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The present invention relates in general to 
registering and counting apparatus, and the ob 
ject of the invention is to produce a new and 
improved apparatus of this character. 
A special object of the invention is a counting 

device which is capable of integrating two series 
of events, one being taken in a positive sense 
and the other in a negative sense, and Which at 
all times shows the difference between the num 
ber of events which have occurred in the two Se 
ries. This counting apparatus may be referred 
to as an add-and-Subtract counter. 
A further object of the invention is the pro 

vision of an add-and-subtract counter and 
suitable circuits for controlling it, which is eS 
pecially adapted for use in connection. With game 
apparatus, such as the well known pinball games. 
The invention will be described as applied to a 
game of this character. 
The foregoing and other features of the in 

vention are described hereinafter in Connection 
with the accompanying drawing, which shows 
diagrammatically the counting apparatus, the 
various control circuits, and Sufficient of the 
game apparatus So that the operation can be de 
scribed and understood. 

For details of the type of game apparatus to 
Which the invention may be applied reference 
may be made to the patent to Bellah, Reissue 
No. 20,698, and to the patents to Firestone, No, 
2,004,98, and Hansen, No. 2,134,185. A game 
apparatus of this type comprises a cabinet in 
Which there is mounted an inclined playing 
board Such as is indicated at 0, and means in 
cluding a ramp and a ball projecting device 
whereby balls may be delivered to variable posi 
tions at the upper end of the playing board and 
allowed to gravitate toward the lower end there 
of. The playing board fo is provided with ball 
openings such as if in One of which a ball may 
come to rest in the event that it rolls into such 
Opening in itS. Course down the playing board. 
These openings may be equipped with contact 
devices and are usually assigned different values 
in accordance with the skill required to direct 
the balls into them. There is also provided a 
longitudinally movable ball releasing device such 
as 2, having ball releasing openings such as 3, 
through which balls which are caught by the 
openings are adapted to pass when the corre 
Sponding openings are aligned by movement of 
the device 2. When released the balls roll down 
an inclined runway Such as 4 to the player's 
end of the cabinet where they are collected On 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

mernber 23 is effected. 

a transverse runway and directed to a point ad 
jacent the ball projecting device. 
The reference character 5 indicates a sole 

noid which is provided for Operating the ball re 
easing device 2. When the releasing device is 
operated, that is, moved to the right as Seen in 
the drawing, a bracket 6 actuates a contact 
spring to bring it against the contact 
spring 8. These contact Springs may be mount 
ed in suitable manner on the runway 4, So as 
not to interfere with the return of the balls. 
A game apparatus such as referred to herein 

is usually provided with what is known as a free 
game feature. That is, the game is So arranged 
that if the player exhibits a certain amount of 
skill in playing the game, he is rewarded by be 
ing allowed to play again without depositing a 
coin. The arrangements for introducing this 
feature vary with the particular game to Which 
it is appended. A free game may be allowed, for 
example, when the total of the values assigned 
to openings in which balls come to rest equals or 
exceeds a given amount. In this case Some kind 
of totalizer is required. The invention is not 
concerned with conditions under which free. 
games are awarded, and accordingly a compar 
atively simple arrangement is shown, Which is 
similar in some respects to the arrangement dis 
closed in the Firestone patent previously men 
tioned herein. 
In addition to the ball openings such as the 

playing board O is provided with a free game 
opening 20, which may be located at a point on 
the board where its accessibility to the balls is 
somewhat difficult. Associated with the opening 
2) there is a normally aligned opening 24 in the 
ball releasing device 2 and a pivoted contact 
member 22 which is mounted on a bracket 2. 
When a ball enters the opening 20 it passes at 
Once through this opening and opening 24 and 
engages the contact member 22, rotating it on 
its pivot until engagement with the fixed contact 

