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3,099,447
SONIC PIN DETECTION MEANS v
Sampson Isenberg, Robert J. Moon, and Albert E, Shaw,

Chicago, Hil., assignors, by mesue assignments, fo
Branswick Corporatien, Chicago, 1N, a corporation of
Delaware

Filed June 9, 1960, Sexr. No. 35,043

11 Claims. (Cl. 273--52)

This invention relates to bowling and more particular-
ly to detection of bowling pins on a bowling alley for the
purpose of providing a signal indicative of pinfall for
actuating an indicating means for announcing the results
of bowling,

It is a general object of the invention to provide a
new and improved pinfall detection apparatus.

Another object is to provide a new and improved ap-
paratus for distinguishing between the presence and ab-
sence of standing pins on a bowling alley and giving a
signal indicative of pinfall including a system for produc-
ing sound waves which are impeded more when a pin is
standing than when a pin is fallen or absent thereby to
give a detectable signal indicating the presence or ab-
sence of pins.

A further object is to provide a new and improved pin
detection apparatus of the type described including an
electromechanical transducer at each pin spot on a bowl-
ing alley supplied from an electric system and supply-
ing an acoustic or sonic system which is altered by the
presence or absence of a standing pin to thereby alter the
electric systern and provide a signal indicative -of the
presence or absence of standing pins.

In a preferred construction, at each pin spot there is
mounted in or under the alley a piezoelectric transducer
in the form of a thin cylindrical wafer or crystalline ma-
terial, such as barium titanate or the like, forming one
impedance in a bridge circuit supplied from an alternat-
ing current source and balanced in the absence of a pin.
The impedance of the circuit is altered by the presence
of a standing pin and a suitable indicating means con-
nected across the parallel branches of the bridge circuit
is thercby supplied with a signal indicative of the pres-
ence of a standing pin within the detection area.

The geometrical shape of the transducer may be varied
and in a modification, it takes the form of an eclongate
rod of crystalline material.

In a durther embodiment, a magnetostrictive trans-

ducer is utilized in the form of an elongate rod of nickel

with a coil wound therearound.

An important advantage of the pin detection apparatus
of the present invention resides in the latitude allowed
in mounting the detection means in the ailey thereby
avoiding the necessity of providing detecticn means on
a movable part of a pinsetter such as the pinsetting deck
which requires movement of the deck into the proximity
of the alley in order to be capable of detection. Another
advantage lies in the avility of the detection apparatus to
detect standard bowling pins without need for pin modi-
fications which affect the pin balance or action.

Other objects and advantages will become readily ap-
parent from the following detailed description taken in
connection with the accompanying drawings, in which:

FIGURE 1 is a fragmentary plan view of a bowling
alley illustrating the general arrangement in which pins
are normally set on the alley adjacent the pit in prepara-
tion for bowling;

FIGURE 2 is a diagrammatic elevational view of a
form of indicating means which may be controlled by
pinfall detection apparatus embodying the principles of
the present invention;

" FIGURE 3 is a wiring diagram, including fragmentary

10

20

25

30

2

sectional wiews through pin spots at two positions on the
bowling alley;

FIGURE 4 is a wiring diagram including a fragmentary
sectional view through =2 single pin spot, illustrating a
modified form of transducer; and

FIGURE 5 is a wiring diagram similar to FIGURE 4
Hlustrating another form of transducer.

While illustrative embodiments of the invention are
shown in the drawings and will be described in detail
herein, the invention is susceptible of embodiment in
many different forms, and it should be understood that
the present disclosure is to be considered as an exempli-
fication of the principles of the invention and is not in-
tended to limit the invention to the embodiments illus-
trated. The scope of the invention will be pointed out
in the appended claims.

Referring now to the drawings in more detail, FIG. 1
illustrates the pit end of a typical bowling alley including
gutters at opposite sides of the alley as at 15 and an alley
proper as at 16 providing an upper surface on which pins
may be set and along which a ball may be rolled at the
pin. Normally, the alley is comprised of a plurality of
laminated side by side wood strips as at 17, though other
materials may be utilized. It is intended that pins would
be initially set on the alley at ten pin spots represented
by the full line circles as at 18.

