each resistor Ry, RR,
a resistance value of 8 units, and each resistor R5, RR;
a resistance value of 16 units. The value of » in this
matrix is 5. The number of tap positions, 29, is 32. Each
resistor is provided with a shunting switch 44, the switches
being so arranged that when a shunting switch for a given
resistor is closed, the shunting switch for the companion
resistor is open. The shunting switches for each com-
panion pair of resistors are part of a single relay actuated
by a coil 46. It will be appreciated that with this arrange-
ment the total resistance value of the equivalent resistor
matrix never varies from the sum of Ry, Ry, Rs, Ry, R,
or RRy, RR;y, RR3, RRy, RR;, and that, by providing vari-
ous combinations of actuated and idle relays, the position
of the tap terminal 47 between the two series in the equiva-
lent potentiometer can be stepped by 32 uniform resistive
increments each equal to the value of a resistor R; or RR;.

Basically, the memory system which forms part of our
control system in accordance with the invention consists
of two machines, in the preferred form of our invention
these being commercial machines, so that they may be pur-
chased and used as individual units. Said two machines
typically constitute a first machine for receiving and hold-
ing as a storage memory the required number of signals,
i.e., bits of information, for each individual control cir-
cuit, and a second machine for selecting a desired storage
memory, scanning and extracting the required information
for each individual control circuit and, when desired,
transmitting this information to the proper control circuits.
Pursuant to our invention these signals are received and
stored rapidly, accurately and automatically and are capa-
ble of retransmittal at will in any selected order of scene
presets and at high speed.

Such memory systems are presently available in the
form of magnetic and punched tapes, magnetic drums,
magnetic discs, magnetic wires and cards. However,
most of the existing systems are either too slow, too ex-
pensive, incapable of rapid change in order of sequence
of transmittal, or are otherwise incapable of handling
the data as required. For example, a magnetic or punched
tape stores the signal in non-changeable sequence and
therefore unless very expensive equipment is utilized,
makes it difficult to change the sequence of the signals
as they are read out. Moreover, in the event a group of
signals is to be changed it is impossible to make such an
alteration in the punched tape and difficult with magnetic
tape. We have found that the best results have been
achieved with a2 memory system which utilizes cards, since
the sequence of these can be rearranged quite easily and
since the markings from one card can be inscribed on
another card speedily and easily with any corrections that
are desired to be made.

In the most desirable form of our invention we employ
punched cards, one or more for each scene preset. It
will be understood, however, that our invention is not
to be limited thereto. A memory system utilizing punched
cards consitututes a card punch to which the signals are
fed and which will by operations that are well known in
the field impress the signals on a given card by punching
openings therein in predetermined locations which are a
function of the information to be inscribed. The system
further inclndes a card reader capable of reading the
signals punched into the cards and transducing them into
electric signals for transmittal to the translator relay
matrices hereinabove described.

In FIG. 5 we have shown the three pieces of equip-
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ment which make up the control center of the present
invention, to wit, a console 48, a card punch 50 (see also
FIG. 4B) and a card reader 52, (see also FIG. 4D).

The console includes all the manually operable com-
ponents of the system, these comprising a plurality of
manually operable units 54 each of which regulates a
different one of the individual control circuits, and a
keyboard 56 on which are located different function con-
trol push buttons, switches, levers, pilot lights and handles
for the entire system. The console also preferably houses
varjous other circuit elements, e.g., resistances, trans-
formers, relays, rectifiers, motors, etc.

As. indicated previously, the card punch 50 preferably
constitutes a commercially available machine. The one
illustrated herein is a card punch manufactured by the
Remington Rand Division of the Sperry Rand Corpora-
tion of 315 Fourth Avenue, New York City. The par-
ticular card punch which we have employed in our sys-
tem is type No. 3906.

Referring to FIGS. 8 and 9, said punch includes a
card magazine 58 which is adapted to have placed therein
a stack of cards 60 (see FIG. 10). Each card is adapted
to be perforated at any one of a plurality of positions
which, as is well known in the card punching art, are
identified by the coordinates of vertical column and hori-
zontal row. The particular card 60 illustrated herein
and intended to be used on the specific card punch 50
is a 540 position card having 90 vertical columns, respec-
tively designated by the reference characters 1, 2, 3,
4, . ... 88,89, 90, and 6 horizontal rows, respectively
designated by the reference characters 0, 1, 3, 5, 7, and 9,
these being the notations of the manufacturer. ' The manu-
facturer splits up the vertical columns into two sets, one
above the other, so that the first 45 columns, 1, 2, . . . 44,
45, occupy the upper half of the card and the last 45
columns, 46, 47, . . . 89, 90, occupy the lower half of the
card. Thus every punch position has a pair of grid co-
ordinates constituting a column and a row. For example,
1y is the top row in the first column; 46, is the top row
in the 46th column which is the first column at the left
of the lower half of the card; 23, is the 5th row in the
23rd column, which is in the upper half of the card, etc.
The presence or absence of an opening at any given posi-
tion constitutes a binary signal which either will actuate
a relay or cause it to remain de-actuated. It may be
mentioned at this point that the first five, i.e., the “0,” “1,”
“3,” “5” and “7,” rows in each column are utilized to
record and store the five bits of information which will
determine the condition of the five relays in any given
translator relay matrix, The sixth, ie., “9,” row in each
column is employed for the purpose of verification.

At the bottom of the magazine 58 is a feed slide 62
which is intermittently energized by a motor 64. The
card punch runs through a single cycle of operations
each time it is rendered active, the operation of the card
punch being controlled by an electrically regulated one
cycle clutch 66, that is to say, when a pulse is fed to
said clutch the state of the clutch is changed from in-
effective, ie., idle (no power transmitted), to actuated
(power transmitted). Because the clutch is a one cycle
clutch, every time a pulse is received, the clutch will
remain actuated for one cycle of operation of the card
punch and then stop. The reference numeral 68 in FIG.
8 schematically denoates a kinematic train which is
driven by the clutch output and which includes, inter
alia, a kinematic transmission 69 for actuating the card
feed slide 62 when the clutch is actuated so as to deliver
the lowermost card in the magazine to a first pair of
feed rolls 70. Said pair of feed rolls 70 is associated
with a second pair of feed rolls 72, the two pairs of feed
rolls between them being adapted to hold a card 60 after
the same has been discharged from the magazine 58. At
the end of any given cycle of operation of the card
punch there will be a stack of cards in the magazine
and one card held by the two pairs of feed rolls.
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During each cycle of operations the lowermost card in
the magazine will be delivered to the two pairs of feed
rolls and the card which previously was held by the two
pairs of feed rolls will be delivered to a punch and die
unit. 74.  The pairs of feed rolls 70, 72 are driven from
the clutch 66 through the kinematic train 68 and shafts 76.

The punch and die unit includes a vertically translatable
die carriage 78 which is intermittently raised or lowered
by an actuating lever 80 driven from a cam 82 operated
by the kinematic train 68. Said carriage includes a hori-
zontal plate 84 in which are provided a large number of
die openings 86, one for each of the 540 card positions.
Vertically above the carriage 78 is an intermediate pin
section 88 provided with 45 lines of twelve pins 90 each
located directly above a different die opening in the punch
and die unit 74. Each said pin 90 has an upper position
and a lower position in each of which positions the pin
is latched, the pin being ineffective to punch in its upper
position and effective for such purpose in its lower posi-
tion. In. ineffective position the bottom of the pin is
within the intermediate section 88. In effective position
the bottom of the pin protrudes below said section.

The top of the section 88 is formed with tracks (not
shown) on which there horizontally steps a traversing
mechanism referred to as a setting bar 92. The setting
bar constitutes a line of twelve setting members, there
being one setting member for each of the twelve pins 90
in a line. Thus, the traversing setting bar, when aligned
above the pins 90 of any given column, has its setting
members in registration with the individual pins of such
column.

Cables 94 connect each setting member to a different
solenoid 96. When any particular solenoid is actuated,
it will depress its associated setting member and in turn
depress the pin 90 in the row of the column over which
it is then located. Each solenoid is connected in a circuit
by means of a pair of leads, the connections in the circuit
herein being described being such that all the solenoids
have one positive terminal in common and one terminal
connected for reception of a negative signal.

On the side of the punch and die unit remote from the
feed rolls 72 there are provided a pair of ejecting rolls
98 driven from the clutch 66 through the kinematic train
68 and a shaft 100. Finally, the card punch unit includes
a card receiver 102 in which cards leaving the ejecting
rolls are deposited.

A cycle of operations of the card punch 50 first re-
quires that individual pins 90 be set up or not set up
according to a predetermined pattern. This is achieved
by successive groups of binary signals which are fed in
sequence, a column at a time, to the solenoids 96 during
the cycle. The signals determine the actuation or failure
to actuate any given solenoids typically in the punch be-
ing described, six signals will be received by the sole-
noids, the term “signal” meaning voltage or absence of
voltage supplied to a solenoid so that each solenoid will
either be actuated or deactuated according to a predeter-
mined pattern. Ninety successive groups of six signals
are received in each cycle of operations. . The first group
of solenoid signals move selected pins 9¢ from latched in-
effective positions to latched effective positions in the first
column. Then the setting bar 92 is automatically stepped
to the next column by a pulse supplied to a solenoid (not
shown) actuating the pin in row 9 and the second group
of signals is received, etc. After all the lines of pins 90
have been set for a given scene preset, a pulse is received
by the clutch 66 thereby to connect the previously ener-
gized motor 64 to the kinematic train 68. The lower-
most card in the magazine is delivered to the feed rolls
70, 72. The card which previously was between the feed
rolls is delivered to the punch and die unit and the card
which was previously in the punch and die unit is deliv-
ered to the card recevier 102. The card which was
freshly delivered to the punch and die unit is then raised
by the carriage 78, actuated by the kinematic train 68,
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and is punched by punches set up by pins 20 that were
latched at the positions at which solenoids were sequen-
tially energized. Lastly the kinematic train 68 returns
the setting bar 92 to its original position and the clutch
66 is de-energized.

The electric wires (see FIG. 4B) leading to the card
punch will include a live and a return (ground) lead for
the cycle pulse that actuates the clutch, one live and one
return lead for energizing the motor, and six live and
one return lead for the solenoids (the upper and lower
half of each card being punched in turn). The various
operations are under the control of a sequencing switch.

The card reader 52 likewise is a commercially available
machine, e.g., type No. 204-2, manufactured by the
Remington Rand Division of said Sperry Rand Corpo-
ration.

Referring to FIG. 7, the reader includes a card maga-
zine 104 which is adapted to have placed therein a stack
of preset punched cards 68, these being cards having
holes at the proper grid coordinates. At the bottom of
the magazine 104 is a feed slide 106 which is intermit-
tently energized by a motor 188. The card reader runs
through a single cycle of operations each time it is actu-
ated, the operation of the card reader being controlled
by an electrically regulated one cycle clutch 116, That
is to say, when a pulse is fed to said clutch the state of
the clutch is changed from idle to actuated. Because the
clutch is a one cycle clutch, every time a pulse is received,
the clutch will remain actuated for one cycle and then
stop. The reference numeral 112 schematically denotes
a kinematic train which is driven by the clutch output and
which includes, inter alia, a kinematic transmission 114
for actuating the card feed slide 166 when the clutch is
actuated so as to deliver the lowermost card in the maga-
zine 104 to a pair of feed rolls 116.

Said feed rolls 116 transfer the punched card to a
card senising unit 118. This unit includes a lower sensing
pin box 120 which is mounted for vertical travel below a
card supporting frame 122 on which is held in tempo-
rarily fixed position a card delivered by the rolls 116.
Above the frame 122 is a lock box 124, When the lower
sensing pin box 120 is raised upon actuation of the clutch
110, it includes a group of sensing pins all in raised posi-
tions, there being one sensing pin for each pair of grid
coordinates. As the pins are elevated with the box, those
pins which are in registry with unpunched positions will
cease their upward movement.

The remaining pins (in registry with punched holes)
will continue their upward movement through the
punched card io raise associated pins in the lock box
124, there being one pin in the lock box for each pair
of grid coordinates, in other words 540 lock pins. Each
pin in the lock box which is raised will be latched in
elevated position and will not be released until the be-
ginning of the next cycle of operations.

When a pin in the lock box is raised it will close an
associated pair of contacts in a sensing switch box 126
directly above the lock box. There is one such pair of
contacts for every grid position on the card. Thus, when
the lower sensing pin box is elevated, it will, through the
mechanism described, close a pair of contacts for every
hole punched in the card held in the frame 122.

After the pairs of contacts have been closed, the lower
sensing pin box is lowered, leaving the pairs of contacts
closed because of the latched pins in the lock box, and
the card is ejected from the frame 122 by €jecting rollers
128 which deliver the card to a receiver 130 where it is
deposited on top of the used card stack.

The reader thus is capable of reading out simulta-
neously all of the information inscribed on the punched
card and does not, like the card punch, have to read out
such information sequentially one column (circuit) at a
time. Accordingly, the electric wires (see FIG. 4D) lead-
ing to the card reader include a live and a return (ground)
lead for the cycle pulse that actuates the clutch 1i¢, a

10

15

20

25

30

40

45

60

70

75

12

live and a return lead for energizing the motor 188 and
a live and a return lead for every pair of grid coordi-
nates. The various operations are under the control of
a sequencing switch. Inasmuch as the verification holes
at grid positions 1g, 29 . . . 89, 904 are not used to store
or transmit information, there will only be 450 lead wires
and one common return wire connected to the sensing
switch box 126.

