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This invention relates to means for generating randomly 
occurring impulses or signals which can be employed to 
operate or control apparatus where randomly occurring 
effects are desired. 
The said means according to the invention comprise a 

pin-table having a large number of ranks and ?les of pins, 
into the top of which are fed at constant and predeter 
mined time. intervals a succession of steel balls, the balls 
falling by gravity through the pin-table, being randomised 
as to time of descent thereby, each ball being delivered 
on to a device ‘which while a ball is in contact therewith 
will cause the generation of an impulse or signal which 
can be employed either directly or through a relay to 
control the apparatus for producing the desired randomly 
occurring effects. I 

In one form of the invention each ball is delivered onto 
a pair of teiminals such ‘as electri?ed rails thereby causing 
the closing of an electric circuit and the passage of a 
small current which actuates a relay, the relay in turn 
operating a magnetically operated clutch controlling the 
apparatus. 
The characteristics of a pin~table are such as to make 

it particularly suitable for the purposes mentioned. The 
time taken for the descent of ‘the balls from the .point of 
entry to the beginning of the device at the bottom of the 
table is random, lbut conforming to the mathematical laws 
of the so-called Gaussian distribution, or normal distribu 
tion. Such distributions ‘are characterised by measure 
ment ,of the mean time of .descent and the standard devia 
tion thereof. 
The standard deviation is a. measure of the extent of. 

randomness and is ‘a ?xed property of the particular 
pin-table, the particular ball and the manner of its use. 
The standard deviation can be adjusted to suit particular 
purposes over wide range, as for example by using an 
other -b_a1l :size, altering the angle of inclination of the: 
pin-table, modifying the number of rows of pins, ,or mak 
ing the exit end of the maze non-rectangular. The form 
of pihetable having the ,exit end at right angles to the 
straight line of descent has the least standard deviation 
compared with designs having sections removed from the 
bottom edge or designs having’ extra rows put in to 
produce a triangular exit. ' 

' The time of ‘descent of the balls is of on consequence 
in the invention. Nevertheless, the measurement of such 
timesgfor 100,0 successive descents for example, is the 
basis of selection of therroper design of Pin-table for the 
allotted task, in order to determine the standard deviation 
of the table. From the point of view of theprediction-of 
the standard deviation of vslubbing ‘impulses, the important 
criterion is the standard deviation of successive‘ differences. 
This is not :thesame as the standard deviation of the pin 
table, but is related to it by the square root of 2. 

Standard jDeviatlovnvof ‘Standard Deviation 
intervals between = “2X of time of descent 
successive balls oi the pin table 

0.1.1 this ‘basis a rain-table destgncan be selected to give 
the desired randomness, 
‘The mathematics of the Gaussian theory enable one to 
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predict what percentage of impulse intervals will lie in 
any given range. For instance, if the standard deviation 
of successive differences is exactly half the ?xed time be 
tween the entry of successive balls into the table, then 
2.28% of all slubs will be at intervals of more than twice 
the average, and 2.28% of all slubbing impulses will 
coincide, or appear as reversed order of ball impulses. 
The use of the Gaussian probability tables from well 
known books of statistics makes it easy both to select the 
desired standard deviation for a given e?ect and to pre 
dict the effect of any given standard deviation. 

It is found for many purposes to be satisfactory to use 
a standard deviation about half the ?xed time of entry 
(a coefficient of variation of 0.5) although the invention 
is by no means limited to the use of this value. 
The characteristics of this invention which make it so 

valuable are: 
(i) The device gives random periods with no repeat 

whatsoever, and 
(ii) The fact that each ball, though random in its time 

of descent, controls the time interval between it and the 
ball before, and in its turn controls partially the next time 
interval. Any ball which happens by change to get 
through the maze quickly tends to produce a short interval 
slub, but also tends to arrange that the next interval will 
be a long one. The average therefore, tends to stay 
constant, and is in fact controlled by the ?xed rate of 
entry of balls into the maze of the table. 
-When balls leave the exit of the maze they do so 