In many bowling establishments nowadays, automatic
pinsetter machines ere wutilized for sefting and resetting
pins: on the alley proper sequence relationship to- the
balls thrown. During the progress of a game, it is not
unusual for a pin to “walk off” a pin spot after being
nudged by a bail or another pin and still remain stand-
ing so that it must be lifted from the alley while the alley
is swept and then reset upon the alley preferably in the
off spot position assumed. Most modern day automatic

- pinsetter machines include pickup and resetting devices
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which are capable of lifting off spot pins within a pre-
determined range and resetting the pins in the off spot
position.

A typical range of pin pick up is illustrated by the full
line circles 28 approximately three times the diameter
of the pin base, though the size may vary ‘and the shape
of the off spot area may vary from circular to rectangular
or some other shape, depending upon the nature of the
pin pickup devices.

In some bowling alleys, the pin spots 18 as well as
the off spot areas 28 may all form an integral part of
a unitary alley construction comprised solely of wood
laminae 17. In other constructions, the pin spots 18
and/or the off spot areas 28, whether these define the
pinsetter pickup range or not, may comprise inserts as
at 21 in the otherwise wooden alley construction which
prolong the: life of the alley in areas where pins are
sometimes dropped or handled roughly when placed, The
insert may be comprised of plastic reinforced with fiber,
for example. -

In any automatically operating pinfall detecting ap-
paratus, it is highly desirable to provide for detection of
off spot pins within the range of the pick-up devices as
well as detection of pins which remain on spots, or other-
wise an inaccurate indication of results will follow. As
shewn in FIG. 3, a pin detecting means is provided under
each pin spot for detecting standing pins either on spot
or off spot within a range such as that indicated by
areas 2§.

In a preferred construction, the pin detecting or sens-
ing means associated with each pin spot makes use of a
transducer in the form of a thin cylindrical wafer of a
crystalline material such as barium titanate which as
ilustrated at 23 has a diameter approximately the size of
the insert 21 in order to provide for detection of pins
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standing on spot and off spot in an area surrounding the
spot.

A transducer of this nature, having a diameter much
greater than its thickness, will vibrate in a mode which
produces a compressional wave in the direction of its
thickness.

If such a transducer is made in the form of a cylindrical
wafer in which the compressional wave is along the axis
of the cylinder, it will produce standing waves at cer-
tain frequencies of the simple extensional type. If the
cylindrical wafer is macroscopically homogeneous, iis
resonant frequency is given by the equation

fn__"l A+2pu
9] p

where f, is the resonant frequency of n standing waves, n
is the number of standing waves, [ is the effective axial
thickness, A is an elastic constant known as Lame’s lambda,
© is the modulus of rigidity, another elastic constant, and
p is the density. If a thin wafer of barium titanate is
caused to vibrate by means of a periodically varying elec-
trical field applied parallel to the cylindrical axis the
wafer will show resonance nearly in accordance with the
equation above, the fundamental period of which is given
by the case in which n=1, If the crystal is resonating
at the fundamental period, the electrical impedance will
be at a maximum or a minimum, depending on the Q
of the transducer and the value of the acoustically coupled
load.

According to the present invention, the electrical driv-
ing system for the transducer comprises a bridge circuit
the driving frequency of which is set to the fundamental
resonance of the transducer. The bridge circuit includes
the transducer as one impedance and includes three addi-
tional impedances. The bridge is balanced by adjust-
ment of the three additional impedances in the absence
of a standing pin. The electric circuit thus provided may
be modified by physically coupling a relatively massive
load to the transducer. The effect of the coupled Ioad
upon the transducer is a function of the couplng medium,
the frequency of oscillation and the mass of the load.
This effect is utilized in detecting the presence of a pin
standing in the area above the transducer.

If a standing pin is acoustically coupled to the wafer,
energy will be absorbed by the pin thereby changing
the acoustical impedance of the system as a whole which
in turn is reflected back into the electrical driving cir-
cuit of the transducer as a change in electrical impedance.
The change in the electrical impedance causes the bridge
to become unbalanced and thus provides a signal to an
indicating means connected across the parallel circuit of
the bridge. There should be a radical difference in the
impedance of the sonic couplng between the pin-up posi-
tion and the pin-down or pin-absent positions. To this
end the effect of the pin on the transducer may be maxi-
mized by employing the proper acoustical impedance
parameters. If the pin is lying horizontally, it may alter
the impedance of the transducer bu only very slighly be-
cause of the very small area of contact and consequently
the very little power absorbed thereby.

