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This invention relates to racetrack apparatus 
and particularly to means for recording the order 
of arrival of contestants in a race, for example, 
horses or dogs. 
At the present time, racetracks are equipped at 

their finish lines with photographic apparatus 
for the purpose of recording the relative positions 
of the contestants as they approach and cross 
the finish line. While in most races the judges 
can determine beyond question the Order of ar 
rival, there sometimes occur the close, so-called 
"photo-finishes,' in which the successive arrivals 
are so close that dependence must be had. On the 
records of the photographic apparatus to deter 
mine the order of arrival. While apparatus of 
such type is quite satisfactory to eliminate con 
troversy, nevertheless, photographic development 
is required, and as a consequence, the determina 
tion of the order of arrival is substantially de 
layed. 
The broad object of the present invention is 

to provide apparatus whereby the arrivals are 
automatically recorded in proper order even 
though successive arrivals may differ by only a 
very Small fraction of a second. In its more 
Specific aspect, the invention relates to a type 
of device which will record the order of arrival 
instantaneously on a board visible to the spec 
tators of a race. 
The above objects, and more specific objects re 

lating to details of the apparatus, will become ap 
parent from the following description, read in 
confunction with the accompanying drawings, in 
which: 

Figure 1 is a perspective view showing in verti 
cal Section a device carried by a race horse to 
record a finish; 

Figure 2 is a vertical section taken transversely 
to a member located at the finish line forming 
part of a preferred form of apparatus; 

Figure 3 is a wiring diagram illustrating cer 
tain detecting and recording apparatus; 

Figure 4 is a fragmentary view of a type of 
board used for exhibiting the order of arrival; 

Figure 5 is a schematic diagram showing the 
nature of certain apparatus carried by the racing 
animal; and Figure 6 is a schematic view of apparatus lo 
cated at the finish line. 
Though the invention may be used for various 

kinds of races, it is particularly adaptable to 
horse races, and will be specifically described with 
relation thereto. 

In accordance with the invention, the horse 
carries certain apparatus adapted to cooperate 
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with other apparatus at the finish line to deter 
mine the instant of the finish and to effect the 
recording thereof. In a preferred embodiment 
of the invention, the horse carries a photocell on 
his nose arranged to be energized as it passes 
through a beam of light projected downwardly 
across the track at the finish line. As illustrated 
in Figure 1, there is secured to a portion 2 of the 
head harness of the horse a plate 4 arranged to 
rest on the horse's nose and carrying at its for 
Ward end, desirably in a position substantially 
vertically above the tip of the horse's nose when 
its head is in a normal position assumed while 
running, a housing 6 open at the top in which is 
located a photocell of small size having its sensi 
tive surface directed upwardly. The front of 
this housing 6 may be elevated as illustrated at 8 
to provide a shield against mud and dust to pre 
Went, as far as possible, any soiling of the photo 
cell surface which might result in rendering it 
inoperative. The photocell may be of any suit 
able type capable of proper response to light 
modulated at high frequency. 
The equipment illustrated in Figure 5 is carried 

by the horse taking the place of one or more of 
the usual weights carried by a horse in racing. 
The output of the photocell is fed into an ap 
paratus of any suitable type, indicated at f2, 
which may comprise a filter, amplifier and recti 
fier. The output of this controls, in the modul 
lator f6, the output of an oscillator f4 to deliver 
a pulse of high frequency to an antenna, indi 
cated at f8, which may be constituted by metal 
fittings about or in a portion of the horse's har 
ness. The equipment illustrated in Figure 5 may 
be quite light, powered by small batteries, and 
may have a radio frequency output of very low 
power. 
The apparatus of Figure 2 at the finish line 

comprises a housing 20 in the form of a hollow 
bar extending completely across the track. Lo 
cated within this are one or more gas-filled tubes 
22, which may be of the type generally used for 
illumination, filled with neon, argon or other 
gas. A slit 24, or more complicated Optical ar 
rangement, is located in the lower portion of 
the bar 20 to project downwardly from the tube 
a sheet of light extending completely across the 
track and limited between planes such as indi 
cated at 26. The arrangement is subject to con 
siderable variation, but desirably the sheet of light 
should be as thin as possible Or, at any rate, 
have its side toward which the horses approach 
substantially vertical so as to define accurately 
the finish line. Planes indicated at 28 and 30 may 