The rotation of member 
22 releases the ball from opening 24 and it passes 
off the end of member 22 to the runway 4. It 
Will be seen, therefore, that a ball entering the 
free game opening 20 will be immediately re 
turned to the player via opening 24, and that 
in escaping from the opening 24 the ball will 
momentarily close together the contacts 22 and 
23. There may be several free game openings 
in the playing board, if desired, and when more 
than one such opening is provided the associat 
ed sets of contacts may be connected in parallel, 
The conntacts 22 and 23 may be referred to as 
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"add' contacts and the contacts and 8 are 
"subtract' contacts. These two sets of contacts 
together control an add-and-subtract switch 
which is indicated by the reference character S. 
This switch may be of any suitable and known 
type, but as shown herein comprises a shaft 26 
and two ratchet mechanisms by means of which 
the shaft may be rotated step by step in either 
direction. One ratchet mechanism comprises 
the stepping magnet 37, armature 35, pawl 36, 
and ratchet wheel 34, and rotates the shaft 26 
in a counter-clockwise direction, as seen from 
the right in the drawing. The other ratchet 
mechanism comprises the stepping magnet 30, 
the armature 28, the pawl 29, and the ratchet 
wheel 2 and is adapted to rotate the shaft 26 
in a clockwise direction. The first or "add" 
ratchet mechanism is so arranged that when 
the stepping magnet 3 is deemergized the pawl 
36 is withdrawn from the ratchet wheel 34, this 
being effected by the provision of a pin 38. The 
second or "subtract' ratchet mechanism is ar 
ranged the same way, so that either ratchet 
mechanism may be operated to rotate the shaft 
26 without interference by the other ratchet 
mechanism. In order to retain the shaft in any 
position to which it is rotated by one of the 
ratchet mechanisms, a notched wheel 39 is pro 
vided, together with a pivoted arm 40 carrying 
a roller 4 which is held against the periphery of 
the notched wheel. This arrangement allows 
the shaft to rotate when one of the ratchet mech 
anisms is operated, the roller 41 riding over the 
raised portions of the wheel which lie between 
the notches and coming to rest at the bottom of 
a notch upon the completion of each step. The 
shaft 26 is thus held against retrograde move 
ment during operation of either ratchet mecha 
nism and is also held against accidental rota 
tion which might occur due to a jar or shock. 
The armature 28 of the stepping magnet, 30 

is provided with an extension 3 for closing a 
pair of contacts 32 and 33 upon the energiza 
tion of the magnet. The function of these con 
tacts will be explained in the course of the ex 
planation of the operation. 
The counter is indicated at C and is located 

beneath a rectangular aperture at the rear of 
the cabinet where it may be observed by the play 
er. The counter itself is of known construction. 
As shown, it comprises a units wheel 45 and a 
tens wheel 46, which are mechanically intercon 
nected in the usual manner so that the tens 
wheel is rotated one division for each complete 
rotation of the units wheel. The counter is 
geared to the shaft 26 of the add-and-subtract 
switch. As shown in the drawing, a gear 42 
mounted on shaft 26 is in engagement with a 
pinion 43, the latter being fixed to a tubular shaft 
44 on which the units wheel 45 is also sup 
ported. 
Gears are provided because it is not practicable 

to directly connect the counter with the Shaft of 
the add-and-subtract Switch, for various rea 
sons. For one thing, if the counter and Switch 
shaft were directly connected, each ratchet Wheel 
would have to be provided with ten teeth, which 
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is not the ideal number, for fast and accurate 
operation. It has been found that better re 
sults are secured if rather fine teeth are used, 
and since there is an objection to making the 
ratchet wheel too small, the result is that a 
ratchet mechanism designed for most satisfac 
tory operation without regard to other consider 
ations has a considerably greater number of teeth 
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than ten. The gear ratio depends on the num 
ber of ratchet teeth actually used in any case. 
If, for example, each ratchet wheel has forty 
teeth then the gear ratio is four to one. 
The units number wheel 45 is provided with a 

can for controlling a pair of contact springs 
9 and 50. The contacts are held open when 
the wheel is in Zero position and are closed in 
all other positions. The tens number wheel 46 
has a similar can 48 for controlling a pair of 
contact Springs 5 and 52 in the same way. 
The reference character M indicates a small 

alternating current motor which drives a cam 
53 at a speed of about ten rotations per second. 
Associated with the cam there is a pair of con 
tact Springs 54 and 55, which are closed together 
momentarily during each rotation of the cam. 
The game is provided with the usual coin mech 

anism, which may be any suitable type, so long 
as it enables the player to close an electrical con 
tact momentarily by the deposit of a coin. As 
shown herein, the coin mechanism includes a 
coin receiving device 58, which is mounted on 
the front wall 56 of the cabinet, and a coin slide 
57. The coin slide is normally held in with 
drawn position by a Spring 6, and means is pro 
vided (not shown) for preventing the slide from 
being pressed in beyond a certain point unless a 
coin has first been deposited. With a coin in the 
Slide, it may be moved inward freely and in its 
extreme inward position it closes a pair of con 
tact springs 59 and 60. When the slide is re 
leased it is returned by the spring 6 and the 
contacts 59 and 60 are opened. 
Two push keys or switches 62 and 63 are also 

