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57 ABSTRACT 
A die is simulated by apparatus including surface such 
as a disk or cylinder that is driven and positioned by a 
motor having six stable states of quiescence or equilib 
rium. The movable surface is divided into six sectors 
which are randomly presented to an optical system 
each time the motor stops. Each sector contains an op 
tical pattern that is transmitted by an optical system to 
a representation or simulation of a face of a die. The 
optical system may include seven 'light pipes' or 
acrylic rods which extend from a position adjacent to 
the movable surface to the simulated face of the die. 
The optical pattern may comprise a plurality of reflec 
tors attached to or part of the movable surface for se 
lectively reflecting back overhead or room lighting fall 
ing upon the simulated die face such that selected pipes 
will appear illuminated upon the die face. Alterna 
tively, the movable surface may include an optical pat 
tern of holes or apertures for selectively passing light 
from a fixed reflector or a light source to the optical 
system. One or more dice may be positioned upon a 
board or base structure and may be operated from the 
same electrical push button or other control. 

4 Claims, 9 Drawing Figures 
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DECE SIMULATOR 

BACKGROUND OF THE INVENTION 

This invention relates to toys and games; and more 
particularly, this invention provides a simulation of one 
or more dice which may be “rolled' by pressing a but 
ton or otherwise closing an electrical circuit to rotate 
a motor which will stop randomly in one of six discrete 
positions to provide a display of pips representing a top 
face of a die. 
Actual dice consist of cubes of six faces, each con 

taining from one to six pips or spots. When dice are 
rolled upon a flat surface such as a table top, each die 
will come to rest with a random one of the faces up 
wardly providing a reading or indication of the dice 
throw. The rolling of the dice is often used in games to 
provide random number combinations or totals for var 
ious purposes associated with such games. When used 
in games and such, the dice must be relatively small 
cubes which can be picked up and held in a player's 
hand; and the faces of each die must be correspond 
ingly small with a dot or pip pattern that must be seen 
by all of the player's in the game. 

It is an object of this invention to provide a simula 
tion of one or more dice wherein the representation of 
the cubes and the faces of the cubes may be enlarged 
as compared with actual hand-held dice; and more es 
pecially it is an object to provide a realistic simulation 
of a face of a die which will randomly display the six 
patterns of pips or spots commonly used on the six 
faces of actual dice. 

It is a further object to provide a simulated die or die 
face wherein the six patterns of pips are generated by 
a movable surface that will randomly present one such 
pattern to an optical system for transmitting the pip 
pattern to the face of the die; and more particularly it 
is an object to move and to position the surface with a 
motor having a magnetic field and armature structure 
such, that the motor will come to rest in a random man 
ner in one of six stable positions to provide a random 
selection of one of the six patterns to be presented to 
the optical system. 

SUMMARY OF THE INVENTION 

An electric motor having two magnetic field poles 
and three armature poles will come to rest when not 
loaded in any one of six stable positions of magnetic 
equilibrium. The motor drives and positions a movable 
surface such as a disk or cylinder so that one of six sec 
tors or segments of the movable surface is randomly se 
lected and presented to an optical system. A pattern of 
pips is transmitted from the randomly selected sector 
of the movable surface to a simulated face of a die by 
the optical system which may include seven "light 
pipes' or transparent acrylic rods. Overhead or room 
light falling upon the exposed and polished ends of the 
acrylic rods will be transmitted down to the selected 
sector of the movable surface, and a pattern of reflec 
tors will reflect the light back into selected ones of the 
acrylic rods to provide a pattern of pips appearing on 
the simulated face of the die. Light from those rods not 
a part of that particular pattern will strike suitable light 
absorbing material, and will not be reflected back to 
the simulated die face. 