Referring to the console 48 we have remarked earlier
that it contains all of the manual controls, these constitut-
ing the plurality of individual manually operable units
54 for the different circuits and the function controls on
the keyboard 56. More specifically, the keyboard 56 is
provided with a “stand-by” push button 132 (FIGS. 4A
and 6) for a momentary switch SW,, a “record” push but-
ton 134 for a momentary switch SWy, a “duplicate” push
button 136 for a momentary switch SW,, a “read” push
button 138 for a momentary switch SWy, a “card” push
button 140 for a momentary switch SW,, a “record skip”
push buiton 142 for a momentary switch SW;, a “manual-
auto” lever 144 (FIGS. 4E and 6) for a two-pole double-
throw switch SW,, a “manual” push button 146 for a
momentary switch SWy, a “read skip” push button 148
(FIGS. 4D and 6) for a momentary switch SW;, a first
“fader blackout” lever 150 (FIGS. 4E and 6) for a double-
pole double-throw switch SW;, a second “fader blackout”
lever 152 for a double-pole double-throw switch SWy, a
“read out” control knob 154 (FIG. 6) for a multiple selec-
tion double-pole switch SW,, a “manual blackout” lever
156 (FIG. 6) for a single-pole single-throw switch SW,
(FIG. 4C), a “fader” handle 158 (FIGS. 4E and 6) for a
variable auto transformer TR,, and a “manual master”
handle 160 for another variable auto transformer TB
(FIG. 4C).

The plural individual manually operable units 54
(FIGS. 11-13) are suitably physically mounted on the
console side-by-side, as shown in FIG. 6, and are wired
in the control system. Each said unit has certain manual
controls, these constituting a circuit selector switch lever
162 (FIG. 11) for a single-pole, plural position switch
SWn,* (FIG. 4C), and a manual control lever 164 (FIG.
11) for a multiple pole coding switch SW,, (FIG. 4C).

The mechanical details of a typical individual manually
operable unit 54 are shown in FIGS. 11, 12 and 13. From
these drawings it will be clear that each said unit includes
an electrically non-conductive casing 166 which con-
veniently may be fashioned by molding from a synthetic
resin, e.g., a phenol formaldehyde condensation resin, so
that it will not be susceptible to deformation in the event
any piece of electrical equipment becomes overly warm.
For lightness and convenience each casing is open at one
side, that is to say, each casing comprises one broad side
wall and one narrow boundary wall constituting a flange
extending around the periphery of the side wall and de-
fining with said side wall a hollow space open at one side,
this side being closed by the abutting side wall of the next
unit. Within this hollow space we mount all of the various
pieces of equipment which jointly comprise the unit 54.
In operation several of these units are arranged side-by-
side in a horizontal stack so that an operator has at his
fingertips the various manual control means for each
of the circuits.

One of the elements caried by each of the units is
the single-pole four-throw switch SWy,, (FIG. 4C). The
housing 168 (FIG. 11) for this switch is located immedi-
ately in back of the front portion of the peripheral wall

#* The numeral subseripts are employed herein to denote elec-
trical elements which are singular to individual control cir-
cuits as distinet from electrical elements which are common
to all of the control circuits. It thus will be appreciated that
where such subscripts appear, as in the case of SWml, there
actually are a large number of such switches, SWm1 R
SWmg,, one for each of the individual circuits. With th
particular card punch and card reader hereinbefore referred
to, there can be as many as ninety individual circuits and
there, therefore, can be as many as ninety of each of the elec-
trical elements having numeral subscripts.
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of the unit, said wall being formed with an elongated recess
(not shown) to permit the lever 162 to extend there-
through and thereby be conveniéntly located for access at
the front of the unit near the keyboard 56. The operator
can shift this lever to any one of four different positions,
ie., an uppermost position 1, a lowermost position 4,
and two intermediate positions 2, 3.

Also carried by and within the casing 166 is an indica-
tor drum 170 journalled on a pin 172 extending from the
side wall. - The periphery of the drum projects through a
slot 174 in the adjacent portion of the peripheral wall of
the casing and an index marker 176 is located on the exte-
rior surface of said wall to be read against numbers on the
dram.

A pilot light 178 (see also FIG. 4C) is disposed within
the casing 168 at some suitable point, e.g., below the drum
170. . Said light is directly in back of an opening in the
peripheral wall so that the operator can ascertain when
the light is energized. Moreover, we place in the afore-
said opening a translucent button 180 carrying a numeral
so that when the pilot light is illuminated the operator can
identify the particular light.

There also is provided within the casing 166 a second
drum 182 mounted on a stud 184 carried by the pe-
ripheral wall of the casing. The two drums 170, 182 are
connected for mutual rotation, as by a cable 185, option-
ally a string, which is trained about both of the drums and
is guided from one drum to another by a series of idler
pulleys 186, 188, 199, rotatably mounted on the pe-
ripheral wall. A helical tension spring 192 is inserted in
the cable to maintain the same under tension, this ar-
rangement being inexpensive and utilizable in the present
circumstances since neither drum experiences a full 360°
rotation.

A manual control lever 164 is operationally integral
with the drum 182 and extends from the drum through a
slot in the peripheral wall so as to be accessible for mani-
pulation exteriorly of the unit 54. Mounted on the drum
for rotation therewith is one of the elements of the
multiple throw coding switch SW,, (FIG. 4C) which for
convenience is sometime referred to hereinafter as the
“analog-digital converter.” This element constitutes a
plate 194 (see also FIG. 4C) of electrically nonconductive
material on which there is superimposed, e.g., by stencil
printing, a complex electrically conductive pattern 196
which will be described in detail shortly hereinafter, since
its description is simpler to comprehend if its function
and the element with which it cooperates first are ex-
plained.

The switch SWy,, includes as its second element a brush
assembly 198 consisting of a block 200 of insulating mate-
rial which is made fast to the broad side wall of the casing
166 and a series of brushes, e.g., flat cantilever springs 202,
204, 2006, 208, 210, 212 and 214. FEach spring bears a
contact at its free end, said contacts riding on the plate
194 in the zone of the pattern 196. -

Before describing the operation of the coding switch
SWy,,, it first is necessary to understand that each unit 54
is provided with individual voltage varying means, such,
for instance, as a manually operable potentiometer P;
(FIGS. 4C and 11).

This potentiometer at a certain stage of the operation
of the control system has its resistance value varied by
hand and it is the function of the switch SWy,, to trans-
duce the setting of the potentiometer P;, and more specifi-
cally the angular position of its arm, into an electric signal,
e.g., a code, of a nature such that when the code is fed

_into a translator relay matrix, hereinafter to be described,
the matrix will assume an equivalent setting of an equiva-
lent potentiometer. In other words, the switch SW,, is in
effect a translator which converts the analog value of the
setting of the manually operable potentiometer into a code
signal, herein shown as a five digit binary cycle permuted
code signal,

To effect the foregoing operation the pattern 196 con-
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stitutes essentially five tracks, 216, 218, 220, 222 and 224,
of control areas which are adapted to be contacted by
the cantilever spring brushes 204, 206, 208, 210, 212.
Each track of control areas is arranged in an arc, the arcs
being concentrically disposed about the stud 184. All of
the conductive control areas of all the tracks are mutually
interconnected so that they are at the same potential.
However, the conductive control areas in each track are
discontinuous, that is to say, discrete, there being a non-
conductive control area between each two conductive con-
trol areas of every track. The tracks are so mutually
interrelated that each track has one-half the number of
control areas of the next track, and so that the control
areas in each track are twice the angular length of the
control areas in the next track. This can be better appre-
cited by examining the control areas in detail.

Thus, considering first the track 216 associated with the
brush 204, there are in it sixteen conductive control areas
and sixteen non-conductive control areas, making in all
thirty-two control areas. The angular length with respect
to the stud 184 of each of these control areas is identical,
so that there are thirty-two positions of this track with
respect to its associated brush, and as the track moves
past the brush, there alternately will be an electric connec-
tion between the pattern 196 and the brush and a break
in such connection.

The next control area track 218 is associated with the
brush 206. It has eight conductive control areas and eight
non-conductive control areas, each being twice as long
angularly as the control areas in the track 216. The re-
maining tracks 220, 222 and 224 have progressively lesser
numbers of double-sized control areas, the track 228 hav-
ing eight control areas of which four are conductive and
four non-conductive, the track 222 having four control
areas, of which two are conductive and two non-conduc-
tive, and the track 224 having two control areas of which
one is conductive and one is non-conductive. From the
foregoing it will be appreciated that when the plate 194
is in any given angular position with respect to the brush
assembly 198, each track of control areas and its associated
brush will either make or not make a conductive contact,
depending upon the particular pattern 196 that is present,
and a binary code thereby is formed which is distinctive,
Le., unique or peculiar, to the particular angular orienta-
tion, i.e., position, of the plate 194 at such time.

In addition to the five tracks 216, 218, 220, 222, 224
of control areas, we provide a sixth track 226 of alternately
conductive and non-conductive areas radially outwardly
of the track 216, said last track having the greatest num-
ber of areas. This sixth track constitutes, in effect, an elec-
trical detent the purpose and operation whereof will be
made clear hereinafter. Said sixth track has one conduc-
tive area for each singular position of the switch SWy,, in
this instance thirty-two, there being one non-conductive
area between each pair of adjacent conductive areas. The
width of each of the conductive areas in the sixth track is
somewhat less than the width of the control areas in the
?djacent track 216, it being noted that although the draw-
ings illustrate the conductive and non-conductive areas of
tl}e sixth track as being of equal angular lengths, this is
simply a coincidence inasmuch as all that is required is
that the conductive areas of the sixth track be somewhat
narrower than the equal length conductive and non-con-
ductive areas of the first track. The sixth track is associ-
ated with the spring brush 202.

Finally, the switch SW,,, includes an arcuate contact
strip 228 which is associated and constantly in engage-
ment with the spring brush 214. This contact strip de-
rives potential from the brush 214 and through the pattern
196 brings a uniform potential to all of the conductive con-
trol areas in the several tracks described above.

It will be appreciated from the foregoing as well as
from visual inspection of the pattern 196, that in one ex-
treme angular position of the plate 194 with respect to
the brush assembly all of the conductive areas engage
their respective spring brushes, and that in the next posi-
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tion all of the conductive areas engage their spring brushes,
except for the track 216. In the next position, a conduc-
tive area in the track 216 again engages the brush assem-
bly, but there is a break in the connection between the
track 218 and the brush assembly, etc. It is in this manner
that we translate the analog position of the manual poten-
tiometer P; and therefore of the plate 194 to a five digit
binary cyclic permuted code set of signals.

Each individual circuit selector switch SWy, = |
(FIG. 4C) has three or four positions. In the embodiment
of our invention shown in the drawings we have illustrated
four positions, these being an “off” (number 4), a “manual
or independent” (number 3), a “normal” (number 2) and
a “correction” (number 1) position. However, as will
soon be appreciated, the “manual” position may be elimi-
nated, if desired, and the “correction” position used for
manual control or emergency operation.

When a switch SWy,, ~ for any given individual cir-
cuit (there is one of these switches for each individual
circuit) is in the “off” position (indicated by the refer-
ence numeral 4 in FIG. 4C), the power unit for the as-
sociated load will remain inoperative regardless of the
stored information for controlling this power unit and
regardless of the setting of the manualily operable poten-
tiometer P; of the associated control unit 54. In said
position the relay RYy, (FIG. 4D) (one for each individ-
ual circuit) is energized. Energization is by connection
to a pair of D.C. teriminals, to wit, a positive D.C. ter-
minal 230 (FIG. 4A), and a negative D.C. terminal 232.
Inasmuch as a large number of the components of our
lighting control system derive their energization from
this D.C. source of power, we have for convenience
drawn a network of positive buses from the positive D.C.
terminal 230, all of this network being denoted by the
reference character 234, and, for the purpose of easy
recognifion, we have illustrated the positive bus network
with solid heavier-than-normal lines. In like manner the
negative bus network has been denoted by the reference
numeral 236 and is illustrated with broken heavier-than-
normal lines. When the tongue 238 (FIG. 4C) of the
switch SWp,, is in number 4 position, it connects the neg-
ative bus 236 to a lead line 240 (FIGS. 4C and 4D) that
runs to a terminal of the actuating coil of the relay RYy,
the other terminal of which is connected to the positive
bus 234,

When the switch SWy,, is in the manual or independ-
ent position (indicated by the reference numeral 3 in
FIG. 4C), the potentiometer P; is connected to feed a
manually regulated control signal (provided the switch
SW, is closed) to the associated power unit. The ana-
log-digital converter is mechanically connected to the
arm of this potentiometer, but the output circuit for the
converter is electrically broken. This position is used
for individual manual control of the load, e.g., a lighting
unit regulated by the specific circuit, and is under the
further control of the manual master transformer TRy,
The transformer TRy, is an autotransformer connected to
an A.C. source of power supply, e.g., between a ground
242 and an A.C. terminal 244, The tap 246 of the trans-
former TR, is changeable so as to provide a variable
voltage between this trap and ground. Ground and said
tap are connected to the primary 248 of a step-down
transformer TR, The secondary 2350 of the trans-
former TR, has one terminal connected to ground and
the other terminal connected by a lead line 252 to the
manual black-out switch SW,.  Said switch, when closed,
feeds potential from the step-down transformer to a
manual master bus 254 from which lead lines, such as
the lead line 256, carry potential to one terminal of each
of the various manually operable potentiometers Py | | |
In this fashion the single master autotransformer TRy
simultaneously will control all of the individual man-
vally operable potentiometers P; ,  , the switches
SWy, . of which are in number 3 position.
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The manual or independent position may be used for
emergency control in addition to normal manual control
for setting the proper preset lighting value in the event
that all or any of the parts of the automatic system fail.
In addition, this position can be used when it is desired
to control one or two individual circuits manually while
the bulk of the system is under automatic control. It
thus provides an optional “override” of the more so-
phisticated portions of the circuit under code-signal con-
trol. When only a three position selector switch,
SWm, . . , is used, this “manual,” ie. independent, po-
sition is combined with the “correction” position hereto-
fore mentioned. In manual or independent position the
tongue 238 connects the negative bus 236 with a bus 258
(FIGS. 4C and 4D) that runs to one terminal of an ac-
tuating coil 26@ for the relay RY,; (FIG. 4D).