provided on the front wall of the cabinet, where 
they are accessible to the player. The key 62 
is a counter restoring key and controls two pairs 
of contacts 64-65 and 66-67 for the purpose 
of restoring the counter C to zero position. The 
key 63 is the ball release key and controls a 
pair of contacts 68 and 69 to energize the sole 
noid 5. 
Power is supplied to the apparatus over a pair 

of conductors 70 and 7, which may be connected 
to any convenient Source of commercial alternat. 
ing current. When the switch S is closed the 
conductors 70 and T are connected to conductors 
72 and 73, which extend to the primary winding 
of the step-down transformer T, the secondary 
winding of which supplies current at a low voltage 
to the conductors 4 and 75. All the electromag 
netic apparatus except the motor M is operated 
on the low voltage current Supplied over these 
last mentioned conductorS. 
The operation of the complete apparatus may 

now be explained. For this purpose it may be 
assumed that all of the equipment is in normal 
position, as shown in the drawing, except the 
switch S1, which should be closed to supply the 
necessary power for operation. 

Before starting to play the game, the player 
must deposit a coin. The coin is placed in the 
opening in the coin slide 57, which is then pressed 
in as far as it will go and released. The operation 
of the coin slide collects the coin in known man 
ner and also closes the contact springs 59 and 60 
together monentarily, thereby completing a cir 
cuit for the stepping magnet 37 which extends 
from conductor T4 by way of contact springs 60 
and 59, conductor 80, and winding of stepping 
magnet 37 to conductor 75. The conductors 4 
and 75 being connected to the terminals of the 
secondary winding of the transformer T, the 
stepping magnet is energized momentarily over 
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the above traced circuit and steps the add-and 
subtract switch S forward one step, whereby the 

its wheel of the counter. C is advanced One 
division to display the digit 1. 
The player has now deposited one coin and the 

counter shows that he has one game to his credit. 
He may proceed to play this game or he may 
deposit additional coins before actually starting 
play, which is a considerable convenience. The 
player may have decided, for example, to patron 
ize the game to the extent of half a dozen coins, 
and these may all be immediately deposited one 
after the other. Each time a coin is deposited 
the stepping magnet 37 is momentarily energized 
and the add-and-subtract switch S is advanced 
one step. The counter C is also advanced each 
time and after six coins have been deposited will 
show a total of six games to the credit of the 
player. 
In order to play a game the player must first 

release the balls, which is accomplished by mo 
mentarily operating the ball release key 63. 
When this key is actuated, a circuit is completed 
which may be traced from conductor 74 by way 
of contact springs 68 and 69, conductor 8, wind 
ing of solenoid 5, conductor 82, conductor 83, 
contact springs 49 and 50, and conductor 84 to 
conductor 75. It will be noted that this circuit 
cannot be closed unless one of the counter wheels 
is out of its zero position. Upon the completion 
of the circuit as traced, the Solenoid 5 is ener 
gized and moves the ball releasing device 2 to the 
right, thereby releasing the balls and making 
them available to the player in known manner. 
The key 63 is only held operated for a Second or 
so, or long enough to insure the release of the 
balls, and is then restored, whereupon the sole 
noid 5 becomes deemergized and the ball releas 
ing device 2 is restored. 

During the time that the ball releasing device 
2 is held in releasing position by the Solenoid 5, 
the contacts 7 and 8 are held closed by the 
bracket 6 and a circuit is completed for the step 
ping magnet 30 of the add-and-subtract Switch, 
said circuit extending from conductor 74 by way 
of contact springs 7 and 8, conductor 85, con 
ductor 86, winding of magnet 30, conductor 83, 
contact springs 49 and 50, and conductor 84 to 
conductor 75. The stepping magnet 30 is ac 
cordingly energized and steps the add-and-Sub 
tract switch S backward one step, the magnet 
deenergizing after the circuit is broken. The 
units wheel 45 of the counter C is also rotated in 
a backward direction for an angular distance of 
one division and subtracts from the total previ 
ously registered. If the counter initially showed 
a total of six games, for instance, it will now show 
a total of five games remaining to the credit of 
the player. The player has one game less to his 
credit, but the balls have been released and the 
game may be proceeded with. 
As the balls are propelled to the upper end of 

the playing board and gravitate to the lower end, 
some of them may lodge in the openings such as 

