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This invention relates to apparatus for sensing stand 
ing bowling pins and serving as an input means for an 
electrically operated display board, automatic scorekeeper, 
or the like; and in particular relates to pin-sensing appara 
tus suitable for installation in bowling alleys equipped 
with automatic pinsetting machines, requiring no signi? 
cant modi?cation of existing conventional pinsetting 
equipment. 

Automatic pinsetting machines are now widely used in 
bowling, and have contributed to the growing popularity 
of the game. It has been realized that further increases 
in enjoyment and popularity may be achieved by the 
provision of display boards, which would make the 
number and positions of standing pins more evident to 
players and spectators, automaitc scoring equipment to 
compute and display individual and team scores, and 
the like. However, prior proposals along these lines 
have not been altogether satisfactory from a practical 
viewpoint, one difficulty being lack of satisfactory input 
apparatus for sensing the standing pins. For example, 
it has been proposed that standing pins be detected by 
switches attached to the vertically moving portion of a 
conventional pinsetting machine, in such a way that when 
this portion of the machine moves down after a ball 
is rolled, the heads of any pins that remain standing ac 
tuate certain of the switches to signal the number and 
positions of the standing pins. A practical disadvantage 
of this prior proposal is that it is not consistent with nor 
mal operation of the pinsetting machines, in which the 
vertically moving portion comes down after the ?rst ball 
in a frame is rolled, but not after the second ball in a 
frame is rolled. Hence, the proposal to use switches in 
the machine for detecting standing pins cannot detect the 
pins remaining standing after the second ball of the frame, 
unless the operation of the machine is modi?ed, which 
not only would involve an additional expense, but also 
would slow down operating of the pinsetting machine 
and thus slow down the game. 
Among the objects of this invention are to provide an 

improved bowling pin sensing device that will sense the 
number and positions of the pins that remain standing 
after each ball is rolled; to provide such a device that 
may be installed in bowling alleys equipped with con 
ventional pinsetting machines without any signi?cant 
modi?cation of the existing equipment, as to either struc 
ture or operation; and to provide such a device suitable 
as an input means for display boards, automatic score 
keeping apparatus, and the like. 

Brie?y, in accordance with this invention, a bowling 
pin sensing device comprises a plurality of ?ash lamps 
and a plurality of photosensors, arranged in an optical 
system such that the head of each standing bowling pin 
re?ects light from one of the lamps to one of the photo 
sensors, and such that a unique combination of a partic 
ular lamp and a particular photosensor is provided for 
each pin position. Preferably, there are four lamps and 
associated lenses arranged to form four beams of light, 
one beam illuminating the heads of the four pins arranged 
along one side of the triangle in the usual triangular pat 
tern in which the pins are set, another beam illuminating 
the heads of the three pins in the next line parallel to 
the line of pins illuminated by the ?rst beam, a third 
beam illuminating the heads of the two pins in the next 
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parallel line, and the fourth beam illuminating the head 
of the remaining pin. Four photosensors are arranged 
with associated lenses in such a Way that they receive light 
only from four zones of substantially similar con?gura 
tion to the four light beams, and such that one photo 
sensor receives light re?ected from the heads of the four 
pins arranged along another side of the triangle, at an 
angle to the beams of light from the four lamps such 
that each of these four pins is illuminated by a different 
one of the four lamps. Another photosensor receives 
light re?ected from the heads of the three pins in the 
next line, illuminated by three different lamps; a third 
photosensor receives light re?ected by the heads of the 
two pins in the next line, illuminated by two different 
lamps; and the fourth photosensor receives light re?ected 
from the head of the remaining pin. Thus, for each 
pin there is provided a unique combination of a par 
ticular lamp and a particular photosensor. After each 
ball is rolled, and enough time has elapsed for the pins 
to come to rest, the four lamps are ?ashed on sequentially 
and the four photosensors provide electric signals that 
identify the number and positions of the standing pins. 
The foregoing and other aspects of this invention may 

be better understood from the following illustrative de 
scription and the accompanying drawings. 

FIG. 1 of the drawings is a plan view of a portion of 
a bowling lane, showing ten bowling pins set up in the 
usual triangular pattern, and showing, in section and 
somewhat schematically, parts of a sensing device em 
bodying the principles of this invention, this section being 
taken in a horizontal plane indicated by the line 1-1 
of FIG. 2. 

