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1. 
This invention is directed to master-slave sys 

tems and, particularly, to systems for establish 
ing the position of remotely located apparatus 
in accordance with the positions of near-by appa 
ratus. 
Radio equipments employing transmitter 

and/or receiver oscillators are being utilized 
rather extensively on aircraft for communication 
and navigation purposes. In many of these in 
stallations it is necessary to mount the oscillators 
in positions which are at some distance from the 
operator-controlled selector switch. On the Con 
trol panel of the aircraft. These oscillators are 
ordinarily tunable to any one of a plurality of dif 
ferent frequencies so that a master-slave system 
is required operatively to connect the tuning con 
trol mechanism of the transmitter and the re 
ceiver oscillators with the control panel. Space 
and weight considerations on such craft are often 
unusually severe so that it is imperative to main 
tain the number of interconnecting wires between 
the control panel and the tuning control mecha 
nism of the oscillators at a minimum. Addition 
ally, electrical connectors associated with the con 
trol panels frequently must be small and hence 
must include terminals for as few wires as pos 
sible. - 

Relays have been proposed for use in the re 
mote-control systems on aircraft to reduce the 
size of the electrical connectors and the number 
of conductive connections between the adjustable 
control Switch and the controlled devices. The 
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It is a further object of the invention to pro 
vide a new and improved master-slave system 
which is compact, simple in construction, inex 
pensive, and yet wholly reliable in operation. 

In accordance with the present invention, a 
master-slave system comprises a master switch 

0. 

5 

20 

25 

30 

cost of such a system would ordinarily be more 
expensive than is desirable due to the number 
of relayS which would be required. Furthermore, 
since aircraft are subject to considerable vibra 
tion and frequently must undergo rapid changes 
in acceleration and deceleration which may seri 
Ously impair the proper operation of relays in 
Such a remote-control System, it is especially de 
sirable to reduce the number of relays therein 
to a minimum. Heretofore, satisfactory remote 
control arrangements which embody a small 
number of interconnecting wires and relays have 
not been available. 

It is an object of the present invention, there 
fore, to provide a new and improved master 
slave system which avoids one or more of the 
above-mentioned disadvantages and limitations 
of prior such systems. 

It is another object of the invention to provide 
a reliable master-slave system which includes a 
minimum number of connections between vari 
ous portions thereof and also utilizes a minimum 
number of relayS. 
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and a slave switch each having approximately M 
different Switch positions and each including N 
contacts, where N is a number greater than four 
but substantially less than M. The system also 
includes connections between corresponding ones 
of the contacts. The master switch and the slave 
Switch are constructed with reference to each 
other and in accordance with the relation 

M-N (N-1) (N-2). . . (N-P-1) 
P 

wherein P is a number which does not exceed 
one-half the number N, to establish (a) operative 
relations between the switches through a maxi 
nun of F of the aforesaid connections, (b) to 
establish operative relations between the switches 
through at least one of the N connections for 
any relative position of the switches with the ex 
ception of only those relative switch positions 
at which correspondence is attained, and (c) to 
establish inoperative relations between the 
Switches through the connections for those rela 
tive positions at which correspondence is at 
tained. 

For a better understanding of the present in 
Vention, together with other and further objects 
thereof, reference is had to the following descrip 
tion taken in connection with the accompanying 
drawing, and its scope will be pointed out in the 
appended claims. 

Referring now to the drawing, Fig. 1 is a sche 
matic diagram of a master-slave system in ac 
cordance with the present invention and Fig. 2. 
is a chart which is used in explaining the con 
struction of the system illustrated in Fig. 1. 

Referring now more particularly to Fig. 1 of 
the drawing, there is illustrated a master-slave 
System in accordance with the invention which 
comprises a master switch 50 and a slave switch 
60, each having M different switch positions 
which are numbered from 1-35, inclusive. Al 
though it may be unnecessary in some forms of 
the invention, the present embodiment employs 
a master Switch and a slave switch which are 
constructed in two parts. Each master switch 
and each slave switch also includes N conductive 
contacts, Specifically a total of seven stationary 
contacts designated by the reference characters 