with varying velocities. The distribution of exit velocities 
is also Gaussian. As a result of this, the length of time 
spent upon the electri?ed rails is random and Gaussian, 
with the result that not only are the periods random in 
a fully satisfactory manner, but the length of the actual 
period is randomly con-trolled. This feature also can be 
adjusted to desired levels in practice by selection of a 
proper length to the electri?ed rails, or other device and 
also the inclination thereof to the horizontal. 
One application of the invention is the production of 

slub yarns, i.e. yarns having thin and thick places and in 
the production of such yarns the positions in which slubs 
appear along the thread should be regulated in certain 
ways if the fabric made from such thread is to have a 
desirable appearance. The two main conditions which 
the distribution of the slubs should satisfy are as follows: 

(1) The interval distribution should be random so as 
to avoid unsightly patterns in woven fabric made from 
the yarn. . . . v . . I I 

(2) ' Notwithstanding Condition 1, the number of slubs 
in a given moderate length of yarn, for example a length 
of yarn expected to contain 25 slubs, should remain ,ap 
proximately constant, so as to avoid the appearance of 
either relatively bare or relatively crowded regions in the 
fabric, i.e. “patchiness.” 
The requirement that the fabric shall be free from 

“patchiness” can be expressed as a statement ‘that a slub 
should always appear near to its expected position. For 
example, suppose a slub yarn is to be made having an 
average over very long lengths of 1 slub per metre, but 
that individual slubs are to be permitted to have intervals 
of from 10 cms. to 200 cms. If the arrival of each slub 
is an independent random event, then quite easily by 
chance there could be, say, 10 slubs in succession, all of 
them less than 50 cms. apart. The result of this would 
be a crowded portion of fabric, and in the case of the 
tenth interval of say 50 cms. the last slub would appear 
at 500 cms. whereas the expected position, based on ideal 
control of slub density, would be 1000‘ cms. from the 
start. 

These conditions lead to the postulation that the ideal 
control of slub formation isone ‘of which is random but 
in which the chance arrival of a short-period slub carries 



3 
with it the probability that the next slub is a randomly 
selected long-period slub, so as to tend to maintain the 
average constant. ‘ 7 g > 

Another application of the invention is for the genera 
tion and control of effects such as the printing of randomly 
spaced designs upon woven fabric. 

In the printing of fabrics, the desired design may be im 
printed either discontinuously upon lengths of fabric, as 
in the block printing method, or continuously as in the 
case of rotary printing cylinder methods. In either case, 
whatever the chosen design may be, it will repeatitself 
along a length of fabric in, sections corresponding either 
to the length of the block, or to the circumferential length ’ " 
of the cylinder. ~ . 1 \ 

Novel and particularly interesting printed effects are 
obtained if, instead of with repetitive designs, the-fabric 'is'~ 
imprinted with completely random effects. If the'eye 
is intended not to see a pattern underlying such broken 
effects, it is important not only to randomise the printing 
of each device, but to do so extremely effectively, because 
the eye is able to discern repetition if it exists. Moreover, 
it has been found that complete randomisation is not en 
tirely satisfactory if it entails, by chance alone, the pro 
duction of areas of the fabric having a mean density of 
imprint greatly different from that of the fabric as a 
whole. ‘ 

In such application a novel effect of random printing 
is produced by means of a small printing roller which tra-. 
verses a length of cloth, whilst the cloth is progressed’ 
along its length at a uniform or non-uniform speed. Dur 
ing most of the traversing passage of the cloth the print-' 
ing roller, equipped with means of delivering pigment sus 
pensions of known types, does not make contact with the 
cloth. The printing roller is also'equipped, however, with 
a solenoid-operated dipping mechanism, which when ener- 
gised causes the printing roller to make ?rm contact with 
the cloth, and imprint a design, such as a linear streak, 
thereon. The energising of the dipping mechanism may 
be controlled by means of a pin-table-relay mechanism 
described in this application. By this means, a non-re- 
peating pattern of impregnated design is obtained upon‘ 
the fabric. 
The random control of events or processes including 

the formation of slubi yarn or novel printing effects can 
be obtained by the use of a pin-table in a different way. 
According to .this part of the invention, the pin-tablé-is" 

not used as such for the control of the operation itself,‘ 
but for thepreparation of electro-mechanical‘records, 
or copies of the performance of the pin-table. The copies 
or records are then used for control of‘the operation it 
self, with certain practical advantages which will now‘ 
be described. ' ‘ - 