FIG. 2 is an elevation taken on a vertical plane just 
behind the back row of bowling pins, as indicated by 
line 2—~2 in FIG. 1. 

FIG. 3 is a horizontal section taken along the line 
3—3 of FIG. 2. 

FIG. 4 is an electrical circuit diagram of the pin sens 
ing device operating a display board which indicates the 
number and position of standing pins. 

Referring to FIGS. 1, 2, and 3, ten bowling pins, set 
up in the usual triangular pattern, are identi?ed by ref 
erence numbers 1 through 10. The pins are illustrated in 
their initial positions. After a ball has been rolled, some 
of the pins may be displaced to some extent away from 
these initial positions and this fact must be taken into 
consideration in the design of a pin sensing device. 
Broken lines 11 through 20 de?ne the areas within which 
the heads of the pins may be displaced after the ?rst ball 
is rolled, and still have the standing pins accepted by a 
conventional pinsetting macihne of a type now in wide 
use. The pin sensing apparatus should not be adversely 
affected by pin displacements of this magnitude. Ref 
erence number 21 identi?es the alley or lane in which the 
pins are set; numbers 22 and 2?: identify the convention 
al gutters on each side of the lane, and number 24 identi 
?es a conventional screen disposed in front of the pinsetting 
machinery for the purpose of concealing this machinery 
from the view of players and spectators. 
The lamp and photosensor assemblies provided in ac 

cordance with this invention are preferably placed on op 
posite sides of lane 21, just behind the screen 24. Thus, 
they are scarcely, if at all, noticeable, and in no way 
interfere with either the game or the conventional pin 
setting macihnery. In a preferred embodiment, a hori 
zontal bar 25 extends across the width of the lane, and 
supported therefrom are two housings 26 and 27, one of 
which contains the ?ash lamps and their lenses, and the 
other of which contains the photosensors and their lenses. 
The housing containing the lamps may be upon either side 
of the alley, and the housing containing the photosensors 
is on the other side. 
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The four ?ash lamps are identi?ed by reference num 
bers 28, 29, 30, and 31. Although the type of lamp used 
is not critical, small gas-discharge lamps of a type used in 
high speed photography, and sometimes called electronic 
?ash or strobe lamps, give exceptionally good results. 
The light from each ?ash lamp is focused into a well 
de?ned beam of a particular cross section by means typi 
cally comprising a mask and a lens. Thus, adjacent to 
lamp 28 there is a mask 32, generally made of metal or 
other opaque material, and having a small aperture 
through which light can pass to de?ne the shape of the 
desired light beam. The light passing through the aper 
ture of mask 32 is focused by a lens 36 into a beam of 
almost collimated, slightly diverging light rays. For ref 
erence, this beam is herein identi?ed as beam I. 
The boundaries of beam I are marked by broken lines 

60 and 61 in FIG. 1, and by broken-line trapezoid num 
bered 76 in FIG. 2. Reference number 40 identi?es the 
opening through which beam I emerges from housing 26. 
It will be noted that this beam illuminates the heads of 
pins 1, 2, 4, and 7, Which are arranged in a line along 
one side of the triangular pattern in which the pins are 
set. From FIG. 2 it will be noticed that the housing 26 
is above the tops of the pins, and that the beam slants 
downward from opening 40 across the heads of the pins, 
having the cross section indicated by broken-line trape 
zoid 76 at the vertical plane represented by line 2-2 in 
FIG. 1. This insures that the head of each pin will be 
illuminated, and that no pin can have its head shadowed 
by a pin in front of it, regardless of how the pins may 
be displaced from their initial positions. It will also be 
noted from FIG. 2 that beam I is wider at the bottom than 
at the top. The reason for this will become apparent 
from a careful examination of FIG. 1, remembering that 
the beam slants downward onto the heads of the pins, and 
that pin 1 must be illuminated even though it may be 
displaced to any position within the broken line 11. The 
top of the beam, which is used to illuminate the head of 
pin 7, can be narrower than the bottom of the beam, and 
still illuminate the head of this pin at any position which 
it may have Within the broken line 17. It is desirable 
that the beams be no larger than required~larger beams 
would serve no useful purpose, and would have the dis 
advantage, among others of increasing light re?ected by 
objects other than the heads of standing pins, which would 
increase the possibility of false signals. 

