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FOUL DETECTING SYSTEM WITH TRANSISTOR
OUTPUT SWITCH -

Raymond E. Brown, 765 Hazelvalley, Hazelwood Mo;;
and Thomas A. Crugnale, Woodson Terrace, Mo.
(9201 Gedde, St. Louis 34, Mo.) ,

Filed Apr. 27, 1962, Ser. No. 190,536
3 Claims.  (CL 273-—50)

This invention relates in general to foul detectlon Sys-
tems for use in bowling alleys and the like, and more
particularly to foul detecfion systems in which all con-
trols are electronic and electromcally operated.

At the present time, foul detection systems as used in
bowling alleys are composed of a combination of elec-
trical ‘and mechanical devices, including relays, gears,
motors, mechanically-operated switches and the like. Be-
cause of the large number of moving parts associated
therewith, this equipment : mherently requires -repeated
maintenance in order-to be kept in satisfactory -operating
condition, which' said maintenance resilts in unusually
high cost to the owners and operators of such equipment.

It is.the primary object of the present invention to pro-
vide a foul detection system which, except for a sound
producer, is purely electronic in structure and operation
and which employs no other moving parts.

It is also an object of the present invention to provide
a foul detection system :of the type-described in which the
said system can electronically distinguish between the pas-

sage of a bowling ball.or the like over a foul line and the °

passage of a human foot over the said foul line.

With the above and -other-objects in view; which will
become apparent upon reading the following description,
our invention resides in .the novel features of form, con-
struction, arrangement and combination of parts presently
described and pomted out-in the claims.

In the accompanymg drawings:

FIGURE 1 is a schematic block dragram of an embodi-

ment of our invention as:used in a pair of ad]acent bowl-
ing lanes;

FIGURE 2 is an electrical schematic dlagram thereof;"

FIGURE 3 is an end view of a typical pair.of bowling
lanes showing the position ‘of the beams w1th respect to
the floor and the rails.

Referring now in more detail and by reference charac-
ter to the drawings, which illustrate a preferred embodi-
ment of the Ppresent invention; A designates. a bowling
alley. comiprising a pair of adjacent bowling lanes 10, 12,

defined by spaced parallel gutter rails 14, 16,18, and re-"

crossing- of which' will cause. 'that particular bowler to_ 50

spectlvely provided with regulation foul lines. 20, 22, the

forfeit his score for that particular throw.

Mounted on the rail 16 and respectlvely presented to
the complementary rails. 14, 18, ‘in alignment with the
foul " lines. 20, 22, respectively, -are ‘conventional light
beam projector.s 24, 26, which are conventionally coupled
to a source of electrical power 28 and which project
beams:R and R’, respectively, across the lanes 10, 12,
above the foul lines 20, 22, respectively. Mounted in the
rail 14 in alignment with the foul line 20 and the beam
projector 24, is a photocell 30 provided with a cathode

:32 'which ‘is connected to a source of negatlve potential

designated as B=— and a plate 34 which is connected to
the input terminal 36 of a current amplifier 38, also pro-

~-vided with an’ output terminal 40; similarly mounted in

the rail 18 and in alignment with the foul line 22 and
the. ‘beam_projector .26 'is a photocell 42 including a
cathode 44 connected to B—, and- a plate 46 which is

50, also having an output terminal 52. ‘Connected: to
the output terminal 40 of the current amplifier 38 are

‘the input terminal 54 of ‘a unilateral isolator §6 having

2

also an output terminal 58 and an mdrcator light igniting
circuit. 60 comprising -a single-shot multi-vibrator net-

~work 62, a current amplifier 64, and an-electronic switch

66, and an indicator light 68, all connected to each other
in series in that order, the.indicator light 68 being con-
ventionally mounted’ in alignment with the lane 10 in a

.- fascia board F above the lanes 10, 12.

Similarly connected to the output terminal 52 of the

k _current amplifier 50 is the input terminal 70 of a uni-
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lateral isolator 72, also having an output terminal 74,
and an indicator light igniting network 76.comprising a
single-shot multi-vibrator network 78, a current ampli-
fier 80, and an electronic switch 82, and an indicator
light 84, all connected in series respectively from the out-
put terminal 52 of the current amplifier 50.

