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1. 

My invention relates to variable impedance de 
vices for controlling or regulating electric cir 
cuits. 

It is an object of the invention to devise im 
pedance means which afford an extremely rapid 
yet accurately controllable impedance change 
under control by minute mechanical movements 
or/and minute mechanical forces. Another ob 
ject of the invention is to provide impedance 
means capable of performing a rapid control in 
accordance with a predetermined law of in 
pedance change. These and other objects will 
be apparent from the disclosure of the inven 
tion given in the following. 
According to the invention I compose a Con 

trollable impedance device of a chain-like ar 
rangement, recurrent network or structure of 
series and shunt impedance members which are 
joined or meshed together at least partly by 
means of switching contacts so that in one limit 
condition all contacts are closed for providing a 
minimum of total impedance while in the other 
limit condition the contacts are open for provid 
ing maximum impedance. 
According to another feature of the invention, 

the impedance device is symmetrical as regards 
the chain-like impedance arrangement. The 
symmetry may be of mirrored character, for in 
stance, relative to a symmetry axis that extends 
through the switching contacts. The symmetry 
may also be of the centric or polar type so that 
impedance members of high value are located at 
one side and those of low value at the other 
side of a switching contact, as will be further ex 
plained in a later place. For satisfactory switch 
ing conditions, the impedance chain may be de 
signed in such a manner that the SWitched-in 
contacts, at least those that operate in an in 
mediate sequence, carry currents of the same 
order of magnitude. The design is then such 
that the closed contacts establish a parallel con 
nection, in a general sense, of the individual in 
pedances while during the opening of the con 
tacts the chain arrangement is converted sub 
stantially into a series arrangement of the in 
dividual impedances. 
In most cases the current or voltage supply 

terminals of the device are preferably located 
at the ends of the impedance chain. By shift 
ing the terminals to other locations relative to : 
the chain arrangement, however, a different cur 
rent distribution or a different characteristic of 
the rate of impedance change can be obtained if 
this is desired for a particular application. 

In order to control the change in impedance 
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with minimum efforts and within a shortest pos 
sible period of time, it is preferable to keep the 
distance of contact travel, especially of the con 
tact whose opening distance is the largest, as 
Small as possible, for instance, at most about One 
millimeter. 
For certain purposes, for instance, for the 

rapid insertion of impedance or resistance into 
a circuit, the traveling distance of the farthest 
opening contact should be traversed within a 
period of 3x10-4 second or less. There are 
cases of application, for instance, when inter 
rupting a circuit, where only the minimum and 
maximum impedance values, of which the latter 
may be infinite, are of interest, then, practi 
cally all switching contacts can simultaneously 
be opened and closed. In most cases of ap 
plication, however, it is necessary to open and 
close the contacts in sequence. This can be 
obtained, for instance, by having the Switching 
contacts move from closed to fully open posi 
tion through a predetermined finite path of 
travel determined by the movement of a spring 
or by a given overlap. However, it is also poS 
sible to design the Switching contacts in such a 
manner that, at least for initiating the open 
ing movement, a predetermined minimum force 
is required. To this end, the Switching contacts 
may be held closed by a bias provided by a 
spring or by magnetic means. For Some appli 
cations it is preferable to design the Switching 
contacts in the manner of instantaneous Or Snap 
action switches. The actuation of the contacts 
is preferably effected by means of a deformable 
member. In general, elastically deformable ac 
tuating members, such as springS or rubber bands 
are applicable. Especially simple conditions ob 
tain if at least one of the contact carrying struc 
tures is designed as an elastic member so that 
the actuation of the contacts is due to bending 
or torsional movements of this member. AC 
cording to another modification of the inven 
tion, a plurality of rotatable contact bridges are 
mounted on an elastic shaft member so that, 
When the shaft member is subjected to torsional 
movement, the bridges are sequentially actu 
ated. 
In general, a given path of actuating motion 