The transducer 23 may be adhesively secured to the
underside of the alley insert 21 which thereby supports
the transducer. The thickness of the transducer should
be much less than half its diameter, and may be of the
order of one-tenth of the radius. The resonant fre-
quency of crystalline materials used lies between 300 kilo-
cycles and one megacycle. For barium titanate, 6 inches
in diameter and .25 inch thick, the resonant frequency
is approximately 400 kilocycles. .

The insert 21 may be of a conventional type comprised
of plastic reinforced with fiber and is retained in posi-
tion by a press fit in the alley. The insert comprises a
coupling medium which conducts sound waves and
couples the load of the pin to the transducer.

As seen in FIG. 3, the circuit includes a source of
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alternating current as illustrated at 25 and two wires as
at 26 and 27 connected across the source. Wires 29
and 3¢ are connected across the wires 26 and 27 and
across the bridge circuit. The bridge circuit includes a
pair of parallel circuits one represented by a wire 32 in-
cluding an impedance Z1 and a second wire 33, the two
wires being connected across the transducer 23 so that the
latter also functions as an impedance. The other of the
parallel circuits is represented by a wire 35 including im-
pedances 72 and Z3. With the bridge excited by the
source at a driving frequency corresponding to the
resonant frequency of the transducer 23, the bridge may
be balanced by adjusting the impedances Zi, Z2 and Z3
when there is no pin on the insert 21. The crystalline
wafer 23 may include silver coatings on opposite surfaces
as at 24 to which wires 32 and 33 may be soldered.

A suitable indicating circuit is connected across the
parallel circuits 32 and 35, and as illustrated this com-

- prises an amplifier 37 which may take the form of a
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conventional commercially available type connected as by
wires 39 and 49 to the wires 32 and 35 and having an
output represented by wires 42 connected across the am-
plifier and across a relay coil as at 43. The relay in-
cludes normally open contacts as at 44 adapted to be
bridged by a movable contact 45 controlled by the coil 43,
Contacts 44 are in circuit with a lamp as at 46 connected
across a source represented by the wires 48.

In operation, the bridge circuit is excited by the source
25 at a driving frequency corresponding to the resonant
frequency of the transducer 25, and the impedances Z1,
Z2 and Z3 are adjusted so that the bridge is balanced
in the absence of a pin on the alley insert 21. In this
case, there would be no output signal at the amplifier
37, the coil 43 would be de-energized and the lamp 46
unlit. ¥ a pin is now placed on the insert 21 over the
transducer 23, as illustrated at P, the acoustical imped-
ance of the sonic system is altered and this is reflected in
the bridge circuit by a change in electrical impedance
which unbalances the bridge, thereby providing an out-
put signal at the amplifier 37. The signal thus produced
is suitably amplified and results in energization of the
coil 43 and the lamp 46,

Preferably the bridge circuits at each of the pin spots
are all energized from a common source represented by
the wires 26 and 27, as illustrated in FIG. 3, and the
lamps 46 are all preferably energized from a common
source represented by the wires 48. While the circuits
associated with only two pin spots have been shown,
it will be understood that others may be provided in
similar fashion.

The indicating lamps 46 are preferably arranged on an
indicating panel as illustrated at 5¢ in FIG. 2 in a trian-
gular arrangement corresponding to the triangular ar-
rangement of pins when set properly on the alley for
bowling so that the energized lamps indicate standing
pins and the unlit {amps indicate the absence of standing
pins. An indicating device of this mature is helpful to
bowlers particularly the uninitiated or the novice, when
only a few pins remain standing and one of these is
directly behind another such as the #8 and#2 pins or
the #9 and #3 pins, because the rearmost pin in these
cases is ot readily visible to the bowler at the approach
end of the alley.

It should be understood that the indicating means il-
lustrated herein in the form of lamps for indicating that
standing pins are present or absent at the ten pin spot
positions on the alley is only one form of indicating
means that may be controlied by the mutual inductance
detecting system, and that other forms of indicating
devices may be controlled by the detecting means, if
desired, such as a pinfall indicator for giving the num-
ber of pins felled after each ball rolled in a frame, or
a scoring device for keeping a running score frame by
frame, in the manner taught, for example, in the co-
pending application of Robert Torresen, filed March 26,
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1959 as Serial No. 802,152, now Patent No. 3,011,785
(assigned to the assignee of this application), and through
the medium of a suitable scanning switch and/or other
switching devices as disclosed in said copending appli-
cation.

