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This invention relates to control systems, s 
particularly to systems for controlling the rela 
tive positions of a length of moving material and 
an element operating thereon so that the element 
performs its operations in register with marks, 
designs, or other matter which recur at predeter 
mined intervals on the length of material, and 
an object of the invention is the provision of a 
reliable and improved system of this character. 
More Specifically, the invention is an improve 

ment of the register control System disclosed and 
claimed in application Serial No. 304,996, for Con 
trol Systems by David R. Shoults and William D. 
Cockrell, filed Nov. 17, 1939, and assigned to the 
same assignee. In application Serial No. 304,496, 
One of the controlling impulses which was instru 
mental in bringing about a correction of the mis 
register between the operating element and the 
length of material was produced by projecting 
light through a slot in a rotating disk driven by 
the operating element of the apparatus so that 
the image of the slot was projected toward a 
scanning head containing two spaced apart slits. 
A pair of photoelectric cells were mounted in thie 
scanning head so that one received light passing 
through one of the slits and the other received 
light passing through the other slit. The space 
between the slits was slightly wider than the 
image of the disk slot as focused upon the scan 
ning head by an optical system. Thus there was 
a brief interval or "dead Zone" in which no cor 
rection would be made. 
There are some classes of work in which the 

degree of accuracy required is so high that it is 
desirable to eliminate this 'dead ZOne.' One ex 
ample of such class of Work is multicolor gravure 
printing in which various superimposed colors are 
used. Accordingly, a further object of this inven 
tion is the provision of an improved register con 
trol system in the operation of which there is no 
“dead zone,' thereby to obtain even greater ac 
curacy of register than is obtainable with the Sys 
tem of application Seriai No. 304,996. 
Another object of the invention is the provision 

of a less expensive register control System and one 
having fewer parts than the System of the former 
application. 

In carrying the invention into effect in one 
form thereof, light sensitive means are provided 
which respond to each of the register narks or 
indicia on a length of moving material to pro 
duce an electrical impulse, and additional 'light 
sensitive means are provided for producing an 
other electrical impulse in accordance with the 
position of the operating element. In other 

words, the time relationship of the occurrence of 
these impulses corresponds to the positional rela 
tionship of the designs on the material and the 
element which operates thereon. One of these 
impulses has a very sudden or abrupt termina-5 
tion. The initial arrangement of the parts is 
such that when the operating element is in exact 
register with the designs or matter on the moving 
length of material, a predetermined amount of 
the other impulse occurs just prior to the abrupt 0 
termination of the first impulse and a predeter 
mined amount occurs just subsequent thereto. A 
very minute amount of misregister between the 
element and strip produces a change in the rela 
tive amounts of the second impulse occurring 5 
prior to and following the abrupt termination of 
the first impulse, and means responsive to these 
relative amounts are provided for affecting a cor 
rection in the relative positions of the element 
and the material. 20 
In illustrating the invention in one form 

thereof, it is shown as embodied in a system for 
controlling the register between a color cylinder 
of a printing press and a color impression on the 
Web printed at a prior point in the operation. It 25 
will be understood, however, that the invention 
has many other applications. 

For a better and more complete landerstanding 
of the invention, reference should now be had to 
the following specification and to the accompany- 80 
ing drawings of which Fig. 1 is a simple diagram 
matical illustration of an embodiment of the in 
vention, Figs. 2 and 3 are charts of characteris 
tics which facilitate an understanding of the op 
eration of the invention, and Fig. 4 is a simple 35 
diagrammatical view in perspective of certain ele 
ments of the invention and certain elements of 
a gravure color press, and serves to illustrate the 
application of the invention to a printing press. 

