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BQWLING SCORE PROJECTOR 

Ernest C. Webb, Bay Village, Ohio, assignor, by mesne 
assignments, to The Cleveland Trust Co., Cleveland, 
Ohio (trustee), a banking institution 

Filed June 6, 1962, Ser. No. 200,555 
5 Claims. '(Cl. 88—24) 

The present invention relates, in general, to apparatus 
for projecting the image of an article onto a screen, 
and more particularly to an optical projector in which 
light re?ected ‘from an object is projected onto a screen. 

Although not limited thereto, the present invention 
' is particularly adapted for use with apparatus for detect 
ing, totalizing and printing the ball results and score on 
a bowling game score sheet, such as that shown in 
copending application Serial No. 175,865, ?led February 
9, 1962, now Patent No. 3,124,355, issued March 10, ‘1964 
wherein the score is printed on a translucent or the like 
score sheet divided into player lines and frames. Posi 
tioned above the score sheet and parallel thereto is a 
transparent plate, while printing apparatus is positioned 
beneath the score sheet and movable over its entire 
surface, the printing apparatus being movable upwardly 
to press the sheet against the translucent plate and produce 
printed characters thereon. Positioned parallel to the 
underside of the score sheet is a light-colored opaque 
plate which is carried by the printing apparatus so as to' 
provide a background for the printed characters on the 
translucent sheet. Cut into this plate is an aperture 
through which the type of the printing apparatus is adapted 
to project. A light-colored shutter covers the aforesaid 
aperture when the printing device is removed from the 
underside of the sheet but opens when the printing appara 
tus is moved toward the underside of the sheet to permit 
characters to be printed thereon. As will be understood, 
this arrangement provides a unique and convenient means 
for printing on the underside of a score sheet or the like 
such that the printed characters may be viewed from 
above through the aforesaid transparent plate with the 
opaque plate serving as a background for the printed 
characters. 

In many cases it is necessary or desirable to project 
the printed score onto a screen above the alley as the 

Projectors have been provided in the 
past for score sheets of the conventional type on which 
the score is manually entered. Such projectors usually 
comprise means for passing light through the sheet itself, 

, the light being thereafter focused onto a screen. Although 
it is preferable to project any image onto a. screen by 
passing light through a translucent sheet, ?lm or the like, 
this procedure is unavailable with score printing apparatus 
of the type described above since the printing mechanism 
is directly beneath the sheet and prevents light from 
being passed through the sheet. 

Accordingly, as one object, the present invention pro~ 
vides a means whereby light is directed through a trans 
parent plate and onto a bowling game score ‘sheet or the 
like positioned on a light-colored opaque plate, the light 
re?ected from the sheet being focused onto a screen. 
As will be understood, the re?ection method for project 

ing the image of a bowling game score sheet or other 
object onto a screen is much more ine?icient than the 
conventional method wherein the light is passed directly 

As a result, it becomes necessary to 
employ a light source of very high intensity which can 
be directed onto the score sheet or other object such that 
the re?ected light will be of suf?cient intensity to produce 
a reasonably satisfactory image on the screen. The 
use of high intensity light source, however, involves 
certain inherent problems. Notable among these is the 
generation of a great deal of heat which, in the absence 
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of some cooling means, will burn or at least scorch a score 
sheet of the ‘type described above. For example, in one 
embodiment of the invention, it has been found that the 
temperature of the transparent plate above the score sheet 
raises to a temperature which may very well damage the 
score sheet, and since the score sheet will remain under 
this transparent plate during the entire time that a bowling 
game is being played, resultant damage to the score 
sheet can very easily occur. 

Therefore, as another object, the invention provides 
means for cooling or carrying away heat from a trans 
parent plate and a bowling game score sheet positioned 
under the plate, the re?ected image of which is projected 
onto a screen. Preferably, this is accomplished by direct 
ing an air stream across the transparent plate above the 
score sheet whereby the plate and, hence, the score sheet 
are also cooled. _ 

Since the re?ection method of projecting an image 
of an article onto a screen is inherently ine?icient it is, 
of course, desirable to eliminate all factors which con 
tribute to the inefficiency of the system. In this respect, 
it has been found that the spacing between the score 
sheet, the transparent plate on one side, and the opaque 
plate on the other side which provides alight-colored 
background, should be as small as possible. For example, 
it has been found that a spacing of as little as 1/32 of an 
inch between the score sheet and the opaque backing 
plate will materially reduce the clarity of the re?ected 
imageas projected onto a screen. 

Accordingly, as another object, the invention provides 
a means whereby the aforesaid score sheet is maintained 
in snug abutting relationship with both the transparent 
plate and the opaque light-colored plate beneath the score 
sheet. In one embodiment of the invention, this is 
achieved by spring-loading of the light-colored opaque 
plate beneath the score sheet such that it will press the 
score sheet upwardly into abutting relationship with the 
transparent plate, and this notwithstanding the fact that 
the ‘opaque plate and the printing apparatus which carries 
it must move or slide over the under surface of the score 
sheet. In another embodiment of the invention, an in 
?atable light-colored bag of polyethylene or the like is 
interposed between the aforesaid opaque plate and the 
score sheet such that when the bag is in?ated rthe score 
sheet Will be pressed upwardly into engagement with the 
transparent plate while the in?ated bag, being opaque also, 
will provide the necessary closely-abutting light-colored 
background for the translucent score sheet. . 

Another object of the invention is to provide a holder 
for a score. sheet which is adapted to insert the score sheet . 
between the aforesaid transparent plate and the light 
colored opaque plate beneath it. In the aforesaid US. 
Patent No. 3,124,355, successive score sheets were pro— 
vided on a continuous roll, the arrangement being such 
that whenthe bowling game was completed and one score 
sheet fully printed, the end of the printed score sheet. 
could be pulled out of the space between the transparent 
and opaque plates while automatically moving a fresh 
score sheet into this space. 
method, however, is that a new roll of score sheets must 
be supplied to the scoring apparatus from time-to-time, 
and each time a new roll is inserted, the end of the con-‘ 
tinuous roll of score sheets must be threaded through the 
space between the two plates, a task which is cumbersome 
and not altogether satisfactory. Accordingly, the clip of 
the present invention provides one means whereby indi 
vidual score sheets may be inserted into the space between 
the two plates at the beginning‘ of a bowling game and 
thereafter removed at the completion of a bowling game‘ 
with the result that the necessity for replacing a roll of 
score sheets and threading the sheets through the appa 
ratus are eliminated. 