When the switch SWy,, is in the normal position (in-
dicated by the reference numeral 2 in FIG. 4C), the
associated individual circuit is ready for automatic opera-
tion, i.e., ready for presetting, recording, or reading back
information. During recording, digital information is
electrically transmitted to the card punch, although the
individual associated power unit which feeds the indi-
vidual associated lighting load is being controlled by the
manually operable potentiometer P;. This provides
smooth control for visual setting of the lighting load.
While information is being read back from a card into a
translator relay matrix during reading operations, the
manually operable potentiometer P, is electrically in-
operative and the control coded signals are transmitted
by the card reader directly to the translator relay matrix
in digital form for decoding. The manual master TRy
is also electrically inoperative for this individual circuit.
At such time the handle 158 (FIGS. 4E and 6) for the
fader transformer TR, (FIG. 6), as soon will be seen,
controls all the individual circuits, that are in normal
position, from preset to preset during its regular, ie.,
automatic, operation. The operation of the control sys-
tem is fully automatic save for the timing of the cycles
which is regulated by the fader handle.

When the switch SWp, is in the correction position
(indicated by the reference numeral 1 in FIG. 4C), the
tongue 238 of said multi-throw switch connects the nega-
tive bus 236 to a bus 262 that runs to the actuating coil
237 of a relay RYy,. This position is used when it is
desired to make a correction to a scene preset, information
for which has been transmitted to a translator relay ma-
trix and thence into the power unit. If a circuit error is
present on a punched card, the selector switch SWy, for
that circuit is set at the correction position and the asso-
ciated manual potentiometer P turned to the correct posi-
tion. The card in the card reader is then duplicated by
the card punch, as will be described hereinafter, with the
exception of the circuit or circuits which have had
the switches SWr,, = in correction position. Informa-
tion for these is punched in accordance with the setting
of the manually operable potentiometers P, and hence
the analog digital converters associated with these poten-
tiometers P, which override the incorrect card infor-
mation. As the control of the power units during this
duplication operation is still in analog, it will be appre-
ciated that the correction settings of the switches
SWm, . . . provide the same functions as that of the
manual position hereinabove described, plus the addi-
tional override of the digital information., It is for this
reason that the correction position may, if desired, be
used for manual control or emergency operation, and
the manual position eliminated.

In the specific individual circuit shown in FIG. 4, there
are two translator relay matrices Ma, and Mg, (FIG.
4F), each of these being identical, in essence, with the
relay translator matrix 34 of FIG. 3. Two such matrices
are utilized since, as noted heretofore, one matrix will be
set to the next scene in advance while the second matrix
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is functioning to control the associated power unit of the
existing scene and thereafter the first matrix will be used
for control and the second matrix for preset, etc. The
matrix My, includes a pair of resistors

R1A17 -RlalA1

of like value (the first susbecript denotes the particular
resistor in the matrix, the second subscript denotes the
particular matrix, and the last subscript denotes the par-
ticular individual circuit), a second pair of resistors

R, Ay RR; A
of like value and twice the resistance value of the
resistor
R

lAl
a third pair of resistors
Ry, RRsy,

of like value and twice the resistance value of the resistor
Ry,

a fourth pair of resistors
Riy, BRyy,

of like value and twice the resistance value of the resistor
R

3 A7
and a fifth pair of resistors

Es AP RE; A
of like value and twice the resistance value of the resistor

Ry,
One set of resistors
R1A17 R2A1; R3A1y R4A1’ R5A1

The other set of resistors
RRaAl, RR4AI, RR5A1

are connected in series.
RR, " RR,

./A17
likewise are connected in series. The two resistors
R5 Ay RR5 Ay

have a common point of connection 264 which. consti-
tutes the tap connection of the equivalent potentiometer.
The free ends of the resistors

Ry, BB,

are adapted to have voltage applied thereto, one of these
ends being connected to ground.

The matrix Mg, is identical to the matrix Ma,.

Bach pair of like resistors R, RR has a relay RY which
shunts one or the other of the pair and leaves the second
member of the pair unshunted. The relays RY, associ-
ated with the matrix My, are denoted by the reference
numeral RYy, and those associated with the matrix Mg,
by the reference numeral RYy,. In addition, the indi-
vidual relays are specifically identified by numeral sub-
scripts to indicate the resistors Ry, Ry, ete. with which they

are associated; and still further, a second numeral sub-

script is used to indicate that each of these relays is dupli-
cated for each of the individual control circuits. That is
to say, the relay in -the first individual control circuit
which governs the selective shunting of the first pair of
resistors

RIA{ RRIAl

in the matrix My, is denoted by the reference numeral

RYyAll

[
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the same relay (not shown) in the second individual con-
trol circuit would be denoted by the reference numeral

RYy,,

and the relay in the first individual circuit which gov-
erns the second set of resistors in the matrix My, is de-
noted by the reference numeral

RYy,,

Each of the RYy, and RYyy relays operates in a similar
fashion so that a description of one of them will suffice.
Referring to the relay

RYy,,

it controls what amounts to two single-pole single-throw
switches which can effectively shunt in a selected manner
either one, but not both, of the resistors
Rl Ay RRI Ar

More specifically, said relay has three sets of contacts, one
being normally closed and the other two being normally
open. The normally closed pair of contacts is indicated
by the reference numeral

3yA11

denoting that it is the third pair of contacts of the relay
RYy in the M, matrix and is associated with the resistors
Ri, RR; in the first of a series of individual control cir-
cuits. The same pair of contacts (not shown) for the
second of the series of individual control circuits would
be indicated by the reference numeral

3

¥ ALy

5 The lead lines 266, 268 from the pair of contacts

3
YAl

run to opposite sides of the resistor

R "
so that when the relay
RYy Aty
is idle, the pair of contacts
9
are closed and shunt the resistor
Ry ™

The second pair of contacts
2yA11

are normally open and are connnected by lead lines 270,
272 to opposite sides of the resistor :

ER;,

so that so long as the relay

RYy ALy
is idle, this latter resistor is unshunted. Obviously, ener-
gization of the relay -

RYy Ay
will reverse the shunting conditions of the pair of resis-
tors

Rl Ay RR! Aq
There also is a third pair of normally open contacts
1

yAIl

the function of which will be discussed hereinafter,
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From the foregoing, it will be apparent that when a
suitable set of code signals is fed to the relays of either of
the matrices Ma,, Mg, the various resistors R, RR of this
matrix will be connected in a manner such as to assume
a predetermined equivalent setting of an equivalent poten-
tiometer.

There are four principal methods of operation of our
lighting control system, and there are four push buttons
132, 134, 136, 138 (FIGS. 4A and 6) on the keyboard 56
to set up the proper relay paths for these methods of
operation. To provide complete protection for the mecha-
nisms and to eliminate possible errors on the part of the
operator, certain limitations also are imposed. A brief
summary of the operations will clarify the functions of
the controls and simplify the more detailed description
that follows.

In “stand-by” operation, any one of the individual ciz-
cuits may be controlled by means of the individual manu-
ally operable units 54 (FIGS. 6 and 11) and specifically
the manually operable potentiometers P; , . . (FIGS.
4C and 11). However, neither of the drive motors 64
(FIG. 8), 108 (FIG. 7) in the card punch or card reader
is in operation, and none of the automatic actions can be
initiated.

In “record” condition, the card punch 50 (FIG. 8) is
ready for operation. Cards (FIG. 10) can be punched
in accordance with the settings of the individual manually
operable potentiometers P; | | , which are at the moment
in control of the actual lighting loads. The cards thus
represent the actnal scene presets as they are established.
Blank cards also may be fed through the card punch with-
out being perforated if the same should be desired. As
many duplicate cards may be made of the preset as the
operator may require. Changes may be made in the
individual manually operable potentiometers P; . |  and
new cards may be punched containing these changes. The
fader TR, (FIG. 4E) is electrically cut out and the mech-
anism of the card reader 52 (FIG. 7) is inoperative.

The “read” condition energizes the mechanism of the
card reader 52 and de-energizes the mechanism of the
card punch 598. In the read operation, readings on a card
in the reader will be converted to control voltages from
equivalent potentiometers (the translator relay matrices)
and applied to control the power units which feed the
sundry lighting loads. Cards in the reader can be read
out sequentially or skipped at will. The sequencing can
be accomplished automatically by operation of the fader
handle 158 (FIGS. 4E and 6) alone or it can be done
manually while the fader handle is at one or the other
of its two limits of travel.
faded into or out of a black-out.

The “duplicate” operation energizes the mechanisms
of both the card punch 50 and the card reader 52. This
permits transfer of information from a card in the reader
to the punch with consequent duplication of that card in
the punch. Any circuit signals on the card being scanned
may be corrected by the individual controls, i.e., the
manually operable potentiometers P; , | , and these cor-
rections will be introduced on the new car being made
while the remaining signals are duplicated. Up to the
full complement of signals may be checked by moving
selected single-pole plural-position switches SWp,
{(FIG. 4C) from their No. 1 correction positions to their
No. 2 normal positions, thus checking the card signals
against the corrected signal. In this condition, automatic
sequencing cannot be performed.

In any of the four mentioned conditions of operation,
the condition of any individual control circuit may be
monitored. In any of said conditions, the manual master
TRy can be selectively used to control any or all of the
individual circuits. The control signals may be inter-
rupted in any individual circuit. The manual master
black-out switch SW, may be used.

From the foregoing descriptions, it is evident that there
are two principal functions of the master console, i.e., the

‘In addition, any preset can be
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control center. These are, firstly, recording information
and, secondly, recalling that information. The individual
steps in these processes can now be considered.

To record a given scene preset or set-up, the individual
circuit selector switches SWy,, . (FIG. 4C) are placed
in their normal (No. 2) positions, and the individual
manual circuit controls, i.e., the potentiometers P; . | ,
are moved to their desired positions in accordance with
the instructions issued by the director who is staging the
production. The record push button 134 (FIG. 4A) for
the momentary switch SWy, is depressed, thus providing
stand-by power to the card punch 50. The circuit con-
ditions existing at any given moment can be recorded
upon order of the proper person, e.g., the director. When
he gives such order, the operator depresses the card push
button 140 (FIG. 4A) for the momentary switch SW..
The card punch then scans the conditions existing at that
time in the various individual circuits as digitally frans-
duced by the analog-digital converters SWp, (FIG.
4C) and punch-records them by a five-digit binary cyclic
permuted code on a card 66 (FIG. 10). Each scene set-
up or preset is treated in the same manner, the punched
cards being ejected into the card receiver 102 (FIG. 8)
in order or preset or set-up and numerically identified by a
stamp in one corner. Should the number of individual
circuits to be controlled in the system exceed the physical
limitations of an individual card, in this instance more
than ninety, additional cards are inserted sequentially and
punched accordingly. Our system is in no way limited
by the number of individual circuits which can be accom-
modated on a single card.

To recall the settings, i.e., information, which has been
recorded on the punched cards, the stack of punched cards
is lifted from the card punch receiver 102 and placed in
the same order in the card reader feed magazine 104
(FIG. 7). In both the punch and reader cards are with-
drawn from the bottom of the feed stack and deposited
on the top of the ejection stack. Thus, they remain in
their original order unless deliberately disturbed.

Now the “read” push button 138 (FIG. 4A) for the
momentary switch SWy is depressed. This de-energizes
the card punch and places the card reader 52 in stand-by
condition. In normal automatic operation with the
“manual-auto” lever 144 (FIG. 4E) in “auto” (right-hand
as viewed in FIG. 6) position and with the fader handle
158 (FIG. 4E) at either one of its limits of movement,
the first, i.e., the bottom, punched card in the feed maga-
zine 104 (FIG. 7) will be placed in the read-out position
in the frame 122 and will be read into the translator relay
matrices Ma, (FIG. 4F) or Mg, correspond—
ing to the opposite posmon of the fader ‘handle. That is
to say, if the fader handle is in its up position (FIG. 6),
which we arbitarily denote as its A position, the infor-
mation from the card in the read-out frame will be read
into the Mg, . translator relay matrices (FIG. 4F)
and vice versa. By movement of the fader handle to its
opposite limit, all of the individual control circuits will
fall under the regulation of the previously set translator
relay matrices which have been arranged in a predeter-
mined pattern by the first card. At the moment the fader
arrives at the aforesaid opposite limit, the first preset
card is ejected to the card receiver 139 (FIG. 7) and the
second card fed from the feed magazine 104 into the read-
out position in the frame 122. Said second card is read
into the other translator relay matrices while the infor-
mation from the first card is retained by the first translator
relay matrices.