substantially delimit the upper and lower possi 
ble positions of the photocells on the horses' noses, 
and consequently the portion of the sheet be 
tween these planes will be that intercepted by 
the photocells as the horses finish and conse 
quently should be located and dimensioned with 
in the proper limits. 
The objective of the apparatus so far de 

scribed is to have the photocell respond to the 
sheet of light indicated at 26 and, through the 
apparatus of Figure 5, send out a high frequency 
pulse to be detected by apparatus later described. 
In view of the fact that the race may be run in 
sunlight, it is obvious that some arrangement 
must be provided to insure selective response of 
the photocell to the light from the tube 22 as 
compared with the light of the sun or sky. For 
this reason, it is desirable to illuminate the tube 
22 as indicated in Figure 6, by means of a high 
frequency oscillator 32, which will provide mod 
ulation of the sheet of light at 26 at the fre 
quency of the oscillator. The Oscillator 32 must 
provide a frequency of light molulation suffi 
ciently high so that at least several cycles will 
occur during the limited time in which the photo 
cell on a horse's nose will be passing through the 
sheet of light 26; or more properly through the 
limited time corresponding to the passage of the 
photocell through the maximum distance to be 
tolerated in avoiding other than a "dead-heat' 
finish. For example, if a tolerance of one inch 
is permitted at the finish line, the frequency of 
the oscillator must be such that at least several 
cycles occur during the interval of passage of the 
photocell through this inch. It will be evident 
that the OScillator should operate at a quite high 
frequency of the Order of at least several kilo 
cycles. . - 

Referring now to Figure 5, the filter embodied 
in the apparatus indicated at 2 is necessary to 
select the modulating frequency of the tube 22 
from the Constant source or such other modiu 
lating frequencies as might possibly exist, due, 
for example, to alternating current, artificial 
lighting or the like. The filter may, therefore, 
be of a type embodying one or more simple reso 
nant circuits tuned to the light-modulating fre 
quency. The output of the filter may then be 
suitably amplified and ultimately rectified so that 
the output of the apparatus 2 to the modulator 
may be a D. C. pulse fed to the modulator 6. 
The circuit arrangement should be such that a 
transient, produced, for example, by the passing 
of the photocell into or out of the shadow of the 
bar 20 cast by the sun, will not create a pulse 
affecting the modulator. The modulator may 
comprise an amplifying stage normally biased 
substantially to cut-off so as not to pass high 
frequency from the oscillator 4. until the bias 
is removed by the D. C. pulse from the apparatus 
2. The result will be, therefore, a pulse of short 
duration at high frequency in the antenna, 8 as 
the horse passes the finirh line. To distinguish 
between the horses, the oscillator 4 carried by 
each horse has a distinctive frequency controlled, 
for example, by a crystal which, as will be point 
ed out hereafter, may be checked by the judges 
of the race. The frequencies used may be in the 
So-called short Wave bands and should be Suff 
ciently separated so that the various horses may 
be distinguished without question by their char 
acteristic frequencies. The result of this ar 
rangement is that as each horse passes the finish 
line a pulse of characteristic frequency will be 
transmitted to a detecting and recording appa 
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ratus illustrated in Figure 3, now to be described. 
The detecting and recording apparatus of Fig 

ure 3 may be located in the judges' stand adja 
cent the finish line and comprises in the form ill 
lustrated a series of tuned receivers 34, 34' and 
34', one for each horse, permanently tuned to 
the frequency of the oscillator carried by the 
corresponding horse. Suitable antennae 36, 36' 
and 36' serve to pick up the high frequency 
pulses from the various horses. 
The outputs of the respective receivers, which 

may be high frequency, low frequency, or 
D. C., are delivered through condensers 38, 38', 
38'. to the grids of gas tubes 40, 40' and 40' of 
a first set adapted to record the winner of the 
race. These gas tubes may be of any conventional 
type (such as RCA 885 or 2050) adapted to break 
down and pass current by ionization when a suf 
ficiently positive pulse is applied to the tube grid. 
The plates of the tubes are connected through 
relays 42, 42" and 42' to the positive terminal 
of a high voltage D. C. source, indicated at 46. 
The negative terminal 48 of the source is con 
nected through a resistor 50 to the cathodes of 
the various tubes which are connected together. 
The relays just mentioned have respective ar 
matures 44, 44' and 44' adapted to be attracted 
to close controlled circuits when current passes 
through the relay coils. Desirably these coils are 
of low impedance so as not to provide substan 
tial time delay in the attainment of maximum 
current values in the tubes when break-down Oc 
curs; or, if extremely rapid action is desired, the 
relay coils may be replaced by resistors, the volt 
age drops through which may operate the relays 
through amplifying vacuum tubes. A battery, in 
dicated at 52, serves to bias the grids of the tubes 
normally to a sufficiently negative degree to pre 
vent ionization from occurring. Load resistors 
54, 54 and 54' are provided between the grids 
and the biasing battery. 
A second series of tubes 56, 56' and 56' are 