55 -, inclusive, which, in the embodiment of the 
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invention illustrated, correspond in location to the 
respective switch positions 1-7, inclusive. Ac 
cordingly, the number of stationary contacts N 
is greater than four and is substantially less than 
the number of switch positions M. 
The master switch 50 is preferably a manually 

operable switch while the slave switch 60 is pref 
erably, although not necessarily, a remotely lo 
cated slave switch, the drive arrangement for 
which will be described subsequently. The master 
switch includes at least one movable member, 
preferably a rotatable disc 5 which includes con 
ductive and insulating portions 53 and 54, re 
spectively. In the illustrated embodiment, two 
discs 5 and 5' are coupled for concurrent oper 
ation by any conventional means such as a con 
mon drive shaft 52, shown diagrammatically by 
the broken-line construction. The body portions 
of the discs 5 and 5' consist of the conductive 
portions 53, 53. The configuration of the insulat 
ing portions of the pair of discs 5 and 5 will 
be described in detail hereinafter, The periph 
eral portions of these discs are adapted to engage 
the stationary contacts 1-7, inclusive, while the 
discs 5 and 5' are being concurrently moved 
to any one of the thirty-five different positions. 
The slave switch 60, which is generally similar 

to the master switch 50, includes a pair of uni 
controlled rotatable discs 6 and 6' which are 
mechanically coupled through a common drive 
shaft 62 conventionally shown in broken-line 
construction. The rotatable discs 6 and 6 are, 
in turn, adapted to be driven through a shaft 
63 by a driving means such as an electric Inotor 
64. The rotatable discS 6 and 6 of the Slave 
switch 60 include conductive portions 66 and 
insulating portions 67 which are generally Com 
plementary to the corresponding portions of the 
master switch, 50. As previously mentioned, the 
Switch 60 also includes Seven stationary contacts 
numbered 1-7, inclusive, which are selectively 
engaged by the individual peripheral portions of 
the discs 6; and 6' during rotation of the latter. 
The master-slave system also includes connec 

tions between corresponding ones of the station 
ary contacts of the master Switch and the slave 
Switch. These connections comprise suitable sig 
nal-translating means such as conductive Wire 
connections between the stationary contacts -6, 
inclusive, associated with the rotatable disc 5 
and the corresponding contacts of the rotatable 
disc 6 as well as wire connections between con 
tact of disc 5 and the similarly numbered 
contact of disc 6'. It will be manifest, however, 
that other well-known equivalent signal-trans 
lating means such as radio transmitters at the 
master-SWitch portion of the System and radio 
receivers at the slave-switch portion of the Sys 
ten may be employed in place of the illustrated 
solid-wire connections, and that the conductive 
wire connections represent but one of numerous 
useful signal-translating means. 
The master-slave system also includes means 

effectively interconnecting the master switch 50 
and the slave Switch 60. This means comprises 
the ground connections for the Switches. Wires 
70, 70 are connected to the conductive portions 
53, 53 of the discs 5 and 5' through conven 
tional brushes 7 f, Tand are connected to ground 
through a wire 72 and a source of potential such 
as a battery 13. Brushes 75, 75 contact the con 
ductive portions 66, 66 of the discs 6 and 6' 
and are connected to ground through wires 
76, 76, the motor 64, and a relay winding 78. A 
damping or dynamic braking resistor 79 is con 

4. 
nected in shunt with the motor 64 through a 
Switch blade 80 which is associated with the relay 
winding 78. Blade 80 is arranged to be closed 
when winding 78 is de-energized and opened 

5 when the latter is energized. 
The master switch 50 and the slave switch 60 

are constructed with reference to each other 
with the conductive and the insulating portions 
53 and 54, respectively, of the master switch in 
corresponding relations to the insulating and 
the conductive portions 67 and 66, respectively, 
of the slave switch. The master switch 50 and 
the slave switch 60 are additionally constructed 
in accordance with the relation 

M-N (N-1) (N-2 . . (N-P-- 1) 

Wherein P is a number which does not exceed, 
but preferably is less than one-half the number 
N, to establish (a) operative relations between 
the conductive portions of the switches for the 
motor 64 through a maximum of P of the con 
nections numbered -7, inclusive, (b) operative 
relations between the conductive portions of the 
Switches for the motor 64 through at least one 
of the N connections for any relative position of 
the Switches with the exception of only those 
relative Switch positions at which correspond 
ence is attained, and (c) to establish inoperative 
relations between the switches through the fore 
going N connections for those positions at which 
Correspondence is attained. 
The above-mentioned relation is therefore an 

expression for the number of combinations M 
35 which may be procured with N things taken at a 

maximum of P at a time. In the described sys 
tem, the thirty-five switch positions correspond 
to the number M while the seven stationary 
contacts correspond to the term N. It is to be 