From this point onward each time the fader handle
traverses from one limit of its travel to the other, the
individual circuit conditions change in exact proportion
from those set into one group of translator relay matri-
ces to those set into the other group of translator relay
matrices and back again. Each time a limit of travel is
reached, one card is rejected from the read-out frame 122
and a new one is fed into the frame and read into the
group of translator matrices not then being used for con-
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trol purposes. If the control systém is such as to require
more than one card per set-up i.e., preset, additional cards
are sequentially cycled through the card reader for each
motion of the fader handle, i.e., two, three or more cards
will be fed through the card reader, each time the fader
handle is moved, and will be read into the translator mat-
rices, thus duplicating operation of the card punch. If
at any time it is desired to fade into or out of black-out,
a blank card is inserted in this position in the stack.

A counter 274 (FIG. 6) is also provided on the master
control keyboard 56 to indicate the numerical sequence
of the particular preset or set-up then in being. This
counts the card reader sequence and permits an operator
to determine the setup in the reader at any given time.
A lever 276 controls a switch which supplies electric
power to the counter circuit so that the same may be
energized or de-energized at will.

The skip buttons 142 (FIGS. 4A and 6), 148 (FIGS.
4D and 6) are located in both the “record” (“punch”)
and “read” displays of the master control keyboard 56
for the purpose of omitting cards from the automatic op-
eration. In the card punching operation, depressing the
record-skip button 142 will merely send a blank card
through the card punch 50. In the reading operation, the
punched card to be omitted will be read, but because the
fader handle has not moved from its original limit, the
next card set-up will be read into the same group of trans-
lator relay matrices thereby causing the omitted set-up to
be “forgotten,” i.e., cancelled, before it is used.

Our lighting control system also includes provision for
advancing a card under manual control and at the same
time preventing the automatic advance initiated by move-
ment of the fader handle 158 (FIGS. 4E and 6) as de-
scribed above under the operation of the reader. The
“manual-auto” lever 144 is set in its “manual” position.
This permits the fader to be moved back and forth at will
without advancing a card and thereby to hold two set-up,
i.e., preset, memories in the translator relay matrices as
long as may be desired. By depressing the “manual card
advance” button 146 while the fader is at one of its limits,
the card in the reader will be ejected and a new card in-
serted and read.

As a trial or an emergency black-out when no blank
card is in the reader stack, a fade may be made to or
from black-out by throwing the appropriate black-out
levers 150, 152 adjacent to the fader handle 158.

Assuming that a correction is necessary to a set-up
which has been read into a group of translator relay mat-
rices and individual control circuits by a punched card,
the first information required is the setting of the indi-
vidual circuit or circuits to be corrected. Although a
card can be read and translated visually by an operator
who is familiar with the binary cyclic permuted code, a
more direct method is preferable. After the lighting
equipment has been set in accordance with a card preset
which is to be corrected, the duplicate button 136 is de-
pressed. The circuit conditions may then be read by
means of the master circuit selector switch SW, (FIG.
4D) which is operated by the control knob 154 (FIG. 6)
and a voltmeter M (FIG. 4D) read-out dial 278 or other
suitable display on the keyboard 56. The individual con-
trollers P; . . . (FIGS. 4C and 11) of the circuits to be
corrected are then positioned in accordance with the read-
outs and their circuits selector swiiches SWy, . . . are
placed in the correction position No. 1. The said circuit
controllers Py . . . are next set to their corrected positions
to be employed and the ensuing signals will override those
previously set by the punched card. Depressing the card
button 140 (FIG. 4A) then will cause the card punch 50
to produce a new card duplicating the old one in the card
reader, but corrected by the overriding signals in those
individual circuits in which the correction controls are
set in No. 1 position. In the same fashion, any number
of duplicates can be made as required.

The master console may include any other controls and
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displays as may desirable, for instance, a system mastér
key switch 280, a console light control switch 284 and
pilot lights. All function controls, i.e., stand-by, record,
duplicate, read, etc., are momentary and pilot lights are
provided to indicate which are operative at any given
time even though the associated push button has been
released.

Since the function buttons are momentary in operation,
they perform their operations through a holding network
having identical sections for each of the buttons, i.e., a
“stand-by” section, a “record” section, a “duplicate” sec-
tion, and a “read” section. Actuation of any one of these
sections will cancel any other section.

The stand-by momentary switch SW, (FIG. 4A) op-
erated by the momentary stand-by push button 132 in-
cludes two normally open pairs of contacts Iswys 2s5w,-
Closing contact 1gw, energizes a circuit from the negative
bus 236 through a lead line 286 and the actuating coil 288
of a relay RY,, to the positive bus 234,

The relay RY,, has three normally open pairs of con-
tacts, 1g,, 2, and 3g,, which close when the relay RY,,
is energized. The pair of contacts 1., are holding con-
tacts. When closed they establish a holding circuit from
the positive bus 234 through the coil 288, the normally
open but now closed pair of contacts 1g,, a lead line 290
and a normally closed pair of contacts 1, of a relay RY4.
The latter relay is normally idle so that.upon release of
the momentary stand-by switch SW, the relay RY,, re-
mains energized.

Closure of the normally open pair of contacts 3, estab-
lishes a circuit from the positive bus 234 through a pilot
lamp PL,,, a lead line 292 and the normally open but
now closed pair of contacts 3, to the negative bus 236,
s0 as to light the pilot lamp which is on the keyboard 56
and indicate that the push button 132 was the last one
depressed.

The pair of contacts 2,, forms part of an electric
means for releasing the other function sections of the
network, e.g., record, duplicate or read, when the stand-
by push button is depressed, the same means performing
in a like manner to release the last actuated function
section when any other function section is brought into
play. Specifically, the pair of contacts 2, is for ener-
gization of the relay RYy. When the push button 132
is depressed, in addition to closing the pair of contacts
Isw,, it also mementarily closes the pair of contacts
2sw,, thereby establishing, upon immediately subsequent
energization of the relay RY,,, a circuit from the nega-
tive bus 236, through the closed pair of contacts 25w
a lead line 293, the then closed but normally open pair
of contacts 2, a lead line 294, a normally closed pair
of contacts 1; of a relay RYj, a lead line 296, and an
actuating coil 298 of the relay RYy, to the positive bus
234, thus to energize the relay RY} and reverse its con-
tacts. The relay RYy has four normally closed pairs of
contacts, 1y, 2, 3p and 4y, and one normally open pair
of contacts 5,. The pairs of contacts 2y, 3, and 4y, like
the pair of contacts 1y, are in the holding circuits of
different function sections, so that closing a momentary
function switch SW,, SWy, SW,, or SW, will open the
holding circuits of all the relays RY,,, RYg,, RY;, and
RYq,.

The pair of contacts 5, when closed, completes a cir-
cuit from the negative bus 236 through said pair of con-
tacts 5y, a lead line 300 and an actuating coil 302 of the
relay RY;. Relay RY; has two pairs of contacts 1; and
2;, the pair of contacts 1; being normally closed and
having been described before in connection with the actu-
ating circuit for the relay RYy, and the pair of contacts
2, being normally open. As just noted, energization of
relay RYy, through its normally open pair of contacts 5y
energizes relay RY; an energization of relay RY; de-
energizes relay RYy, thereby releasing all of the momen-
tarily open pairs of contacts 1, 2y, 3,, and 4y, and per-
mitting them to move back to their normally closed
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positions so as to establish the holding circuit for that
function for which the push button was last depressed
after having cancelled all the function holding circuits.
The relay RY; remains energized through its normally
open, but now momentarily closed pair of contacts 2;,
the lead line 294, the pair of contacts 2,,, and the pair
of contacts Zgyw,, the relay RY; thereby remaining actu-
ated as long as the push button for this function is held
depressed. As soon as the push button is released and
their pair of contacts Zgw, are opened, the relay RY;
drops out, ie., is de-actuated, so that the relays RYy
and RY; now remain de-energized until the next function
push button is depressed. Identical circuitry is provided
for each of the momentary switches SW,, SW_, and SW,
as is clear from the wiring diagram.

The stand-by relay RY,,, in addition to the three nor-
mally open pairs of contacts g, 2g,, 3¢,, has two further
pairs of contacts both normally open, to wit, 45, and 5.
Closing the pair of contacts 4, establishes a circuit from
the negative bus 236 through this pair of contacts, which
circuit is held closed as long as the stand-by relay is
energized, a lead line 384, a lead line 386 (FIGS. 4A and
4B), and an actuating coil 368 (FIG. 4B) of a relay
RY, to the positive bus 234. The relay RY, has a large
number of normally open pairs of contacts 1¢, 2. . . .,
one for each individual control circuit. Inasmuch as
the pairs of contacts ¥, . . . control identical different
individual circuits, only one of said circuits is shown
herein. The pair of contacts I, when closed completes

a circuit from the negative bus 236 through contact I, :

a lead line 31& (FIGS. 4B and 4C) and the bus 258
(FIGS. 4C and 4D) to the actuating coil 260 (FIG. 4D)
of the relay RY,, to the positive bus 234, thereby ener-
gizing relay RY,, the contacts of which are in the indi-
vidual output control circuits for the translator relay
matrices My, and Mg, (FIG. 4F). These output circuits
will be described in greater detail hereinafter.

Closing the pair of contacts 5,, (FIG. 4A) establishes
a circuit from the negative bus 236 through said pair of

contacts, a lead line 312, a lead line 314 (FIGS. 4A and ¢

4B) and an actuating coil 316 (FIG. 4B) of a relay RY
to the positive bus 234. The relay RY has a large num-
ber of normally open pairs of contacts I, 2 . . . , One
for each individual control circuit. As in the case of
the relay RY.,, the circuit associated only with the pair
of individual contacts 1y is shown and is described in
detail herein. Closure of the pair of contacts 1 com-
pletes a circuit from the negative bus 236, said pair of
contacts, the lead line 262 (FIGS. 4B and 4C), and the

actuating coil 237 (FIG. 4C) of the relay RYy, to the :

positive bus 234, thereby to energize said relay RYy,.
The contacts of this latter relay RYy, are in the indi-
vidual input control circuits for the translator relay
matrices Ma, and Mg, (FIG. 4F).

The “record” momentary switch SWy, (FIG. 4A) oper-
ated by the momentary push button 134 includes two
normally open pairs of contacts Igwy, Z2swy, Closing
these pairs of contacts energizes an actuating coil 320
of the relay RYy,. and de-energizes the previously actu-
ated relay RYy,. The relay RYy, in addition to the
pairs of contacts 1gy, 24, and 3g, for holding the relay
RY,,, actuating the cut-out relays R¥rn, RYj, and ener-
gizing the pilot light PLg,, respectively, has four addi-
tiopal pairs of normally open contacts 4g;, Sg, 6g, and
7y, which are closed upon energization of said relay.
The pair of contacts 4, is in parallel with the pair of
of contacts 4,,, and the pair of contacts 5y, is in parallel
with the pair of contacts 5, so that when the relay RYg,
is activated, the circuits controlled by the pairs of con-
tacts 4, and 5g, are energized. Specifically, the relays
RY, (FIG. 4B), RY,, . (FIG. 4D), RYy (FIG. 4B),
RYy, . (FIG. 4C) are energized.

Closing the pair of contacts 6, (FIG. 4A) energizes
an actuating coil 322 of a relay RY,, thereby connected
by a lead line 323 between the positive and negative buses.
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Closing the pair of contacts 7, energizes a bus Bep
from the negative bus 236. The bus B, is connected to
the momentary switches SW, and SW;, these being con-
trolled respectively by the momentary push buttons 149
and 142, i.e., the “card” push button and the “skip” push
buiton in the record circuit.

When the push button 149 is depressed, it completes
a circuit from the negative bus 236 through the normally
open but now closed pair of contacts 7, the bus B,
an auxiliary bus 324, the normally open but now closed
switch SW,, a lead line 326 (FIGS. 4A and 4B), a nor-
mally closed pair of contacts 3, (FIG. 4B) of a relay
RY,, a lead line 328, 2 normally closed pair of contacts
1y, of said relay RYy, a lead line 336, a branch line 332,
an actuating coil 334 of a relay RYy, and a variable
Tesistance 336 to the positive bus 234, thereby to ener-
gize the relay RY,. The relay RY, drives the stepping
switch SW), the function of which will soon be apparent.
When the relay RY, is energized, it closes the single
normally open pair of contacts 1, of said relay, thereby
to complete a circuit from negative bus 236 through the
closed pair of contacts 7g, (FIG. 4A), the bus B, the
bus 324, the switch SW,, the bus 326 (FIGS. 4A and 4B),
the pair of contacts 3, (FIG. 4B), the bus 328, the pair of
contacts 1, the bus 339, the normally open but now closed
pair of contacts 1y, a bus 338 and an actuating coil 349
of the relay RY;, thereby to energize said relay. When
the relay RY, is energized, it opens the pair of contacts
1,. The pair of contacts 1, is so constructed as to open
slightly in advance of the pair of contacts 3,, so that
milliseconds later the contacts 3, will be opened and the
contacts 2, closed. This shunts the switch SW, (FIG.
4A) by bringing negative potential to the lead line 328
(FIG. 4B) through the pair of contacts 2, directly from
the negative bus 236. Thereafter, the pair of contacts
1, and the normally open pair of contacts 1, will inter-
mittently open and close, providing stepping pulses for
the stepping switch SWi. The pulse rate is determined
by varying the value of the resistor 338.