The output terminals 58, 74, of the unilateral isolators
56, 72, respectively, are connected together and to a bell
ringing circuit 86 comprising a single-shot multi-vibrator
network 88, a current amplifier 90, and an electronic
switch 92, and a bell 94, all connected in series.

The current amphﬁer 38 includes a potentiometer 100,
the tap of which is electncally connected to the base
of a transistor 192 and the input terminal 36. One end
of the potentiometer 100 is connected through a resistor
104 to B— and the other end of the potentiometer 100
is connected through a resistor 106 to a source of positive
potential desrgnated as B4-. The collector of the tran-
sistor 102 is directly connected to B— and the emitter of
the transistor 102 is connected to the base of a second
transistor 168 and through a resistor 110.to B+. The
emitter of the transistor 108 is connectedto a source of
zero potential, ‘or ground, and the collector . thereof is
connected to the output terminal 40.of the current ampli-
fier 38 and - through a resistor 112 to B—.

Connected to the 1nput terminal 36 of the current am-
plifier 38 is a- capacitor 114, one plate of which is con-
nécted ‘to ground. - Connected to the output terminal 40
of the current amplifier 38 is a variable capacitor 116,
also-having one of its plates connected . to .ground.

Connécted to the output terminal 40 -of the- current
amphﬁer 38 is the single-shot multi-vibrator 62 compris-
ing a transistor 118 having a base which is connected to -
the ‘output terminal.40 through a resistor 120 and which
is--also connected to B-- through a’ resistor 122, The
emitter of the transistor 118 is: grounded and the col-
lector is connected to B— through a resistor ‘124, - Also
connecteéd. to the colléctor of the tramsistor 118 through
a capacitor 126 and a resistor 128 is the base of a tran-
sistor . 130, which- said base -is" also_connected to B—
through a resistor 132 in series with a potentiometer 134
having a tap which is also connected to B—. The emitter

- of the transistor 130 is connected to ground-and the- col-

lector is connected to B— through a resistor. 136, to
ground through a capacitor 138, and to the base .of the
transistor 118 through a resistor 140, :

" The current amphﬁer 64 comprises a transistor 142
the base of which is connected to the collector .of the

* transistor. 130_through a resistor 144 and to B- through

60

65

:-connécted to the input terminal 48 of a current amplifier -

70

a resistor 146, The emitter of the transistor 142 1is
grounded and the collector. of the transistor 142 is con-
nected to B— through two resistors, 148, 150, connected
to each other in series.

Connected .to_the common ]uncture of the resistors
148, 150, is the base of a tramsistor 152, the emitter. of
which is directly connected to B—, and the collector of
which is connected fo the base of a second transistor 154
through a resistor 156. The base of the transistor 154
is ‘also ‘connected to B through a.resistor:158.  The
emitter of the transistor 154 is connected’ drrectly to
ground and the collector of ‘the transistor . 154 is* con-
nected through the md:cator light 68 to one terminal of

. the seeondary coxl 160 of a step-down transformer 162,
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the other terminal of the secondary coil 169 being con-
nected to ground, for purposes presently more fully to
appear.

The electrical circuitry for the current amplifier 50
is identical with -the electrical circuitry for the current
-amplifier- 38, and similarly the circuiiry for indictor
igniting networks 60 and 76 are also identical.

The current arnphﬁg,r 50 includes a potenuometm 260,
the tap of which is electrically connected to the base of
a transistor 292 and the input terminal 48. One end of
the potentiometer 280 is connected through a resistor
204 to B— and the other end of the potentiometer 2¢0
is connected through a resistor 2066 to B-. The col-
lector of the transistor 202 is directly connected to B—
and the emitter of the transistor 202 is connected to the
base of a second transistor 208 and through a resistor 210
to B4-. The emitter of the transistor 208 is connected
to a source of zero potential, or ground, and the collector
thereof is connected to the output terminal 32 of the
current amplifier 50 and through a resistor 212 to B—.
Connected to the input terminal 48 of the current ampli-
fier 50 is a capacitor 214, one plate of which is con-
nected to ground. Connected to the output terminal 52
of the current amplifier 50 is a variable capacitor 218,
one plate of which is connected to ground. ;