40 noted that in the design of a master-slave sys 
ten at least one of the factors M or N is known, 
it very often being the latter, since that factor 
is established by the requirements of the system 
for a particular use. The other factors, there 

45 fore, may be determined by substituting the 
known values in the above equation. The term 
P in the equation, as applied to the instant SyS 
tem, pertains to the maximum number of N con 
ductive connections or wires which are to be 

50 utilized at any one time to Carry current, it 
has been determined experimentally and mathe 
matically that the selected number of Wires P 
should not exceed one-half of the total N wires 
and, for the simplest design, this number should 

65 be less than one-half of the number of Wires N. 
Accordingly, the maximum number of the Seven 
Wires which are to carry currents at any On 
time should be three for the described System. 

Since it has been established by the equation 
that a 35-position master-slave System with seven 
connections between stationary contacts is fea 
sible, there remains the determination of the 
electrical connections which are neceSSary within 
the master Switch and also the slave SWitch. 
This may be greatly facilitated by the construc 
tion and the use of a chart of the type illustrated 
in Fig. 2, wherein the horizontal divisions are 
equal in number to the seven connections between 
the stationary contacts and the vertical divisions 
are equal in number to the thirty-five switch posi 
tions. For each of the thirty-five positions, a 
maximum of three wires may carry current at 
any one time. Beginning with position 1, various 
cross marks are inserted in the different squares 

75 to denote the various combinations of wires which 
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may be employed to carry current for each Switch 
position. For example, with the master switch in 
position 1, connecting wires , 2, and 3, as repre 
sented by the cross marks, are selected to carry 
current if necessary to energize the motor 64 to 
drive the slave switch to a position of correspon 
dence or to position number 1. Connecting wires 
4-7, inclusive, therefore cannot carry current at 
any time when the master switch is in its position 
number 1 regardless of the position of the slave 
switch, as has been established from the above 
stated equation and the choice of wires which are 
to carry current. Similarly for position 2 of the 
master switch, only the combination of wire 
connections 2, 3, and 4 may carry current while 
for position 3 only the combination of wires 3-5, 
inclusive, may carry current. This charting of 
the possible three-wire combinations is continued 
for the remaining switch positions 4-35, inclusive, 
each combination being entirely different from 
any other. 

in the preliminary design of the master and 
slave Switches, a paper template similar to the 
arrangement illustrated in Fig. is particularly 
useful, wherein each of the rotatable discs is ro 
tatably mounted so that the discs may be moved 
from one position to the next position while the 
disposition of the conductive and insulating por 
tions of the switches are being marked out on the 
disc. he insulating portions can then be marked 
on the discs in pencil as they are determined so 
that they resemble the dark peripheral regions 
of the discs 5 and 5' of Fig. 1 of the drawing. 
Thus, with the indicator of the naster Switch 5 
set at position 1, the periphery of the conductive 
portions 53, 53 of each of the discs 5 and 5 
will engage each of the stationary contacts -3, 
inclusive, thereby making a conductive connec 
tion therewith while the peripheral portions 
contiguous with contacts 4, 5, and 6 should be 
notched or include insulating material, as shown 
in Fig. 1 of the drawing. It will be noted that 
point for the disc 5 has no connection extend 
ing to the slave switch while the contact co 
operating with the disc 5' includes an electrical 
contact which, for the combination immediately 
under consideration, cannot be in circuit. Ac 
cordingly, insulation is unnecessary on the pe 
riphery of the disc 5 near the point while it is 
required on the disc 5' at the corresponding 
position. It should be noted at this point that 
the slave switch 60 interrupts any circuit con 
nections when in a position of correspondence 
with the master switch 50. Consequently, the in 
sulating portions of the discs 6 and 6' are in 
reciprocal relationship to the conductive periph 
eral portions, respectively, of the corresponding 
discs 5 and 5' and vice versa. In view of this 
mutual relationship, the configuration of the discs 
on the master switch effectively determines the 
shape of the discs of the slave switch, so that de 
tailed reference to the design of the latter is 
unnecessary. 
In carrying out the next step in the construc 