of such an elastic body corresponds to an ac 
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curately defined value or change of the total 
impedance value. Under these circumstances, 
the elastic deformation may be considered to be 
quasi-stationary, provided the controlling force 
or torque changes at a moderate rate. For regu 
lating or control purposes which occur at a rapid 
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rate of change or which are repetitive at a high 
frequency, it should be considered that the de 
formation progresses as an advancing wave, and 
that it may be desirable to provide for a pre 
determined damping of the wave-like progres 
sion. For certain purposes, for instance for the 
extremely rapid insertion of resistance, it is ad 
vantageous to utilize a propagation of a wave 
like deformation which, once initiated, progresses 
automatically, then, only a fraction of the total 
mass of the elastically deformable medium is to 
be moved at the initial moment. As a result, 
moderate controlling forces or torques suffice 
for obtaining a very high acceleration. 
The above-mentioned elastic deformation in 

devices according to the invention can be con 
trolled by any suitable forces of mechanical, 
dynamic, magnetic or electrostatic nature. In 
addition, such deformation may be controlled by 
thermal means. For instance, the elongation of 
Solid, liquid or gaseous bodies or the deflection of 
bimetal bodies or of strips may be used for this 
purpose. 
The chain members of the composite imped 

ance device may be composed of resistances, in 
ductances, capacitances or any combination 
thereof, and the impedance members are joined 
together to form the chain by means of ohmic, 
magnetic or eleectrostatic links or couplings. 
However, for most purposes, the individual chain 
members, or the majority thereof, may be purely 
ohmic in character. The individual impedances 
may then consist of resistors whose material is 
substantially constant, i. e. temperature-inde 
pendent, although it is sometimes preferable to 
design these members of a resistance material 
whose temperature coefficient of resistance is as 
high as practicably possible and, particularly, 
positive as is the case, for instance, with iron, 
nickel, or tungsten. 
The number of individual impedances joined 

together to form the chain arrangement may 
have any desired value. This number may be 
very high and, in the limit case, may even be 
infinite. In the latter case, the chain-like im 
pedance arrangement represents substantially a 
continuous body, such as a single integral body 
of resistance material. When using only two 
integral bodies, for instance, of resistance ma 
terlal Such as carhon, the number of the contact, 
points may nevertheless be finite. For instance 
with carbon, a number of highly conductive con 
tact parts of metal may be disposed on the re 
Sistance body, for instance, by electrolytic meth 
ods. However, it is also possible to design the 
arrangement in Such a manner that the two 
cooperating resistance bodies are capable of 
tourhing each other, at least in theory, in an 
infinite multiplicity of points. When using re 
sistance structure of the kind last mentioned, it 
is in most cases desirable that their specific re 
sistance is larger than 10-3 (2 cm. In particular, 
10 to 1 S2 cm. and more. In another modifica 
tion, the Specific resistance of the resistance 
Structures or bodies has different values at dif 
ferent respective points along the resistance body, 
particularly in such a manner that with a pro 
gressing increase in impedance a progressively 
increasing Specific resistance becomes effective. 
According to another feature of the invention, 

a resistance body which, at the same time, is a 
contact carrier consists essentially of a deform 
able structure whose plastic, elastic or thermic 
deformation controls the actuation of the con 
tacts. 
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4. 
In order to secure optimum reliability of in 

pedance devices according to the invention, the 
switching voltage at the individual contacts 
should stay below the value at which an arc dis 
charge may occur. That is, when dealing with 
power currents, impedance values are preferably 
rated so that the voltage is at most about 10 volts 
across each interrupting contact gap. A Special 
advantage of the above-mentioned chain ar 
rangement according to the invention, lies in 
the fact that it is also readily possible to main 
tain the switching voltage across each interrupt 
ing contact gap below the value at which a micro 
scopic transfer of contact material may occur. 
To this end, it is merely required to maintain the 
switching voltage across each contact below about 