Patented June28, 1966 . 
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Still another object of the invention is to provide an 
arrangement wherein individual score sheets may be in 
serted into the space between the aforesaid transparent 
plate and light-colored backing plate without the need for 
the clamp mentioned in the preceding object. 
The above and other objects and features of the inven 

tion will become apparent from the following detailed 
description taken in connection with the accompanying 
drawings which form a part of this speci?cation, and In 
which: _ 

FIGURE 1 is a perspective view of a pair of bowling 
alleys showing the location of the projector of the present 
invention and the screens onto which ‘the printed score is 
projected; 

FIG. 2 is a perspective view of the projector console; 
FIG. 3 is a cross-sectional view looking toward the 

front of the projector of the invention and showing the 
location of the re?ecting mirrors therein; 

FIG. 4 is a cross-sectional view taken substantially 
along line IV—IV of FIG. 3; 

FIG. 5 is a top view of the score sheet clip or holder for 
the projector of the present invention; 

FIG. 6 is a cross-sectional view taken along line VI—VI 
of FIG. 5 ; 
FIG. 7 is a top view of the score sheet clip or holder 

of the invention showing the manner in which the score 
sheet is held therein; 
FIG. 8 is a cross-sectional view of the printing appa 

ratus used in connection with the present invention show 
ing an alternative arrangement for holding the score sheet 
in close abutting relationship with the transparent plate 
above it; ' 

FIG. 9 is a perspective view of the in?atable bag of 
FIG. 8 used to hold the score sheet in close abutting 
relationship with the transparent plate; 

FIG. 10 is an end view of a holder for the mirrors 
shown in FIGS. 3 and 4; 
FIG. 11 is a cross-sectional side view of another em 

bodiment of the invention for inserting and clamping the 
score sheet between the transparent and opaque plates of 
the aforesaid printing apparatus; 
FIG. 12 is a top view of the embodiment of the inven— 

tion shown in FIG. 11; 
FIG. 13 is an end view of the clamp of the embodiment 

of FIGS. 11 and 12 taken substantially along line 
XIII-XIII of FIG. 11; 

FIG. 14 is a top view of the score printing console 
incorporating the embodiment of the invention shown in 
FIGS. 11 and 12 and illustrating the arrow means for 
indicating the player who is bowling in a game; 

FIG. 15 is a top view of a player tab assembly com 
prising a plurality of tabs with carbon paper therebetween, 
the assembly being insertable in a holder adjacent the 
player push-buttons shown in FIG. 14 and thereafter ' 
separated in order that one of the tabs may be attached 
to the completed score sheet; 

FIG. 16 is a cross-sectional view of an alternative form 
of the projector wherein the score is projected onto 
ground glass screens; and 
FIG. 17 is an end view of the projector of FIG. 16. 
Referring now to the drawings, and particularly to 

FIG. 1, a pair of adjacent bowling alleys A and B are 
each provided with avpin deck 10 at the forward end 
of the alley and a foul line 12 at the opposite end. Ahead 
of each foul line 12 is an approach area 14; and between 
the approach areas 14 is a space 16, which space is 
occupied between the alleys A and B proper by gutters 
18. In the usual case, a ball return, not shown, will also 
be provided, said ball return having a ball rack in the 
area 16. Behind each of the pin decks 10 is a pit, gen 
erally indicated at 19; and behind each pit is a back 
stop 20. 
The projector 21 of the present invention is positioned 

over the top of a console 22 which houses automatic 
scoring, totalizing and printing apparatus such as that 
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shown in US. Patent No. 3,124,355. Actually, the con 
sole 22 houses two automatic scoring, totalizing and 
printing units, one for each of the alleys A and B. . Each 
unit includes printing apparatus which prints the score 
on the underside of a transparent or translucent score 
sheet, the score being visible through a transparent plate 
positioned above the score sheet in the top of console 22. 
Behind the projector 21 on the console 22 are push 
buttons 24, one set of pushbnttons being provided for 
each of the alleys A and B. By reference to the afore 
said U.S. Patent No. 3,124,355, it will be understood 
that as each bowler prepares to bowl, he pushes one of 
the buttons 24 which is beside his name on a tab inserted 
adjacent the buttons 24. Thereafter, when he delivers 
balls in each frame, the ball results of each ball will be 
printed on the score sheet and the score added to his 
previous score in the circuitry within console 22. In 
addition, upon completion of the frame, his score will be 
printed in his frame box corresponding to the frame being 
played if no marks have been made in that frame. If 
marks have been made in the frame being played, then 
the score is not printed at that time but stored prepara 
tory to printing after the next or successive frames in 
accordance with the rules of the American Bowling Con 
gress. Suspended above each alley A and B is a lumines 

. cent screen 26 or 28, respectively, onto which the printed 
score is projected by the projector 21. 
As best shown in FIG. 2, the top of console 22 is 

provided with the aforesaid two transparent plates 30 
and 32 underneath which are the score sheets, one for 
each alley. If 'desired, the projector 21 may be removed 
from the console 22 and the score sheets observed directly 
through the transparent plates 30 and 32. Behind the 
plates 30 and 32 are the pus-h'buttons 24 already’ de 
scribed, one of these pushbnttons being provided for each 
player, the arrangement being such that each player 
presses his pushbutton when he prepares to bowl in ac 
cordance with the teachings of the aforesaid US. Patent 
No. 3,124,355. Projecting upwardly from the console 
22 is a conduit 34 which conveys cooling air through an 
opening 36 in the projector 21 and across the tops of the 
transparent plates 30 and 32 in a manner hereinafter 
described. Extending out of the front of projector 21 
are tubes or cylinders 38 and 40 which house lenses for 
the purpose of projecting the score onto the screens 26 
and 28 of FIG. 1. 