tion, the discs 5 and 5' of switch 50 are then 
moved to position 2 and the chart of Fig. 2 is 
again referred to. The periphery of the disc 5 
makes a conductive connection with contacts 
2, 3, and 4 while contacts f, 5, 6, and T are not 
in circuit. The insulating peripheral regions of 
the disc are marked accordingly. A similar mark 
ing on the disc 5' to signify insulation is made 
for contact T adjacent disc 5 f', this being the only 
contact associated with the last-mentioned disc. 
The disc 5 and 5' are then indexed to position 3 
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6 
and the chart is utilized again for outlining the 
conductive and insulating peripheral portions of 
the discs. The marking operation is continued 
for each of the remaining switch positions until 
all the insulating peripheral portions of the rotors 
5 and 5' have been marked or laid out. Re 
ferring again to the chart of Fig. 2, it will be ob 
served that at position 8 there is a cross mark for 
connection number 7, thus indicating that the 
latter must carry current. In view of the pattern 
which the periphery of the disc 5 acquired for 
the preceding positions 1-7, inclusive, a second 
disc, namely the disc 5', is required to establish 
operative relations through the switches since a 
Single disc will not suffice. It has been determined 
that when the combinations are selected in the 
manner illustrated in Fig. 2, wherein the cross 
marks assume a diagonal pattern, the presence of 
four consecutive marks in a horizontal line indi 
cates graphically the need for a second disc for 
both the master switch and the slave switch. 
Thus, from the information derived in the manner 
explained above, operative embodiments of the 
two sections of the master switch 50 may be con 
structed. The discs 6 and 6' of the slave switch 
60 bear an inverse relationship, from a conduc 
tivity standpoint, to the corresponding portions 
of the master switch 53. In view of this relation 
ship, it is relatively easy to construct the two 
sections of the slave switch S0. 

Suitable means such as indicators 83, 83 may 
be employed in connection with the rotary discs 
to indicate the positions thereof with respect to 
each of the switch positions. The master-slave 
system may also include a controlled unit 8 
which is responsive to the operation of the driv 
ing motor 64. Controlled unit 3i is connected to 
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and driven by the motor 64 through suitable 
means such as a drive shaft 82. 

Considering now the operation of the System 
of Fig. 1, it will be assumed initially that the slave 
switch 6 rests on position 2 and that the master 
switch 50 is adjusted to position i. Since the 
foregoing two Switches are not in corresponding 
positions, a circuit is established through the 
switches so that the battery 73 operates the motor 
64. The current flow is from the battery 3 
through the connections 12 and 70 to the brush 
7 which rests on the conductive portion 53 of 
disc 5, thence to the stationary contact and 
connection to contact of the slave switch 6, 
and then through the conductive portion 66 of 
disc 6, brush 75, connection 76, the motor 64, 
and the relay winding 78 to ground. The ener 
gization of relay winding 78 is effective to open 
the switch blade 80, thereby disconnecting the 
dynamic braking resistor 8 from the motor cir 
cuit. Motor 64 thereupon drives the discs 6 
and 6' of the switch 60 by way of the shafts 
62 and 63 and also operates controlled unit 8f 
through the shaft 82. It will be noted that only 
one of the Seven connections between the master 
and the slave Switch is carrying current at this 
particular moment since the insulating portions 
on disc 5' isolate the other six connections. The 
motor 64 drives switch 60 to position 3 whereupon 
connections and 2 carry current. After the 
switch 60 has been indexed to position 4, connec 
tions , 2, and 3 are energized. When the rotary 
discs of the slave switch 60 have been indexed 
around to position 1 so that correspondence in 
position with the master switch 50 is attained, 
certain of the insulating portions on the periphery 
of discs 6 and 6' interrupt the flow of current 
to the motor. This de-energizes the relay wind 
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ing 18 and causes the switch blade to close 
so that the dynamic braking resistor 9 is con 
nected across the motor terminals. This quickly 
retards the rotation of the motor and the driven 
discs 6 and 8' so that the latter stop at precise 
ly the desired positions and are thereby effective 
to establish an inoperative relationship for the 
driving motor 64. Unit 8 is thus controlled as 
to position exactly as desired. Thus, it will be 
seen that as the switch 60 is rotated by the motor 
64, operative relations are established between 
the switches for the motor 64 through: (a) a 
maximum of three of the seven connections, (b) 
at least one of the seven connections for any 
relative position of the switches 50 and 0 with 
the exception of only those relative switch posi 
tions at which correspondence is attained, and 
(c) an inoperative relation is established between 
the switches when correspondence is attained. 
Similar operation is experienced when the manu 
ally operable master switch 50 is adjusted to any 
other of the thirty-five switch positions. 
While the invention has been described in con 