Closing the momentary switch SW; (FIG. 4A) will
supply a cycle pulse to the card punch via lead lines 342
(FIGS. 4A and 4B) and 344 (FIG. 4B), but will not
actuate the stepping switch.

The “duplicate” momentary switch SW, (FIG. 4A)
operated by the “duplicate” push button 136 includes two
normally open pairs of contacts lgw, 2sw, closure
of which upon depression of said push button, energizes
the relay RYy, and de-energizes any of the other relays
RYy,, R¥g,, or RYg, that previously may have been
energized. As the relay RY,, is actuated, it closes all
of its pairs of contacts 15, through 8, the first three of
these forming the holding circuit for said relay RY,,,
actuating the cancelling circuit for the other RY, ¢ Telays
and energizing the pilot light PL, , respectively.

Closure of the pairs of contacts 4y, 5;,, respectively,
energizes the bus B, and the relay RY,, from the nega-
tive bus 236 through lead lines 346, 348. Closing the
pair of contacts &, energizes a lead line 356 (FIGS. 4A,
48 and 4E), the purpose of which will be detailed here-
inafter.

Closing the pair of contacts 7, (FIG. 4A) energizes
a lead line 352 (FIGS. 4A, 4B and 4E) from the negative
bus 236. The lead line 352 feeds a normally closed pair
of contacts 4, (FIG. 4E) of a relay RY,, thereby through
a lead line 354 energizing an actuating coil 356 of a
relay RY,. Additionally, the lead line 352 is connected
to the normally closed pair of contacts 2, of a relay
RY,. This energizes a lead line 358 that terminates
at a normally open pair of contacts 1,. The relay RY;
has a large number of normally open pairs of contacts

1, 2. ..., one for each of the individual control cir-
cuits. FEach individual pair of normally open contacts
i; . . ., when closed, energizes through a lead line 360
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(FIGS. 4E and 4F) an actuating coil 362 (FIG. 4F) of
a relay

RY coum, yBl

having pairs of normally open contacts in the holding cir-
cuits of the slow release shunting relays

RYYBII, RYYBZI’ RYyle, RYyB4l, RYYB51
for the translator relay matrix Mg,. Thus, in the idle
position of the relay RY, (FIG. 4E), the relay

RYcomm. yBl

(FIG. 4F) is energized.

When the relay RY, (FIG. 4E) is energized as here-
inafter described, the normally open pair of contacts
3, close to energize an actuating coil 364 of a relay RY
through a lead line 366, said now closed pair of contacts,
the lead line 352 -and the closed pair of contacts 64, to
the negative bus 236. The relay RYj, like the relay
RY,, has a large number of normally open pairs of con-
tacts 15, 25 . . . , one for each individual control cir-
cuit. The pair of contacts 1;, when closed, energizes
through lead lines 368, 370 an actuating coil 372 of a
relay

RYcomm. YAI

having pairs of normally open contacts in the holding
circuits of the slow release shunting relays

RY,,,, RYy,,, RYy,,, RY,,,, RY,,

(FIG. 4F) for the trapslator relay matrix Mpy,.

Closing of the pair of contacts 8;, (FIG. 4A) applies
negative potential from the negative bus 236 to a lead
line 374 (FIGS. 4A, 4B, 4C and 4D) which is connected
to an actuating coil 376 (FIG. 4D) of a relay RY,, said
coil also being connected to the positive bus 234. This
relay has only one pair of contacts 1,, these being nor-
mally open and being in the A.C. power supply line 378
that furnishes power to the card reader motor 108 (FIG.
7.
The “read” momentary switch SWyq (FIG. 4A) op-
erated by the “read” push button 138 includes two nor-
mally open pairs of contacts Igws, 2swq. Closing these
pairs of contacts energizes an actuating coil 379 of the
relay RYg, and de-energizes whichever one of the other
relays RY,,, RYy,, RY,, that previously was energized.
Said relay RYy,, in addition to its pair of contacts 1,
2g4> 3g4 for holding the relay RYy,, actuating the cut-
out relays RYy, RYj, and energizing the pilot light PLg,,
has three additional pairs of normally open contacts 4g4,
Sg4s Ogy which are closed upon energization of said
relay. The pairs of contacts 4q4, 54 are connected in
parallel with the pairs of contacts 7., 8¢, by lead lines

380, 382, so that energization of the relay RY,, in this ¢

respect functions in the same manner as energization
of the relay RY,, to actuate the relay RY; (FIG. 4E)
or RY, depending upon the condition of the relay RY,
and also to energize the relay RY, (FIG. 4D) so as to
maintain the card reader motor running.

Closing the pair of contacts 64, places negative po-
tential on a lead line 384 (FIGS. 4A, 4B and 4E) which
is connected to the blades 386, 388 (FIG. 4E) of the
two-pole double-throw manual-auto switch SW,. 1In
the indicated position of said switch on the wiring dia-
gram, the blade 388 engages the contact 3gw, to ener-
gize the automatic pilot light

PstEa

This is the automatic position of the switch SWg. In
said position, the blade 386 engages the contact lgw,,
thereby placing negative potential on the lead line 390.
Said lead line is connected to ome terminal of each of
two normally open limit switches LS; and LS, Said
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limit switches are physically located at the opposite ends
of travel of the fader handle 158 (FIGS. 4E and 6) so
as to be actuated thereby when the fader handle has
completed its movement to either of its two extremes.

The switch LS; (FIG. 4E) is connected by a lead line
392 to an actuating coil 394 for the relay RYy, which
in turn is connected to the positive bus 234. In a simi-
lar fashion, the limit switch LS, is connected by a lead
line 3%6 to an actuating coil 398 for the relay RY,
which likewise is connected to the positive bus 234,
Thus, when the fader handle reaches either extreme of
travel, it will close one or the other of the limit switches
LS,, LS, to energize one or the other of the relays RYy,
RY,, providing that the manual-auto switch lever 144
(FIGS. 4E and 6) is in antomatic position -and that the
read push button 138 (FIGS. 4A and 6) is the last one
that has been depressed.

Energization of the relay RY, (FIG. 4E) opens the
normally closed pair of contacts 2, and closes the nor-
mally open pair of contacts 1, thus placing negative po-
tential on the lead line 409 which serves to hold the
relay RY, through the pair of contacts 2, even after the
limit switch LS; opens during return movement of the
fader handle 158. When thereafter the relay RY, is
energized, the normally closed pair of contacts 2, is
opened to cancel the holding circuit for relay RYy and
the normally open pair of contacts 1, is closed to com-
plete ‘a holding circuit for relay RY,, this latter circuit
being, as heretofore noted, through the normally closed
pair of contacts 2, -Thus, energization of either relay
RY,, RY, completes a holding circuit for such relay
which is broken upon energization of the other relay.
In addition, energization of the relay RY, opens the
normally closed pair of contacts 4, and closes the nor-
mally open pair of contacts 3, whereby, as observed pre-
viously, to transfer energization from the relay RY, to
the relay RY..

When the switch SW, is in manual position, the con-
tacts 1gw, and 3gw, are open so that none of the fore-
going automatic operations can take place. However,
the contacts 2gw, and 4gw, are closed, the first closure
preparing the circuit for manual operation under regula-
tion of the push button 146 and the switch SWy. Clos-
ing the contact 4gw, energizes the pilot light

PLsw,

to indicate that the card reading circuit is under manual
control. . Closing of the switch SWy, will energize which-
ever relay RYy, RY, happens to have its limit switch
LS;, LS, closed in the particular position that the fader
handle 158 occupies at the time the push button is de-
pressed.

In addition to the normally open pairs of contacts
1, ..., the relay RY, has a single normally closed
pair of contacts x, connecting a lead line 402 (FIGS. 4E,
4B, 4C and 4D) to the negative bus 236. Said lead line
402 runs to an actuating coil 404 (FIG. 4D) of a slow
release relay RY; having a single normally open pair
of contacts 1;. This pair of contacts is in an energizing
circuit for a slow operating relay RYy In particular,
a lead line 408 runs from said pair of contacts to an
actuating coil 410 for said relay RYy, the latter being
connected to the positive bus 234. The lead line 408
through a lead line 412 (FIGS. 4D and 4C) will, when
the relay RY; (FIG. 4D) is closed, energize the actuat-
ing coils 414 (FIG. 4C) of all the transfer relays
RY,, . of which there is one for each of the individual
control circuits. The pairs of contacts of the relays
RY,, . . are in the input cirouits for the relays of the
translator relay matrices Ma,, Mg, (FIG. 4F).

It will be observed that the normally open pair of
contacts 1; (FIG. 4D) and the normally closed pair of
contacts 2, are permanently shunted and are connected
to the lead line 416 (FIGS. 4D, 4C, 4B and 4A) which
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is energized by operation of either the “read” section
or the “duplicate” section through the lead line 352 (FIG.
4A) and the pairs of contacts 7, or 5,,.
The description thus far has been concerned with net-

work manipulation of the four sections (“stand-by,”

“record,” “duplicate” and “read”) corresponding to the
four functions which provide interrelation between the
card punch and the card reader. The card punch is self-
driven through relay RY, and a lead line 413 (FIGS.
4A and 4B) and automatically operated except for scan-
ning and initiation of cycling. The card reader also is
automatically operated except for initiation of cycling.
The first work operatien to be considered is that of
the card punch. The circuit for this operation includes
the relays RYy, .. (FIG. 4C) (one for each individual
control circuit), the pulsing relay RY, (FIG. 4B) and
the stepping relay RY, which latter mechanically op-
erates the stepping switch SW; Said switch SW; is a
conventional multi-position, ratchet-positioned, spring-
driven, magnetically-reset stepping switch having a ro-
tatable arm 418 that is connected to the negative bus
236 and is intermittently advanced through a shaft 419
by the relay RY,. Said arm will move from the homs
contact to contact lgw; to contact 2gw;, etc., progres-
sively moving through a series of contacts one for each
of the individual control circuits and an additional con-
tact before returning to the home contact. The move-
ment of the arm from contact to contact is intermittent,
said arm stepping, as is well known, from one contact

to the next each time the actuating coil 340 of the relay S

RY,, is energized. If the record push button 134 (FIG.
4A) is depressed, it will, through the closed pair of con-
tacts 7g, and lead line Bgp, bring potential to the switch
SW,. If then the record “card” button 149 is depressed,
it will close the momentary switch SW, to energize the
pulsing relay RY, (FIG. 4B), the closure of which in
turn will energize the stepping relay RY, and cause it
to move the arm 418 through its first step from the home
contact to the contact Igy, connected to a lead line 420
(FIGS. 4B and 4C) that leads to an actuating coil 422
(FIG. 4C) for the first relay RYy,. At the same time,
the rotation of the shaft 419 (FIG. 4B) carrying the arm
418 will mechanically, e.g., by means of a cam on said
shaft, open the pair of contacts 3, which is only closed
when the switch SW; is in on the home contact. The
same mechanical cam action closes the pair of contacts
2, and will hold them closed until the switch arm 418
returns to the home contact. Thereafter, the arm 418
will in a scanning operation step around its ring of con-
tacts

...
SWi
supplying in sequence negative potential to successive re-
lays RYq, ., .-

The relay RYq, (FIG. 4C) has six normally open
pairs of contacts Lg;, 244, 3a5, 4ap> Saps 6qq - Said pairs
of contacts are connected by lead lines 424, 426, 428,
430, 432, 434 (FIGS. 4C and 4B) to card punch buses
CPB,;, CPB,, CPB;, CPB,, CPB;, CPB; (FIG. 4B), so
that upon energization of the relay RYq,, there is a set of
six contacts connected to these card punch buses for the
first individual control circuit. When the relay RYq,
for any particular circuit is energized, it will close the
pairs of contacts

...
dr ...

for that circuit thereby successively to supply information
to the card punch buses CPB; | . from successive indi-
vidual control circuits. The card punch bus CPB; is
connected to the solenoid 96 (FIG. 8) which controls
the “9” verification punch. The five remaining card
punch buses are respectively connected to the “0,” “1,”
“3,7 “5” and “7” solenoids 96.
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Each time pulses are fed to the lead lines 424-434
(FIGS. 4B and 4C) from a group of contacts
1...
di...
(FIG. 4C), and as soon as the solenoids have set up a
row of punches and are released upon stepping of the arm
418 (FIG. 4B), the setting bar %2 (FIG. 8) steps to the
next column of pins 90.