Connected to the output terminal 52 of the current
amplifier 50 is the single-shot multi-vibrator 78 compris-
ing a transistor 218 having a base which is connected to
the output terminal 4§ through a resistor 220 and which
is ‘also connected to B-+ through a resistor 222. The
emitter of the transistor 218 is grounded and the collector
is connected to B— through a resistor 224. Also con-
nected to the collector of the transistor 218 through a
capacitor 226 and a resistor 228 is the base of a transistor
230, which said base is also connected to B— through
a resistor 232 in series with a potentiometer 234 having a
tap which is also connected to B—. The emitter of the
transistor 239 is connected to ground and the collector
is -connected to B— through a resistor 236 to ground
through a capacitor 238, and to the base of the trapsistor
218 through a resistor 240.

The current amplifier 80 comprises a transistor 242,
the base of which is connected to the collector of the
transistor 230 through a resistor 244 and to B4+ through
a resistor 246. The emitter of the transistor 242 is
grounded and the collector of the transistor 242 is con-
nected to B— through two resistors, 248, 250, connected
to each other in series. )

Connected to the common juncture of the resistors
248, 250 is the base of 'a transistor 252, the emitter of
which is directly connected to B— and the collector of
which -is connected to the base of a second transistor
254 through a resistor 256." The base of the transistor
254 is also connected to B-- through a resistor 258.
The emitter of the transistor:254 is connected directly to
ground, and the collector of the transistor 254 is con-
nected through the indicator light 84 to one terminal of
the secondary coil 260 of a step-down transformer. 252,
the other terminal of the secondary coil 260 being con-
nected to ground, for purposes presently more fully to
appear.

The unilateral isolators 56, 72, comprise two diodes
309, -362, having a common anode connection 304 in
the manner shown in FIGURE 2. Connected to the com-
mon ancde connection 3084 is the bell ringing circuit 85
which, save for the substitution of the bell 95 for. the
indicator light, 68, is identical in structure and operation
to the indicator hght igniting network &90.

Connected to the common connection of the anodes of
the diodes 300, 302, is the single-shot multi-vibrator net-
work 88 comprising a transistor 318 having
is connected to the anode common connectlon through a
resistor 328 and which is also connected to B+ through
aresistor 322. The emitter of the transistor 318 is ground-
ed and the collector is connected to B— through a resistor

g a base which.
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324. Also connected to the collector of the transistor
318 through a capacitor 326 and a resistor 328 is the
base of a transistor 330, which said base is also connected:
to B— through a resistor 332 in series with a potenti-
ometer 334 having a tap which is also connected to B—.
The emitter of the transistor 330 is connected to ground
and the collector is connected to B— through a resistor
336 to ground through a capacitor 338, and to the base
of the transistor 318 through a resistor 340.

The current amplifier 90 comprises a transistor 342,
the base of which is connected to the collector of the
transistor 330 through a resistor 344 ‘and to B-- through
a resistor 346. The emitter of the transistor 342 is
grounded and the collector of the transistor 342 is con-
nected to B— through two resistors, 348 358, connected
to each other in series.

Connected to the common juncture of the resistors 348,
359, is the base of a transistor 352, the emitter of which
is directly connected to B— and the collector of which
is connected to the base of a second transistor 354 through
a resistor 356. The base of the transistor 354 is also con-
nected to B-}- through a resistor 358. The emitter of the
transistor 354 is connected directly ‘to ground, and the
collector of the transistor 354 is connected through the
bell $6 to one terminal of the secondary coil 360 of a
step-down transformer 362, the other terminal of the
secondary coil 368 being connected to ground, for pur-
poses presently more fully to appear.

By way ‘of illustration, and not of limitation, the fol-
lowing chart discloses component magnitudes. which we
have found yields an acceptable foul detecting system:

65
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Table A .