nection with a l-wire 35-position master-slave 
system, this embodiment represents but one of 
a very extensive number of systems which may 
be constructed in accordance with the procedure 
Set forth above. By utilizing an arrangement 
with a greater number of connections between 
stationary contacts of the master and slave 
switches, and by energizing a larger number of 
connections in accordance with the prescribed 
relations stated above, a greater number of com 
binations may be realized. For example, with 
an arrangement which employs eight connections 
and energizes a maximum of four of these con 
nections at once, seventy switch positions or com 
binations may be secured. Also by employing 
eleven connections with a maximum of five con 
nections which are energized at one time, four 
hundred sixty-two combinations may be realized. 
These are but a few of the many possibilities. 
Although the illustrated embodiment of the 

invention includes disc-type rotary elements for 
establishing and interrupting the various elec 
trical circuits because of the relative simplicity 
and compactness of construction of these ele 
ments, the more conventional rotary switches 
which include a rotary wiper which selectively 
engages a single switch point at a time may be 
employed. However, this usually entails a bulkier 
array of switches with a multiplicity of properly 
interconnected Switch points. Other forms of 
driving motors which include conventional dy 
namic braking arrangements in which relays are 
unnecessary in the construction thereof may be 
employed in systems of the type described. The 
illustrated motor and its associated braking sys 
ten has been illustrated principally because of 
the simplicity and inexpensiveness thereof. 

Master-slave systems in accordance with the 
present invention are useful in connection with 
the remote tuning of variable-frequency oscilla 
tors and also for transmitting control or bearing 
information to regions which are remote from 
the master Switch. While the arrangement of 
the present invention has been described in con 
nection with an electrical System, it will be mani 
fest that the invention is equally adapted for 
use with respect to the transmission of other 
forms of energy, for example fluid energy, with 
a minimum number of conduits. 
Some remote-control arrangements which are 

constructed in accordance with the teachings of 
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M. different switch positions since all the switch 
positions need not be utilized for control purposes. 
For example, a particular use may require but 
thirty-three positions and accommodations for 
Seven electrical connections between the master 
switch and the slave switch may be available. 
The 35-position system may prove to be the most 
economical to construct for the purpose at hand 
so that two of the positions, although being pre 
sent in the system, need not be used as control 
points during the controlling operation. Thus in 
an arrangement of this type, the master switch 
and the slave switch each has approximately M 
different switch positions. 
It will be apparent from the foregoing descrip 

tion that a master-slave system embodying the 
present invention includes a minimum number 
of connections between the control switch and 
the remotely located controlled switch although 
it does provide a maximum number of useful combinations. 
While there has been described what is at 

present considered to be the preferred embodi 
ment of this invention, it will be obvious to those 
skilled in the art that various changes and modi 
fications may be made therein without departing 
from the invention, and it is, therefore, aimed 
in the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and Scope of the invention. 
What is claimed is: 
1. A master-slave system comprising: a master 

Switch and a slave switch each having approxi 
mately M different switch positions and each in 
cluding N contacts where N is a number greater 
than four but substantially less than M; and 
connections between corresponding ones of said 
contacts; said master switch and said slave switch 
being constructed with reference to each other 
and in accordance with the relation 

M-N (N-1) (N-2 . . (N-P-4-1) 
wherein P is a number which does not exceed 
one-half the number N, to establish (a) operative 
relations between said switches through a maxi 
mum of P of Said connections, (b) to establish 
operative relations between said Switches through 
at least one of said N connections for any rela 
tive position of Said Switches with the except 
tion of only those relative switch positions at 
which correspondence is attained, and (c) to es 
tablish inoperative relations between said switch 
es through said connections for those relative 
positions at which correspondence is attained. 