Referring now to FIGS. 3 and 4, the projector 21 is 
shown resting on the top 42 of the console 22. It com 
prises an outer housing 44 (FIG. 4) having a frontal face 
through which the lens-carrying tubes 38 and 48 project. ' 
Carried within the housing 44 is a generally rectangular 
structure comprising a front plate 46, a rear plate 48 of 
smaller height, and a pair of side plates 50, only one of 
which is shown in FIGS. 3 and 4. Carried within the 
generally rectangular structure de?ned by plates 46, 48 
and 50 are a second pair of spaced plates 52 and 54, 
only the single plate 52 being shown in FIG. 3. Extend 
ing between the plates 52 and 54 is a housing assembly 
56 comprising an upper arcuate portion having a reflec 
tive upper surface 6!). Depending downwardly from the 
arcuate portion 58 are skirt portions 62 and 64; and at 
the bottom of the skirt portions 62 and 64 are arcuate 
plates 66 and 68 which form passageways 7i} and '72 
between the interior of the housing structure 56 and the 
upper surface 42 of the console 22. It will be noted 
that the passageways 70 and 72 terminate at the edges 
of the transparent plates 30 and 32. 
With reference to FIG. 4, it can be seen that the con 

duit 34 extends through the opening 36 in the outer hous 
ing 44 and communicates with the interior of the struc 
ture de?ned by the housing assembly 56. A blower or 
other source of air under pressure, not shown, is con 
nected to the conduit 34 beneath top 42 such that air will 
be forced into the interior of the housing structure 56 
as indicated by the arrows 74 ‘in FIG. 4. This air under 
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pressure will then be forced out through the passageways 
70 and 72 along the general path of the arrows 76 shown 
in FIG. 3, this air being used for cooling purposes as 
will hereinafter be explained. 

Provided in the plates 52 and 54 above the housing 
structure 56 are slots 78 which receive the terminal con 
nectors 80 of a mercury arc lamp 82. As best shown in 
FIG. 4, the lamp 82 extends along the entire length 
between the spaced plates 52 and 54 above the arcuate 
portion 58, the arrangement being such that any light 
directed onto the re?ective surface 60 from the lamp will 
be re?ected directly back‘ to the lamp along lines 84, 
for example. Above the lamp 82 and extending between 
the plates .52 and 54 is a structure 86 comprising a pair 
of parabolic re?ectors 88 and 90 which serve to direct 
the light from the lamp 82 through the transparent plates 
30 and 32, respectively, along lines 92, for example, and 
onto score sheets 93 and 95 positioned therebeneath. In 
this respect, it will .be understood that the lamp 82, being 
of the mercury arc type, provides an intense line source 

Side re?ectors 83 and 85 serve to concentrate 
any stray light beams onto the plates‘ 30 and 32. 
From the score sheet 93 beneath transparent plate 30, 

for example, the light is re?ected along line 94 to a mirror 
96, and from mirror 96 along line 98 to a second mirror 
100. Finally, light re?ected from the mirror 100 along 
line 102 is re?ected from mirror 106 and along line 108 
out through the tube or cylinder 40 and the lenses carried 
therein where it is projected onto the screen 28 (FIG. 
1). In a somewhat similar manner,.the light re?ected 
from the score sheet 95 beneath the transparent plate 32 
is directed along line 110 where it is re?ected from mirror 
112 and along line 114 to mirror 116. Finally, the light 
re?ected from mirror 116 along line 118 is re?ected from 
a third mirror 120 and along line 122 and through the 
tube or cylinder 38 and the lenses carried therein to the 
screen 26. As shown, the various mirrors are supported 
on the plates 50 or 46 by means of mirror holders, gen 
erally indicated at 124. ' 
As best shown in FIG. 10, each mirror holder com 

prises a shaft 126 which is secured to a-generally arcuate 
plate 128 having inwardly-bent portions 130 at its opposite 
ends. Each inwardly-bent portion 130 terminates in a 
downwardly-extending portion 132 disposed at an angle 
of approximately 45° with respect to a‘mirror 134 held 
by the holder. In this manner, it can be seen that the 
mirror 134 is securely held between the median lower sur 
face of the arcuate portion 128 and the 45° end portions 
132 which serve to urge the edgs of the mirror inwardly 
and upwardly by virtue of their 45° angularity. As will 
be understood, this arrangement provides a simple and in 
expensive means for securely holding the various mirrors 
in position. ' 

Referring again to FIGS. 3 and 4, immediately adjacent 
the sides of the transparent plates 30 and 32 are guide 
ways 136 and 138, each comprising a pair of abutting 
strips of thin stainless steel or the like which are relatively 
?exible in nature. Only the one gnideway 136 is shown 
in FIG. 4. These guideways 136 and 138 serve to hold 
the transparent plate 36) or 32 against the underside of 
the top plate 42 of console 22 and also serve to receive 
a clip, hereinafter described, which holds the score 
sheet 93 or 95 in position beneath each transparent plate. 
Underneath each transparent plate ‘is a score printing 
mechanism, the details of which may be understood by 
reference to the aforesaid US. Patent No. 3,124,355. 
Each printing mechanism includes printing wheels, sche 
matically illustrated at 146, which are adapted to move 
upwardly and into engagement with the score sheet 93 or 
95 to print numerals thereon. The printing wheels 140 
are carried on a carriage, generally indicated at 142. This 
carriage is adapted to move in onedirection parallel to the 
long transverse dimension of the score sheet and in a sec 
ond direction perpendicular thereto. In this manner, the 
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6 
printing wheels can move over the entire surface of the 
score sheet such that they will be positioned beneath a 
particular frame box in any player line. Carried on-the 
carriage 142 above the printing wheels 140 is a light 
colored opaque plate 144 having its transverse dimension 
substantially equal to twice those of the transparent plate . 
30 or 32 such that a light-colored background will be 
provided beneath the transparent plate regardless of the 
position of the printing wheels therebeneath. Provided ' 
in the plate 144 is an aperture or opening 146 through 
which the printing wheels 140 project. Covering the 
aperture 146 is a shutter 148, the arrangement being such 
that in order to print on the score sheet 93 or 95, the 
printing wheels 140 will be moved upwardly, whereupon 
the shutter 14% will be moved downwardly to uncover the 
aperture 146 and permit the printing characters on wheels 
140 to make contact with the underside of the score sheet 
93 or 95. ' When the printing wheels again move down 
wardly, the shutter 148 will move upwardly to again cover 
the aperture 146. a 
As was mentioned above, in order to project a reason 