provided to record the horse arriving second. As 
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in the case of the tubes 40, 40' and 40', the plates 
of these tubes are connected to the positive ter 
minal of the high voltage source through relays 
58, 58' and 58’’, also provided with armatures. 
Pulses may be delivered to these tubes through 
the condensers 66, 66' and 66'. In the case of 
this second group of tubes, the bias is provided 
by a battery 62, in this case biasing the grids to 
a greater negative degree than in the case of 
the tubes 40. The grid circuits return to an ad 
justable tap 64 on the cathode resistor 50 of the 
previous group of tubes. 
This same type of connection is repeated for a 

third group of tubes 68, 68' and 68' provided 
with relays T0, 70' and 70'. Their grid bias is 
provided by a battery 72, the return connection 
being made to the tap 74 on the cathode resistor 
60 of the preceding group of tubes. The last 
group of tubes 68, 68’ and 68’’ is provided with a 
cathode resistor 76 to which, as indicated at 8, 
may be connected the grid returns of a subse 
quent series of tubes. The number of series of 
tubes used depends entirely on how many ar 
rivals it is desired to record. There may be re 
corded only the first three or first four, though 
in some instances it may be desirable to record 
the entire field to avoid any question of the 
proper operation of any part of the apparatus. 
The number of columns of tubes illustrated in 
Figure 3 must, of course, be equal to the num 
ber of horses, and while only three are illus 
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trated, it will be evident that the array may be 
repeatCd to any necessary extent. 
The apparatus illustrated in Figure 3 may be 

associated with a remotely located board, indi 
cated at 80, for announcing the arrivals to the 
spectators. This board may be provided with the 
names and numbers of the racing horses and 
with columns of lamps 83 in a 'win' column 84, 
lamps 85 in a "place' column 86, and lamps 87 
in a "show' column 88. These columns may, of 
course, be continued as far as desired to show 
fourth and later arrivals. The lamps may be di 
rectly connected to the armature circuits of the 
various relays above described. 

Disregarding for the present the apparatus il 
lustrated at the upper right hand portion of Fig 
ure 3, the detecting and recording devices oper 
ate as follows: 
ASSume that the horses arrive in the order cor 

responding to the receivers 34, 34' and 34'', re 
Spectively. AS SOOn as the horse corresponding to 
receiver 34 intercepts the sheet of light 26, a high 
frequency pulse will be transmitted by the equip 
ment he carries and will be amplified in the re 
ceiver 34 tuned to his characteristic frequency. 
The output of the receiver delivers a pulse to the 
grids of all three tubes 40, 56 and 68, and such 
additional tubes as may be provided connected 
to the receiver 34. As pointed out above, how 
ever, the grids of tubes 56 and 68 and subsequent 
tubes are biased to such extent that the pulse 
delivered by the receiver 34 will be insufficient 
to cause a break-down of these tubes, and conse 
quently, tube 40 alone will break down, this 
breakdown occurring substantially simultane 
ously with the crossing of the finish line. It is 
characteristic of gas tubes that when break-down 
occurs and they pass substantially their rated 
currents, the voltage between anode and cathode 
drops to a quite low value. For example, while 
the voltage may be initially several hundred volts, 
the voltage that occurs at break-down may be of 
the order of 15 to 50 volts. The current is limited 
by the relay 42 (or a resistance in its location) 
and the resistance 50. If the relay 42, therefore, 
(or a resistance in its location) does not have a 
very high impedance in comparison with the re 
sistance 50, the voltage between the plates and 
cathodes of all three tubes 40, 40' and 40' will 
drop to a comparatively low value. The adjust 
ment is such that with this low value of plate 
voltage impulses of the magnitude delivered by 
the receivers 34, 34'', etc. will not be sufficient 
to break down the tubes 40' and 40'. As a conse 
quence, as soon as one of these tubes breaks down, 
the other tubes of the 'win' group become in 
operative and non-responsive to subsequent in 
pulses. 
As soon as the tube 40 breaks down, its cathode 