Resistors: Magnitude (ohms}

1064, 204 -l . 1.2 meg
106, 206 _ . 1.2 meg.
116, 230 . 22K.
122, 282 . 6.8K.
120,220,320 _ .. 6.8K.
122,222,322 L 27K.
124,224,324 _____ . ___ 560.
128, 228,328 o 1K.
132, 232,332 L 22K.
136,236,336 . 1:5K.
140,240,340 _______ . 10K.
144,244 344 .. 10K,
146,246,346 _____.___ . _______ 27K.
148, 248, 348 ____ o ___. 1.5K.
150, 2590, 350 ol 6.8K.
156, 256, 356 .. 150.:
158, 258, 358 . 1K.

Potentiometers: Magnitude
100, 206 -0-1 megohm.
134,234,334 _ ool " 0-10K.

ransistors: Type
CRO2, 202 il .. 2N414
108, 208 . 2N 414
118,288, 318 e 2N 414
130, 230,330 o . 2N 414
142,242,342 ... 2N 414
152,252,352 o l__ 2N 414
154, 254, 354 oo i, 2N 277,

Capacitors:

134, 234 .03 microf.
196,216 ol 5-15 microf.
126, 226 o ___ 500 microf..
328 il 100 microf.
138, 238,338 . ______-____ 10 microf.

Transformers: = :

162,262,362 . ___..._____. Primary 117 v.,
S Secondary 12 v.

Voltages: . )

. Bitoground ______._________ . ____. .6V

B-—- to ground
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It should be here noted that the current amplifiers: 38,
50, are each identical, one to the other; the single-shot
multi-vibrator networks 62, 78, and 88 are each identical,
one:to-the other; the currént amplifiers 64, 80, and 99,
are each identical one to the other; the electromc switches
66, 82, and 92, are each identical one to the other; and
the indicator lights 68, and 84:and the bell 94 are each
respectxvely connected to the switches: 66, 82, and 92,
and the secondary coils:160; 2690; and 360 of the trans-
formers 162, 262, 362:

In operation, current always flows from B-- to B—
through the. resistor 106, the potentiometer 100, and-the
resistor. 104; in addition, the current.also-flows from B4
to B— through the resistors 122, 120, and 112: further-
more, current always flows from B-}- to B— through the
resistors 122, 140, and 136; also, current flows from B--
to B~ through the resistors 146, 144, and 136.

- 'The magnitudes of the. resistors 104 and 106 and the
potentiometer 100 are selected so that the transistor 102
will -always be in conduction. With the light bzam R
always striking the photocell 30, current will be supplied
to. the base of the transistor 102- from the photocell 30,
and, as long as that beam R is being received by the photo-
cell 30, the: voltage at the emitter of the transistor 102
and the ‘base of the transistor 108 is at its Ieast positive
value.  With: the base-of the transistor 108 at its least
positive value, the transistor 108 is placed:in a state of
conduction, thereby increasing the voltage drop across
resistor 112- and reducing the amount of current that
flows through the resistors 122 and 120." With:the cur-
rent through:.the resistor ‘122 reduced, the voltage at the
base of the transistor 118 becomes positive, the transistor
118 becomes cutoff, and. the transistor 130 is biased to
saturation through the potentlometer 134 and the resistor
132;

With . the transistor. 130 in ‘the- saturated condition,
the voltage at the collector of the transistor 130 is at its
most positive voltage, and the current which flows from
B-- to B— through the resistors 146 and 144, is sub-
stantially reduced, whereby placing the voltage at the base

(=14

10

20,

25

30:

40

of the transistor 142 at its most pos1t1ve value, cuttmg :

off the transistor 142.

With. the  transistor 142 in’ the cutoﬁ condmon no

current flows: through the  resistors 148,150, and the
transistor 152 is- also biased tothe. cutoff ' condition.

Similarly, with the transistor 152-in the cutoff condition,

substantially no current flows through the transistor 154.

-~The capacitor 114 filters random noise from the out-
put of the photocell 30 and prevents such noise from in-
tf‘rfering with circuit operation. Slmllarly, the capacitor
138 is used to prevent random noise from trlggermg the
single-shot multi-vobrator, - particularly noise from''the
B side -of the power supply. The function of the: vari-
able: capacitor 116 will be discussed in the succeeding
paragraphs.