65 in known manner. The player will naturally 
endeavor to direct the balls so that they will enter 
the free game opening 20, however. If he is suc 
cessful in this endeavor, the ball will pass through 
the openings 20 and 24 and operate the contact 
spring 22 as previously described, thereby closing 
a circuit for the stepping magnet 3 of the add 
and-subtract switch S. The said circuit extends 
from conductor 74 by way of contact springs 22 
and 23, conductor 80, and winding of magnet 3 
to conductor 75, and is effective to energize mag 
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net 37 momentarily whereby the switch s is ad 
vanced one step. The counter C is also advanced 
and adds 1 to the total previously shown. 
From the foregoing it will be seen that when 

the player succeeds in directing a ball into the 
free game opening 20 the result is the same as 
when a coin is deposited. In case considerable 
skill is exhibited, the player may gain a num 
ber of free games with one series of balls, that 
is, during the play of a single game. 
The game is finished when all of the balls 

have been projected onto the playing board. 
The player may then prepare for playing a sec 
Ond game by Operating the ball release key 63, 
with results as already described. That is, the 
balls are released by energization of the sole 
noid 5 and the switch S is stepped backward 
one step by the magnet 30, the counter C being 
also operated to subtract from the total dis 
played. 

In this manner a number of successive games 
may be played. If the player does not average 
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at least one free game in each game played the 
total shown by the counter C will decrease and 
the counter will eventually be restored to zero 
position. It will be assumed that the player has 
been unsuccessful and that as a result the coun 
ter C has continued to subtract until only one 
game is left to the credit of the player. When 
the ball release key 63 is actuated to prepare for 
the last game, the solenoid 5 is energized to 
release the balls and also the stepping magnet 30 
is energized. The energization of the stepping 
magnet steps the switch backward one step and 
returns the Counter C to Zero position. In re 
turning to zero position, the units wheel 45 sepa 
rates contact Springs 49 and 50 and thus breaks 
the previously traced circuits of solenoid 5 and 
magnet 30. The energization of magnet 30, how 
ever, has closed the contact springs 32 and 33, 
which are connected in shunt of contact springs 
49 and 50; and since springs 32 and 33 are ad 
justed to close before springs 49 and 50 become 
separated, the circuits of solenoid 5 and magnet 
30 are maintained over the path through springs 
32 and 33. This arrangement insures full op 
eration of the Solenoid 5 and stepping magnet 
30. When the key 63 is released, the circuit of 
the Solenoid is broken at the key and the sole 
noid is deenergized, restoring the ball releasing 
device 2. The circuit of stepping magnet 30 is 
therefore broken at contact springs 7 and 
and the magnet deenergizes, separating the con 
tact Springs 32 and 33. The circuit of the sole 
noid 5 is now open and cannot be again closed 
by actuation of the key 63 until another coin 
is deposited to set up a game to the credit of 
the player on the counter C. 

It may be assumed now that the player is 
more Successful and gains a number of free 
games. If his success continues he may run up. 
a considerable total of games to his credit on 
the counter C. At this juncture the player may 
tire of the game for the time being, or he may 
notice that the time which he can spare for 
play has become exhausted. For one of these 
or other reasons the player may decide to quit 
play, and in this case will call the proprietor 
of the game and have him note the number of 
games to the credit of the player on the counter 
C. The proprietor may give the player a num 
ber of slugs equivalent to the number of games 
shown, wherewith the player may continue play 
at another time. 
The proprietor of the game will now restore 
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the counter C to zero position in order to place 
the game in condition for use by another player. 
In order to accomplish this, the key 62 is op 
erated. Upon the Operation of the key a cir 
cuit is closed for the motor M at contact springs 
64 and 65, these springs being effective to bridge 
the motor across the conductors 2 and 73. The 
motor now starts up and begins to rotate the 
cam 53. The key 62 also prepares a circuit for 
the stepping magnet 30 at contact Springs 86 
and 67, which is completed by cam 53 each time 
it closes contact springS 54 and 55. This circuit 
extends from conductor 74 by way of contact 
springs 66 and 67, contact Springs 55 and 54, 
conductor 86, winding of stepping magnet 30, 
conductor 83, contact springs 49 and 50 (or con 
tact springs 5 and 52 if the units wheel 45 is 
at zero and the tens wheel 46 is not), and con 
ductor 84 to conductor 75. The cam 53 closes 
the above circuit intermittently and thus sends 
impulses to the stepping magnet 30, whereby the 
counter C is rapidly returned to zero position. 
The last step is accomplished by aid of the con 
tact springs 32 and 33, as previously explained. 
The operation of the magnet 30 ceases as soon 
as the counter has been fully restored, and the 
proprietor will then release the key 62. 
The invention having been described, that 