ably satisfactory image onto the screen 26 or- 28, it is 
of primary importance that the light-colored background 
provided by the plate 144 be as close to the score sheet 
93 or 95 as possible. In this respect, it vhas been found 
that a spacing of as little as 119,2 of an inch will materially 
reduce the quality of the image produced. Therefore, in 
accordance with one aspect of the present invention, 
means are provided for resiliently urging the plate 144 . 
upward-1y into engagement with the underside of the score 
sheet 93 or 95 to minimize the spacing therebetween. In 
the particular embodiment of the invention shown in 
FIGS, 3 and 4, this means includes pins 150 secured to 
the underside of the plate 144. One set of pins on one 
side of the plate 144 extend downwardly through open 
ings in the top ?ange of backing plate 152 of the printing 
mechanism; whereas the other set of pins on the other 
side of the plate 144 project through ?anges extending 
outwardly from end plate 156 extending-outwardly from 
the backing plate 152. Each pin 150 is provided with a 
collar 158, and between these collars and lower ?anges 
160 and 162 are coil springs 164, the arrangement being 
such that the springs will urge the pins 150 and the plate 
144 carried thereby upwardly and into engagement with 
the underside of the transparent plate 30 or 32. The 
springs 164 will resiliently but snugly urge the plate 144 
into engagement with the underside of the score sheet 93 
or 95, but will nevertheless permit the plate 144 to slide . 
over the underside without a great deal of frictional re 
sistance between the two. 4 
As was mentioned above, the mercury arc lamp 82 ‘ 

creates a great deal of heat, this being an incident of the 
large amount of light required to produce a satisfactory 
image for projection by re?ection methods. Since the 
score sheet 93 or 95 will remain under its corresponding 
transparent plate 30 or 32 during an entire bowling game, 
the heat generated could very well scorch the score sheet. 

_ Accordingly, the upper surfaces of the transparent plates 
30 and 32 are each provided with a coating which re?ects 
a major portion of the heat-producing infrared rays while 
passing the remainder of the light. Furthermore, the 
underside of each of the plates 30 and 32 is provided with 
a surface which minimizes re?ection at the underside of 
each plate so that the light will pass through the plates and 
be re?ected from the score sheet itself. It has been found 
that the transparent plates 30 and 32 will heat up to a tem 
perature which will damage the score sheet in the absence 
of some type of cooling means. Accordingly, cooling is 
provided for these plates by passing an air stream from 
passages 70 and 72 across the tops of the plate 30 and 32. 
In the cooling process, the air passes from conduit 34 into 
the space de?ned by the housing assembly 56, and thence 
through the passageways 70 and 72 which extend along 
one edge of each of the transparent plates and‘across the 
tops of these transparent plates, thereby'carrying away‘ 
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heat to lower the temperature of the apparatus and pre 
vent scorching of the score sheets, 

In order to insert the score sheet 93 or 95 into the 
space between the transparent plate 30 or 32 and its 
associated opaque backing plate 144, a clip such as that 
shown in FIGS. 5, 6 and 7 is provided. The clip com 
prises a pair of elongated sides 168 and 170 each com 
prising a pair of superimposed stainless steel strips 172 
and 174 (FIG. 6). Extending between the side members 
168 and 170 and interposed between the stainless steel 
strips 172 and 174 of each side member are spacers 176, 
178, 180 and 182. As shown, each of the spacers 176— 
182 is spot-welded to its associated side members 168 
and 170 as at 184. The left end of the clip is bent up 
wardly as at 186 to provide a handle which may easily 
be grasped by the ?ngers. Slid-able between the lami 
nated stainless steel strips 172 and 174 of each side mem 
ber'168 and 170 are a pair of members 188 and 190, and 
spot-welded to each of these slideab'le members are a 
pair of strips 192, possibly best shown in FIG. 6. The 
clip is shown in FIG. 5 with the score sheet 93, 95 re 
moved and with the sli-deable bars or members 188 re 
moved from the spacers 178 and 180. In order to in 
sert the score sheet into the clip, it will be initially 
stretched between the spacers 178 and 188, and the slide 
able members 188 and 190 moved toward’ the spacers 
178 and 189 whereby the strips 192 will pass over and 
engage the ends of the score sheet to hold it in position 
as shown in FIG. 7 wherein the members 188 and 198 
are moved toward the strips 178 and 180 to pass strips 
192 over the ends of the score sheet and hold it in posi 
tion. 

In order to insert the clip and the score sheet held 
thereby between the transparent plate 30 or 32 and its 
associated opaque backing plate 144, the clip is inserted, 
right end ?rst as viewed in FIG. 7, into a slot 193 (FIG. 
4) provided in the top 42 of console 22. When the end 
of the clip is passed into the slot 193 in this manner, it 
will pass along the guideways 138 and 136 each compris 
ing a pair of superimposed stainless steel strips or the 
like; and since the strips 172 and 174 of the clip are ?ex 
ible as are the strips which form the guideways 136 and 
138, the clip will pass under the transparent plate 30 or 
32 while forcing the opaque backing plate 144 down 
wardly. The clip is pushed all of the way into the slot 
193 such that only the handle portion 186 extends out 
of it, whereupon the score sheet 93 or 95 will be directly 
beneath the transparent plate 30 or 32. In order to re 
move the clip and the score sheet carried thereby at the 
end of a game, the clip is merely grasped by its handle 
186 and pulled out of the slot 193. ' 
With reference to FIGS. 5 and 7, it will be noted that 