Referring now to the drawings, a length of 0 
material to such as web of paper having a color 
impression printed thereon by printing cylin 
ders 2 travels in the direction of the arrow f3 
to a succeeding element operating on the mate 
rial, comprising a pair of printing cylinders 4 
which print a second impression of a different 
color on the Web. It is desired that this second 
color impression shall be made in exact register 
with the impression made by the cylinders 2.50 
Although only two pairs of color impression cyl 
inders are illustrated, frequently as many as four 
pairs are used in practice. 
The printing cylinders are driven by Suitable 

driving means illustrated as an electric motor F. S.5 
V 
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which is connected to the drive shaft of cylin 
ders 2 by means of suitable gearing and to the 
drive shaft of cylinders 4 by means of suitable 
driving connections including shaft f6. It , ill be 

5 understood that any suitable means may :" pro 
vided for varying the speed of motor 5 that 
the press may be operated at any desired sized. 
A mechanical differential device T is i::cluded 

in the driving connections between notor 5 and 
10 cylinders 4. The ring gear 7a of this device is 

driven by a small direct current notor to which 
it is connected by means of worm gearing 7b. 
When the r 8 is stopped, the pairs of cylin 
ders f4 and 2 rotate at e Speeds. 
The motor 8 receives armature power from 

any Suitable source such as the constant volt 
age alternating current source represented by the 
Supply lines 9. One armature terminal of the 
motor 8 is directly connected to one side of the 
Source and the other amature terminal is con 
nected to the other side of the source through a 
pair of reversely connected thyratrons and a 
transformer 22. A suitable phase shifting net 
Work is connected in the cathode grid circuit of 
each thyratron, and serves by varying the phase 
relationship between the grid and anode voltages 
to vary the conductivity of its operatively asso 
cated thyratron from a minimum to a maximum 

30 conductivity. The phase shifting network for 
thyratron 20 is illustrated as comprising the re 
actance winding 23a of a saturable core type re 
actor 23, the resistor 24 and transformer second 
alry winding 22a, and the network for thyratron 
2 comprises the reactance winding 25a of sat 
lirable core reactor 25, and transformer second 
ary 22b. The direct current saturating windings 
23b and 25b are supplied from a twin triode elec 
tric valve 27 having anodes 27a and 27b, grids 27 
and 27d and cathodes 27e and 27 r. 40 The control system is provided with a scanning 
head which comprises the elements within the 
dotted rectangle 28. It includes a source of light 
28a, a light sensitive device 28b such as a photo 
electric cell, and a pair of amplifier valves 30 
and 3. This scanning head detects the passage 
of indicia or register marks 32 printed on the web 
0 by cylinders f2 which print the first color in 
pression. This scanning head is a perfectly 
standard device and may be obtained on the mar ket. For this reason, a description of the details 
and connections of its circuits is omitted. It is 
Sufficient to understand that the anode-cathode 
circuit of the last amplifier valve 3 is connected 
Cross source 33 from one side of the source 

through conductor 34, resistors 35 and 36. con 
ductor 3 to the anode and from the cathode 
through conductor 38 to the opposite side of the 
Source, that grid voltages are applied to its con 

60 trol grids such that the valve is normally con 
ducting, and that when an index mark passes 
the photoelectric cell 28, the current through 
the valve and resistors 35 and 36 is reduced. As 
a result, the voltage of the resistor terminal 36 

6S is increased. A second scanning head which comprises the 
elements within the dotted rectangle 40 includes 
a light source 40a, a photoelectric cell '40s and 
an amplifier valve 4?. This scanning head ob 

o Serves the motion of a disk 42 which is con 
nected to the Second pair of impression cylinders 
4. This disk has a series of slots cut in it. The 
disk has the same number of slots as the number 
of register marks for one revolution of the im 

S pression cylinders. For example, sixteen marks 

a vil "A 

and slots per revolution are satisfactory for a web 
speed of 500 to 1000 feet per minute. These 
marks and slots must be equally spaced to an ac 
curacy equal to or better than that of the error 
to be tolerated. A register mark .020' wide in 
the direction of paper travel and 2' long, and a 
disk slot width of 'A', may be used. Register is 
held on the trailing edge of the slot. 
The lamp 4.0a projects a beam of light through 