Referring now to the modification of FIG. 4, the
transducer may assume a geometrical shape different
from that illustrated in FIG. 3. As seen in FIG. 4, the
transducer is in the form of an elongate rod 55 having
a length greater than its diameter, for example, five
times greater. In this modification, the tramsducer is
comprised of a crystalline material such. as barium
titanate and functions as an impedance in a bridge circuit
simifar to that described in connection with FIG, 3, in-
cluding parallel circuits represented by wires 56 and 57,
the former including an impedance Z4 and the trans-
ducer 55, and the latter including impedances Z5 and Z6.
The bridge circuit is driven by an alternating current
source as at 59, and a suitable indicating means which
may be similar to that illustrated in FIG. 3 is connected
across the bridge as illustrated at 69.

With this form of transducer, the resonant frequency
is given by the equation

fu=2 [ (3N+24)
T2V p(Np)

where the parameters are defined in the same way as
set forth in connection with the description of FIG. 3.
Since :
#(3A+20) g
Atp ;
where E is Young’s modulus, f,, for compressional waves

is given by
n |H
f""ii\/%

Transducer 55 is coupled to the pin load by a coupling-

medium such as a solid horn or cone as iilustrated at

61 which tapers from a small diameter at the lower end-

corresponding approximately to that of the transducer
to a larger diameter at the upper end corresponding gen-
erally to the area .in which it is desired to detect standing
pins. . The horn or cone 61 may be comprised of alu-
minum, for example. Transducers of the type illustrated
in FIG. 4 may be used at a much lower frequency than
those illustrated in FIG. 3. For example, satisfactory
results have been obtained with a circuit operating at 43
kilocycles. The axial dimensions of the coupling horn
are proportioned so that an integral number of axial
standing waves occur therein.

The transducer 55 is coated. at opposite ends with

silver as at 62 to enable attachment of the wires thereto.
and may be supporied by a plate as at 63 held by rods-

64 suspended from cone 61. The assembly 55, 61, 62,
63, 64 may be supported in the position illustrated by
suitable means -(not shown) including, for example, a
spring biasing means which insures contact of the upper
end of cone 61 with insert 21a.

Referring now to FIG. 5, this modification makes use
of a magnetostrictive transducer in the form:of an elon-
gate rod-like metallic core 65 of nickel or the like hav-
ing a length greater than its diameter, about three and
one half times greater for example, and having a coil
©6 wound thereon. The coil 66 is connected in a bridge
circuit including parallel circuits one represented by
wire 67, the coil 66 and impedance Z7, and the other
represented by wire 68 and impedances Z8 and Z9. The
bridge circuit is excited by a source as illustrated at 70,
and indicating means which may be similar to that de-
scribed in FIG. 1 is connected across the bridge as il-
lustrated at 71.

In this circuit, the magnetic properties of the nickel
core 66 are altered by the 1oad of a standing pin posi-
tioned thereon. Thus, the circuit may be balanced in
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G
the -absence of a pin and unbalanced by the presence of
a standing pin to supply a signal to the indicating means
71. With a transducer of this type, the circuit may be
operated at frequencies as low as 25 kilocycles. ‘

The core 65 with coil 65 may be supported in a case
75 of aluminum; for example, having a cover 76 engag-
ing the top of core §5 and the case may be in turn sup-
ported by -a spring biased means (not shown) for insur-
ing contact of the cover 76 with insert 21b. The area
of detection is determined by the diameter of coil 66
and this may be large enough to detect on spot or off
spot pins or a horn similar to that at 6% in FIG. 4 may be
used to detect pins in an area larger than that encom-
passed by the circumference of coil 686.

It will be appreciated that the pin detection apparatus
of the present invention provides an important advantage
in facilitating location of the pin sénsing elements in or
under the alley rather than requiring pin detection means
on the movable deck structure of an automatic pin setter
which requires movement of the pin setter deck down to
a positon adjacent the alley to be capable of pin detec-
tion. Installations of the type last mentioned require
deck movement after the last ball in a frame in order to
give pinfall results but this movement is not necessary to
the pinsetting operation and is therefore time consuming
and wearing. .Another important advantage resides in the
capacity of the detection apparatus of this invention to
detect standing pins without actually engaging the pins
and yet without requiring medification of the pins to be
electrically conductive or magnetic. This obviates the
need for incorporating material in the pin which may up-
seét its balance or action.