which is believed to be new and for which the 
protection of Letters Patent is desired will be 
pointed out in the appended claims, 

claim: 
1. In a counting apparatus, a counter having 

number wheels of different numericai orders, a 
shaft for driving said counter, ratchet mechanism 
for rotating said shaft, said mechanism includi 
ing two magnets for stepping the shaft in oppo 
site directions, respectively, means for energiz 
ing a first one of said magnets at will, and means 
for energizing the other magnet only in the event 
that the first magnet has been previously ener 
gized, said last means including an off normal 
switch associated with each number wheel, and a 
circuit for said other magnet, including all said 
switches in parallel. 

2. In a counting apparatus, a numerical count 
er having units and tens number wheels, electro 
magnetic means for operating said counter to add 
one unit at a time to the total displayed, electro 
magnet means for operating said counter to Sub 
tract one unit at a time from the total displayed, 
and means jointly controlled by said wheels for 
preventing the operation of the second electro 
magnetic means at a time when the total dis 
played is Zero. 

3. In a counting apparatus, a counter having a 
plurality of number wheels of different numerical 
orders, a pair of contacts associated with each 
wheel, means whereby each wheel opens its asso 
clated pair of contacts when in Zero position, 
a circuit in which all said pairs of contacts are 
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connected in parallel, and an operating magnet 
for said counter also included in said circuit. 

4. In a counting apparatus, a numerical count 
er, means including a stepping magnet for oper 
ating said counter to cause it to add, means in 
cluding a second stepping magnet for operating 
said counter to cause it to subtract, and means 
operative at any time that the counter displays 
a total greater than Zero for transmitting a vari 
able predetermined series of impulses to said 
second stepping magnet to restore the counter, 
the number of impulses in the series being equal 
to the number displayed by the counter when the 
last means is operated. 

5. In a counting apparatus, a numerical count 
er, operating means for causing the counter to 
add or subtract, said means including add-and 
Subtract stepping magnets, a Switch, means re 
sponsive to the closure of said Switch at a time 
when the counter displays a number greater than 
zero for automatically transmitting impulses to 
said subtract magnet, and means for automati 
cally stopping the transmission of impulses re 
sponsive to the restoration of the counter to zero. 

6. In a counting apparatus, a numerical count 
er having units and tens number wheels, means 
including a stepping magnet for operating the 
units number wheel to add, means including a 
second stepping magnet for operating said units 
number wheel to subtract, circuits for said mag 
nets, respectively, two switches connected in par 
alled in the circuit of the second stepping mag 
net, and projections on said number wheels, re 
spectively, for opening said switches, each pro 
jection being So located on its associated nun 
per Wheel that the corresponding Swit?ch is opened 
When the number wheel is in zero position. 

7. In a counting apparatus, a numerical count 
er, means including a stepping magnet for op 
erating Said counter to cause it to add, means in 
cluding a second stepping magnet for operating 
Said counter to cause it to subtract, and nileans 
including an automatic impulse Sender adapted 
to actuate Said Second stepping magnet for oper 
atting said Counter to restore it to normal. 

8. In a counting apparatus, a counter, a step 
ping magnet for operating said counter one unit 
at a time, a circuit for Said magnet including an 
intermittently operated Switch disposed in Series 
with a pair of switches connected in parallel with 
each other, one of said pair of Switches being 
controlled by the counter and adapted to be ac 
tuated to open said circuit when the counter is 
operated to display a predetermined total, and 
the other of said pair of switches being controlled 
by said magnet and adapted to maintain said cir 
cuit to insure the completion of the operation of 
said magnet subsequent to the opening of the 
circuit over the Switch controlled by said counter. 

FREDERCK. A. POOLE. 