each slot in disk 42 as it passes between the lamp 
and photoelectric cell 40b. Preferably the scan 
ning heads are so positioned that under condi 
tions of correct register one-half of the electrical 
impulse produced by a register mark passing be 
neath scanning head 28 occurs before the trailing 
edge of a slot in disk 42 cuts off the beam of light 
and the remaining half of the impulse occurs 
after the trailing edge of the slot has cut the 
beam. The scanning head 40 is also a perfectly stand 
ard device which may be purchased on the mar 
ket, and therefore, a detailed description of its 
elements and circuit connections is omitted. It 
is sufficient to understand that the valve 4 is 
connected from the positive side of source 33 
through resistors 43 and 44 to anode of valve 4 
and from the cathode of valve 4f through con 
ductor 45, resistor 46 and conductor 47 to the 
negative side of the source, that the Voltages 
applied to its grids are such that the Valve is nor 
mally conducting, and that when light falls on 
the photoelectric cell 40b, the current flowing in 
the anode-cathode circuit of the valve increases 
and lowers the Voltage of the terminal 44 a which 
is connected through capacitor 48 and resistor 49 
to one grid 50c of a twin triode valve 50 having 
anodes 50s, 50b, grids 50c, 50d. 

Both anodes of valve 50 are connected to the 
positive side of source 33, through resistors 5i and 
52 respectively, and resistors 53, and 53a in series, 
and the cathodes are connected to the negative 
side of the source. Resistors 53, 53a, 53b, 46e, 46d, 
46e, 46b, 46a and 46 form a voltage divider across 
the D. C. voltage 33 so that potentials along this 

0 

2 5 

30 

3. 

divider remain substantially constant during the * 
Operation of the equipment. The voltages ap 
plied to grids 50c and 50d render both paths of the 
valve normally conducting. It will be noted that 
the anode 5.0a is connected through a timing cir 
cuit to grid 50d. This circuit comprises a capaci- ' 
tor 50e and parallel connected resistor 50r and a 
resistor 50g. The anodes 50a and 50b of valve 50 are re 
Spectively connected to grids 54b and 55b of valves 
54 and 55. These two valves are pentodes ar 
ranged for suppressor grid control so that if 
either the control grid or the suppressor grid is 
Sufficiently negative, no current will flow in thc 
anode circuit. The anodes 54a and 55a are con 
nected through resistors 56 and 57, respectively, 
to the positive side of source 33, and they are also 
respectively connected through capacitors 58 and 
59 to the cathodes of diode valves 26 and 29 while 
the catholies 54d and 55d are connected to con 
ductor 6f. Each time that the leading edge pf a disk slot 
uncovers the beam from source 40a, the voltage 
of grid 50c of valve 50 is abruptly decreased and 
the left-hand path of the valve is rendered non 
conducting, and when the trailing edge of the 
disk slot cuts off the beam, the grid voltage o 
grid 50c is abruptly increased and the left-hand 
path of valve 50 is again rendered conducting 
This voltage impulse produced by the photoelec. 
tric cell 40b in response to the passage of a disi 
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slot is illustrated in Fig. 2 in which the grid volt 
age is represented by the curve 80. Since no 
current flows to the anode 50 during this in 
pulse, the voltage of grid 54 of valve 54 attains 
the positive voltage of conductor 6 fasrepresented 
in the drawings by curve 62. It will be noted that 
this positive voltage impulse is coincident with 
the impulse produced by the photoelectric cell 
40b and that it also has an abrupt beginning and 
an abrupt termination. During this impulse, i. e. 
while its grid 54b is positive, the valve 54 is pre 
pared for conduction and will conduct if positive 
voltage is applied to the grid 54c at any time dur 
ing the impulse. - 
Also during this impulse capacitor She whose 