The pin-table itself produces a series of electrical im 
pulses, having a mean spacing corresponding to the rate 
of entry of the balls into the pin-maze (with a small allow 
ance if any signi?cant fraction of the balls arrives in in 
verted order, or simultaneously), and a spread of in 
dividual intervals according to the construction of the 
pin-maze and its resulting coefficient of variation. . If it 
is desired to control a second process having a different 
mean rate of “events,” but the same coe?icient of varia 
tion, a second pin-table must be employed. If, however, 
a record-ing is made of the performance of a pin-table suit-_ 
able for oneoperation, the recording can in future replace 
the pin-table in actual control, and an additional recordj 
ing, “run through” at a faster or slower rate, will control‘ 
processes needing different average rates of event but the 
same coef?cient of variation, without the need to construct 
and adjust further pin-tables. ' 
One method of producing a suitable recording of the 

behavior of a pin table is the following: 
The recording is a length of 35- mm. photographic ?lm, 

and the apparatus used to imprint the record upon the ?lm ' 
consists of a traversing point source of light focussed 
upon the ?lm. The ?lm is advanced by slowly rotating 
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sprockets engaging in the usual perforations, and the rate 
of traverse, at substantially uniform to and fro speed is 
adjusted so that the point source makes a closely packed 
zig-zag upon the ?lm surface. With care to achieve a 
point source not substantially greater than 0.635 mm. in 
diameter, it is possible to arrange the relative speeds of 
traverse of light source and the forward movement of 

- ?lm so that each zig-zag is approximately 3.2 mm. What-' 
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ever is chosen, the ratio of relative speeds used is main 
tained constant, not only throughout the recording, but. 
also in “playing back.” It is a convenience if each zig 
zag occupies a length of ?lm equal to the ?lm perforation 
distance. I g 

The electrical impulses from a suitable pin-table device 
are used to illuminate the point source of light intermit 
tently. Since the time during which the impulse lasts 
is ?nite, there is produced upon the ?lm an elongated lat 
ent image in the form of a. streak, visible on photographic 
development, for each electrical impulse. 

of it, i.e. the duration. 
The developed ?lm forms a “master-negative" from 

which ?lm prints are made to become the actual con-' 
trollers. The prints consist of transparent streaks upon 
a black background. 

In use as a controller, the recording is “played back” in 
‘ an apparatus consisting of a small collimated source of 
light on the top surface of the ?lm and a photo-electric 1 
cell on the other side. These two are traversed together, 
using the same traverse linear speed ratio as used in the 
recording, back along the path made in the original 

' recording. Each transparent streak produces an electrical 
impulse, which suitably ampli?ed, operates a relay or 
relays, which in turn do the actual work of operating 
the system in question-—slub yarn production, for ex» 
ample. ‘ 

It is possible using this system to obtain an electro 
l'mechanical record of up to 100,000 events, a number 
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which can certainly be regarded as non-repeating for prac 
tical purposes. When the recording comes to its end, it 
may be reversed and the whole path retraversed. This,‘ 
however, gives rise to a temporary “inverted repeat’f pat 
tern at or near to the point of reversal. In most cases 
this is not objectionable, but where it is so, the operation 
of the machine can be interrupted whilst the ?lm is back 
wound, or alternatively if this procedure is too time 
wasting, a second copy, already backwound can be in- 
serted. Since the recording can be made to last for long 

in the production process. In this case, if the ?lm is 
allowed to start its reversed path several minutes before; 
the controller is switched on, inverted repeat patterns dis-1 
‘appear .for practical purposes. 