The stepping operation of the switch SW; (FIG. 4B)
is conventional. When contact 1, is closed as the step-
ping relay RY, de-energizes, the pulsing relay RYj is
energized from the negative bus 236, the pair of contacts
2,, the lead line 328, the closed pair of contacts 1,, the
lead line 330, the lead line 332, the actuating coil 334,
and the variable resistance 336 to the positive bus 234.
This closes the pair of contacts 1, to energize the relay
RY, and cause it to move the arm 418 to the next step.
Such operation continues with the arm moving from
contact to contact to sequentially energize the relays
RYq, . . . (FIG. 4C) and connect the contacts thereof
in sets to the card punch until the arm 418 (FIG. 4B)
reaches its home contact, at which time the cam permits
the pair of contacts 2, to open and closes the pair of
contacts 3. Opening the pair of contacts 2, stops op-
eration of the stepping relay by opening its holding cir-
cuit. Closing the contact 3, prepares the stepping relay
for another stepping cycle which, however, does not then
take place because the button 140 (FIG. 4A) has not
been held down so that the momentary switch SW, is
open. It will be understood that the duration of the dwell
time of the arm on each contact

1...
SW
(FIG. 4B) and the interval between the actuations of the
relay RY, are conveniently adjustable by varying the
resistance 336.

The card punch has its cycle antomatically initiated at
the termination of scanning by engagement of the arm
418 with the next to the last contact of the switch SW;
before the home contact. The ensuing pulse is fed from
this contact through lead line 436 to the cycle pulse fer-
minal of the card punch to activate the automatic card
handling mechanism of said punch and to create the move-
ment which finally causes all the previously successively
set punches 88 (FIG. 8) to form holes in the cards cor-
responding to the information which has been fed through
the card punch buses.

Manua] cycling of the punch can be accomplished by
pressing the button 142 (FIG. 4A) after either the “re-
cord” or “duplicate” buiton 134, 136 has been depressed.
It will be observed that manual cycling without previous
setting of the several punches by means of the card punch
buses simply will cause the card punch 5¢ to go through
a non-punching, i.e., ineffective, cycle to thereby eject an
unpunched card. Thus, the button 142 acts as a card
skip button for the card punch.

The second work operation to be considered is that of
the card reader 52 (FIGS. 4D and 8). The circuit for
this operation includes the relays RY, (FIG. 4D), RY,
RY, and RY,, the limit switches LS; and LS,, and the
switches SW;, SW; (FIG. 4E) and SWy.

When either the “duplicate” punch button 136 (FIG.
4A) or the “read” push button 138 is depressed, the re-
lay RY,, or RY,, is energized, closing one or the other of
the pair of contacts 7g, or 5g4, the net result being to
energize the lead line 416 (FIGS. 4A, 4B, 4C and 4D).
Thereby, energy is transmitted through the normally
closed pair of contacts 2, (FIG. 4D) to a lead line 438
and then through lead lines 446, 442 and normally closed
switch SW;, a lead line 444 and a normally closed pair
of contacts 2, to an actuating coil 446 of the relay RY,,
thereby to energize this relay. The latter relay has two
pairs of normally open contacts 1,, 2,. Closure of the
pair of contacts 2, energizes an actuating coil 448 of the
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relay RY, through a lead line 450, said closed contacts
2, and a lead line 452 which terminates in the lead line
416 that is connected at this time to the negative bus 236.
Simultaneously, ciosure of the pair of contacts 1, pro-
vides a path from an A.C. terminal 454, a lead line 456,
the closed pair of contacts 1, and a lead line 458 to a
normally open pair of contacts 2.

When the relay RY, is energized, its pair of contacts
2, in the actuating circuit for the relay RY, will be opened
thereby to de-energize said relay RY,, open the pair of
contacts 1, and remove potential from the pair of con-
tacts 25, As the pair of contacts 2, opens, the normally
open pairs of contacts 1,, 3, close. Closure of the pair
of contacts 1, completes a holding circuit for the relay
RY, through the normally closed switch SW; and the pair
of contacts 2, to the negative bus through the lead line
416 and either of the pairs of contacts 7, 5.4 (FIG. 4A).
Closure of the contacts 3, energizes an actuating coil 460
(FIG. 4D) for the slow operating relay RY, the energiz-
ing circuit therefor running. from the positive bus 234
through the coil 460, a lead line 462, a lead line 464, the
normally open but then closed pair of contacts 3,, a lead
line 466 and the lead line 452 back to the lead line 416.
Operation of the relay RYy, closes its own normally open
pair of contacts 1y, to hold this relay closed against open-
ing of the relay RYy, the holding contacts connecting said
relay back through the lead line 452 to the lead line 416.

When the normally opén pair of contacts 2, is closed,
a circuit is prepared for supplying a cycle pulse to the card
reader. However, this pulse is not yet supplied because
the pair of contacts 1, which previously was closed has
been opened and it is necessary to re-energize the relay
RY, in order to supply the cycle pulse. The relay RYy,
is included in the network to provide a slight time delay
and thereby prevent the cycle pulse from being delivered
immediately upon closure of the relay RY,.

The relay RY provides the cycle pulse, said relay being
operated from the lead line 408 upon energization of the
relay RY; which is actuated upon de-actuation of the re-
lay RY; (FIG. 4E). The relay RY, (FIG. 4D) is a slow
operating relay- and therefore is actuated subsequent to
actoation of relay RYy and subsequent to the de-ener-
gization of the relay RY,. When the relay RYy is actu-
ated, it opens the normally closed pair of contacts 2, and
subsequently closes the normally open pair of contacts 1.
In so doing, it creates a momentary loss of potential on
the lead line 438 and therefore opens the holding circuit
for the relay RY, through the pair of contacts 1,. How-
ever, as soon as the relay RY, de-energizes, its contacts
2, re-close, thereby re-energizing the relay RY, through
the now closed pair of contacts 1,. Energization of the
relay RY, re-closes the pair of contacts 1, to supply a
cycle pulse through the now closed pair of contacts 2.
To insure proper operation of the foregoing pulse circuit
for the card reader 52, the relay RYy is of a conventional
design to provide both slow operation and slow release.

The card reader may be manually cycled by opening
the switch SW;. For this purpose, the “read skip” push
‘button 148 is depressed. Opening this switch provides the
same momentary interruption in the holding circuit of
the relay RY,, through the closed pair of contacts 1,, that
is necessary to re-energize the relay RY,. The push but-
ton 148 may be effectively operated only if either one of
the two limit switches LS, LS, is open, since these limit
switches are connnected in series through lead lines 470,
472, 474 across the switch SW;. The limit switches LS,,
LS, are so physically disposed with respect to the fader
handle 158 (FIGS. 4E and 6) that one or the other of
said switches will be actuated by said handle at one or
the other of its extreme positions, whereby, like the limit
switches LS;, LSy, (FIG. 4E) when said handle is at either
extreme position one or the other of the limit switches
LSy, LSy (FIG. 4D) will be open.

The switches SW;, SW, (FIG. 4E) which are operated
by the two fader black-out levers 150, 152 on the key-
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board 56, (FIG. 6) have a primary function, to wit, sup-
plying power to the resistors R and RR (FIG. 4F) of the
translator matrices M, and Mg of all of the individual
control circuits and of removing power therefrom when
it is desired to have either an abrupt black-out or to fade
to black-out under automatic control. When either one
of these levers 150, 152 (FIGS. 4E and 6) is moved to a
black-out position and when subsequently the lighting con-
trol system is blacked out by moving the fader handle
158 to the position in which the resistors of the translator
matrix in control are de-energized so as to create black-
out, it will be because of some unforeseen contingency.
Therefore, it will be desirable when the fader handle is
shifted not to automatically cycle the card reader 52 as
above described so'as to advance the cards therein.

To prevent such cycling in case of emergency black-
out due to operation of the levers 150, 152, the switches
SW;, SWy (FIG. 4E) include normally open pairs of con-
tacts Isw; and Isw,. The two pairs of contacts are con-
nected in parallel by lead lines 476, 478. In addition, said
pairs of contacts are connected in common across the
pairs of contacts 1y, 2; (FIG. 4D) by lead lines 480,
(FIGS. 4E and 4B) 482 (FIGS. 4E, 4F, 4C and 4D).
When either the lever 150 (FIGS. 4E and 6) or the lever
152 is moved to black-out position, either the contact
1sw; (FIG. 4E) or the contact 1gw, will be closed to
shunt the pairs of contacts 1y, 2, (FIG. 4D) whereby
energization or de-energization of the relay RY (FIG. 4E)
will not cause a temporary interruption of the holding
circuit for the relay RY, (FIG. 4D) when either pair of
contacts 1, 2, opens. Therefore, if with one of the black-
out levers 150, 152 in black-out position, the fader handle
is moved to the position corresponding to such black-out
lever, no cycle pulse will be fed into the card reader
and the cards will remain in the positions they occupied.

The third work operation to be considered is that of
what might be referred to as the “encoded information
input circuit,” this operation constituting a conversion
from the analog position of the various potentiometers
Py . .. (FIGS. 4C and 11) to the digitally encoded in-
formation that will control the various matrices Ma, . .
Mg, , . . (FIG. 4F). The encoded information input
circuit is composed of the switches SW,,  (FIG. 4C),
the relays RY,, =  the pilot lights 178 and the resistors
484.

As indicated earlier, the switch SWy,, consists of six
tracks 216, 218, 220, 222, 224, 226 (FIG. 13) of alternate
conductive and non-conductive areas which cooperate with
contact  brushes 292, 204, 206, 208, 210 and 212.
For convenience in the wiring diagram of FIG. 4C these
have been denoted as pairs of contacts

Lswy, 2sw,, Ssw, 4sw,, Ssw,, Bsw, |

The first five contacts jointly provide the five digit binary
cyclic permuted code and the sixth contact is utilized as an
electrical detent.
As will be recalled from the description of the track
226, the sixth pair of contacts
fSSW],,1
only will close when the angular position of the potentiom-
eter Py is definitely within one of its 32 possible positions.
If the potentiometer is near the fringe of one of said 32

" positions, the brush 202 will not touch the conductive area

on the track 226. Closure of this sixth pair of contacts
completes a circuit from the negative bus 236 through said
pair of contacts, a lead line 486, the pilot light 178 and
the resistor 484 to the positive bus 234. The pilot light
is shunted by an actuating coil 487 for the relay RY,, so
that closing of the pair of contacts

Bsw,,

actuates the relay RY,,.
The remaining five pairs of contacts of the switch SWy,



3,221,214

21

are connected by lead lines 488, 489, 490, 491, 492 to the
pairs of normally open contacts 1,;, 2,,, 3a;, 445 Say Of
the relay RY,,. Each of these lead lines will be energized
when a conductive area on an associated track 216-224 is
engaged by an associated brush. Thus, the code signals
appear on these lead lines and will be transmitted through
the pairs of contacts of the relay RY,, when said con-
tacts are closed to lead lines 493, 494, 495, 496, 497 re-
spectively. This relay is closed when the contact

fSSVVD1

closes.

Said relay RY,, pulses as the potentiometer P; turns
and turns the pattern 196 with it. However, this pulsing
action will not set any function in operation until the
“record” or “duplicate” push button 134 or 136 (FIG.
4A) is depressed. It will be observed, moreover, that
the switch SWy, (FIG. 4C) is ineffective to operate for
transmission of encoded signals unless a conductive-area
on the track 226 is lined up with the associated brush.
It is for this reason that the track 226 has been referred
to as an electrical detent. It also will be observed that
proper alignment of a conductive area on the track 226 is
indicated by energization of the pilot light 178. The par-
ticular angular position of the potentiometer P, will be
denoted by the number indicated on the drum 179 (FIG.
11) then lined up with the index marking. It will be ap-
parent that as the potentiometer Py is adjusted under the
orders of a director, the code signals appearing on the lead
lines 488-492 will change and that when finally a par-
ticular position is selected, the operator will, if the pilot
light 178 then is not Iit, slightly change the position of said
potentiometer until it is 1it, thereby indicating to him that
the code signals have been properly set and that the relay
RY,, is energized.

The relay RY,, (FIG. 4C) has a sixth normally closed
pair of contacts 6,,, one side of which is connected to the
negative bus 236. Said pair of contacts operates to con-
duct a matrix holding pulse when relay RY,, is de-ener-
gized. The purpose of the same will soon be apparent.

The relay RYy, is a read-duplicate transfer relay for
feeding to the card punch buses CPB;, CPB,, CPB;, CPB,,
CPB; (FIG. 4B), either the signals derived from the en-
coding switch SW,,, (FIG. 4C) or those derived from the
card reader buses CRB;, CRB,;, CRB;, CRB,;, CRB;
(FIGS. 4C and 4D). For this purpose the relay RYy,
(FIG. 4C) includes ten pairs of contacts, to wit, five nor-
mally closed pairs of contacts 1y, 3y, 5p;, 7p, 20d Oy,
and five pairs of normally open contacts 2y, 44,5 Gp1s 8by
and 10y,, as well as an additional normally open pair of
contacts 11;,. The normally closed pairs of contacts p,,
315 51> by 9p; commect the buses CRB;_; to lead lines

498, 500, 502, 504, 506 respectively, which are connected ;

to the lead lines 508, 510, 512, 514, 516 respectively.
These latter lead lines are connected through the con-
tacts Lp;, 2by> 315 9p1> Sp; When closed to the buses CPBy,
CPB,, CPB;, CPB, and CPB; (FIG. 4B) respectively.