notched or angled portions 194 and 196 are provided for 
each of the spacers 188 and 182, respectively. These are 
necessary since the clip must pass over the shutter 148 
shown in FIG. 3. That is, the shutter 148 will project 
above the upper surface of the opaque backing plate 144, 
and if theforward edge of spacer 182 were straight, it 
would engage the shutter 148 which would prevent or 
impede its passage further into the slot- 193 and along 
guideways 136 and 138. By virtue of the angled portion 
196, however, this portion will progressively engage the 
shutter to push it downwardly whereby the clip may pass 
thereover. The ‘angled portion 194 operates in the same 
manner when the clip is pulled out of the guideways 136, 
138 and the slot 193. That is, it will progressively en 
gage the shutter 148 to force it downwardly and permit 
the clip to pass thereover. The angled portions 194 and 
196 are provided at one side of the clip only since, when 
a game begins or ends, the printing wheels will always 
be over the ?rst frame of the ?rst line on the score sheet, 
generally indicated at 198 in FIG. 7. This frame, it will 
be noted, is directly in line with the angled portions 194 
and 196. 
With reference now to FIG. 8, one of the printing 
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wheels is shown in greater detail and comprises a central 
disc 200 having a plurality of raised printing characters 
202 in its periphery. In a printing operation, the backing 
plate 152 and the printing Wheel 2199 are moved upwardly 
by means, not shown herein. The shutter 148, however, 
is connected through a linkage 294 to part of the printing 
mechanism which also does not move upwardly so that 
as the printing wheels move upwardly, the shutter will be 
pulled downwardly to expose or uncover the aperture 
146 above the printing wheels. Movable over the tops 
of the printing wheels is a roll of tape 286, the tape being 
guided between pairs of curved stainless steel plates 208 
on either side of the printing wheel 2%. The tape 206 
is carried on a supply reel 210 and thereafter passes over 
a roller 211 into the space between the plates 208, there— 
by passing over the aperture 146 in plate 144. There 
after, it passes over a driven roll 214 and thence to a 
takeup reel 216 which is continuously ‘urged to rotate in 
the direction of the arrow by a slip clutch arrangement, 
not shown herein. The roll 214 is driven through gears 
218 and 220, the gear 220 being keyed or otherwise se 
curely fastened to a shaft 222 which rotates during each 
printing operation. Beneath the roll 214 is an idler roll 
224 connected to a solenoid 226, the arrangement being 
such that when the solenoid is energized, the roll 224 will 
be urged upwardly into engagement with roll 214, there 
by advancing the tape which is taken up on the roll 216. 
For a full and detailed description of the operation of 
the tape mechanism, reference may be had to the afore 
said copending application Serial No. 175,865. 

It has been found that in addition to the heating of the 
score sheet mentioned above, the carbon tape 206 will 
also become heated. Accordingly, a conduit 228 supplies 
air under pressure into the area of the printing tape to 
thereby carry away heat in much the same manner as 
heat is carried away from the tops of plates 38 and 32. 
The air from conduit 228, of course, also serves to cool 
at least a portion of the bottom of the opaque backing 
plate 144 and the score sheet above it. 

In the embodiment of the invention shown in FIG. 
8, the opaque backing plate 144 is not spring-loaded as 
it is in FIG. 3. Rather, an in?atable bag 2315 of poly 
ethylene or the like is inserted into the space between the 
plate 144 and the score sheet 93 or 95 for the purpose 
of urging the score sheet into snug abutting relationship 
with the underside of the transparent plate 30 or 32. The 
in?atable plastic bag is probably best shown in FIG. 9 
and comprises parallel sheets of plastic which are prefer 
ably heat sealed at their edges. In addition, an aperture 
232 is cut into the bag 230 and heat sealed around its 
edges to provide an opening above the aperture 146 in 
plate 144 such that the printing wheels may pass there 
through. As was mentioned above, the in?atable bag 
230 is preferably polyethylene, although any plastic ma 
terial which has a slippery surface so as to provide mini 
mized fractional contact between the bag and the score 
sheet may be used. The plastic, which is normally trans 
lucent, must be colored to provide a white brilliancy to 
facilitate the necessary light-colored background for the 
translucent score sheet. The bag, when in?ated, will pro 
vide the necessary snug abutting backup for the score 
sheet, but at the same time, because of its slippery sur 
face, will not impede movement of the plate 144 and the 
printing wheels underneath over the surface of the score 
sheet, nor will it impede insertion or withdrawal of the 
score sheet-carrying clip into the guideways 136 and 138. 
Preferably, the in?atable plastic bag 2343 is glued to the 
upper surface of backing plate 144, although any fasten 
ing means may be used to suit requirements. 
FIGS. 11, 12 and 13 disclose another arrangement of 

the invention wherein the clip of FIGS. 5-7 and the guide 
ways 136 and 138 (FIG. 3) may be entirely eliminated. 
With reference to FIG. 11, it will be noted that the trans~ 
parent plate 30’ is held on the upper plate or surface 42’ 
of console 22 by means of clamps 240, each of 



which includes a lower ?anged portion v242 which 
overlaps the edge of the transparent plate 30’, and a. 
shank portion 244 having its upper end threaded for' 
the reception of a nut 246. The plate 144’ is directly 
beneath the transparent plate 30' as in the previous em 
bodiment and is‘ spring-biased upwardly by means similar 
to springs 164 in FIG. 3, the force of the springs being‘ 
indicated by the arrows 248 in FIG. 11. 