In a similar manner, masks 33, 34, and 35. lenses 37, 
38, and 39, and openings 41, 42, and 43 are provided in 
association with lamps 29, 3t], and 31, to forms beams II, 
III. and IV. The edges of beam II are de?ned in FIG. 1 
by broken lines 62 and 63, and in FIG. 2 by broken-line 
rectangle 77; the edges of beam III are de?ned in FIG. 1 
by broken lines 64 and 65, and in FIG. 2 by broken-line 
rectangle 78; and the edges of beam IV are de?ned in 
FIG. 1 by broken lines 66 and 67, and in FIG. 2 by 
broken-line rectangle 79. It will be noted that the cross 
sections of the beams in the plane of the line 2—2 decrease 
progressively from beam I to beam IV, beam I, which illu 
minates four pins, having the largest cross section, and 
beam IV, which illuminates only one pin, having the small 
est cross section. This is a consequence of each beam 
being formed with a cross section no larger than is re 
quired to illuminate the heads of the desired pins through 
out the expected range of their respective positions, indi 
cated by the broken lines 11 through 20. As has already 
been mentioned, this limitation in the size of the beams is 
important for reducing stray light re?ected from objects 
other than the heads of pins. It is also important for 
another reason, which will be discussed later on in this 
speci?cation. 
The cross section of each beam is primarily determined 

by the size and shape of the aperture in the mask asso 
ciated with that beam. The lenses may advantageously be 
designed to produce an image of this aperture approxi 
mately in the vicinity of the plane identi?ed by line 2—2 
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of FIG. 1, although the exact position of the image is 
not critical, inasmuch as the edges of the beams remain 
reasonably sharp over a considerable distance of the 
beam lengths. It will also be noticed that the lamp, mask 
and lens for producing beam 1V lie beneath the lamp, 
mask and lens for producing beam III. This permits 
optimum placement of the lamps, masks, and lenses for 
forming the desired beam patterns while keeping the 
overall Width of the apparatus sul?ciently small for in 
stallation in conventional bowling lanes without signi?cant 
modi?cation of existing structures. 
The optical systems within housings 26 and 27 are es 

sentially the same, except that where one has ?ash lamps, 
the other has photosensors. The four photosensors are 
identi?ed by reference numbers 44, 45, 46 and 47; the four 
masks by reference numbers 48. 49, 5t), and 51; the four 
lenses by reference numbers 52, 53, 54, and 55; and the 
four openings in the housing by reference numbers 56, 
57, 58 and 59. The photosensors are responsive only to 
light originating within the beam-like zones, which occupy 
exactly the same positions that would be occupied by 
light beams if the photosensors were replaced by lamps. 
Thus, photosensor 44 responds only to light re?ected from 
objects within zone A, the boundaries of which are in 
dicated in FIG. 1 by broken lines 68 and 69, and in FIG. 
2 by broken-line trapezoid 80; photosensor 45 responds 
only to light re?ected from objects within zone B, the 
boundaries of which are indicated in FIG. 1 by broken 
lines 70 and 71, and in FIG. 2 by broken~line rectangle 
81; photosensor 46 responds only to light re?ected from 
objects Within zone C, the boundaries of which are indi 
cated in FIG. 1 by broken lines 72 and 73, and in FIG. 2 
by broken-line rectangle 82; and photosensor 47 responds 
only to light re?ected from objects within zone D, the 
boundaries of which are indicated in FIG. 1 by broken 
lines 74 and 75, and in FIG. 2 by broken-line rectangle 
83. It will be noted that zones A, B, C, and D are of 
the same size and shape as light beams I, II, III, and IV, 
respectively, but cross the light beams at an angle such 
that the intersection of each zone with a light beam covers 
only one pin position. The four photosensors 44 to 47 may 
be any type of transducer that converts ?ashes of light 
into electric pulses; for example, phototubes, semiconduc 
tor photoelectric or photoconductive cells, and the like. 
Because of low cost and reliability, cadmium sul?de cells 
may be employed advantageously. Although the speed of 
response of cadmium sul?de cells is generally considered 
to be low, it has been found that such cells will operate 
at quite high speeds, and hence be suitable for the present 
use, when brilliant, high-speed ?ashes of light are pro 
vided by the use of strobe-type photographic ?ash lamps 
for the lamps 28 to 31. 
The optical system described responds only to re?ecting 