current flows through the resistor 50. This adds 
a positive potential, due to the voltage drop in 
the resistor 50 below the tap 64, to the negative 
biasing potential provided by the battery 62, and 
the adjustment is so made that this is sufficient 
to lower the negative biasing potential on the 
grids of the tubes 56, 56' and 56' to such extent 
that the tubes may now be broken down by an 
impulse delivered by any one of the receivers. 
The horse corresponding to receiver 34 having 
passed, there will, of course, be no tendency to 
break down the tube 56. But now, assuming that 
the horse corresponding to receiver 34' arrives at 
the finish line second, the tube 56' will break 
down producing energization of its relay 58. At 
the same time, due to the reduction of potential 
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between the plate and cathode of this tube, the 
other tubes of the same row in Figure 3 are ren 
dered inoperative to respond to further impulses. 
Simultaneously, however, due to the voltage drop 
through the cathode resistor 60, the negative bias 
on the third group of tubes 68, 68’ and 68' is 
reduced so that these tubes promptly become 
Operative and subject to response to the receivers 
Connected thereto. 

It may be noted that, due to the small in 
ductance interposed in the plate circuit of each 
tube by its relay 42, there will be a very slight 
but appreciable delay between the initiation of 
discharge in a tube and the rendering responsive 
of the tube directly below it in its column. Ac 
cordingly, only the uppermost operative tube in a 
column will break down due to a corresponding 
impulse without the same occurring in the lower 
tubes of the column. If the impulse delivered to 
the grids lasts throughout the total time of pas 
Sage of the photocell through the sheet of light, 
the sheet should be quite thin so that the arrival 
of one horse may not break down several tubes 
in a column. But any such danger may be 
avoided, and very close finishes recorded, if the 
impulse delivered to the grids is, for example, 
caused by a transient voltage produced by dis 
charge of a gas filled tube forming the last stage 
of each amplifier. In such case, irrespective of 
the duration of subjection of the photocell to the 
activating light, the pulse delivered will be only 
of very short duration. 
As the tubes break down, their corresponding 

relays will Operate to close the circuits to the 
various lamps 83, 85, 8 etc. It will be noted 
that delays in the action of these relays have no 
limiting factors on the rapidity of response on 
the circuit of Figure 3. In other words, consider 
ing very small time differences, it is quite possi 

40 ble that three tubes may break down in suc 
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Cession before the relay of the first may be com 
pletely closed to flash the light on the board. The 
System is completely free from delays due to me 
chanical lag, inasmuch as advantage is taken of 
the extremely rapid break-down of the gas-filled 
tubes. Since discharge of such tubes once started 
continues until the plate voltages are removed 
or sufficiently lowered, it will be evident that the 
relays close permanently to maintain the proper 
lamps lighted on the board 80. 

It may be desirable to provide a master switch 
controlling the circuits including the armature 
relays and the indicating lights or the equivalent, 
this switch being subject to manual operation. 
This is desirable if the race terminates in what 
appears to be a dead heat with the result that 
the judges may wish to check a permanent rec 
ord, hereafter described, to insure that the fin 
ishes were not so close as to result possibly in 
improper operation. The main Switch just re 
ferred to may be normally open, and its closing 
immediately after the end of the race may be 
under control of the judges. If the apparatus ap 
pears to have functioned properly, the Switch 
may be closed immediately. The relays may, of 
course, be connected to indicate the results on a 
private board available to the judges, who can 
then duplicate the indications on a board visible 
to the public if their private board indicates 
proper results. In any event, it will be noted that 
the break-downs of the tubes themselves indicate 
the order of arrivals, and if they are arranged 
so that their visible glows are observable, they 
themselves may function to provide the private 
indication for the judges. 



4. 
In order to secure a permanent record, the ap 

paratus so far described may be associated with 
other elements. For example, the various re 
ceivers such as 34, 34' and 4' may be connected 
to a camera having its axis directed across the 
finish line, the camera being of a motion picture 
type with provision for making an exposure upon 
each new impulse from a receiver. Thus a sepa 
rate picture may be taken of the field as each 
horse crosses the finish line. The photographic 
records thus obtained may be permanently filed 
as a record cf the nature of each finish. 