2. A master-slave System comprising: a master 
Switch and a slave Switch each having approxi 
mately M different Switch positions and each in 
cluding N stationary contacts where N is a num 
ber greater than four but substantially less than 
M; and connections between corresponding ones 
of Said stationary contacts; Said master switch 
and Said slave Switch being constructed with ref 
erence to each other and in accordance with the 
relation 

M-N (N-1) (N-2. - (N-P-1) 
wherein P is a number which does not exceed one 
half the number N, to establish (a) operative 
relations between said Switches through a maxi 
mum of P of said connections, (b) to establish 
Operative relations between Said Switches through 
at least one of said N connections for any rela 

the present invention may not employ the entire 75 tive position of said Switches with the exception 
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of Only those relative switch positions at which 
correspondence is attained, and (c) to establish 
inoperative relations between said switches 
through said connections for those relative posi 
tions at which correspondence is attained, 

3. A master-slave System comprising: a master 
Switch and a slave switch each having approxi 
mately M different switch positions and each in 
cluding N contacts where N is a number greater 
than four but substantially less than MI; and 
connections between corresponding ones of said 
contacts; Said master switch and said slave switch 
being constructed with reference to each other 
and in accordance with the relation 

N(N-1) (N-2) ... (N-P-1-1) 
Ms. Pl 

wherein P is a number which is less than one-half 
the number N, to establish (a) operative relations 
between said switches through a maximum of P 
of Said connections, (b) to establish operative 
relations between said switches through at least 
one of said N connections for any relative posi 
tion of said switches with the exception of only 
those relative switch positions at which corre 
Spondence is attained, and (c) to establish inop 
erative relations between said switches through 
Said connections for those relative positions at 
which correspondence is attained. 

4. A master-slave system comprising: a manu 
ally operable master switch and a remotely lo 
cated slave switch each having M different switch 
positions and each including N stationary contacts 
where N is a number greater than four but sub 
stantially less than M; driving means for said 
Slave Switch; and connections between corre 
sponding ones of said stationary contacts; said 
master Switch and said slave switch being con 
structed with reference to each other and in ac 
cordance with the relation 

N (N-1) (N-2) . . 
- P 

wherein P is a number, which does not exceed 
one-half the number N, to establish (a) operative 
relations between said switches for said driving 
means through a maximum of P of said con 
nections, (b) to establish operative relations be 
tween said switches for said driving means 
through at least one of said N connections for 
any relative position of said switches with the 
exception of only those relative switch positions 
at which correspondence is attained, and (c) to 
establish inoperative relations between said 
Switches for said driving means through said con 
nections for those relative positions at which cor 
respondence is attained. 

5. A master-slave System comprising: a master 
switch and a slave switch each having M differ 
ent switch positions and each including N sta 
tionary contacts where N is a number greater 
than four but substantially less than M, said 
master switch and said slave switch each includ 
ing conductive and insulating portions; and con 
nections between corresponding ones of said sta 
tionary contacts; said master switch and said 
slave Switch being constructed with reference to 
each other with said conductive and said insulat 
ing portions of said master switch in correspond 
ing relations to said insulating and said conduc 
tive portions, respectively, of said slave switch 
and in accordance with the relation 

N(N-1) (N-2) . . . (N-P-1) 
an P 

wherein P is a number which does not exceed one 

M . (N-P-1) 
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half the number N, to establish (a) operative re 
lations between said conductive portions of Said 
switches through a maximum of P of Said con 
nections, (b) to establish Operative relations be 
tween said conductive portions of said switches 
through at least one of said N connections for 
any relative position of said switches with the 
exception of only those relative switch positions 
at which correspondence is attained, and (c) to 
establish inoperative relations between said 
switches through said connections for those rela 
tive positions at which correspondence is at 
tained. 