upper terminal now has the positive voltage of 
conductor 53c applied to it is charged by the grid 
current of grid 50d. When the light beam is again 
cut off by the trailing edge of the disk slot and 
the left-hand path of valve 50 again becomes 
conducting, and current again flows through re 
sistor 5, the grid 50d will be made negative by 
the amount of the charge added to capacitor 50 
as indicated by the curve 63. It will be noted 
that the voltage of grid 50d becomes negative 
coincident with or immediately following the 
abrupt termination of the voltage impulse pro 
duced by the photoelectric cell 40a. As a result, 
the right-hand path of valve 50 becomes non 
conducting, thereby applying a positive voltage 
to the grid 55b of valve 55 and preparing valve 55 
for conduction if a positive voltage is applied to 
grid 55c in the manner explained in the forego 
ing with respect to valve 54. The capacitor 50e 
begins to discharge immediately, but during this 
time the right-hand path of valve 50 remains 
non-conducting and valve 55 remains prepared 
for conduction as indicated by the curve 4 which 
represents the voltage of grid 55b of valve 55. 
The ratios of the constants of capacitor 50e and 
resistors 50f and 50g are so chosen that the times 
during which valves 54 and 55 are prepared for 
conduction are substantially equal at the average 
running speed. 
Now assume that the impression cylinders 4 

become out of register with the first color in 
pression so that the register mark 32 passes 
beneath, Scanning head 28, i. e. darkens photo 
electric cell 28b before the trailing edge of the 
corresponding slot in the disk 42 has cut of the 
light beam to photoelectric cell 40b. This con 
dition is shown graphically in Fig. 3 (a) in which 
the mark 32 is indicated as leading the trailing 
edge of the disk slot represented by dotted line 
65 and in which the impulse of positive voltage 
produced by the photoelectric cell 28b in response 
to passage of the register mark is represented 
by the curve 66. In other words, the impulse 
represented by curve 66 occurs during the period 
represented by curve 62 in which positive voltage 
is applied to the grid 54b and the valve 54 is pre 
pared for conduction. The impulse of positive 
voltage represented by curve 66 is applied to the 
grids 54c and 55c of both valves 54 and 55. Wave 
54 begins to conduct, but valve 55 does not be 
cause it is not prepared for conduction at this 
time. 
The flow of current through valve 54 produces 

a voltage drop across resistor 56 so that the anode 
54a becomes more negative than conductor 34 
and since anode 54a is connected by capacitor 58 
to the cathode of valve 26, the cathode is driven 
negative with respect to its anode and begins to 
conduct and to charge up capacitor 6. The time 
which valve 54 remains conducting is equal to 

the duration of impulse 65 which may be as short 
as looo of a second. Such a period is far too 
short to obtain any successful operation of the 
thyratrons which supply the correcting motor 8. 
The pulses of current which are conducted by the 5 
diode 26 as long as the out of register condition 
obtains are stored in the capacitor 67. This per 
mits the pulses to be changed to smaller voltage 
surges of longer duration, and also permits the 
the integration of successive pulses. The capaci- 10 
tor then discharges through the semidynamic 
coupling comprising capacitor 68, and resistors 
69, 70, and 7. This renders the grid 2c of twin 
triode valve 2 more positive, and the left-hand 
path of valve 27 becomes more conducting so that is 
more direct current is supplied to the direct cur 
rent winding 23b of saturable reactor 23 than is 
supplied to the winding 25b of reactor 25. As a 
result of this unbalance, the phase of the grid 
voltage of thyratron 20 is advanced more with 20 
respect to its anode voltage as the phase of the 
grid voltage of thyratron 2 is retarded. 
As a result the motor 8 is energized to run 

in a direction to restore register between the 
impression cylinders 4 and the first impressions 25 

made by cylinders 2. The amount of correc 
tion due to each impulse produced by a register 
mark is represented in the drawings by the 
shaded rectangle 72. As long as this out of regis 
ter condition exists, impulses produced by the 30 
register marks are supplied to the grid 54c of 
valve 54 during the periods in which it is pre 
pared for conduction and the motor 8 continues 
to correct until correct register is established. 