Additionally, it is desirable to secure a perma 
nent record available within a minute or so of 
the end of the race indicating minute time inter 
vals indicating to a high degree of accuracy the 
times of arrivals of the various horses. This may 
be accomplished by providing an oscillograph 
mirror for each of the receivers as indicated at 
92, 92 and 92', there being, of course, a number 
of these equal to the number of contestants. A 
lamp, indicated at 94. may be provided to cause 
beams from these mirrors to fall on a photo 
graphically sensitized paper, indicated at 97, mov 
ing in the direction of its length. The beams 
falling on this record member will normally trace 
straight lines, but as an impulse occurs upon the 
arrival of a horse, the line will be interrupted as 
the OSCillograph mirror moves. Simultaneously, 
a timing record can be provided by reflection of 
a beam of light from the mirror 00 of a tuning 
fork 98 maintained electrically in vibration and 
arranged to produce on the record sheet a sinus 
oidal trace O2 serving to mark time intervals. 
The apparatus indicated need not be more fully 
described, since it may be identically the type of 
apparatus conventionally used in seismographic 
prospecting for oil or other minerals. In such 
devices the tuning fork may record intervals of 
a thousandth of a second and breaks in the con 
tinuous lines will indicate the receiving of im 
pulses. There will be, of course, one line for each 
contestant. In the present case, since develop 
ment as soon as possible is desired, the photo 
graphic paper may be subjected immediately be 
yond the line where the light beams strike it to 
the action of a photographic developer applied, 
for example, by a roller indicated at 04. A rapid 
developing agent bringing up the latent image 
within less than a minute may be employed. The 
record sheet as the developing takes place may 
pass under an amber glass in the otherwise light 
tight container, so that the records may be ob 
Served as soon as the partial development takes 
place and prior to fixing, which may also take 
place automatically. Thus immediately after the 
end of the race the judges may look at the record 
sheet undergoing development and note whether 
there are sufficient intervals existing between in 
dicated arrivals to warrant their making a de 
cision as to the positions of the horses. Of course, 
if the intervals indicated are within the limits of 
error of the apparatus, a dead heat may have to 
be announced. 

Suitable precautions must, of course, be taken 
to avoid fraud. The transmitting apparatus car 
ried by the horses should be checked and sealed, 
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Both at the beginning and end of the race, the 
apparatus carried by each horse should also be 
checked to insure that it was in proper working 
condition during the race. It will be evident that 
alternative arrangements may be provided within 
the scope of the invention. For example, instead 
of having a light sensitive element carried by the 
contestants and a light source at the finish line, 
the arrangement may be reversed. Each of the 
horses may carry a light of the gas type modu 
lated at a characteristic frequency, while at the 
finish line a battery of photocells may be pro 
vided to detect light through a limited extent of 
field corresponding, for example, to the region 
between the lines 26 of Figure 2. In such case, 
the battery of photocells arranged in parallel may 
be wired to a detecting apparatus capable of dis 
tinguishing between the various frequencies at 
which the respective lights carried by the horses 
are modulated. In general, in such case the re 
ceiving and detecting apparatus may be the Same 
as already described. 

Alternatively, lights may be carried by the 
horses modulated at the same frequency, but the 
various lights may be provided with filters capable 
of passing narrow ranges of illumination. At the 
finish line, in such case, photocells may be pro 
vided forming the various groups, the photocells 
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and, to insure against falsification of frequencies, 
these may be determined by crystals sealed in the 
apparatus. Likewise, the receivers may contain 
Sealed crystals acting as filters to insure that each 
receiver responds only to the frequency of the 
corresponding contestant. The recording appa 
ratus as a whole should, of course, also be sealed. 

70 

75 

of each group being provided with similar filters 
So as to detect only the radiations from a single 
horse. Again the recording apparatus may be. 
Substantially similar to that described herein. 
The detection of the finish may also be accom 

plished in other ways. For example, a large coil 
may be provided at the finish line through which 
the horses will pass. If this coil carries currents 
at a number of different frequencies, the horses 
may be provided with coils tuned by fixed con 
densers, carried on their noses. Each of these 
tuned circuits should be tuned to One of the fre 
quencies carried by the coil at the finish line. 
The result will be that a short-circuiting second 
ary will be provided corresponding to each fre 
quency as successive horses pass the finish line. 
The presence of such short-circuiting secondary 
may be readily detected to affect the source of 
corresponding frequency. The recording appa 
ratus may again be similar to that illustrated in 
Figure 3. 
The apparatus described, or its modifications, 