objects lying Within the volumes defined by the inter 
sections of beams I, II, III, and IV with the zones A, B, 
C, and D. Thus, referring to FIG. 2, it will be noted that 
beam I has a rather large cross section in the vicinity of 
the last row of pins, and may illuminate pins that are not 
standing in an upright position. Nevertheless, the photo 
sensors will respond only to light re?ected from objects 
within one of the zones A, B, C, or D. Hence, in the 
vicinity of the back row of pins, that portion of beam I 
(having a cross section de?ned by broken~line trapezoid 
76) that does not overlap zone D (having a cross section 
de?ned by broken-line rectangle 83) is not effective to 
produce a response at the photosensor 47. Thus, the pho 
tosensors respond only to light re?ected from the heads of 
standing pins. 

It is also important to note that the sensing system de 
scribed is not affected by steady illumination of the bowl 
ing lane and the pins in the usual manner. Such illumi 
nation, of course, causes some light to reach the photo 
sensors, and may cause the ?ow of a small, relatively con 
tinuous electric current through the photosensors. The 
brilliant ?ashes of light that are re?ected from the heads 
of standing pins when the ?ash lamps are ?red cause sud~ 
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den increases in the light reaching one or more photo 
sensors, and thus produce appreciable electric pulses super 
imposed upon the smaller steady-state electric currents. 
It is the electric pulses, and not the steady-state currents, 
that are utilzed as input signals to subsequent apparatus. 

FIG. 4 is a schematic, electrical circuit diagram of a 
sensing device embodying principles of this invention, 
connected to a display board indicating the numbers and 
positions of the pins that are still standing after each ball 
has been rolled. it will be appreciated that the display 
board is but one example of a use for the pin sensing de 
vice herein described; another possible use is as the input 
device for automatic score computing and registering 
equipment. 
The display board may comprise ten electric lamps, 

identi?ed by reference numbers 101 through 11%, arranged 
in a triangular pattern corresponding to the pattern in 
which bowling pins are normally set. These lamps are 
controlled by ten relays, identi?ed by reference numbers 
111 through 120, a normally open contact of relay 111 
being connected in series with lamp 101, a normally open 
contact of relay 112 being connected in series with lamp 
102, etc., so that each lamp is lit when the associated re 
lay is energized to close its contacts, and is extinguished 
when the relay is de-energized and the relay contact opens. 
Each relay has its windings connected in series with its 
own contact, in such a way that the same contact that 
lights the lamp also acts as a holding contact for the re 
lay to keep it energized until the circuit is broken, as here 
inafter described. Any suitable power source for operat 
ing the lamps and relays may be provided, as indicated by 
the terminal 142. 
A six-position stepping switch driven by stepping motor 

121 has six switch decks 122, 123, 124, 125, 126, and 
127. It will be clear to those skilled in the art that elec 
tronic switching circuits may be substituted for the me 
chanical switch shown, if desired, without changing the 
essential principles involved. The six switch arms, one 
per deck, are shown at their initial or zero positions, from 
which each operating cycle starts. As is hereinafter ex 
plained more fully, after each ball is rolled, the stepping 
motor 121 rotates the six switch arms one complete revo 
lution clockwise, returning them to the zero position 
shown. Operation of the stepping motor is initiated by 
closing any one of three parallel switches 129, 131}, and 
131, which connect one terminal of the stepping motor 
to ground through a normally closed contact of a relay 
hereinafter described. The other terminal of the stepping 
motor is connected to any suitable source of electric 
power, schematically represented by terminal 12%. 
The three switches 129, 130 and 131, which initiate 