6. A master-slave system comprising: a master 
switch and a slave switch each having M different 
switch positions and each including N stationary 
contacts where N is a number greater than four 
but substantially less than M, said master and 
said slave switches each including a movable 
member having conductive and insulating por 
tions for engagement with said stationary con 
tacts; and connections between corresponding 
ones of said stationary contacts; said master 
switch and said slave switch being constructed 
with reference to each other with said conduc 
tive and said insulating portions of said movable 
member of said master switch in corresponding 
relations to said insulating and said conductive 
portions, respectively, of said movable member of 
said slave switch and in accordance with the rela 
tion 

N (N-1) (N-2) ... (N-P-1) 
P 

wherein P is a number which does not exceed 
one-half the number N, to establish (d) Operative 
relations between said conductive portions of 

M 

said Switches through a maximum of P of said 
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connections, (b) to establish operative relations 
between said conductive portions of said switches 
through at least one of said N connections for 
any relative position of Said switches with the 
exception of only those relative switch positions 
at which correspondence is attained, and (c) to 
establish inoperative relations between said 
switches through said connections for those rela 
tive positions at which correspondence is attained. 

7. A master-slave system comprising: a master 
switch and a slave switch each having M different 
switch positions and each including N stationary 
contacts where N is a number greater than 
four but substantially less than M, said master 
and said slave switches each including a rotat 
able member having conductive and insulating 
portions for engagement with said stationary con 
tacts; and connections between corresponding 
ones of Said stationary contacts; said master 
switch and said slave switch being constructed 
with reference to each other with said conductive 
and said insulating portions of said rotatable 
member of said master switch in corresponding 
relations to said insulating and said conductive 
portions, respectively, of said rotatable member 
of said slave switch and in accordance with the 
relation 

N(N-1) (N-2). . . (N-P-1) Pl 
wherein P is a number which does not exceed one 
half the number N, to establish (a) operative rela 
tions between said conductive portions of said 
switches through a maximum of P of said con 
nections, (b) to establish operative relations be 
tween said conductive portions of said switches 
through at least one of said N connections for 
any relative position of said switches with the 
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exception of only those relative switch positions 
at which correspondence is attained, and (c) to 
establish inoperative relations between said 
switches through said connections for those rela 
tive positions at which correspondence is attained. 

8. A naster-Slave Systern Cornprising: a naster 
switch and a slave switch each having M different 
switch positions and each including N stationary 
contacts where N is a number greater than four 
but substantially less than M, said master and 
said slave-switches each including a pair of Con 
currently rotatable members having conductiva 
and insulating portions for engagement with said 
stationary contacts; and connections between 
corresponding ones of said stationary contacts; 
said master switch and said slave switch being 
constructed With reference to each other with 
said conductive and said insulating portions of 
said pair of rotatahie Internbers of said master 
Stitch in corresponding relations to said insulat 
ig and said conductive portions, respectively, cf 
Said pair ci rotataile ineakers of said slave 
switc. aid in accordiace with the relation 

N(IV-1) (F-2). . . . (N - -- i) 
which does iot, exceed 
to establish (g) opera 

id condictive pictions of 
axiiiu; of : Ci said 

ite gositio; cf said SWitches With tie 
iCC. Cf cally those relative switch positions 
3 cc.ies Cindence is attained, and (c) to 

s inaccelaii;73 relations between said 
- ches tarctiiga said connections for iOSe rela 
ive gCsiŠicins 3i, which correspondience is attained. 
9. 3. Anaster-slave systein corr:grising: a naster 

cin 82d a save Stitch each having if differeni, 
Csitions &nd each including IS stationary 

38 it is a ninber greater than four 

&ving conductive and insulating por 
for engagement with said stationary con 

2,0s; connections between corresponding ones of 
Stationary contacts; said master switch and 

said Siave switch being constructed with refer 
3.2ce to each other wtih Said conductive and said 

insulating and said conductive portions, re 
Sectively, of said rotatable member of said slave 
S7ith and is accordance with the relation 

IV (N-1) (-2) . . . (N-?--1) 
d 

Wherein P is a number which does not exceed 
Cae-half the number N, to establish (a) opera 
tive reiations between said conductive portions 
of said switches through a maximum of P of said 
cCranections, (b) to establish operative relations 
between Saidi conductive portions of switches 
through at least one of said N connections for 
arly relative position of saidi switches with the 
8xception of only those relative switch positions 
at which correspondence is attained, and (c) to 
establish inoperative relations between said 
Switches through said connections for those rela 
tive positions at which correspondence is at 
tained; means for indicating the positions of said 
rotatable member of said master switch with re 
Spect to each of said switch positions thereof, and 

s 

O 

2 5 

35 

4. O 

4. 5 

85 

70 

12 
means for indicating the positions of said rotat 
able member of said slave switch with respect to 
each of Said switch positions thereof. 