In order that the invention may be fully understood-1 
reference will now be made to'the accompanying draw 
ings, in which: 

Fig. 1 is a diagrammatic isometric view of a pin table 
device for carrying out the invention, 

Fig. 2 is a diagrammatic view showing the impulses. 
derived from the pin table applied to the production of 
continuous ?lament viscose rayon, 

. Figs. 3 and 4 are a diagrammatic side view and plan? 
respectively showing the impulses derived from the pin 

photograph ?lm rec-Z table applied to the production of a 
0rd of the impulses, 

Figs. 5 and 6 are a diagrammatic side view and plan 
respectively showing the impulses recorded and ?lm being; 
transmitted to an electrical relay for controlling a ma 
chine or apparatus, and ' 

Fig. 7 illustrates a ?lm record produced by the appa 
ratus shown in Figures 3 and 4. 

Referring to Fig. 1, a pin table is formed with hori 
zontal rows of pins 7, the pins in one row being staggered, 
inrelation to those in adjacent rows. ._ Theentryqtothc' 

The position: 
of the streak de?nes the impulse’s spacing, and the length ~ 
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‘pin table is in thegform of a vertical slot 5 to which the 
balls are fed singly from a rotating wheel 2 to which they 
are fed-from a ball storage drum 1. The wheel 2 is 
provided with compartments 3 each of which receives a 
ballfrom the drum 1 as the wheel rotates and delivers 
it to the entry 5. A ball 4 is seen just leaving one of the 
compartments 3 in the wheel 2. Thus each time the 
wheel 2 rotates as many balls are delivered to the pin 
table as there are compartments 3 in the wheel. 
The pin table 6 is inclined‘ at a suitable angle say 45° 

and at the‘ bottom the sides are inclined to one another 
to direct the balls to an outlet hole 8 through which they 
fall onto a pair of ‘live’’ rails 10 which are inclined to 
the horizontal. 
at. 11 through the wires 14 to a terminal block 12 which 
in turn is connected by the wires, 15 to a relay 13, the 
output wires‘ of which are shown at 16. 
The rails 9 are inclined to the horizontal so that when 

a ball falls thereon it bridges the rails and completes the 
electric circuit to the relay ‘13. As the rails 10 are in 
clined the balls will roll down the rails and the circuit 
to the relay will be maintained until the ball rolls ol‘I’ the 
rail. The portion 9 of the rails 10 onto which the balls 
fall from the hole 8 are preferably of insulating material 
and direct the balls on to the live position 10. The halls 
roll from the'live rails 10 'to a chute 17 which delivers 
them to a. hopper '18 from which they are fed to an end 
less chain'conveyor 19 which carries them up to a chute 
20 at the top of the ball storage drum 1. 

Fig. 2 shows the control from the relay 13 to the pumps 
supplying the jets producing continuous ?lament viscose 
rayon. In this ?gure, the impulses are transmitted to the 
relay 13 by the balls 4 bridging the live rails 10 as previ 
ously described with reference to Fig. 1. 
vThe relay 13 controls through the connections 16 a 

clutch member 36 of an electro-magnetic clutch 34, one 
member of which is mounted on a shaft 40 driven from 
a motor 41 and carrying a ?y wheel and the other mem 
ber drives a shaft 31 through a reduction gear 33 and- a 
worm and worm wheel gear 32. 
,Each jet. 25 is connected respectively by the viscose 

supply line 22 ‘to a constant volume pump 23 fed from 
a continuous viscose supply 21 and through the supply 
line 29 to an intermittent pump 28' driven from the shaft 
31 and ‘supplies viscose from an auxiliary supply 27. 
Thus the jets 25 are supplied continuously with a constant 
volume of viscose by the pump 23 and supplied inter 
mittently by the pump 28 with an auxiliary volume vol 
ume of viscose, the supply of this auxiliary volume being 
controlled through the clutch v34 and gearing 33 and 32 
according as to whether the clutch members are closed or 
'not by the relay 13. 