At either end of the transparent plate 30’ are clamps 
250 and 252. Both clamps are identical and comprise 
a lower plate 254 sandwiched between the upper plate 
42' of the console and the opaque backing plate 144’. 
Spot-welded or otherwise securely fastened to the opposite 
ends of plate 254 are two upwardly-extending pins 256 
having reduced diameter portions at their upper ends 
for the reception of a crossbar 258. The aforesaid upper 
reduced diameter portions of the pins 256 are threaded 
and receive nuts 260 whereby the bar 258 may be se 
curely held to the pins. Surrounding'the pins between 
the upper surface 42’ of the console and the underside 
of bar 258 are coil springs 262, the arrangement being 
such that the springs will normally urge bar 258 and the 
plate 254 upwardly into close abutting relationship with 
the underside of the top plate of the console. As will be 
understood, however, the plate 254 may be moved down 
wardly on either clamp 250 or 252 by simply depress 
ing the bar 258. For this purpose, a button 264 is pro 
vided at the center of each bar 258 and is adapted to 
engage a cam lever 266 which is pivoted to the upper 
surface 42’ as at 268, the arrangement being such that 

. each‘cam lever may be rotated in either a clockwise or 
counterclockwise direction as viewed in FIG. 12. With 
particular reference to FIGS. 11 and 13, it will be noted 
that the upper portion 270 of each cam lever 266 is 
beveled or slanted such that when the cam lever 266 is 
rotated to the right as viewed in FIG. 13, for example, 
the bar 258 and plate 254 will be moved downwardly. 
Conversely, when the cam lever 266 is moved to the 
left as viewed in FIG. 13, the springs 262 will force 
the bar 258 and plate 254 upwardly. - 

' Provided at the forward end of the upper surface 42’ 
is an inclined'slot 272. In order to load the translucent 
or the like score sheet 273 into the apparatus, the cam 
levers are initially rotated to depress the bars 258 and 
plates 254. In this process, the opaque, light-colored 
backing plate 144' is also depressed so as to leave a space 
between the transparent plate 30’ and the plate 144’. 
Thereafter, the forward edge of the score sheet 273 is 
inserted through the slot 272, and as the score sheet is 
pushed into the slot, its forward edge will engage the 
upper surface of plate 144' and pass over the plate 254 
for clamp 250. Thereafter, the score sheet will pass be 
tween the pins 256 for clamp 250, these pins acting as edge 
guides for the score sheet as it is advanced into the space 
between plates 30' and 144'. Additionally, other pins 
may be provided in ‘alignment with pins 256 if desired. 

After passing beneath the transparent plate 30' the 
score sheet passes over the forward edge of the plate 254 
for clamp 252. If desirable or necessary, edge guiding 
pins on either side of the score sheet may be provided at 
the right end of the transparent plate 30' as viewed in 
FIGS. 11 and 12 for the purpose of correctly registering 
the score sheet. In most cases, however, the score sheet 
can be correctly registered without the necessity for such 
guiding pins. Preferably, a mark or registering line will 
be provided on the transparent plate 30’ which can be 
aligned with a corresponding mark or line on the score 
sheet such that the player can easily determine when‘ the 
score sheet is properly positioned. _ 

After the score sheet is once positioned, the cam levers 
266 will be rotated in the opposite direction, whereby the 
plates 254 will move upwardly to clamp the sheet to the 
underside of the upper surface 42’. At the same time, 
the plate 144', being spring-loaded, will also move up 
wardly into close abutting relationship with the score 
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sheet so as to provide a good background therefor. If 
desirable or necessary, the score sheet, being of thin trans 
lucent paper and relatively ?exible, may be initially at— 
tached -to a thin sheet'of transparent Mylar or the like 
having a thickness of 0.007 to 0.010 inch, the score sheet 
being attached to this Mylar backing plate by pressure 
sensitive gum spots or the like. I Another possibility is 

. to provide a score ‘sheet which itself is formed of Mylar 
or other similar plastic, and having one side frosted 
whereby printed characters. may be produced thereon. 
Still another arrangement is to have the outline of the 
score sheet (i.e., the lines and frames) printed or other 
wise produced on the underside of the transparent plate 
30’, in which case the translucent score sheet inserted into - 
the slot 272 may be blank to eliminate all problems in 
aligning the score sheet beneath the transparent plate. 
In this latter case, hereinafter more fully described, the 
completed score sheet would have only the printed char 
acters thereon, however, this will nevertheless serve as a 
permanent record since the frame-to-frame and total score 
of each player will be registered along a straight line on 
the completed score sheet. 
With reference now to FIG. 14, the aperture 146' in 

the opaque backing plate 144’ is directly beneath the 
?rst frame for the ?rst player on the score sheet. This 
is the position assumed at the beginning of a bowling 
‘game. Note that the length of plate 144' on either 
side of the aperture 146’ is equal to the length of the ten 
frame boxes and that the width of plate 144' above and 
below the vaperture 146' is equal to the width of.the ?ve 
lines on the score sheet. This is necessary in order to 
have the backing plate 144' cover the complete score 
sheet regardless of which frame is being played. As was 
mentioned above, the opaque backing plate 144’ is light 
colored, preferably white. It is, of course, highly desira 
ble to provide a means for readily appraising the bowlers 
playing a game to which player line the printing ap 
paratus will print on. It might happen, for example, 
that bowler No. 1 might depress the No. 2 pushbutton 
rather than his correct N0. 1 puslibutton. In this case, 
the aperture 146’ and the printing wheels beneath it 
would move to the second player line in accordance with 
the teachings of the aforesaid US. Patent No. 3,124,355. 

In order to readily appraise the players of the player 
line on which the score, will be entered, an arrow 280 is 
provided on the light-colored opaque backing plate 144' 
and extends from the right edge of the aperture 146' as 
viewed in FIG. 14 to the right edge of the plate 144’. 
It has been found that when the arrow is red, black 
printed characters on the score sheet which are over that 
red arrow can nevertheless be readily distinguished, even 
when the score sheet is projected onto ‘a screen by the 
projector previously described. The arrow will be 
beneath printed characters when, for example, a strike, 
spare, or double is made during a bowling game, necessi 
tating the aperture 146' and printing wheels to move to 
the left of ball results which have already been printed 
in succeeding frames. Let uspassume, for example, that 
strikes have been achieved in the ?rst and second frames, 
meaning that no score will be entered in these frames 
until the third frame is played. Before the score is 
entered the ?rst frame, however, the ball results of the 
?rst ball delivered in the third frame will be printed in the 
third frame box, whereupon the aperture 146’ and the 
printing wheels therebeneath will move backwardly to 
the ?rst frame. This means that the arrow will now 
cover the printed ball results in both the second and 
third frames, and if the arrow should be black or the like, 
it will obscure the printed characters. On the other 
hand, if it is a light color such as yellow it will not be 
readily distinguishable, particularly when the score sheet 
is projected onto a screen. The red color, however, pro 
vides a good compromise whereby the arrow may be 
readily seen and at the same time will not obscure the 
ball result-s printed in any of the frames. 
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In FIG. 14 it will be noted that adjacent the player 
pushbuttons 24 are ‘a pair of parallel clips or guideways 
282 and 284 which receive a player tab assembly, gen 
crally indicated at 236. Printed on the player tab assem 
bly 286 are player lines 288 on which the names of the 
respective players may be written such that each name 
will appear adjacent the pushbutton 24 which that player 
should depress before he bowls. To the ‘side of the 
player lines 283 are a series of ten boxes for each player, 
these boxes being available for manually recording with 
a pencil, if desired, such additional data as provisional 
balls delivered during the game. 