‘When the beam R is broken, either by the passage of
a bowling ball or the foot of ‘a bowler therethrough; and
not received by the photocell 30, the voltage at the base
of the transistor 102 is made more positive and. simul-
taneously the voltage at the emitter of the transistor 102
and. the ‘base of  the transistor 108 is also made’ more
positive.
condition and the voltage at the collector of the transistor
108 becomes: substantlally more negative-due to the sub-
stantial reductron in. current flow. through the res1stor
1123,

The transistor: 108 thereby  goes - into cutoff -

45

50
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Duung the: operatlon of the transistor 108 the varlable .

capacitor 116 has its-plates-at substantially equal poten-
tial." *Depending on the magnitude of:the capacxtor 116
and the. resistor 112, this condition  will remain for-a
*determinable period of time -after the beam R has been

70

broken, which: said perxod of ‘time-may-be. varied by

varying ‘the  magnitude of the capacitor 116." :With. the..
magnitudes as disclosed on Table A the chalge time for -
the capacitor 116 is made substantlally longer than the-

75
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period of time during which the beam R is broken by
the -passage of a bowling ball therethrough, a relatively
short period’ of time, and substantially shorter than. the
period-of time during which the beam R would be:broken
by the passage of a bowler’s foot therethrough, a ‘period
of time which is of substantial duration. . Thus it can be
seen that the circuit as disclosed makes the voltage at the
collector of the transistor 108 decrease (become more
negative). only when the beam R is broken by something
that- is ‘substantially.-longer intime duration than. the
passage of a bowling ball therethrough.

Because the resistors 112 and 120 are each chosen-to
be substantlally less in magnitude than the-resistor 122;:
the reduction in collector voltage of the transistor 108
will cause the voltage at the base of the transistor 118
to become negative, thereby causing the transistor 118
to go into conduction. Prior. to conduction. of the
transistor ‘118, the capacitor 126 will have. developed a:
charge. equal to the .voltage magnitude of B— with the
plate that is connected to the collector of transistor 118
being the negative of the two plates. 'When the transistor
118 switches' to the conducting state, its positive going

“collector  voltage is coupled through capacitor 126 and

resistor-128 to the base of transistor 130, cutting off the
operation of transistor 130, In the manner conventional
to single-shot multi-vibrators, the transistor 130 will ,
remain in the cutoff state for the pericd of time required
for the capacitor 126 to discharge through the resistors
128, 132, and the potentiometer 134, and the transistor
118 which: period of time depends upon the magnitade of
the capacitor 126 and- the resistors 128, 132, and the
potentiometer 134, and not upon the period. of time. that

-the beam R has been broken. Therefore; once the beam

R is broken for a sufficient length of time for the collector

. volfage of the: transistor 168 to be substantially reduced,

the remainder of the circuit operation will not be affected
for a finite period of time, notwithstanding that the beam
R is reincident on the photocell 30.

As the capacitor. 126 discharges through the resistors
128 and 132,.and the potentiometer 134, the voltage at
the base’ of the transistor 130 becomes more negative
with respect to the ‘emitter thereof, and the amount of
current that flows through the transistor 130 again begins
to increase to the point of saturation. ~Negative voltage
is transferred back to the base of the transistor 118 from
the collector of the transistor 130 through the: resistor |
140 and holds the ‘transistor 118 in'the conducting state
until the transistor 130 reapproaches. saturation.

However, during the period of time when the voltage
at the collector of the transistor- 130 is at its most negative
values, the base of the transistor 142 achieves a sufficiently
negative value to cause the transistor 142 to go ‘into
conduction, and the transistor 142 remains in conduction:
until- the current which flows through the resistor 136
from' the  transistor- 130 achieves a sufficient ‘magnitude
to bring the voltage at the base of the transistor 142 to
zero or positive. While the transistor 142 is in conduc-
tion; the base of the transistor 152 is biased into conduc- -
tion- by ‘the current -flowing through the -resistors 148,
159, from the transistor 142. The :conduction of the
transistor ‘152 causes: the base of the transistor 154 to
go negative in voltage and thereby causes the conduction-
of the transistor 154. The transistor 154 stays in conduc-
tion only:so-long-as the: fransistors 118, 142, and "152
conduct, * This period of conduction Tequired in:bowling
alleys is nommal]y 12 seconds selectively ‘determined by
the adjustment of the voltage tap on the potentiometer
134, which ad]usts the period: of time required for ‘the
capacitor 12§ to: dlscharge as previously éxplained. .