When an auxiliary supply of viscose is supplied to the 
jet 25, a slub or “thick place” is formed in the yarn and 
the occurrence of the slubs coincides with the occurrence 
of a ball on the live rails 4. 

In the case of cotton or other yarns which are drafted 
by passing between pairs of drawing rollers slubs or thick 
places in the yarn can be produced by altering the rela 
tive speeds of the drawing rollers, and in this case the 
relay 13 is employed to actuate gearing which will vary 
the relative speed of the rollers. 

Referring to Figs. 3 and 4 the relay 13 controls a lamp 
62 in a projector 63 which projects through a small aper 
ture 64 onto a ?lm 65 passing through a gate 66. The 
?lm 65 is drawn through the gate 66, in which it is ex 
posed, by the sprocket wheel 67. Thus each time the 
lamp 62 is illuminated a spot of light will be projected 
onto the ?lm 65 through the aperture 64. 
To shorten the length of the ?lm 64 necessary the 

projector 63 is given a reciprocating up and down move 
ment such that if the lamp 62 were continuously illumi 
nated a continuous Zig-zag line, such as the broken line 
68, shown in the view of the ?lm in Fig. 7. Owing to 
the light from the lamp 62 being intermittent however 

The connection rails 10 are connected 
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a series of dot like images v69 located on the broken line 
68, are formed at random thereon. The desired recipro 
cating movement of the projector 63 is obtained from the 
cam 70 which engages a cam follower 71 .slidably 
mounted in a guide 72 and secured to the projector 63. 
The cam 70 is driven through the worm and worm wheel 
gearing 73 from the driving shaft 74 from which the 
sprocket wheel 67 and ‘the ?lm take up spool 75 also‘ 
derive their motion through gearing. 
A positive ?lm is made from the negative ?lm pro 

duced as described in the preceding paragraphs on which 
positive ?lm the random dot like images 68 are transpar 
ent, the remainder of the ?lm being opaque. Apparatus 
for using this positive ?lm for obtaining random e?ects 
is illustrated in Figs. 5 and 6. The positive ?lm again 
designated 65 is passed through a gate 54 of a projector 
76 containing a continuously illuminated lamp 42 vthe 
light from the lamp being projected onto the ?lm 65 
through a small aperture 58. 
At the other side of the ?lm 65 to the gate 54 a photo 

electric cell 43 is arranged so that each time light from 
the projector 76 passes through a transparent dot-like 
image on the ?lm the photo-electric cell 43 is actuated 
and operates an ampli?er 60 through the electric con- - 
nections 59. The ampli?er 60 is connected by the con 
nections 61 to a relay 13 corresponding with the relay 13 
of Figs. 1 and 2 and which is connected by the connec 
tion 16 to the control of the apparatus or machine to give. 
the desired random operation thereto. 
As in the ?lm producing device shown in Figs. 3 and 

4 the projector 76 of the device of Figs. 6 and 5 is recip 
rocated vertically by the cam 46 driven through the worm 
and worm wheel gearing 47 from a driving shaft 48, the 
cam reciprocating the projector through the cam follower 
45. The photo-electric cell 43 is also reciprocated verti 
cally in unison with the projector 76 by a second cam 
461 driven from the driving shaft 48 through the worm 
and worm wheel gearing 471. 
The sprocket 55 which draws the ?lm through the gate 

54 and the ?lm take up spool 51 are also driven through 
suitable gearing from the driving shaft 48. 
We claim: 
1. Means for generating randomly occurring impulses 

which can be employed to operate or control apparatus 
where randomly occurring effects are desired comprising 
a pin table having a large number of transversely stag 
gered ranks and ?les of pins forming transverse and lon 
gitudinal rows which are at least several in number, 
means including a central inlet ‘for feeding a succession 
of balls to the table at one end at constant and predeter 
mined time intervals and causing the balls to travel 
through the ranks and ?les of pins, and means at the other 
end of the pin table de?ning a single outlet from said 
table through which each ball is directed after passing. 
through the ranks and ?les of pins, and means at said 
outlet adapted to be contacted by each ball as it is deliv 
ered therefrom and which while a ball is in contact there 
with will cause generation of an impulse which can be 
employed to control the apparatus for producing the 
desired randomly occurring ' effects. 