10. A master-slave system comprising: a man 
ually operable master switch and a remotely lo 
cated slave switch each having M different switch 
positions and each including N stationary con 
tacts where N is a number greater than four but 
substantially less than M.; driving means for said 
slave switch; connections between corresponding 
ones of said stationary contacts; said master 
switch and said slave switch being constructed 
With reference to each other and in accordance 
with the relation 

N(N-1) (N-2) . . . (N-P-1) 
P 

wherein P is a number which does not exceed one. 
half the number FN, to establish (a) operative re 
sations between said switches for said driving 
Sea is tin "Ougia 3 Inaximum of F of said connec 
tions, (b) to establish operative relations between 
aid switches for said driving means through at 
east Ole of said N connections for any relative 
gosition of Said switches with the exception of 
Cinly kiose "elative switch positions at which cor 
reSpin desce is attained, and (c) to establish in 
gerative relations getWean said switches for said 

driving Aears through said connections for those 
relative gositions at which correspondence is at 
tailed, aid dynamic braking means for said 
driving naeans effective to retard said driving 
32e3.3 as 7her an incperative relation is established. 

i3. 2. Raster-Slave system comprising: a mas 
ter Svitch 3, d. a slave Switch each having M dif 
ierest Sviton positions and each including N cor fe 
acts 7here N is a number greater than four but, 
SSSiantiaii; iess than li; connections between 
correspoxading ones of said contacts; and means 
effectively interconnecting said master switch and 
said Slave Switch; said master switch and said 
Slave Switch being constructed with reference to 
&acil. Other and in accordance with the relation 

FW (FW-1) (N-2) . . . (N-P-ly 
P 

Wherein P is a number which is less than one-half 
the number N, to establish (a) operative relations 
between said Switches through a maximum of P 
of Said connections and said interconnecting 
imeans, (b) to establish operative relations be 
tween said Switches through at least one of said 
N connections and said interconnecting means 
for any relative position of said switches with the 
exception of only those relative switch positions 
at which correspondence is attained, and (c) to 
establish inoperative relations between said 
Switches through said connections and said inter 
connecting means for those relative positions at 
which correspondence is attained. 

12. A master-slave system comprising: a mas 
iter Switch and a Siave switch each having M dif 
ferent Switch positions and each including N sta 
tionary contacts where N is a number greater than 
four but Substantially less than M, said master 
switch and said slave switch each including con 
ductive and insulating portions; and connections 
between. corresponding ones of said stationary 
Contacts; said conductive and said insulating por 
tions of Said master switch and said slave switch 
being constructed with reference to each other 
and in accordance with the relation 

-N (N-1) (N-2) . . . (N-P-- 1) 
- Pl 

yherein is a number which does not exceed one 
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half the number N, to establish (a) operative 
relations between said conductive portions of said 
switches through a maximum of P of said con 
nections, (b) to establish operative relations be 
tween said conductive portions of said switches 
through at least one of said N connections for any 
relative position of said switches with the excep 
tion of Only those relative switch positions at 
which correspondence is attained, and (c) to es 
tablishinoperative relations between said switches 
through said connections for those relative posi 
tions at which correspondence is attained. 

13. A master-slave system comprising: a man 
ually operable master switch and a remotely lo 
cated slave switch each having M different switch 
positions and each including N stationary con 
tacts where N is a number greater than four but 
substantially less than MI; driving means for said 
slave switch; connections between corresponding 
ones of said stationary contacts; said master 
switch and said slave switch-being constructed 
with reference to each other and in accordance 
with the relation 

N(N-1) (N-2). . (N-P-1) -- I - 

0 

5 

20 

4. 
wherein P is a number which does not exceed one 
half the number N, to establish (a) Operative re 
lations between said switches for said driving 
means through a maximum of P of Said connec 
tions, (b) to establish operative relations between 
said switches for said driving means through at 
least One of said N connections for any relative 
position of said switches with the exception of 
only those relative switch positions at which cor 
respondence is attained, and (c) to establish in 
operative relations between said switches for said 
driving means through said connections for those 
relative positions at which correspondence is at 
tained; and driven means coupled to said driving 
means for positioning thereby. 

NICHOLAS W. FEDOTOFF. 
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