DESCRIPTION OF THE DRAWINGS 

The various features and advantages of this invention 
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2 
will become apparent upon a consideration of the fol 
lowing description taken in connection with the accom 
panying drawings which illustrate two exemplary em 
bodiments of the simulated dice of this invention. The 
views of the drawings are as follows: 
FIG. 1 is a perspective view of a pair of simulated 

dice in accordance with this invention; 
FIG. 2 is a vertical sectional view along the plane 2 
- 2 of FIG. 1; 
FIG. 3 is a horizontal sectional view along the plane 

3 - 3 of FIG. 2; 
FIG. 4 is a fragmentary vertical section along the 

plane 4 - 4 of FIG. 3; 
FIG. 5 is a top view looking down along the plane 5 

- 5 of FIG. 4 upon the simulated face of a die; 
FIG. 6 is a perspective view of a simulated die illus 

trating another embodiment of this invention; 
FIG. 7 is a vertical sectional view along the plane 7 

- 7 of FIG. 6; 
FIG. 8 is a vertical sectional view along the plane 8 

- 8 of FIG. 7; and 
FIG. 9 is an enlarged section through an electric 

motor particularly showing the structure of the mag 
netic field poles and armature poles for providing the 
six stable rest positions of magnetic equilibrium. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in FIGS. 1, 2 and 4, a pair of simulated dice 
11 and 12 are positioned on a base housing 13. Seven 
light pipes or transparent acrylic rods 14 are arranged 
in a parallel configuration extending downwardly 
through each of the dice 11 and 12. Each acrylic rod 
14 has one end somewhat rounded and exposed flush 
with or protruding slightly above the simulated die 
faces. A movable surface such as a disk 15 is positioned 
adjacent to and imediately below the lower ends of the 
acrylic rods 14. 
An electric motor 16 supports and drives each disk 

15. The movable surfaces or disks 15 each contain six 
sectors which are designated with Roman numerals I, 
II, III, IV, V and VI as shown in FIG. 3. Each sector of 
the disks 15 contain a pattern of reflectors 17 which 
may be optically transmitted to the simulated faces of 
the dice 11 and 12 by the acrylic rods 14 which consti 
tute an optical system. 
As shown in FIG. 9, the electric motor 16 may in 

clude two magnetic field poles designated N and S to 
signify the "north' and "south' poles of the magnetic 
field. An armature 18 is mounted to rotate on a shaft 
19 between the field poles N and S. The armature 18 
includes three soft iron poles pieces which are desig 
nated as A, B and C. Obviously, the motor must include 
further structure such as windings and a commutator 
which are not shown since those parts are not necessary 
for an understanding of the present invention. The 
magnetic pole structure shown by FIG. 9, provides the 
motor with six stable positions of quiescence which are 
used by this invention for generating the randon dis 
plays of the six faces of the dice. The field poles N and 
S may be permanent magnets which attract and repel 
the poles A, B and C of the armature as the motor ro 
tates under electric power. When the electric power to 
the motor is cut off, the armature poles A, B and C are 
no longer magnetized, but being of soft iron, they are 
attracted to the permanent magnetic field poles N and 
S. When the rotation of the armature slows down, one 
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of the poles A, B or C will be closer to and will be at 
tracted more strongly by one of the field poles N or S. 
As the motor 16 approaches a rest position, the attrac 
tion between one armature pole and one field pole will 
dominate over the others, such that at the rest position 
one and only one armature pole will be aligned with 
one and only one of the field poles. As shown in FIG. 
9, the armature pole A has been attracted to and is 
being held in alignment with the field pole S. This rep 
resents one of the six discrete positions in which the 
motor armature 18 will stop. Obviously, the armature 
pole A could have been attracted to and aligned with 
the other field pole N. Similarly, the armature pole B 
could have become magnetically lodged next to either 
of the field poles N or S. Or, the armature pole C could 
have stopped in alignment with either of the field poles 
N or S. In all. there are six stable positions of quies 
cence provided by the electric motor having two field 
poles and three armature poles. Should the motor tend 
to stop in any other position, the then dominant pair of 
field-armature poles will then move the armature into 
one of the six stable quiescent positions. The selection 
among the six possible stable rest positions will be ran 
dom. 