With reference to FIG. 15, it can be seen that the 
player tab assembly 286 comprises three laminated sheets 
290, 292 and 294 having identical, superimposed printing 
thereon (i.e., the player lines 238 and adjacent boxes). 
Sheets of carbon paper, not shown, are interposed between 
the sheets 2%, 292 and 292, 294 such that the player’s 
name and other information entered on the ?rst sheet 
290 will automatically be entered on the other two sheets 
also. The left-hand edges of the sheets 290—294 are 
bound or glued together and provided with a perforated 
line 296 such that each sheet may be torn from the other 
along this line. 
As was mentioned above, the outline of the score sheet 

(i.e., the lines and frames) may be printed or otherwise 
produced on the underside of the transparent plate such 
that the score sheet itself may be blank. An arrangement 
of this sort is particularly adapted for use with a score 
sheet feed arrangement of the type shown in copending 
application Serial No. 166,633 ?led January 16, 1962. 
and assigned to the assignee of of the present applica 
tion, the score sheet material is stored on a roll within 
the console 22 and is threaded ‘between the transparent 
plate 30 or 32 (FIG. 3) and the opaque backing plate 
144 with its forward end terminating at a slot somewhat 
similar to the slot 272 shown in FIG. 14. In the case 
of a continuous roll, however, a combined clamp and 
shear .is provided adjacent the slot through which the 
score sheet material passes in order that the end of the 
continuous score sheet material may be clamped during 
a printing operation, and the score sheet thereafter pulled 
out of the slot until its trailing end is beneath the shear, 
at which point the completed score sheet is severed from 
the remainder of the continuous roll. A continuous roll 
arrangement of this type eliminates all problems in insert 
ing the score sheet between the transparent and backing 
plates; and since the outline of the score sheet is provided 
on the back of the transparent plate above it, all problems 
of aligning the score sheet are likewise eliminated. In 
the usual case, a continuous roll of score sheet material 
will have its trailing end secured to the core of the spool 
on which it is stored, the arrangement being such that 
when the spool is empty, the trailing end of the score 
sheet material will not be pulled out of the‘ space between 
the transparent and backing plates. Rather, the leading 
end of a new spool or score sheet material may be at 
tached to the trailing end of the previous spool and the 
continuous material pulled through the space between 
the transparent and backing plates. Thus, the score sheet 
need be threaded through the machine only once. 
With reference again to FIG. 15, it will be seen that 

the ‘back. of the sheet 290 of the player tab assembly 286 
may be provided with a strip of pressure-sensitive ‘gum 
298 such that a completed score sheet 30%} may be at 
tached thereto. This arrangement, of course, is particu 
larly adaptable for use with a score sheet which does not 
have the player lines and frames printed thereon. That 
is, a completed score sheet of this type will have the 
ball results for each frame and progressive score for 
each player extending along a straight line which can be ' 
readily aligned with that player’s name on the tab 290. 
Thus, in observing the completed ‘score sheet, any player 
can readily observe his frame-to-frame and ?nal score 
along a straight line extending adjacent his name to 
gether with his ball results achieved in each frame. 

10 

15 

20 

25 

30 

40 

60 

12 
In playing the game with apparatus in which the score 

sheet is blank and the player lines and frames are scribed 
on the ‘bottom of the transparent plate 30 or 32, the play 
ers’ names are entered on the top sheet 290 of the player 
tab assembly 286 whereby these names will be impressed 
also on the sheets 292 and 294 by virtue of the carbon 
paper between them. Thereafter, the sheets 290-294 are 
torn apart; one is slipped beneath the guideways 282 and 
284 adjacent pushbutt-ons 24; the second is slipped beneath 
the transparent plate 30 or 32 so that each player’s name 
will appear adjacent his frame-to-frame score; and the 
third will be given to the ‘bowling alley proprietor or 
used as a spare. Thus, even though the score sheet is 
blank one of the player tabs will be inserted over it so 
that the players’ names will be projected onto the screens 
just as if they were entered directly on the score sheet. 
With reference now to FIGS. 16 and 17 another em 

bodiment of the projector is shown wherein the score 
is projected onto ground glass screens 302 and 304 at 
the back of a casing 306 for the projector. With this ar 
rangement, the score sheet beneath the transparent plate 
30, for example, may be projected onto screen 302; 
whereas that beneath the transparent plate 32 may be 
projected onto screen 304. ' 
The lighting means for the projector is the same as that 

shown in FIG. 3 and comprises a mercury arc lamp 82 
together with a lower housing 56 and upper re?ector 86. 
A ‘blower, not shown, is connected through conduit 3-4. to 
the housing 56 such that a stream of cooling air will be 
blown across the tops of the transparent plates. Thus, 
this part of the projector of FIGS. 16 and 17 is the same 
as that shown in FIG. 3. In this case, however, the image 
of the score sheet is re?ected from a ?rst mirror 308 and 
thereafter passes through a lens system 310 where it is 
reduced in size and intensi?ed. From the lens system 310 
the image is re?ected from mirrors 312, 314 and 316 
onto the ground glass screen 304. The mirror system for 
the other alley will be similar to that shown except that 
the mirrors will be arranged to project the image of the 
other score sheet ‘onto the upper ground ‘glass screen 302. 
The arrangement of the mirrors 308, 312, 314 and 316 
as shown herein is for illustrative purposes only, it being 
understood that any suitable optical system may be em 
ployed which will project an image of the score sheet 
onto an associated one of the ‘screens 302 or 304. 
Although the invention has been shown in connection 

with certain speci?c embodiments, it will be readily ap 
parent to those skilled in the art that various changes in 
form and arrangement of parts may be made to suit re 
quirements without departing from the spirit and scope 
of the invention. 