The relay RYq4, (FIG. 4C) also has a normally open
pair of contacts 64, which, when closed, connects bus
CP3Bg to the negative bus 236 so that every time the relay
RYy, is energized, the “9” verification solenoid will be
energized, thus ensuring movement of at least one solenoid
regardless of the position of the potentiometer P;. Ener-
gization and triggering of any one or more of the sole-
noids followed by subsequent release thereof, will advance
the setting bar one column. Moreover, the provision of
a continucus line of punch holes in the “9” row provides a
visual check on the proper operation of our system and
our card punch.

A second transfer relay RY,, (FIG. 4C) is included in
each of the individual control circuits, the purpose thereof
being to connect either one or the other relay matrices

[
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Ma,, Mg, (FIG. 4F) to the card reader buses CRB,, etc.
4C). The relay RY,, has twelve pairs of contacts

1...

&8

the odd pairs of said contacts being normally closed and
the even pairs of contacts being normally open. The first
five normally closed odd pairs of contacts 1¢;, 3¢5 Se1s 7eys
9., are connected by lead lines 5i8, 519, 520, 521, 522
(FIGS. 4C and 4F) to the actuating coils of the respective
relays

RYYAII, RYyAzl, RYyAsl’ Rmel, and RYyAsl
(FIG. 4F). Thereby, when the relay RY,, (FIG. 4C)
is energized, the transfer relay RYy, is energized and the
transfer relay RY,, is idle, selected ones of the relays
RY,,
1...1

(FIG. 4F) will be energized corresponding to the pairs of
contacts

1...swp1

(FIG. 4C) which are engaged. Moreover, energizing the
relay RY,, will similarly energize selected ones of the
relays

RYyBl —
(FIG. 4F) through lead lines 523, 524, 525, 526, 527
(FIGS. 4C and 4F).

The normally closed pair of contacts 11., (FIG. 4C)
will, when the relay RYy, is energized and the relay RY,,
is idle, transmit energy from the negative bus 236 through
the pair of contacts 6,,, a lead line 528, the then closed
pair of contacts 11;,, the lead line 530, the normally
closed pair of contacts 11, the lead line 368 (FIGS. 4C,
4B and 4E) and the lead line 370 (FIG. 4E) to the actu-
ating coil 372 of the relay

RYcomm.yAl

for temporarily holding said relay so that when the system
is set to duplicate and the switch SWy,, (FIG. 4C) is in
number 1 (correction position), the matrix which has its
relays

RYyAurBl o

(FIG. 4F) energized will have said relays held as the
potentiometer P; (FIG. 4C) is moved from position to
position but will have the holding circuit opened when
the proper correction position is reached. In a similar
fashion, the contact 12, is provided to supply a holding
signal to the actuating coil 362 (FIG. 4F) of the relav

RYoomm. yB!

via lead line 534 (FIGS. 4C and 4F) when the relay RY,
(FIG. 4C) is energized.

Alternating current is supplied to the auto transformer
TR, (FIG. 4E) from the power terminal 454 and ground.
The same power is supplied to the other terminals of two
primary sections of isolation transformers TRg, TR.. A
tap 536 of the fader autotransformer TR,, which tap is
controlled by the fader handle 158, is conmected by a
lead line 338 to the junction between the inner terminals
of primaries of the isolation transformers. Thus, as the
tap is moved from one extreme position to the other, it
will gradually transfer full energization from the primary
of one of the isolation transformers, e.g., the transformer
TRy, to the primary of the other isolation transformer,
e.g., the transformer TR,, or vice versa. This is what is
referred to as the fading operation.

The secondaries of the isolation transformers have one
set of ends tied together at a common ground, The other
ends of the isolation secondaries feed lead lines 540, 542.
Thus, the lead line 540 will carry potential when the tap
836 is in the lower position shown in FIG. 4 and the lead
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line 542 will carry potential when the tap is in the upper
position of said figure, potential being smoothly trans-
ferred from either lead line to the other when the fader
handle is moved from one extreme position to another.

The lead line 540 is connected through the closed pair
of contacts 2sw; to a lead line 544 which branches off
to the various M, matrices of the different individual con-
trol circuits, and in FIGS. 4E and 4F is connected by a
lead line 546 to one terminal of the first matrix resistor

RRy,

Similarly, the lead line 542 (FIG. 4E) is connected by the
closed pair of contacts 2gw, to a lead line 548 which is
connecied to all of the My matrices and, in particular, is
connected to the matrix Mg, by the lead line 550 (FIGS.
4E and 4F), the connection being effected to the first
resistor

. RRy,

Thereby with each of the two black-out levers 150, 152
(FIG. 4E) in non-black-out position, the A group or B
group of matrices in the sundry individual control cir-
cuits will be energized depending upon the position of the
fader handle.

Specific resistors within the fixed ladder potentiometer,
i.e., the equivalent potentiometer, are shunted out, depend-
ing upon the code signals fed thereto by the card reader
or encoding switch, so that the taps 264 (FIG. 4F) of the
equivalent potentiometers will provide discrete stepped
values of output voltages corresponding to the code signal,
The particular output voltage provided by an equivalent
potentiometer at any given time will be the same, within
pre-established circuit tolerances, as the output voltage of
the potentiometer Py | . | (FIG. 4C) for the analog set-
ting that is the equivelant for the code signal.

The holding circuits for the relays

RYyAl chey

(FIG. 4F) were prepared by the relays RY; and RY;
(FIG. 4E) that were energided upon depression of the
“duplicate” or “read” push buitons 136, 138 (FIG. 4A).
There energize the relays RYeommya (FIG. 4E) and
RYcomm.ys (FIG. 4F) and place potential on lead lines
551 through the normally open but now closed contacts

Loomm, YAy 2uomm. YAy 3comm. YAp» 4comm.yA1; 5comm. YAy
(FIG. 4E), or ]'Wmm'yBl’ 2comm. yB1; 3oomm.yBll 4oomm.yB1,
5oomm. yBl

(FIG. 4F), respectively. An alternate holding circuit
which energizes one or the other of the holding relays

RYoamm. YA or Bl

and the lead lines 551 (FIG. 4F) includes the pairs of
contacts 6,,, 11y, 11, and 12, (FIG. 4C). Said lead
lines 551 feed energy from the negative bus 236 to the
normally open pairs of contacts

1y ly, s 1y, s 1yy s 1y, orlyy , 1y, (1,0, 1y
Ayl TYAg) Ty Ay Ay 1By B By

ly]351
(FIG. 4F), respectively, which are the holding contacts
for such relays

RYYA orB
1.4
as may be energized from the card reader (with relay
RYy, (FIG. 4C) de-energized or from the encoding switch
SWp, (with the relay RY,, energized and the relay RYy,
energized). Inasmuch as there is a temporal instant when
the pairs of encoding contacts 1,,, 2, 321> 4ays 5ay are
open before the temporary holding contact 6,, closes and
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vice versa during energization and de-energization of the
relay RY,,, all of the relays

RYonrBl ceet

(FIG. 4F) are of the slow release type to provide a con-
tinuity in the output from the translator relay matrices
during this transient condition.

Each of the relay matrices M, Mg, has a single-wire
A.C. output, the other output being connected to ground.
The single-wire A.C. output for the matrix M, is denoted
by the reference numeral 552 (FIGS. 4F, 4C and 4D).
and that for the matrix Mg, (FIG. 4F) by the refer-
ence numeral 554 (FIGS. 4F, 4C and 4D). Thus, in
essence our control system provides three single-wire
outputs, these constituting a lead line 556 (FIGS. 4C
and 4D) which provides a voltage derived from the indi-
vidual manual control voltage divider (potentiometer) Py,
a lead line 552 (FIGS. 4F, 4C and 4D) which provides
a voltage derived from the automatic seiting of the voltage
divider (matrix) My, and a lead line 554 which provides
a voltage derived from the automatic setting of the volt-
age divider (matrix) Mg,. These lead lines feed signals
to three rectifying doublers Dy (FIG. 4D) (for the lead
line 552), D, (for the lead line 554) and D; (for the lead
line 556) which rectify the alternating current outputs of’
the equivalent (matrix) potentiometers or manual poten-
tiometer. Cooperating with these three rectifying dou-,
blers is a fourth rectifying doubler D,. :

Circuit connections are provided to connect the rectify-
ing doubler D, either with the matrix doublers D;, D3
or the manual doubler D; in order to form a full wave
rectifying bridge. Said circuit means constitute in part
the pairs of contacts of the relay RY,,. ‘This relay has
a pair of normally closed contacts 1., a pair of normally
open contacts 2,, a pair of normally closed contacts 3.,
and a pair of normally open contacts 4,,. A common
end of the two matrix rectifying doublers Dy, Dy is con-
nected by a lead line 558 to the normally closed pair of
contacts 3., these contacts being connected by a- lead
line 560.to a first end of the rectifying doubler D,. The
other end of the rectifying doubler D, is connected by a
lead line 562 and the normally closed pair of contacts 1oy
to the other common end of the doublers D;, D, so that as
long as the relay RY,, is unenergized, the output from
the full wave rectifier bridge will be a function of the
A.C. voltage fed to one or the other of the rectifying
doublers D;, D, from one or the other matrices of the
individual control circuit, it being understood that only
one of these will be fed at a time at any given extreme
position of the fader handle 158 (FIGS. 4E and 6), since
at this time only one of the primaries of the isolation trans-
formers TRq, TR, (FIG. 4E) will be energized.

When the relay RY,, (FIG. 4D) is energized, the dou-
blers Dy, D, are disconnected from hé doubler Dy, and in
stead the doubler Dj is conneced to the doubler D, through
the now closed contacts 2¢,, 4¢; and the lead lines 560,
562. The relay RY,, can be energized either by shifting
the switch SWy,, (FIG, 4C) to its number 3 position or
by energizing the relay RY; (FIG. 4B) (either the “stand-
by” or “record” network section in operation).

The output from our control system is at the terminals
564, 566 (FIG. 4D), the terminal 564 being connected by
lead wire 563 directly to one end of the doubler D, and-
the terminal 566 being connected through normally closed
contacts 1 of the relay RYy, and lead wire 565 to the
other end of the doubler, whereby energization of the
relay RYy, opens the feed to the output terminals and
through the pair of contacts 2, shorts these terminals

- through the resistor 568. It will be apparent that a D.C.

signal thus is fed to the output terminals, the amplitude
of which signal will be a function either of the voltage ap-
pearing on the lead line 556, the voltage appearing on the
lead line 552, or the voltage appearing on the lead line
554, providing, of course, that the fader handle is at one -
of its extreme positions. ~ ’
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The terminals 564, 566 are adapted to be connected to
an individual power unit, there being one power unit for
each of the individual control circuits and there being one
pair of terminals 564, 566 for each of the individual con-
trol circuits. By way of example, the control terminals
564, 566. can be connected to the blades of the selector
switches 48.of the circuit shown in FIG. 1 of United States
Letters Patent No. 2,798,984 for Lighting Control Cir-
cuits. The D.C. signal output of our present circuit there-
by controls an individual A.C, power unit which feeds a
lighting load associated with the particular individual con-
trol circuit under the regulation of the potentiometer
P, (FIGS. 4C and 11) or one of the other of the matrices
Ma,, Mg, (FIG. 4F).

The value of the voltage appearing across the output
terminals 564, 566 (FIG. 4D) of any one of the indi-
vidual, control circuits can always be readily ascertained,
this being desirable for example when an operator wishes
to determine the position of a potentiometer P; |
(FIG. 4C) corresponding to the setting of a relay matrix
M4 o By . . . (FIG. 4F). The means to determine this
voltage constitutes a meter M (FIG. 4D) which can be
connected to any pair of output terminals 564, 566 by a
two-pole multi-position switch SW,, having plural pairs
of contacts engageable with a pair of jointly rotatable
arms 569, 570. Each pair of contacts is connected by
lead lines 572, 574 to a corresponding pair of output ter-
minals 564, 566, and the arms 569, 570 are connected
by a pair of lead lines 576, 578 to a voltmeter which con-
stitutes the meter M. It will be apparent that when the
arms are on any given pair of contacts, the meter will
register the voltage output of the terminals. The scale
of the meter is graduated in thirty-two readings corre-
sponding to the thirty-two discrete voltage ountputs ob-
tainable from the translator relay matrices and corre-
sponding to the thirty-two positions denoted on the indica-
tor drum 170 (FIG. 11).