It may be possible to stop the motor 16 in an unstable 
position midway between the stable positions indicated 
above. If desired, a commutator switching arrangement 
could be associated with the disk 15 to provide a mo 
mentary closure of the electric circuit to the motor, 
should the armature tend to "hand up' in one of the 
unstable positions. This feature is considered unneces 
sary, since the hang up positions occur very seldom. 
The only load on the motor 16 is the very light weight 
disk 15 and a slight frictional drag of the commutator 
brushes. By minimizing the brush tension, the magnetic 
attraction effects discussed above will be enhanced to 
the point that the hang up or "cocked dice' positions 
will be of no consequence. Motors of this type are com 
mercially available and are used extensively in battery 
operated toys. Indeed, the small size of these motors, 
and the fact that they may operate from the power of 
flashlight or penlight cells make them particularly de 
sirable for this invention. 
As shown in FIG. 2, the base structure 13 may be 

molded of plastic or other suitable material. The simu 
lated dice cubes 11 and 12 may be assembled sepa 
rately and mounted on the base 13 with means such as 
adhesive. The base 13 may be provided with a hole or 
opening 21 through which the acrylic rods or light 
pipes may extend. The molded base 13 may include 
compartments 22 for containing flashlight or penlight 
cells 23. Supporting structures or brackets 24 may be 
provided to hold the motors 16. A bottom cover or 
plate 25 may be removable for battery replacement. 
The optical pattern may comprise reflective elements 

27 attached to the disk 15 as shown in FIG. 4; or alter 
natively, the whole disk 15 could be a reflector, and 
non-reflective or light absorbing patches may be placed 
on the disk at those positions where light reflection is 
not desired. A further alternative is shown in FIG. 2 
wherein the disks 15 are perforated with holes or open 
ings in an optical pattern, and mirrors 28 or other re 
flectors are positioned beneath the disks 15. Thus it will 
be appreciated that the optical pattern of holes or aper 
atures will pass light to the mirrors 28, and then re-pass 
the light back to the acrylic rods 14. 
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4 
As indicated above, the light source for the simulated 

dice may be the overhead or room lighting which 
passes down through the acrylic rods 14 and is re 
flected back up through selected ones of the acrylic 
rods. This feature provides an advantage of economy, 
since a separate light source need not be provided; and 
further provides a saving of electrical power, since the 
battery or cells 23 are not used for illumination. This 
arrangement has been found to be very satisfactory in 
a normally lighted room. On the other hand, this simu 
lated dice invention may be used in a place of subdued 
lighting such as a cocktail lounge; and in this event, a 
light bulb 29 may be placed below the disks 15. The 
mirrors 28 may be mounted to pivot downwardly as 
shown by the dashed lines of FIG. 2, to provide reflec 
tors for the light from the bulb 29. Light from the bulb 
29 may be diffused by appropriate means on or near 
the bulb, and will then be reflected upwardly by the 
mirrors 28 through the optical pattern of holes or aper 
atures in the disks 15. Small levers 31 (see FIG. 1) may 
be provided for pivotting the mirrors 28. Therefore, the 
simulated dice of this invention can be used with reflec 
tors in an adequately lighted room; or it can be used 
with the light bulb in an area of subdued lighting. 
FIG.3 shows an optical pattern of reflectors (or aper 

tures) which may be placed upon the disks 15. As indi 
cated above, the disks are divided into six equal sectors 
with a different optical pattern appearing in each sec 
tor. The positioning of the simulated dice are shown in 
FIG. 3 as a projection in dashed lines 33 and 34. The 
left hand die 33 is positioned over the sector I of the left 
hand disk 15. This optical pattern contains a single re 
flector in the center of the die position 33. The right 
hand disk 15 is shown as presenting the sector VI to the 
optical system in the die position 34. The optical pat 
tern of the sector VI provides six reflective areas for the 
simulation of six pips on the face of the die 14. There 
fore, the disks 15 are shown in FIG. 3 to provide a sim 
ulation of a dice roll of a 'one' and a 'six.' 
Simulated dice rolls with the apparatus of this inven 