We claim:

1. In combination with a bowling alley having a plu-
rality of pin spots at positions where pins are set upright
on the alley for bowling: apparatus for detecting the pres-
ence of standing pins on the alley at each pin spot andin a
predetermined annular area surrounding each pin spot,
comprising, a plurailty of sensing means one associated
with each pin spot for distinguishing between a first condi-
tion represented by the presence of a standing pin on spot
or off spot in said predetermined surrounding area and
a second condition represented by the absence of a stand-
ing pin from the spot and surrounding area, each sensing
means comprising an insert in the alley at each pin spot
having a diameter as great as that of the pin spot and sur-
rounding annular area providing an upper surface flush.
with the alley and comprising a coupling medium for con-
ducting sound. waves, a thin generally cylindrical crystal-
line wafer of barjum titanate secured to the underside of
the insert and having a diameter equal that of said pin
spot and surrounding area, and an electrical bridge con-
nected with the wafer to cause the latter to produce axial
sound waves including a pair of parallel circuits one in-
cluding a pair of impedances in series and the other in-
cluding a first impedance in series with said wafer which
functions as a second impedance, an alternating current
source connected in series circuit with said paraliel cir-
cuits, and a signalling circuit connected across the parallel
circuits between the impedances therein, said parallel cir-
cuits being balanced when said second condition exists so
that no signal is produced in the signalling circuit and
being unbalanced when said first condition exists to pro-
vide a signal in the signalling circuit due to a change of
electrical impedance in the bridge as a result of a change
in the acoustical impedance;-and an indicating means con-
nected with each of said signalling circuits for wutilizing
the signals from each of the sensing means to give a visible
indication of the results of bowling as represented by the
conditions sensed. .

2. In combination with a bowling alley having a plu-
rality of pin spots at positions where pins are set upright
on the alley for bowling: apparatus for detecting the
presence of standing pins on the alley at each pin spot,
comprising, a plurality of sensing means one associated
with each pin spot for distinguishing between a first condi-
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tion represented by the presence of a standing pin and a
second condition represented by the absence of a stand-
ing pin, each senmsing means comprising an insert in the
alley at each pin spot having a diameter as great as that
of the pin spot providing an uppetr surface flush with the
alley and comprising a coupling medium for conducting
sound waves, a thin crystalline wafer at the underside of
the insert having a daimeter as great as that of said pin
spot, means for coupling the wafer to the insert such that
vibrations produced by the wafer are transmitted to the
insert, and an electrical bridge connected with the wafer
to cause the latter to produce axial sound waves includ-
ing a pair of parallel circuits one including said wafer as
an impedance, an alternating current source connected in
series circuit with said parallel circuits, and a signalling
circuit connected across the parallel circuits, said parallel
circuits being balanced when said second condition exists
so that no signal is produced in the signalling circuit and
being unbalanced when said first condition exists to pro-
vide a signal in the signalling circuit; and means connected
in each of said signalling circuits for utilizing the signals
from each of the sensing means to give a visible indication
of the conditions sensed.

3. In combination with a bowling alley having a plu-
rality of pin spots at positions where pins are set upright
on the alley for bowling: apparatus for detecting the
presence or absence of standing pins on the alley at each
pin spot, comprising, a plurality of sensing means one
associated with each pin spot for distinguishing between a
first condition represented by the presence of a standing
pin and a second condition represented by the absence of
a standing pin, each sensing means including an insert in
the alley at each pin spot providing an upper surface flush
with the alley and comprising a coupling medium for con-
ducting sound waves, a waferlike electroacoustical trans-
ducer beneath the insert, means coupling the transducer

to the insert such that vibrations produced by the trans-.

ducer are transmitted to the pin spot, a bridge circuit con-
nected with the transducer to cause the latter to produce
sound waves including a pair of parallel circuits one in-
cluding the transducer, and a signalling circuit connected
across the parallel circuits, said parallel circuits being bal-
anced when said one of said conditions exists so that no
signal is produced in the signalling circuit and being un-
balnaced when the other of said conditions exists to pro-
vide a signal in the signalling circuit; and means for utiliz-
ing the signals from each of the sensing means to give an
indication of the results of bowling.