operation of the stepping motor 121, may be, respectively, 
a manually-operated switch 129, whereby operation of the 
stepping motor can be initiated whenever desired by a 
player or other person, a switch 130 attached to the auto~ 
matic pinsetting machine in such a way that this switch is 
automatically closed when the vertically movable por 
tion of the pinsetting machine begins to move down to 
ward the pins after the ?rst ball of a frame is rolled, and 
a switch 131 attached to the pinsetting machine in such a 
way that switch 131 is closed when the arm of the pin 
setitng machine that sweeps the remaining pins off the 
alley begins to move after the second ball is rolled. 
Switches 130 and 131 are ordinary types of small electric 
switches, which may easily be attached to the pinsetting 
machine without signi?cant modi?cation of the machine. 
They serve the purpose of starting an automatic operation 
of the bowling pin sensing cycle in suf?cient time for 
esnsing to be completed before the pinsetting machine re 
moves the pins, and yet with sufficient delay after the ball 
is rolled (this delay being inherent in the pinsetting ma 
chine itself) that the sensing cycle does not start until 
moving pins have had time to come to rest. 

Once a sensing cycle has been started by closing switch 
12.9, 130, or 131 sufficiently long for the stepping motor 
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63 
121 to move the stepping switch arms one step clockwise 
from their initial or zero positions to their step 1 positions, 
the circuit from the stepping motor to ground is kept 
closed through switch deck 12-2, whereby the stepping 
motor 121 continues to operate until the six switch arms 
have been moved through one complete revolution and 
returned to the zero position, irrespective of whether or 
not the switches 129, 130, and 131 remain closed. At 
the end of one complete revolution, the circuit to ground 
through switch deck 122 is broken for stopping the step 
ping motor, and thus terminating the sensing cycle. 
However, it may occur that one of the switches 12.9, 130, 
and 131 is still closed at this time, and therefore means 
must be provided to inhibit the immediate restarting of 
a new cycle. This is accomplished by the relay 143, 
which, when energized by the closing of any of the 
switches 129, 1319, and 131, opens the normally closed re 
lay contact in series with these switches, thus breaking 
the circuit and keeping it broken until relay 143 becomes 
de-energized by a later opening of the starting switch. 
Thus, each operation of any of the switches 12‘), 130, and 
131 closes the circuit only during a time interval su?i 
cient for the operation of relay 143, the delay in opera 
tion of relay 143 being made su?icient to start stepping 
motor 121 and cause it to move the stepping switch arms 
at least one step clockwise. The necessary delay may be 
obtained either by choice of an appropriate relay having 
a delayed action characteristic, or by the addition of other 
circuitry to produce a delay, such as the capacitor 144 
connected in parallel with the winding of relay 143, both 
being connected through resistor 145 to the electrical 
power supply represented by terminal 146. Since su?i 
cient current to operate relay 143 cannot flow through its 
winding until capacitor 144 has charged through resistor 
145, a circuit of this type can be designed to provide su?'h 
cient delay to allow stepping motor 121 to start. 

Switch deck 123 has a switch arm connected to a power 
supply represented by terminal 132, appropriate for opera 
tion or" the four ?ash lamps 28, 29, 30, and 31. These 
four lamps are connected to the second, third, fourth and 
?fth step positions of switch deck 123, whereby the four 
lamps ?ash on in sequence during each cycle of stepping 
switch operation. 

Photosensors 44, 45, 46, and 4-7 are connected to an 
appropriate electrical supply represented by terminal 133. 
Load resistors 131i. 135, 136, and 137 are provided in 
series with the four photosensors, as shown. Each ?ash 
of light received by one of the photosensors causes a 
pulse of increased current to ?ow through it, and a pulse 
of voltage to appear across its load resistor. These pulses 
preferably are ampli?ed by ampli?ers 138, 139, 140, and 
141, or reformed by trigger circuits or the like, of any 
type suitable to insure that pulses of su?icient amplitude 
and duration for the reliable operation of relays will be 
obtained. 
The output of ampli?er‘ 141 leads directly to the wind 

ing of relay 117, so that each ?ash of light received by 
photosensor 47 causes relay 117 to close, thereby lighting 
lamp 1th’? which indicates that bowling pin 7 is standing. 
This operation is consistent with the optical system shown 
in FIGS. 1 and 2, whereby the only ?ashes of light re 
ceived by photosensor 4-7 are those re?ected from the head 
of pin 7 when lamp 28 lights. 
The output of ampli?er 140 leads to the switch arm of 