tion could be accomplished by pressing and then re 
leasing an electrical push button 35. As shown in FIG. 
4, the push button 35 is normally open, but will close 
when depressed to complete an electrical circuit to 
apply the power of the battery 23 to the motor 16. 
When the push button 35 is released, the motor 16 will 
slow down and will come to rest randomly in one of the 
six quiescent positions indicated above with respect to 
the magnetic pole structure shown in FIG. 9. Random 
sectors 1 - VI will therefore be presented to the optical 
system to provide a simulation of the patterns of pips 
which appear on the six sides of a die. 
FIGS. 6, 7 and 8 illustrate another form of this inven 

tion wherein all of the necessary structure for simulat 
ing a die is enclosed within the cube of the die itself. In 
this embodiment, the movable surface comprises a cyl 
inder 41 which may be closed at one end. The motor 
16 is essentially the same as the motor described above 
in connection with the first embodiment, and it will be 
mounted on a bracket 42 which is attached to or is a 
part of a side plate 43. The cylinder 41 is mounted on 
the motor shaft 19 such that the motor 16 supports and 
is enclosed by the cylinder 41. The electric push button 
35 for control of the motor 16 is likewise mounted on 
the side member 43. All of the movable parts can be 
mounted on and supported by the side plate 43, and 
then the remainder of the outer shell 44 can be placed 
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over the working mechanism. Special compartments 45 
may be formed as a part of the shell structure 44 to 
hold penlight cells for supplying power to the motor 16. 
As in the prior embodiment, the movable surface is 

driven and is positioned by the motor 16. In this case, 
the movable surface is the cylinder 41 which is divided 
into six sectors which are randomly selected and pres 
ented to an optical system by the motor 16. As shown 
in FIG. 1, the optical system may comprise acrylic rods 
or light pipes which converge inwardly from a spot or 
pip pattern on the surface of the simulated die to a 
more restricted pattern of reflectors 46 within the sec 
tors of the cylindrical surface 41. The pattern of reflec 
tors 46 on the cylinder 41 may be distorted from the 
pattern of pips on the face of the simulated die, but the 
non-parallel arrangement of of the acrylic rods 14 will 
correct the apparent distortion. 
As shown in FIG. 3, the optical patterns of the reflec 

tors (or apertures) 17 on each sector of the disk may 
correspond directly with the desired patterns of pips or 
spots on each face of an actual die. This permits an in 
expensive assembly of parallel acrylic rods which will 
transmit the optical patterns without distortion. How 
ever, this invention could be practiced with substan 
tially different optical patterns by properly arranging 
and curving the acrylic rods 14. For example, the opti 
cal patterns could comprise a plurality of reflector pat 
terns in a straight line extending radially from the cen 
ter shaft 19. Other possible patterns are likewise opera 
tive, since the only requirement is that the optical sys 
tem of acrylic rods must extend from the optical pat 
tern of the appropriate pip pattern on the face of the 
simulated die as shown in FIGS. 4 and 8. 
The optical patterns of the disk sectors of FIG. 3 take 

advantage of certain redundancies to provide a simpli 
fication and an enlargement of each pattern for a given 
size disk. For example, the sector V (FIG. 3) uses the 
reflectors 46 and 47 in the corners of the optical pat 
tern which are common to the corners of the adjacent 
optical patterns of sectors IV and VI. By arranging sec 
tors IV, V and VI to be adjacent to each other, it is pos 
sible to overlap the sectors by the use of common cor 
ner reflectors. By arranging sectors II and III adjacent 
to the sectors IV, V and VI, two further reflective areas 
may be shared in common with adjacent sectors. By 
placing the sector I between sectors II and III, the non 
reflecting or light absorbing areas of the inner corners 
may be shared. The unique arrangement of sectors as 
shown permits the sectors to be enlarged by overlap 
ping and sharing common reflecting and non-reflecting 
areas of the inner corners of adjacent sectors. The 
inner corners of the optical patterns all have reflecting 
or non-reflecting areas on a relatively short radius from 
the center of the disks. The outer corners of the pat 
terns are on a longer radius or greater distance from the 
center. The inner corner areas on the shorter radius are 
overlapped and shared by the adjacent optical patterns. 
This feature permits the disks to be of minimum size. 
A further overlapping and saving of space is possible 

by placing the two disks 15 in different horizontal 
planes such that one disk may be positioned partially 
above the other disk. This overlapping of the two disks 
15 could be accomplished by providing two different 
hub mounting arrangements such that one disk is 
higher than the other. The motors could then be 
mounted closer together, and the overall size of the 
base structure 13 could be reduced. 
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The arrangement of disks as shown by FIGS. 1, 2 and 