If the impression cylinders 4 should become 35 
out of register with impressions in the oppo 
site direction so that a register mark 32 trails 
the trailing edge of the corresponding disk slot, 
an opposite correction will be made. This Out 
of register condition is illustrated graphically in 40 
Fig. 3 (c). In this case the impulse 75 occurs 
after the beam to photoelectric cell 40b has been 
cut off by the trailing edge of the corresponding 
disk slot and during that period represented by 
cuve 64 (Fig. 2) in which valve 55 is prepared for 45 
conduction and valve 54 is not. Consequently 
valve 55 and diode 29 will conduct impulses which 
will charge capacitor 4. The charge on capac 
itor 74 will render the right-hand path of valve 
27 conducting and this in turn will cause more 50 
direct current to be supplied to the saturating 
winding 25a of reactor 25 than is supplied to the 
saturating winding of reactor 23. This results 
in advancing the phase of the grid voltage of 
thyratron 2 with respect to its anode voltage 
at the expense of the phase angle of the grid 
voltage of thyratron 20 and consequently, motor 
8 is energized to run in the opposite direction 
from that previously described. As a result the 
speed of the impression cylinders 4 is tempo- 0 
rarily reduced until correct register is restored. 
When the impression cylinders 4 are in correct 

register with the first impressions f, a prede 
termined portion of the impulse from the register 
mark occurs before the beam to photoelectric 35 
cell 40b is cut off by the trailing edge of the cor 
responding disk slot and a predetermined por 
tion occurs after the beam is cut off. This con 
dition is illustrated in Fig. 3 (b) in which 50% 
of the impulse 73 is shown occurring prior to the 70 
cut off of the light beam, and 50% of the im 
pulse is shown as occurring subsequent thereto. 
As a result both valves 54a and 55b are rendered 
conducting during the periods in which they are 
prepared for conduction, and the two saturable 
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reactors 23 and 25 are equally saturated by the 
currents flowing in both paths of valve 2. Both 
thyratrons 20 and 2 send current througi, the 
armature of notor 8 in opposite directions : on 
alternate half-cycles) for the same fractic: ; 
half-cycle, and consequently the armat il 
not turn. However, it will vibrate slightly . . .he 
60-cycle rate reducing the starting friction, and 
thus providing very sensitive response to any 
unbalance in thyratron conduction. 

In order to give a visual indication of the oper 
ation of the equipment, there is included the twin 
amplifier 76 in parallel with valve 27. The twin 
amplifier controls the electrodes of an indicator 
valve 77 in response to the variation of the grid 
voltages of valve 27. Since valve 76 is biased by 
the large cathode resistor 78, the sum of the cur 
rents in anode resistors 79 and 80 is equal to the 
current in resistor 78, but the division of the cur 
Tent and the relative anode potentials is con 
trolled by the grid variations. Valve T is pro 
vided with an indicator face (not shown). When 
the impression cylinders 4 are out of register 
with the previous impressions f, the current 
flowing through one pair of electrodes of the in 
dicator valve 77 is larger than the current 
through the other pair. The indicator face has 
Sectors before the pairs of electrodes. When the 
current through one pair of electrodes is larger 
than the current through the other pair, a first 
of the Sectors is illuminated and the second is 
dark, indicating an out of register condition in 
One direction and when the opposite out of reg 
ister condition is present, the first sector is dark 
and the Second is illuminated. For the condition 
of exact register both sectors are evenly illumi 
nated, but a slight fluttering pattern is observed 
in the illumination which is characteristic and 
enables the operator to know when exact regis 
ter is present. 
Although in accordance with the provisions of 

the patent statutes, this invention is described 
as embodied in concrete form and the principle 
of the invention has been explained together 
with the best mode in which it is now contem 
plated applying that principle, it will be under 
stood that the elements and connections ShOWn 
are merely illustrative and that the invention is 
not limited thereto, since alterations and modi 
fications will readily suggest themselves to per 
Sons skilled in the art without departing from 
the true Spirit of the invention or from the scope 
of the annexed claims. 
What I claim as new and desire to Secure by 

Letters Patent of the United States, is: 
l. A register control system for apparatus hav 

ing, an element operating on a length of moving 
material comprising light sensitive means re. 
Sponsive to an index mark on the material for 
producing an electrical impulse, light sensitive 
neans controlled by said element for producing 
Second electrical impulse, one of Said impulses 

having in abrupt termination, means for CO 
recting the relative positions of Said element and 
naterial, and means responsive to the relative 
announts of the other of said impulses occurring 
before and after said abrupt termination for 
actuating said correcting means. 