deck 124. Step 2 of this deck is connected to the wind‘ 
ing of relay 114, which lights lamp 104, representing pin 
4; and step 3 of the same deck is connected to the wind 
ing of relay 118 which lights lamp 1%, representing pin 
8. This again produces the desired result: at step 2 in the 
cycle lamp 28 ?ashes, and if pin 4 is standing, a ?ash of 
light is reflected to photosensor 46, thereby energizing 
relay 114 and lighting lamp 104. At step 3 of the cycle, 
lamp 2.9 ?ashes, and if pin 8 is standing, light is re?ected 
to photosensor 46, relay 118 is energized, and lamp 1&8 
becomes lit. 



The output of ampli?er 239 is connected to the switch 
arm of deck 125, from the second step of which there is 
a connection to relay 112 for lighting lamp 132 represent 
ing pin 2, from the third step of which there is a connec 
tion to relay 115 for lighting lamp 105 representing pin 5, 
and from the fourth step or" which there is a connection to 
relay 119 for lighting lamp 1&9 representing pin 9. Thus, 
it is apparent that lamp 1G2 will be lit when pin 2 is stand 
ing, lamp 105 will be lit when pin 5 is standing, and lamp 
109 will be lit when pin 9 is standing. The output of am 
li?er 138 connects to the switch arm of deci: 126, hav 

ing a connection from its second step position to relay 
111 for lighting lamp 1M representing pin 1, from its third 
step position to relay 113 for lighting lamp 193 repre 
senting pin 3, from is fourth step position to relay 116 
for lighting lamp representing pin 6, and from its 
fifth step position to relay 126 for lighting lamp 116 repre 
senting pin It). Hence, lamp 161 is lit when pin 1 is 
standing, lamp 183 is lit when pin 3 is standing, lamp 106 
is lit when pin 6 is standing. and lamp 110 is lit when 
pin 10 is standing. 
The circuits for energizing the ten relays 111 through 

120 are completed to ground through deck 127 of the 
stepping switch, at all switch positions except step 1 of 
the sensing cycle. Thus, at the very beginning of each 
cycle. when the stepping motor moves the six switch arms 
to step 1, the ten relays are de-energized and all ten of the 
lamps I01 to 110 are extinguished. At step 2, the circuits 
from the relays to ground are closed again through deck 
127, whereupon, as the four ?ash lamps 23 to 31 ?ash 
on in sequence at steps 2 through 5, and light is re?ected 
to the various ones of the photosensors 4-4 to 47 from the 
heads of standing pins, the proper ones of lamps 101 to 
110 are lit to represent the number and positions of the 
standing pins. It is apparent that the circuits of relays 
Ill to 129 are so arranged that, when a relay is energized, 
it is held in the energized state until the circuit through 
switch deck 127 is broken at the beginning of the next 
cycle. Thus, the display board always shows which pins 
were left standing after the last ball was rolled, even 
though the pins may subsequently be swept away or reset. 
The display is automatically cleared just in time to re 
ceive the input data from the next cycle. 

In its broader aspects, this invention is not limited to 
the speci?c embodiment illustrated and ‘escribed. 
Various changes and modi?cations may be made without 
departing from the inventive principles herein disclose 
What is claimed is: 
l. Apparatus for sensing the bowling pins remaining 

standing in a bowling lane after a ball is rolled, such ap 
paratus comprising: 

(a) two housings located on opposite sides of the lane 
in front of the place where the pins are customarily 
set; 

(/1) four ?ash lamps within one of said housings; 
(c) means for flashing said lamps in sequence after the 

rolling of each ball; 
(z!) a plurality of lenses and mashing means in the 
housing with said lamps and arranged to form th 
light therefrom into four beams, one beam directed 
at an angle down and across the bowling lane along 
a line of four positions in which bowling pins are set 
so that light from said beam is re?ected off the heads 
of each of the four pins when same are left standing, 
another beam directed along the parallel line of three 
positions in which bowling pins are set so that light 
from said beam is re?ected oil the heads of each of 
three pins when same are left standing, another 
beam directed along the parallel line of two positions 
in which bowling pins are set so that light from said 
cam is re?ected oilc the heads of each of the two pins 

when same are left standing, and the last beam di 
rected at the remaining position is which a boWJing 
pin is set so that light from said beam is re?ected oil 
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standing; 