2. Means for generating random-1y occurring impulses 
which can be employed to operate or control apparatus 
where randomly occurring eifects are desired comprising 
an inc-lined pin table having a large number of ranks 
and ?les of pins forming transverse and longitudinal rows 
which are at least several in number, means for feeding 
a succession of electrically conductive balls to the top 
of the table at constant and predetermined time intervals, 
means at the bottom of the table de?ning a single outlet 
from said table through which all of said balls are 
directed after passing through the ranks and ?les of pins, 
a pair of inclined rails spaced apart at the bottom of the 
pin table at said outlet to receive each ball as it is deliv 
ered therefrom and an electrical control circuit contain 
ing the rails and apparatus control switching means, 
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whereby when a ball bridges the rails an impulse will pass 
to the switching means and control the apparatus. 

‘ 3. In apparatus for generating randomly occurring 
control impulses, an inclined table having a plurality of 
pins arranged in a bank of ‘staggered rows which are 
several in number, means for introducing a succession of 
electrically conductive balls to said table at equal time 
intervals at the upper end thereof so that said balls roll 
down the table randomly passing through- the pin bank, 
means at the lower end of the table de?ning a single out 
let through which all of said balls. are directed after pass 
ing through the pin bank, a switch at the lower end of 
said table adapted to be closed by each ball after passage __ 
through the outlet, and an electrical circuit for emitting 
control impulses controlled by said switch. 

VI '4. In the apparatus de?ned in claim 3, said table having 
a V-shaped lower end portion and said ball outlet is at 
the apex thereof arranged to deliver the balls to said 
switch and said means for introducing said balls includ 
ing an inlet centrally located on said table in front and 
above said pin bank and longitudinally opposite from 
said outlet. 

5. In the apparatus de?ned in claim 3, said balls being 
' metal and said switch comprising a pair of inclined rails 
having insulated sections adapted to initially receive said 
balls from the table, and metal sections adapted to be 
bridged by the balls to close the switch for certain in 
tervals. , . 

6. In the apparatus de?ned in claim 3, means for re 
ceiving the balls ‘after they close said switch and auto 
matically returning them to a supply station at the upper 
end of the table, said ball introducing means being oper 
ably connected to said station so that the latter serves as 
a source of balls therefor. 

7. In combination with the apparatus de?ned in claim 
3, means connected to the output of said circuit for re 
cording the impulses corresponding to switch actuation. 

8. In combination with the apparatus de?ned in claim 
3, means connected to the output of said circuit for utiliz 
ing said impulses to control machine operation. 

9. The apparatus as de?ned in claim 4 wherein said 

. - 8 . . 

table has a smooth ?at exposed surface between said 
pin bank and said inlet, said inlet being disposed so that 
said balls are all discharged onto said table surface be—' 
tween said pin bank and said outlet in the same direction. 

10. In combination with the apparatus de?ned in claim 
3, a relay in said electrical circuit energizable by the 
randomly occurring impulses produced in said circuit, a’ 
clutch controlled by said relay and a printing mechanism 

. driven by said clutch whereby said printing mechanism 
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is controlled by the impulses generated in said electrical 
circuit. 

11. In combination with the apparatus de?ned in claim 
3, a light projecting device which is controlled by the 
control impulses generated in said electrical circuit to 
project a ray of light, and means for directing said light 
ray upon a moving photographic ?lm whereby randomly 
occurring record information corresponding to the lines 
‘of passage of the balls through said outlet will be pro: 
duced on said ?lm. 
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