3 would be most suitable for use in a game board where 
horizontal or lateral space is relatively unimportant. If 
a board game were to require "rolls' of dice, the disks 
15 and motors 16 could be mounted below the board 
surface with simulated die face(s) appearing on or 
above the board. The electric puah button 35 could be 
duplicated on various sides of the board with parallel 
wiring for use of different players while the simulated 
die faces could appear on raised cubes as in FIG. 1, or 
alternatively could be placed flush on the board sur 
face. 
The invention is claimed as follows: 
1. Apparatus for simulating a plurality of dice com 

prising: 
a base structure; 
a plurality of cube structures representative of dice 
positioned upon said base structure, said cube 
structures having top surfaces with simulated die 
faces thereon; 

a rotatable disk associated with each of said simu 
lated die faces, each disk having six sectors and 
each sector having an optical pattern correspond 
ing to a face of a die with said optical pattern of 
each sector comprising a configuration of aper 
tures for passing light through said disk; 

an optical system between each disk and the simu 
lated die face associated therewith for passing the 
optical pattern from one of the sectors of said disk 
to generate a display of pips on said simulated die 
face, each optical system comprising seven light 
pipes extending vertically from said die face, 
through said cube structure and into said base 
structure to a position spaced above a respective 
rotatable disk; 

a mirror positioned beneath each disk whereby over 
head light falling upon the simulated die faces will 
be passed to said disks by said respective seven 
light pipes and will be selectively passed through 
said apertures and reflected back from said mirrors 
into said light pipes for generating said display of 
pips on said simulated die faces depending upon 
the pattern of apertures of the respective disk in 
dexed adjacent the respective light pipes when the 
disks are stopped in any one of six stable positions; 
and 
drive means mechanically coupled to each disk, 
said drive means being operable to rotate and to 
stop said disk at a random one of six stable posi 
tions of quiescence for randomly selecting and po 
sitioning one of said sectors in spaced relation to 
said optical system. 

2. Apparatus in accordance with claim 1 wherein said 
mirror under each disk is pivotal downwardly; and fur 
ther comprising a light source within said base struc 
ture for passing light therefrom reflected by said down 
wardly pivoted mirrors upwardly through said aper 
tures of said disks adjacent said light pipes. 

3. Apparatus for simulating a plurality of dice com 
prising: 
a base structure; 
a plurality of simulated die faces positioned upon said 
base structure; 

a plurality of opaque disks, one disk for each simu 
lated die face, mounted to rotate within said base 
structure, each disk having six sectors and each 
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sector having a pattern of reflectors and light ab 
sorbing areas corresponding to a die face; 

a plurality of optical systems, one optical system be 
tween each disk and the simulated die face associ 
ated there with for passing the optical pattern of the 
reflectors from one of the sectors of said disk to 
generate a display of pips on said simulated die 
face; 

a plurality of cube structures representative of dice 
positioned upon said base structure, said cube 
structures having top surfaces with said simulated 
die faces thereon; 

each optical system comprising seven light pipes ex 
tending vertically from said die face, through said 
cube structure and into said base structure to a po 
sition spaced above a respective rotatable disk for 

O 

8 
passing light from said die faces through said light 
pipes to said disks and from said reflectors back to 
said die faces through said light pipes to generate 
displays of pips on said die faces, 

drive means mechanically coupled to rotate said 
disks; and 

means for stopping said disks with a random one of 
the sectors of each disk presented to a correspond 
ing optical system for providing a random display 
of pips on each of the simulated die faces depend 
ing upon the reflectors indexed with respect to said 
light pipes. 

4. Apparatus in accordance with claim 3 wherein said 
15 light pipes comprise transparent acrylic rods. 
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