(6) four transducers within the other of said housings 
and operable to convert ?ashes of light to electric 
pulses; and 

(f) a plurality of lenses and masking means within the 
housing with said transducers and arranged for (1) 
directing to one of said transducers the light ?ashes 
re?ected from the heads of pins in a zone extending 
along a line of four pin positions, (2) directing to 
another of said transducers the light ?ashes from the 
heads of pins in a zone extending along the parallel 
line of three pin positions, (3) directing to another 
of said transducers the light ?ashes re?ected from the 
heads of pins in a zone extending along the parallel 
line of two pin positions, and (4) directing to the last 
of said transducers the light ?ashes re?ected from the 
head of the pin in a zone extending to the remaining 
pin position, such zones extending at an angle to and 
intersecting said light beams whereby the number of 
the re?ected light ?ashes directed to all said trans 
ducers and thereby converted to the same number of 
electric pulses is the number of pins remaining stand 
ing after a ball is rolled. 

2. Apparatus as de?ned in claim 1, the lamps and trans 
ducers being disposed above the bowling lane higher than 
the heads of the standing bowling pins, the intersecting 
light beams and zones slanting downward onto the heads 
of the standing pins, whereby no standing pin can have 
the light passing from a lamp to its head and from its head 
to a transducer blocked by another standing pin. 

3. Apparatus as de?ned in claim 2, the lamp having a 
beam directed to a single pin position being below the 
lamp having a beam extending along a line of two pin 
positions, and the transducer receiving light re?ected from 
a single pin position being below the transducer receiving 
light from a line of two pin positions. 

4. Apparatus as de?ned in claim 1, the width of each 
beam being suilicient to illuminate the heads of the stand 
ing pins in its line of positions, but not to illuminate the 
heads of pins in other lines su?iciently for the re?ection of 
light therefrom to the transducers, irrespective of displace 
ments of the heads of the pins within the areas of accept 
ance by conventional pin-setting machines. 

5. Apparatus as de?ned in claim 4, the four beams 
having different cross sections at a vertical plane behind 
the back row of bowling pin positions, the beam directed 
along a line of four pin positions having the largest cross 
section, and the beam directed to a single pin position 
having the smallest cross section. 

6. Apparatus as de?ned in claim 5, the largest 
tion being trapezoidal, larger at the bottom than at the 
top, and the other cross sections being rectangular. 

7. Apparatus as de?ned in claim 6, the four zones hav 
ing cross sections similar to those of the four beams, the 
zone extending along a line of four pin positions having 
the largest cross section, and the zone extending to a single 
pin position having the smallest cross section. 

8. Apparatus for sensing standing bowling pins com 
prising 

(a) means for forming a plurality of light beams in 
time sequence, each light beam being directed to il 
luminate standing ones of a distinct group of bowling 
pins, the number of such groups being less than the 
largest number of pins which can possibly be stand 
ing, 

(b) a plurality of light sensitive devices each arranged 
to receive light re?ected from standing ones of a 
distinct series of said bowling pins, the number of 
said series being less than the largest number of 
pins which can possibly be standing, each pin in one 
of said series being in a different one of said groups, 

(c) indicator means representative of each bowling pin 
responsive to operation of said light sensitive devices, 
and 

pin when same is let" 
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(d) means operable in time coincidence with said light 
beam forming means to connect a light sensitive de 
vice to the indicator for the bowling pin of that group 
being illuminated in the series from which it is 
adapted to receive light. 

9. Apparatus for sensing standing bowling pins com 
prising 

(a) a plurality of light sources each arranged to pro 
ject a light beam to illuminate standing ones of a 
distinct group of bowling pins, the number of such 
groups being less than the largest number of pins 
which can possibly be standing, 

(b) a plurality of lght sensitive transducers each ar 
ranged to receive light re?ected from standing ones 
of a distinct series of said bowling pins, the number 
of said series being less than the largest number of 
pins which can possibly be standing, each pin in one 
of said series being in a different one of said groups, 

(c) a plurality of signal-responsive devices each repre 
sentative of one of said bowling pins, 

(d) means operable to actuate said light sources in 
time sequence, and 

(6) means operative in timed relation to the light-source 
actuating means for connecting each light sensitive 
transducer to each of said devices representing a 
bowling pin in the series thereof while such pin is 
in the group being illuminated. 