2. A register control system for apparatus hav 
ing an element operating on a length of moving 
material in register with marks previously made 
thereon comprising means responsive to an index 
mark on the material for producing an electrical 
impulse, light sensitive means controlled by said 

element for producing a second electrical in 
pulse, means for correcting the relative positions 
of Said element and said index mark One of Said 
impulses having an abrupt termination, and 
means responsive to the occurrence of more than 
a predetermined amount of the other of Said im 
pulses prior to said abrupt termination for actu 
atting Said correcting means to make a correction 
in one direction and responsive to the occurrence 
(of more than a predetermined amount of said 
other impulse occurring after said abrupt ter 
mination for actuating said correcting means to 
make a correction in the opposite direction. 

3. A control System for apparatus having an 
element operating on a length of moving mate 
rial comprising light sensitive means responsive 
to an index mark on said material for producing 
an electrical impulse, light sensitive means con 
trolled by said operating element for producing 
a second electrical impulse, one of said impulses 
having an abrupt termination, a first electric 
valve prepared by said abruptly terminated im 
pulse for control operation only during a pe 
riod terminating with said impulse, a second elec 
tric valve prepared for control operation in 
mediately following said abrupt termination, 
means for conducting the other of said impulses 
to Said valves to initiate control operation of said 
Valves in accordance with the relative amounts 
of Said other impulse occurring prior to and fol 
lowing said termination, and means responsive 
to Said control operation of said valves for cor 
recting the relative positions of said element and 
material. 

4. A register control system for apparatus hav 
ing an element operating on a length of mov 
ing material having recurrent index marks pre 
viously placed thereon comprising light sensi 
tive means responsive to each of said index marks 
for producing an impulse of control voltage, a 
light sensitive means controlled by said element 
for producing a second impulse of control voltage 
having an abrupt termination, means for cor 
recting the relative positions of said element and 
said length of material, a pair of electric valves 
each having a pair of control grids and requir 
ing the simultaneous application of voltage to 
both grids to render the valve conducting, means 
for Supplying said second control voltage in 
pulse to One grid of a first of said pair of valves 
to prepare said valve for conduction only for the 
duration of said impulse, means controlled by said 
first valve for applying a voltage to one grid of 
said second valve to prepare said second valve 
for conduction immediately following said abrupt 
termination for a period of time substantially 
equal to the duration of said second impulse, 
means for transmitting said first impulse to the 
other grids of both said valves to render said 
valves successively conducting for periods of 
time corresponding to the relative amounts of 
said first impulse occurring prior to and follow 
ing Said abrupt cut off, and means controlled by 
the current of one of said valves for actuating 
Said correcting means in one direction and con 
trolled by the current of the other of said valves 
for actuating said correcting means in the op 
posite direction. 5. A control system for apparatus having an 
element operating on a length of moving material 
having a plurality of index marks comprising in 
combination, light sensitive means responsive to 
each of Said index marks for producing a control 
voltage impulse, light sensitive means controlled 
by Said element for producing a second control 
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voltage impulse having an abrupt termination, 
a pair of electric valves each having a pair of con 
trol grids and requiring the simultaneous appli 
cation of voltage to both grids to render the valve 
conducting, means for supplying said second con 
trol voltage impulse to the grid of one of Said 
valves to prepare said valve for conduction for a 
period coincident with said second impulse, means 
controlled by said second impulse for supplying 
a voltage to a grid of the other of said valves to 
prepare said other valve for conduction immedi 
ately following said abrupt termination for a 
period of time substantially equal to the duration 
of said second impulse, means for transmitting 
said first voltage impulse to the other grids of 
both said valves thereby to render said valves 
conducting in Succession for periods of time cor 
responding to the relative amounts of said first 
impulse occurring prior to and following said 
abrupt termination, and indicating means con 
trolled by the currents of said valves for indicat 
ing the condition and direction of misregister 
between said element and matter previously 
placed on said length of material. 