It will be appreciated that manipulation of the indi-
vidual circuit selection switch SWy,; (FIG. 4C) and of the
function push buttons 132, 134, 136, 138 (FIGS. 4A and
6) will determine which control output will appear on
the terminals 564, 566 (FIG. 4D). Thus, if the switch
SWnpy, is in number 2 (automatic) position and either the
read or duplicate push button was the last depressed, there
will be-no power fed to the relay RY,, (FIG. 4D) so that
the contacts 1, and 3., will be closed thereby placing the
doublers. Dy, D, in the individual output circuit. These
are the doublers which are fed from the matrices so that
the system then is in storage memory operation. When
the switch SWy,, is moved to number 1 position, and the
“duplicate” push button is activated, the relays RYp,
(FIG. 4C) and the relays that operate the card punch
and card reader are energized. Accordingly, when the
relay RYy, is actuated during scanning while the relay
RY,, is energized, the code signals fed to the card punch
will originate from the switch SWy,; instead of from the
card reader. When the switch SWy,, is thrown to its num-
ber 3 position, the relay RY,; (FIG. 4D) is energized,
thereby bringing the manual potentiometer P; (FIGS. 4C
and 11) into the circuit so that its output is rectified and
fed to the terminals 564, 566 (FIG. 4D). When the
switch SWy,; is moved to its number 4 position, the relay
RYy, is energized to disconnect the full wave rectifier
from the circuit output terminals,

Briefly, reviewing the operations of our system, de-
pressing the “stand-by” button 132 (FIGS. 4A and 6)
(a) energizes the relays RYe, . . (FIG. 4D) to place
all. of the system under control of the potentiometers
Py ... (FIG. 4C), and (b) energizes the relays
RYy, to connect the switches SW;,,  to one of
each set of relay translator matrices and to the ‘contacts of
the relays RYq, | At such time the several lighting
loads can be regulated by the operator through operation
of the potentiometer wiper arms 164 (FIG. 11) which
operate the potentiometers P,
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Assuming that all of the loads are in proper position,
the operator pushes the “record” button 134 (FIGS. 4A
and 6) and then the card buiton 140. Pushing the
“record” button leaves the system under manual control,
but, by closure of the pair of contacts 1, (FIG. 4A) en-
ergizes the card punch motor 64 (FIG. 8). It also
brings power to the switch SW, (FIG. 4A) controlled by
the button 140. When the button 140 is depressed, it
starts operation of the stepping switch SW; (FIG. 4B).
As the arm 418 of the switch scans over its successive
contacts, it will successively energize the relays RYq, .
(FIG. 4C) to feed to the solenoids of the card punch the
coded digital signals derived from the encoding switches
SWy, | of the successive individual potentiometers
P 'so that cards will be punched in a binary code
corresponding to the analog positions of the sundry in-
dividual manual control potentiometers. After all of the
said switches SWy,, =~ have been scanned and the in-
formation recorded, the card punch is cycled by the arm
418 touching on the last from the home contact and the
switch SW; finally will come to rest.

Depression of the “duplicate” button 136 (FIGS. 4A
and 6) will set both the card reader and card punch into
operation. Signals from the card reader will be fed to
the different individual relay matrices and said signals
are scanned in turn by the action of the switch SW; (FIG.
4B) and fed to the card punch, except for those individual
circuits in which the switch SWy,; (FIG. 4C) is in num-
ber 1 position. In those circuits the signals controlling
the associated rows of the card punch will be read from
the switches SWp1

Depressing the “read” “button energizes the card reader
and sets up the card reader cycling circuit. Cycle pulses
will be fed to the reader as the fader handle is moved
from ome extreme position to the other. These cycle
pulses are initiated by intermittent energization and de-
energization of the relay RY, (FIG. 4E) through the
limit switches LS, and LS, that are mechanically actuated
by the fader handle 158, so that each time the fader handle
reaches either limit of its travel the relay RY, is either
energized or de-energized, causing a reversal of the condi-
tions of the pairs of contacts 1, 2, (FIG. 4D), which
engenders a cycle pulse that is fed to the card reader. This
causes the signals to be read from the punched card into
the relays of the translator relay matrices which at that
moment are not in control of the full wave rectifiers be-
cause they are not energized by the autotransformer TR,
(FIG. 4E). Subsequent movement of the fader handle
to its other extreme position smoothly transfers power to
all the individual translator relay matrices which previ-
ously were set up by the punched card and causes the next
punched card to set up the then idle other relay translator
matrices.

It thus will be seen that we have prov1ded a lighting
control circuit which achieves the various objects of our
invention and is well adapted to meet the conditions of
practical use.

As various possible embodiments might be made of the
above invention and as various changes might be made
in the embodiments above set forth, it is to be understood
that all matter herein described or shown in the accom-
panying drawings is to be interpreted as iltustrative and
not in a limiting sense.

Having thus described our invention, we claim as new
and desire to secure by Letters Patent:

1. In a lighting control system for controlling a num-
ber of individual lighting loads, a memory storage, plural
means for supplying variable voltages, each said means
including a manually manipulatable means for varying
the voltage, plural means for encoding the positions of
said manually manipulatable means into binary signals,
and means for inscribing the signals into the memory stor-
age, said last named means scanning the encoding means
sequentially for inscribing signals into the memory stor-
age,
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2. In a lighting control system for controlling a num-
ber of individual lighting loads, 2 memory storage com-
taining successive memories, a plurality of individual
electrical networks, each of said loads having associated
therewith at least two different networks, each network
including a plurality of electrical elements, and each net-
work further including a plurality of relays for selec-
tively controlling said elements, means for selectively op-
erating the relays of different networks from successive
memories in the memory storage, and means for holding
the relays of one network of a load while the relays of
another network of the same load are selectively operated
from the memory storage.

3. In a lighting control system for controlling a num-
ber of individual lighting loads, a different manually
manipulatable voltage divider for each different individual
load, a different encoding means for each different voltage
divider to provide a code signal corresponding to the posi-
tion of the associated voltage divider, a different translator
relay matrix for each different individual load, each
matrix constituting plural impedances and relays operable
to change the connections of the impedances so that the
matrix functions as a variable voltage divider, a different
output terminal for each different individual load, switch
means for selectively connecting to the output terminal of
each load either the output from the manually manip-
ulatable voltage divider or from the matrix voltage divider,
and a stand-by network circuit section including switch
and relay means for operatively connecting to the output
terminals for all the individual loads the outputs from
the manually manipulatable voltage divider output, and
for connecting the encoding means for all the individual
loads to the relays of the translator relay matrices.

4. In a lighting control system for controlling a num-
ber of individual lighting loads, a memory storage means,
means for inscribing coded information in said memory
storage means, means for reading coded information out
of said memory storage means, a different means for
manually individually controlling each different load, a
different means for encoding the position of each differ-
ent manual controlling means for inscription in the
memory storage means, a different temporary memory
storage means.for each different load operable by signals
from the read-out means, means for selectively controlling
each different individual load from the associated tempo-
rary memory storage means or the associated manual con-
trolling means, and plural function neétwork sections for
effecting selectively different connections between the
aforesaid means, each of said sections including a holding
means to maintain said section energized when once ener-
gized, and each of said sections further including cut-out
means for cutting out the holding means of other sec-
tions when any particular section is energized.

5. In a lighting control system for controlling a num-
ber of individual lighting loads, a different manually
manipulatable voltage divider for each different individual
load, a different encoding means for each different voltage
divider to provide a code signal corresponding to the posi-
tion of said voltage divider, a different output terminal
for each different individual load, a code signal operated
card punch, and a read network section including switch
and relay means for reading plural selected encoding
means into the card punch while maintaining the asso-
ciated voltage dividers connected to the output terminals.

6. A combination as set forth in claim 5 wherein means
is included to prepare the card punch for inscription of
code signals by the encoding means, and there further is
included a manually manipulatable means and a switch
controlled thereby for cycling the card punch after the
signals have been read into the punch.

7. In a lighting control system for controlling a number
of individual lighting loads, a memory storage, means for
reading signals into said memory storage, means for read-
ing signals out of said memory storage, a different indi-
vidual circuit for each different individual load, circuit
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means connecting the read-out means with the read-in
means, and different means associated with each different
individual circuit for selectively superimposing on the
circuit-connecting means signals singular to the individual
circuit.

8. In a lighting control system for controlling a num-
ber of individual lighting loads, a memory storage, means
for reading information out of said memory storage, a
different group of temporary memory storages for con-
trolling each different individual load, means alternately
connecting the read-out means with alternate temporary
memory storages of selected different individual loads,
means to prepare the read-out means for operation, said
read-out means having a cycling terminal, circuit means to
apply an actuating pulse to said cycling terminal, and
means to intermittently energize said last named circuit
means.

9. In a lighting control system for controlling a num-
ber of individual lighting loads, a different individual cir-
cuit for each different individual load, each individual cir-
cuit including a manually manipulatable means for con-
trolling the associated individual load, means for encoding
the position of the manually manipulatable means into
an electric signal, a temporary memory storage, an out-
put terminal and switching means for selectively connect-
ing to the output terminal the output from the manually
manipulatable means or the temporary memory storage,
and an overall control circuit including a memory storage,
means for reading signals into the memory storage, means
for reading signals out of the memory storage, and selec-
tively operable plural function network sections for con-
necting selected encoding means to the read-in means, for
connecting the read-out means to selected temporary
memory storages, or for connecting the read-out means
to the read-in means.

10. In a lighting control system for controlling a num-
ber of individual lighting loads wherein there is an over-
all control circuit including means for reading informa-
tion into a memory storage and means for reading infor-
mation out of the memory storage: a different individual
circuit for each different individual load, each circuit in-
cluding an output terminal for connection to an associated
individual load, a temporary memory storage, a- manually
manipulatable voltage divider, encoding means responsive
to the position of the voltage divider, and selective switch-
ing means for connecting the temporary memory storage
to the output terminal, the read-out means to the tempo-
rary memory storage and the encoding means to the read-
in means, or for connecting the voltage divider to the out-
put terminal.

11. In a lighting control system for controlling a num-
ber of individual lighting loads, a memory storage con-
stituting a plurality of discrete units, means to inscribe
code signals on said units in succession, said inscribing
means being actuated responsive to a pulse, a different
manually manipulatable means for controlling each dif-
ferent load, a different encoding means providing code
signals responsive to the position of each different manu-
ally manipulatable means, means for feeding code signals
from plural encoding means to said inscribing means and
for automatically supplying a pulse to said inscribing
means, and manually manipulatable means for supplying
such a pulse independently of said feeding means where-
by to actuate said inscribing means without feeding code
signals thereto.

12. In a lighting control system for controlling a num-
ber of individual lighting loads, a memory storage, a
different manually manipulatable means for individually
controlling each different individual load, a different
means for encoding into electric signals the positions of
different manually manipulatable means, means for in-
scribing said signals in the memory storage, a different
pair of temporary memory storages associated with each
different load, means to selectively control each different
load from the associated manually manipulatable means
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or the associated temporary memory storages, and a
crossover network for selectively connecting the encoding
means to the inscribing means, or for feeding memories
from the memory storage to alternate ones of the pairs
of temporary memory storages, or for feeding memories
from the memory storage to the inscribing means.

13. In a lighting control system for controlling a num-
ber of individual lighting loads, a memory storage, a
different manually manipulatable means for individually
controlling each different individual load, a different
means for encoding into electric signals the positions of
different manually manipulatable means, means for in-
scribing said signals in the memory storage, a different
pair of temporary memory storages associated with each
different load, means to selectively control each different
load from the associated manually manipulatable means
or the associated temporary memory storages, and a
crossover network for selectively connecting the encoding
means to the inscribing means, or for feeding memories
from the memory storage to alternate ones of the pairs of
temporary memory storages, or for feeding memories
from the memory storage to the inscribing means, or for
connecting selected encoding means to associated pairs
of temporary memory storages.

14. In a lighting control system for controlling a num-
ber of individual lighting loads from a coded memory
system containing successive memories for providing
coded output signals, plural electrical networks associated
with each of said loads and adapted to be regulated in
succession by successive memories, each said network in-
cluding two series connected identical groups of series
connected resistors, means connecting an output voltage
source across both groups of resistors, means connecting
the voltage across one of said groups to a control circuit
for a lighting load, and means selectively shunting one or
the other of each pair of identical resistors in the two
groups in response to said coded output signals.

15. In a lighting control system for controlling a num-
ber of individual lighting loads from a coded memory
system containing successive memories for providing
coded output signals, plural electrical networks associated
with each of said loads and adapted to be regnlated in
succession by successive memories, each said network in-
cluding two series connected identical groups of n series
connected resistors, where £ is an integral number greater
than 1, the resistors of each series having different re-
sistance values, means connecting an output voltage
source across both groups of resistors, means connecting
the voltage across one of said groups to a control circuit
for a lighting load, and means selectively shunting one or
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the other of each pair of identical resistors in the two
groups in response to said coded output signals.

16. In a lighting control system for controlling a num-
ber of individual lighting loads from a coded memory
system containing successive memories for providing
coded output signals, plural electrical networks associated
with each of said loads and adapted to be regulated in
succession by successive memories, each said network in-
cluding two series connected identical groups of n series
connected resistors, where n is an integral number greater
than 1, the resistors of each series having values equal to
x-2012 . . . n=1 where x is the least resistance value of
any of said resistors, means connecting an output voltage
source across both groups of resistors, means connecting
the voltage across one of said groups to a control circuit
for a lighting load, and means selectively shunting one or
the other of each pair of identical resistors in the two
groups in response to said coded output signals.

17. In a lighting control system for controlling a num-
ber of individual lighting loads from a coded memory
system containing successive memories for providing
coded output signals, plural electrical networks associated
with each of said loads and adapted to be regulated in
succession by successive memories, each said network in-
cluding two series connected identical groups of series
connected resistors, means connecting an output voltage
source across both groups of resistors, means connecting
the voltage across cne of said groups to a control circuit
for a lighting load, and plural relay means each connected
to selectively shunt one or the other of each pair of
identical resistors in the two groups in response to said
coded output signals.
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