I claim as my invention: 
_ 1. Optical projector means for projecting onto a screen 

light re?ected from parallel sheets of paper lying in a 
common plane, comprising plates of transparent material 
spaced apart in a common plane, ‘means for positioning 
said sheets ‘beneath the plates of transparent material in 
vside-by-side relationship, a source of light extending along 
a generally straight line above and between the trans 
parent plates and substantially parallel to one transverse 
dimension of each plate, re?ector means having a cross 
section forming an arc of a circle beneath said source of 
light, parabolic re?ectors above the light source for di 
recting light through the transparent plates and onto said 
sheets, lens means for focusing light re?ected from said 
sheets onto said screens, skirts depending downwardly 
from the edges of said ?rst-mentioned re?ector means 
to provide a housing beneath the ?rst-mentioned re?ec 
tor means, said skirts de?ning slots adjacent the upper sur 
faces of said transparent plates, and means for forcing 
?uid under pressure into said housing whereby the ?uid 
will ‘be forced through said slots and across the tops of 
said transparent plates to cool the same. 

2. The combination of printing means and optical pro 
jector means for projecting onto a screen light reflected _ 
from a sheet of paper or the like having a non-illuminated 
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background and material printed thereon by the printing 
means, comprising a source of light, means for directing 
said light onto the sheet ‘of paper or the like, lens means 
for ‘focusing the light re?ected from said sheet of paper 
or the like onto said screen, a transparent plate posi 
tioned over the surface of said sheet of paper or the like 
and parallel thereto, said transparent plate having an upper 
surface provided with a ?lm adapted to re?ect infrared 
rays and pass the remainder ‘of the light, the transparent 
plate also having a lower surface provided with a ?lm 
which minimizes the re?ection of light at the lower sur 
face thereof, means for directing a stream of cooling ?uid 
over a surface of said transparent plate, an opaque plate 
beneath said sheet of paper or the like and parallel there 
to, said opaque plate having an aperture therein, print 
ing means adapted to project through said aperture and 
print characters on the underside of said sheet of paper 
‘or the like, and means for urging said opaque plate into 
close abutting relationship with the underside of said sheet 
of paper or the like whereby the upper surface of said 
sheet of paper will be urged into close abutting relation 
ship with the lower surface of said transparent plate. 

3. The combination of printing means and optical pro 
jector means for projecting onto a screen light re?ected 
from parallel sheets of paper having material printed 
thereon by the printing means and lying in a common 
plane, comprising plates of transparent material, means 
for positioning said sheets beneath the plates of trans 
parent material in side-by-side relationship, a source of 
light extending along a generally straight line above and 
betweenthe transparent plates and substantially parallel 
to one transverse dimension of each plate, re?ector means 
having a cross section forming an arc of a circle beneath 
said source of light, parabolic re?ectors above the source 
of light for directing light through the transparent plates 
and onto said sheets, lens means for focusing light re 
?ected from said sheets onto said screens, skirts depend 
ing downwardly from the edges of said ?rst-mentioned 
re?ector means to provide a housing beneath the ?rst 
mentioned re?ector means, said skirts de?ning slots ad 
jacent the upper surfaces of said transparent plates, means 
for forcing ?uid under pressure into said housing whereby 
the ?uid will be forced through said slots and across the 
tops of said transparent plates to cool the same, opaque 
plates positioned beneath said sheets and parallel thereto, 
each of said plates having an aperture therein, printing 
means adapted to project through said apertures and print 

, characters on said sheets, and means for urging said 
opaque plates upwardly into close abutting relationship 
with the undersides of said sheets whereby the upper 
surfaces of said sheets are urged into close abutting rela 
tionship with the undersides of said transparent plates. 

4. In optical projector means for projecting onto a 
screen light re?ected from the surface of a sheet of paper 
or the like having a non-illuminated background and 
printed material thereon, the combination of a plate of 
transparent material positioned adjacent one side of the . 
sheet of paper or the like and parallel thereto, an opaque 
plate positioned adjacent the other side of the sheet and 
parallel thereto, an in?atable light-colored bag interposed 
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between said sheet and said opaque plate whereby the in 
?ated bag will force the sheet into snug-abutting relation 
ship with the transparent plate, said in?atable bag and 
said opaque plate each having a centrally-located aper 
ture therein through which printing means may project 
to print characters on said sheet, a source of light above 
the transparent plate, re?ector means for directing light 
from said source through said transparent plate and onto 7 
the sheet of paper or the like which is held in snug-abut- . 
ting relationship with the transparent plate, and lens means 
for focusing light re?ected from said sheet of paper or 
the like onto said screen. 

5. In optical projector means for projecting onto a 
screen light re?ected from the surface of a sheet of paper 
or the like having a non-illuminated background and 
printed characters thereon, the combination of a trans 
parent plate positioned above the sheet and parallel 
thereto, an opaque plate positioned adjacent the underside 
of the sheet and parallel thereto, means including an in 
?atable bag of light-colored material interposed between 
the opaque plate and said sheet for forcing the sheet into 
snug-abutting relationship with the underside of the trans 
parent plate, said in?atable bag and the opaque plate 
each having a centrally-located aperture therein through 
which printing means may project to print characters on 
said sheet, a source of light above the transparent plate, 
re?ector means for directing light from said source 
through said transparent plate and onto the sheet of 
paper or the like, lens means for focusing light re?ected ‘ 
from said sheet of paper or the like onto said screen, and 
means for directing a stream of cooling ?uid across the 
top of said transparent plate to prevent scorching of the 
sheet of paper or the like under the transparent plate. 
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