may be provided not only at the finish line, but, 
if desired, at the starting line, and even at various 
other points about the course to determine the 
Order of arrival of the contestants at various loca 
tions. If used at both starting and finish lines, 
the contestants may be credited with actual 
elapsed time between the two lines as compared 
with the present arrangement in which failure to 
get off to a proper start may reflect to the dis 
credit of the faster contestant. In fact, in such 
case, the winner of the race may be determined 
by the minimum elapsed time between the start 
ing and finish lines rather than the first arrival 
at the finish line, irrespective of the nature of the 
start. 

It will be obvious that other variations may be 
utilized in accordance with the principles of the 
invention without departing from its scope. 
What I claim and desire to protect by Letters 

Patent is: 
1. Apparatus for determining the order of ar 

rival of race contestants at a finish line compris 
ing means substantially defining an upright 
plane at the finish line, means carried by each 
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contestant in the race, One of Said means Com 
prising a light source and the other a detector 
of light from said source, said means COOperat 
ing, at the instant each contestant passes the 
finish line, to produce an electrical impulse indi 
vidual to said contestant, and means for indicat 
ing the order of production of Said impulses. 

2. Apparatus for determining the Order of ar 
rival of race contestants at a finish line compris 
ing means substantially defining an upright plane 
at the finish line, means carried by each con 
testant in the race, one of Said means compris 
ing a light source and the other a detector of 
light from said source, said means cooperating, 
at the instant each contestant passes the finish 
line, to produce an electrical impulse individual 
to said contestant, and means for recording the 
order of production of Said impulses. 

3. Apparatus for determining the order of ar 
rival of race contestants at a finish line com 
prising means substantially defining an upright 
plane at the finish line, means carried by each 
contestant in the race, the means carried by 
each contestant cooperating photoelectrically 
with said plane defining means, at the instant 
each contestant passes the finish line, to pro 
duce an electrical impulse individual to said con 
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contestant cooperating photoelectrically with 
said plane defining means, at the instant each 
contestant passes the finish line, to produce an 
electrical high frequency impulse having a fre 
quency individual to said contestant, and means 
for indicating the order of production of said 
impulses. 

6. Apparatus for determining the Order of ar 
rival of race contestants at a finish line COIn 
prising means substantially defining an upright 
plane at the finish line, means carried by each 
contestant in the race, the means carried by 
each contestant cooperating photoelectrically 
with said plane defining means, at the instant 
each contestant passes the finish line, to pro 
duce an electrical impulse individual to said Con 
testant, a board comprising indicators of the fin 
ishing positions of the contestants, and means 
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testant, and means for indicating the order of 
production of said impulses. 

4. Apparatus for determining the Order of ar 
rival of race contestants at a finish line Com 
prising means substantially defining an upright 
plane at the finish line, means carried by each 
contestant in the race, the means carried by each 
contestant cooperating photoelectrically with 
said plane defining means, at the instant each 
contestant passes the finish line, to produce an 
electrical impulse individual to said contestant, 
and means for recording the order of production 
of said impulses. 

5. Apparatus for determining the Order of ar 
rival of race contestants at a finish line com 
prising means substantially defining an upright 
plane at the finish line, means carried by each 
contestant in the race, the means carried by each 45 
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responsive to said impulses for operating said 
indicators. 

7. Apparatus for determining the Order of ar 
rival of race contestants at a finish line com 
prising means substantially defining an upright 
plane at the finish line, means carried by each 
contestant in the race, the means carried by each 
contestant cooperating photoelectrically with 
said plane defining means, at the instant each 
contestant passes the finish line, to produce an 
electrical impulse individual to said contestant, 
and means for indicating the Order of produc 
tion of said impulses, said last means comprising 
elements corresponding to at least several pOS 
sible positions of each contestant, and devices in 
terconnecting said elements so that initially only 
the elements corresponding to the winning posi 
tions of the contestants may be affected by said 
impulses, and so that as soon as one of said ele 
ments corresponding to winning positions is af 
fected, the remaining elements corresponding to 
winning positions are rendered incapable of being 
affected by subsequent impulses and the ele 
ments corresponding to second positions of the 
contestants are rendered capable of being af 
fected by said impulses. 

GEORCE MER, 