10. Apparatus for sensing bowling pins, initially set in 
the customary triangular pattern of ten pin positions, re 
maining standing after a ball is rolled, such apparatus 
comprising: 

(a) means for forming four beams of light, one beam 
directed along a line of four pin positions so that 
light from said one beam is re?ected oh’ the heads 
of each of the four pins when same are standing, 
another beam directed along the parallel line of three 
pin positions so that light from said beam is re?ected 
o? the heads of each of the three pins when same are 
standing, another beam directed along the parallel 
line of two pin positions so that light from said beam 
is re?ected oil? the heads of each of the two pins when 
same are standing, and the last beam directed to the 
remaining pin position so that light from said beam is 
reflected off the head of the remaining pin when 
same is standing; 

(b) means for automatically ?ashing said four light 
beams sequentially to produce four sequential ?ashes 
of light after each ball is rolled; 

(c) four sensing means repsonsive to the light re?ected 
from the heads of said pins, one of said sensing 
means responsive to light ?ashes re?ected from the 
heads of pins in a zone extending along a line of four 
pin positions, another of said sensing means respon 
sive to light ?ashes re?ected from the heads of pins 
in a zone extending along the parallel line of three 
pin positions, another of said sensing means respon 
sive to light ?ashes re?ected from the heads of pins 
in a zone extending along the parallel line of two pin 
positions, and the last of said sensing means respon 
sive to light ?ashes re?ected from the head of the 
pin in a zone extending to the remaining pin position, 
such zones extending at an angle to and intersecting 
said light beams, whereby the number of the re?ected 
light ?ashes sensed by all said sensing means is the 
number of pins remaining standing after a ball is 

rolled. 
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maining standing after a ball is rolled, such apparatus 
comprising: 

(a) four ?ash lamps; 
(b) means for automatically lighting 

in sequence after each ball is rolled; 
(c) means for forming the light from each of said 
four lamps into a separate beam, and for directing 
one beam along a line of four pin positions so that 
light is re?ected oil the heads of each of the four 
pins when same are standing, another beam along 
the parallel line of three pin positions so that light 
is re?ected off the heads of each of the three pins 
when same are standing, another beam along the 
parallel line of two pin positions so that light is re 
?ected oil the heads of each of the two pins when 
same are standing, and the last beam to the remaining 
pin position so that light is re?ected off the head of 
the remaining pin when same is standing; 

(d) four photosensors operable to produce electric 
pulses in response to ?ashes of light re?ected from 
the heads of said pins, one of said photosensors re 
sponsive to light ?ashes re?ected from the heads of 
pins in a zone extending along a line of four pin 
positions, another of said photosensors responsive to 
light ?ashes re?ected from the heads of pins in a 
zone extending along the parallel line of three pin 
positions, another of said photosensors responsive to 
light ?ashes re?ected from the heads of pins in a 
zone extending along the parallel line of two pin 
positions, and the last of said photosensors respon 
sive to light ?ashes re?ected from the head of the 
pin in a zone extending to the remaining pin position, 
such zones extending at an angle to and intersecting 
said light beams, whereby the number of re?ected 
light ?ashes sensed by all said photosensors is the 
number of pins remaining standing after a ball is 
rolled. 

12. Apparatus for sensing standing bowling pins com 

said four lamps 

prising: 
(a) means for illuminating the heads of standing ones 

of a plurality of distinct groups of bowling pins, one 
group after the next, thereby illuminating all the 
pins of one group while leaving the remainder dark, 
the sum of the pins in all such groups comprising all 
of the pins possibly remaining standing approximate 
ly in the position in which they are customarily set, 
whereby light is re?ected from the heads of each such 
standing pins, 

(b) a plurality of light sensitive devices each arranged 
to receive light re?ected from the heads of any stand 
ing ones of a series of bowling pins, one such series 
being distinct to each such device, wherein at least 
some of said series have more than one pin and no 
two pins in any one of said series are from the same 
one of said groups, and 

(c) standing pin indicating means responsive to said 
light sensitive devices. 
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