4, In combination with a bowling alley having a plu-
rality of pin spots at positions where pins are set upright
on the alley for bowling, apparatus for detecting the pres-
ence or absence of standing pins on the alley at each pin
spot, comprising, a plurality of sensing means one asso-
ciated with each pin spot for distinguishing between a first
condition represented by the persence of a standing pin
and a second condition represented by the absence of a
standing pin, each sensing means comprising an insert in
the alley at each pin spot providing an upper surface flush
with the alley and comprising a coupling medium for
conducting sound waves, an electroacoustical transducer
beneath the insert, means coupling the transducer to the
insert such that vibrations produced by the transducer are
transmitted to the pin spot, and an electrical bridge con-
nected with the transducer to cause the latter to produce
sound waves including a pair of parallel circuits one in-
cluding a pair of impedances in series and the other in-
cluding a first impedance in-series with said transducer
which functions as a second impedance, an alternating
current source connected in series circuit with said parallel
circuits, and -a signalling circuit connected across the
parallel circuits between the impedances therein, said
parallel circuits being balanced when one of said condi-
tions exists so that no signal is produced in the signalling
circuit and being unbalanced when the other of said con-
ditions exists to provide a signal in the signalling circuit
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8 .
due to a change of electrical impedance in the bridge cir-
cuit as a result of a change in the acoustical impedance.

5. In combination with a bowling alley having a plural-
ity of pin spots at positions where pins are set upright on
the alley for bowling, apparatus for detecting the presence
or absence of standing pins on the alley at each pin spot,
comprising, a plurality of sensing means one associated
with each pin spot for distinguishing between a first condi-
tion represented by the presence of a standing pin and a
second condition represented by the absence of a standing
pin, each sensing means comprising an elongate rodlike
electroacoustical transducer beneath the alley at each pin
spot, means providing a coupling medium for conduct-
ing sound waves from the transducer to the surface of the
alley including a solid frusto conic member, and a bridge
circuit connected with the transducer to cause the latter
to produce axial sound waves including a pair of parallel
circuits, one including a pair of impedances in series and
the other including a first impedance in series with said
transducer which functions as a second impedance, an
alternating current source connected in series circuit with
said parallel circuits, and a signalling circuit connected
across the parallel circuits between the impedances therein,
said parallel circuits being balanced when one of said
conditions exists so that no signal is produced in the sig-
nalling circuit and being unbalanced when the other of
said conditions exists to provide a signal in the signalling
circuit due to a change of electrical impedance in the
bridge circuit.

6. In combination with a bowling alley having a plural-
ity of pin spots at positions where pins are set upright on
the alley for bowling, apparatus for detecting the presence
or absence of standing pins on the alley at each pin spot,
comprising, a plurality of sensing means one associated
with each pin spot for distingnishing between a first condi-
tion represented by the presence of a standing pin and a
second condition represented by the absence of a stand-
ing pin, each sensing means comprising a plastic insert in
the alley at each pin spot, a solid frusto conic horn hav-
ing an upper surface engaging the insert and comprising
a coupling medium for conducting sound waves, an elon-
gate rodlike electroacoustical transducer of crystalline ma-
terial engaging the horn, and a bridge circuit- connected
with the transducer to cause the latter to produce axial
sound waves including a pair of parallel circuits one in-
cluding a pair of impedances in series and the other includ-
ing a first impedance in series with said transducer which
functions as a second impedance, an alternating current
source connected in series circuit with said parallel cir-
cuits, and a signalling circuit connected across the parallel
circuits between the impedances therein, said parallel
circuits being balanced when one of said conditions exists
so that no signal is produced in the signalling circuit and
being unbalanced when the other of said conditions exists
to provide a signal in the signalling circuit due to a change
of electrical impedance in the bridge circuit.

7. Tn combination with a bowling alley having a plu-
rality of pin spots at positions where pins are set upright
on the alley for bowling, apparatus for detecting the pres-
ence or absence of standing pins on the alley at each pin
spot, comprising, a plurality of sensing means one asso-
ciated with each pin spot for distinguishing between a
first condition represented by the presence of a standing
pin and a second condition represented by the absence of
a standing pin, each sensing means comprising an insert
in the alley at each pin spot having an upper surface flush
with the alley and comprising a coupling medium for con-
ducting sound waves, an elongate rodlike magnetostrictive
transducer comprised of a metallic core and a coil there-
around beneath the insert, means coupling the core to the
insert such that vibrations produced by the transducer are
transmitted to the pin spot, and a bridge circuit connected
with the transducer to cause the latter to produce axial
sound waves including a pair of parallel circuits one in-
cluding a pair of impedances in series and the other in-
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cluding a first impedance in series with said transducer
which functions as a second impedance, an alternating
current source connected in series circuit with said parallel
circuits, and a signalling circuit connected across the paral-
lel circuits between the impedances therein, said parallel
circuits being balanced when one of said conditions ¢xists
so that no signal is produced in the signalling circuit and
being unbalanced when the other of said conditions exists
to provide a signal in the signalling circuit due to a change
of electrical impedance in the bridge circuit.