6. A register control System for apparatus hav 
ing an element for performing an operation on 
a length of material and placing register marks 
on said material, and a Second element for per 
forming a second operation on said material in 
register with said first operation, comprising 
driving means and driving connections between 
said driving means and elements, correcting 
means comprising a mechanical differential de 
vice included in said driving connections and an 
electric motor for actuating an input member 
of said differential, light sensitive means respon 
sive to each of said register marks for produc 
ing an electrical impulse, light sensitive means 
controlled by said second operating element for 
producing an electrical impulse, one of Said im 
pulses having a relatively abrupt termination, 
and means responsive to said impulses for ac 
tuating said correcting means an amount and in 
a direction determined by the relative announts 
of the other of said impulses occurring prior to 
and following said abrupt termination. 

7. A control system for apparatus having an 
element operating on a length of material having 
index marks thereon comprising a first pair of 
electric valves each provided with a pair of con 
trol grids and requiring the simultaneous appli 
cation of voltages to both grids to render the 
valve conducting, a second pair of electric valves 
each provided with anode, cathode and control 
grid, means for applying voltages to the grids of 
Said Second pair of valves to render Said valves 
conducting, the anodes of Said second pair of 
valves being connected to the cathodes of said 
first pair of valves, and one grid of each of said 
first pair of valves being connected to the anode 
of the corresponding second pair of valves, 
voltage drop devices in the anode circuits of Said 
second pair of valves whereby when one of said 
second pair of valves ceases to conduct a corre 
sponding one of said first pair of valves is pre 
pared for conduction, light sensitive means con 
trolled by said operating element for producing 
a first electrical impulse, light sensitive means 
responsive to an index mark for producing a sec 

5 
pnd electrical impulse, one of said impulses hav 
ing an abrupt termination, means for transmit 
ting said abruptly terminated inpulse to the grid 
of one of said second pair of valves thereby to 
render said valve non-conducting and to prepare 
the corresponding valve of said first pair for 
conduction for a period of time coincident With 
the duration of Said impulse, a connection in 
cluding a capacitor from the anode of the valve 
rendered non-conducting to the grid of the other 
of said second pair of valves whereby said other 
valve is rendered non-conducting and the corre 
sponding one of said first pair of valves is pre 
pared for conduction immediately following said 
abrupt termination for a period substantially 
equal to said abruptly terminated impulse, means 
for transmitting the other of said impulses to 
grids of both said first pair of valves whereby 
said valves are successively rendered conducting 
for periods of time corresponding to the amounts 
of said other impulse occurring prior to and foll 
lowing said abruptly terminated impulse, and 
means controlled by the currents of said first pair 
of valves for correcting the relative positions of 
Said element and material. 

8. A register control System for apparatus hav 
ing an element operating on a length of moving 
material having index marks thereon comprising 
in combination, light Sensitive means for produc 
ing an electrical impulse in accordance with the 
position of said element, light sensitive means 
respansive to each of said index marks for pro 
ducing an electrical impulse, one of Said impulses 
having an abrupt termination, a pair of normally 
conducting electric valves having voltage drop de 
vices in their anode circuits, means for transmit 
ting said abruptly terminated impulse to the Con 
trol grid of one of said valves to render said valve 
non-conducting for a period coincident with said 
abruptly terminated impulse, a connection in 
cluding a capacitor from the anode of Said. One 
valve to the grid of the other of said valves 
whereby said other valve is rendered non-con 
ducting immediately following said abrupt ter 
mination for a period substantially equal to the 
duration of said impulse, a second pair of electric 
Valves each provided with a pair of control grids 
and requiring the simultaneous application of 
voltage to both said grids to render the valve con 
ducting, a connection from the anode of each of 
said first pair of valves to a grid of a corre 
sponding valve of said second pair whereby one 
of said second pair of valves is prepared for con 
duction for a period coincident with said abruptly 
terminated impulse and the other is prepared for 
conduction immediately following the termina 
tion of said impulse and for an equal period, 
means for transmitting the other of said impulses 
to the other grid of each of Said Second pair of 
valves to render said valves Successively con 
ducting for periods of time Substantially pro 
portional to the relative amounts of said other 
impulse occurring prior to and following said 
abrupt termination, means for correcting the rel 
ative positions of said element and material, and 
means responsive to the currents of Said Second 
pair of valves for actuating Said correcting 
leanS. 
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