As the transistor 154 is brought into conductxon, it
will supply whatever current is 1equ1red to. prevent its. -
collector -from attaining a negative voltage, thus current -
will flow from the transistor 154 through' the indicator
light 68 and the secondary’ 160 -of ‘the transformer 162
during each-negative cycle: of - voltage an the secondary
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169, and no current will flow when the voltage on the
secondary 160 is positive with respect to ground. -

The components numbered 28§ through 262 inclusive
are respectively identical in operation to the components
169 through 162 inclusive, with the exception that the
components numbered 289 through 262 inclusive respond
to the receiving and the breaking of a beam of light R’
transmitted by the beam projector 26 above the foul
line 22 on the lane 12 and received by the photocell 42
in the rail 18. The breaking and receiving of the beam
R’ by the photocell 42 will cause the components num-
bered 20¢ through 262 inclusive to function ideatically
as their correspondingly numbered components, previously
described for the lane 16. Thus, normally when the beam
R’ is teceived by the photocell 42, the transistors 202,
208, and 230, will be in conduction. When the beam
R’ is broken for a period of time sufficiently long for
the variable capacitor 216 to charge through the resistor
212, the transistor 218 will go into conduction, the capac-
itor 226 will charge, the transistor 239 will tend towards
cutoff, the transistors 242, and 252, will go into conduc-
tion, and the transistor 254 will go into conduction during
negative half-cycles of voltage across the secondary 268
of the transformer 262. It should be here noted that
the diodes 389, 302, prevent a decrease in voltage at one
of the output terminals 42, 54, from affecting the voltage
at the other terminal.

In operation, the bell ringing circuit 86 functions
almost identically to the indicating light networks 69, 76.
When both of the beams R, R’, are being received
respectively by the photocells 39, 42, current flows from
B4 to B— along each of the following courses through
resistor 322, 320, diode 386 and resistor 122 and through
resistor 322, 329, diode 362 and resistor 212. As long
as the beams R, R’, are undisturbed, the operation of the
components numbered 318 through 362 inclusive is
identical with the operation of the components numbered
118 through 162 inclusive and the components numbered
218 through 262 inclusive. With both of the beams
R, R’, on both of lanes 10, 12, being unbroken, the
transistor 318 is held in cut-off condition, the transistor
330 has been biased to saturation through the resistor
332 and the potentiometer 334, the transistor 342 is
biased to cut-off as the transistor 142 and the transistors
352, 354 are also in-cut-off condition as are the transistors
152, 154, respectively. In this condition, no current
flows from the transistor 354 through the conventional
bell 94, notwithstanding the presence of the voltage on
the secondary 369 of the step-down transformer 362.

When either of the light rays R, R’, are broken by the
passage of a bowler’s foot through said beam, depending
on which one is broken the fransistor 108, or 208, will be
cut-off and the voltage at the collector of the particular
transistor 108, 208, will decrease. This décrease in volt-
age will cause the current through the particular diode
380, 302, and through the resistors 322, 32¢; from B+- to
decrease, increasing the voltage at the base of the transis-
tor 318 and placing the transistor 318 into operation,
which in turn starts the operation of the single-shot multi-
vibrator 88. Once the operation of the single-shot multi-
vibrator 88 commences, the components numbered 318
through 362 inclusive operate identically with the com-
ponents numbered 118 through 162 inclusive and the
components numbered 218 through 262 inclusive when

they are in operation. It should be observed that the ca-

pacitor 326 is sized smaller in magnitude than its counter-
parts 126, 226, for purposes of reducing the discharge
time thereof, and making the bell ringing period substan-
tially shorter in duration than the period during which
the indicator lights 68, 84, remain ignited, as is conven-
tional in bowling alleys. It should also be noted that the
diodes 308, 382 are so arranged as to isolate the indicator
light circuits for their respective lanes. With the diodes
369, 302, connected as shown, operation of the transistor

108 will have no effect whatsoever on the single-shot
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mulii-vibrator 78 and simitarly, operation of the transis-
tor 208 will have no effect whatsoever on the operation of
the single-shot multi-vibrator network 62. However, op-
eration of either of the transistors 108, 208, will cause
the indicator light igniting network associating with that
particular transistor to operate and will simultaneously
cause the operation of the bell ringing circuit 86 in par-
altel therewith.