8. In combination with a bowling alley, apparatus for
detecting the presence or absence of a standing bowling
pin on the alley by distinguishing between a first condi-
tion represented by the presence of a standing pin and
second condition represented by the absence of a standing
pin, comprising, an acoustical system including an electro-
mechanical transducer adjacent a pin spot on the alley for
producing sound waves, means coupling the transducer to
the material of the alley at the pin spot such that vibra-
tions of the transducer are transmitted to the pin spot,
said acoustical system being responsive to a bowling pin
and having a predetermined acoustical impedance when
one of said conditions exists and a different acoustical im-
pedance when the other condition exists, and an electrical
system connected for supplying power to the transducer
and having an electrical characteristic which is altered by
the change in acoustical impedance thereby to provide a
signal indicative of the change.

9. In combination with a bowling alley, apparatus for
detecting the presence or absence of a standing bowling
pin on a pin spot on the alley by distinguishing between
a first condition represented by the presence of a standing
pin and a second condition represented by a fallen pin or
the absence of a pin, comprising, an accoustical system
including a sound conducting coupling medium in the
alley at the pin spot, an electroaccoustical transducer com-
prised of a metallic core beneath the coupling medium and
a coil around the core, means coupling the core to said
medium such that vibrations produced by the transducer
are transmitted to the pin spot and a bridge circuit con-
nected with the transducer coil to cause the transducer to
produce sound waves including a pair of parallel cir-
cuits one including a pair of impedances in series and the
other including a first impedance in series with the trans-
ducer which functions as a second impedance, an alter-
nating current source connected in series circuit with said
parallel circuits, and a signalling circuit connected across
the parallel circuits between the impedances therein to
distinguish between the existence of said first condition
and the existence of said second condition.

10. In combination with a bowling alley having a
plurality of pin spots at positions where pins are set
upright on the alley for bowling, apparatus for detecting
the presence or absence of standing pins on the alley
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at each pin spot and in a predetermined annular area
surrounding each pin spot, comprising a plurality of
sensing means one associated with each pin spot for
distinguishing between a first condition represented by
the presence of a standing pin acoustically coupled with
the alley on spot or off spot in said predetermined sur-
rounding area and a second condition represented by
the absence of a standing pin from the spot and sur-
rounding area, each sensing means comprising an insert
in the alley at each pin spot having a diameter as great
as that of the pin spot and surrounding annular area
providing an upper surface flush with the alley and com-

rising a coupling medium for conducting sound waves, an
electro-acoustical transducer comprised of a nickel core
disposed beneath the insert and a coil around the core,
and a bridge circuit connected with the transducer to cause
the latter to produce axial sound waves including a pair
of parallel circuits one including a pair of impedances in
series and the other including a first impedance in series
with said transducer coil so that the transducer functions
as a second impedance, an alternating current source con-
nected in series with said parallel circuits, and a signalling
circuit connected across the parallel circuits between the
impedances therein, said parallel circuits being balanced
when one of said conditions exists so that no signal is pro-
duced in the signalling circuit and being unbalanced when
the other of said conditions exists to provide a signal in
the signalling circuit due to a change of electrical im-
pedance in the bridge circuit.

11. In an apparatus for detecting the presence or ab-
sence of standing bowling pins at predetermined pin spots
on a bowling alley, a plurality of sensing means one for
each pin spot for distinguishing between a first condition
represented by the presence of a standing pin physically
coupled to the pin spot and a second condition repre-
sented by the absence of a standing pin, each sensing
means including an electroacoustical generator for pro-
ducing sound waves, means for physically coupling the
generator to the material of the alley at the pin spot
such that vibrations produced by the generaltor will be
transmitted to the pin spot, said generator being respon-
sive t0 a bowling pin and having a predetermined acous-
tical impedance when one of said conditions exists and a
different acoustical impedance when the other condition
exists, and having an electrical characteristic which is
altered by the change in acoustical impedance, and an
electric circuit connected with the generator for energizing
the latter and responsive to the alteration in the electrical
characteristic for producing a signal indicative thereof.
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