-~ When the transistor 354 goes into- operation and estab-
lishes a continuous circuit through the bell 94 and.the
secondary 369 of the transistor 362 to ground, the tran-
sistor 354 behaves in a manner identical to the transistors
154 and 254 when they are in operation in that the tran-
sistor 354 will function in such manner as to prevent its
collector from going negative. ~ Thus during the negative
cycles of the voltage across the secondary 360 of the trans-
former 362, the transistor 354 will supply substantial cur-
rent through the bell 94 and will maintain the voltage
drop across the bell 94 to a magnitude sufficient to keep
the collector of the transistor 354 always positive. This
unique and novel method of supplying a power to a bell
and an indicator light from a transistor has eliminated the
need for large current supply packs and large transistors,
and enables power to be furnisehd using a simple trans-
former in combination with a transistor.

Tt should be here noted that in most bowling alleys it
is normal for the bell to ring for a period of 3 seconds and
the lights to remain on for a period of 12 seconds, thus
when the bell indicates that a foul has been committed on
one of two alleys, the bowlers have an additional 9 sec-
onds to determine on which alley the foul was committed.
The period of time for operation of the bells 94 and the
lights 68, 84, may be respectively adjusted by .adjusting
the setting of the tap on potentiometers 334, 134, and
234, respectively. In addition, the taps on the potenti-
ometers 108, 200, are effective means of providing an
ambient light adjustment to compensate for varying
amounts and quantities of light present on the photocells
30, 42, respectively.

If it is desired that the system be comprised entirely of
solid state devices, a solar cell may be substituted for the
photocells 30, 42, in the conventional manner, and a tran-
sistorized audio oscillator coupled to a speaker may be
substituted for the bell 4.

It should be understood that changes, alterations and
modifications in the form, construction, arrangement and
combination of parts of the amusement may be made and
substituted for those herein shown and described with-
out departing from the major and principle of my in-
vention. For example, although we have disclosed our
invention using p-n-p type function transistors for all

“transistors shown with the exception of transistors 152,

252,.and 352, which are n-p-n transistors, n-p-n transis-
tors may be substituted for the p-n-p transistors and
p-n-p transistors may be substituted for the n-p-n transis-
tors in the conventional manner,

Having thus described our invention what we claim and
desire to secure by Letiers Patent is stated in the follow-
ing claims:

1. A foul detecting and indicating device for use with
a bowling lane including a foul line and defined by spaced
parallel rails on opposing sides thereof, said device com-
prising a beam projector operatively: mounted on one of
said rails and adapted for projecting' a beam of light,
beam receiving means operatively mounted in the other
rail for supplying a signal when a beam of light is re-
ceived from the beam projector, said beam projector and
beam receiving means being in a_hgnment with said foul
line, amplifying méans-adapted for receiving the signal
from the beam receiving means and amplifying said sig-
nal, triggering means for supplying an actuating signal
when the magnitude of the amplified signal is substantially
reduced for more than a predetermined period of time,
and output meains including a transistor which is placed

"into saturated conduction by the operation of the trigger-
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ing means, a transformer having one winding operatively
connected to a source of alternating current power and a
second winding connected in series with the terminals of
the transistor through which the saturated current flows
during conduction, and indicator means operatively con-
nected in series with said second winding and said tran-
sistor terminals.

2. A foul detecting and indicating device comprising
means for projecting a beam across the foul line of a
bowling lane, means for receiving said beam, a transistor
operatively connected to a source of power and having a
base and a collector and an emitter, a transformer having
a primary winding and a secondary winding, indicating
means adapted for operating upon application of elec-
trical power thereto, said indicating means and secondary
winding being connected in series to the emitter-and col-
lector, said primary winding being operatively connected
toa source of alternating current electrical power, and
triggering means connected to said beam receiving means
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for causing the transistor to go into conduction when a
bowler commits a foul by breaking the beam.
3. The device of claim 2 in which the triggering means
includes means for retaining the said transistor in con-
duction for a predetermined period of time.
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