volt. 
As mentioned in the foregoing, the actuation 

of the contacts may be effected by any suitable 
forces. Many purposes render it desirable to 
control the contacts in dependence upon a physi 
cal magnitude to be controlled or regulated by 
the impedance device. For instance, in depend 
ence upon current, voltage, energy, frequency 
o' temperature. Thus the contact actuation may 
be controlled by the dynamic, magnetic or ther 
nic effect of the regulated current. Combina 
tions of the mentioned controlling effects are also 
applicable, for instance, a thermal control for 
slow regulation and a magnetic or dynamic actua 
tion for rapid control as required for response to 
short-circuit currentS. 
The drawing illustrates Several embodiments 

of the invention. Figure 1 shows diagrammati 
cally an impedance chain structure. Fig. 2 repre 
sents, in a similar manner, a modified form of 
such a chain structure. Fig. 3 illustrates an im 
pedance device whose impedance structure and 
contact carrier consists essentially of an integral 
elastic body. 

In Fig. 1, the references Z1, Z2 . . . Zn and Z', 
Z'2, Z'n represent longitudinal or series imped 
ances which, as a rule, represent complex im 
pedance values. Characters Go, G1, G2 . . . Gn 
and G'0, G'2 . . . G'n represent the lateral or 
shunt in pedances. Characters Ko, K12 . . . rep 
resent coupling impedances. A plurality of 
Switches denoted by So, S1, S2 . . . Sn are con 
nected with one another by means of a control 
member B. The impedance of the power line or 
circuit to be controlled is shown as a lumped 
impedance and denoted by Zo. The feeding cur 
rent source for direct or alternating current is 
denoted by A and its voltage is denoted by an 
arrow marked E. The longitudinal currents flow 
ing through the chain members of the device are 
denoted by II, I2 . . . In, while io, i1, is . . . in 
denote the cross currents flowing within the 
impedance device. The arrows marked Uo, U1 
. . . Un denote the cross voltages of the device 
in the closed or open condition of the respective 
Switches. 
The operation of the device is as follows: In 

the condition of minimum impedance all 
Switches S are closed, all cross currents i have 
finite values, and neighboring cross currents, 
Such as io and it, are of the same order of magni 
tude. If the control member B is moved up 
Wardly in the direction of the arrow, and assum 
ing that the member is rigid, all switches S are 
Simultaneously opened. Then, the cross cur 
rents io, i1 . . . in-1 become each equal to zero, 
and the cross current in becomes equal to the 
longitudinal current Io. The condition then 
obtaining is that of a series connection of the 
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longitudinal impedances. Generally, however, 
the control member B is designed as a deform 
able, especially as an elastic structure, for in 
stance, as a spring or rubber band. Then, if the 
free end of the member B is moved upwardly in 
the direction of the arrow and assuming that for 
opening of each individual switch a given mini 
mum force is required, the switches S. Open 
sequentially to just the extent needed to balance 
the elastic control force against the opposing 
biasing force at each switch. During this pro 
cedure, the switches open successively (or they 
close successively when the actuating force de 
clines) so that the number of the switches that 
are open at any movement depends upon the 
value of the actuating force obtaining at that 
moment. 

Depending upon whether the switch Sn is also 
opened or whether it remains closed, the device 
operates to completely interrupt the current or 
to reduce it to a Small minimum, respectively. 
Both possibilities of application are important, 
depending upon the particular purpose of the 
device, it being significant that the chain 
arrangement permits maintaining the individual 
Switch currents below the value at which arcS or 
a transfer of contact material can occur. 

Limit conditions exist if either all CrOSS in 
pedances G are equal to Zero or if all longitudinal 
impedances Z are equal to Zero. 

Still referring to Fig. 1, it is desirable to elec 
trically dimension the individual members or 
meshes of the chain network in Such a manner 
that the opening voltage across the individual 
switches does not exceed given maximum values, 
for instance, 10 Volts or 1 volt. This is especially 
Significant if all members or nineshes consist of 
ohmic resistors. It is of interest, for a proper 
dimensioning that when, for instance, the switch 
So is opened, the entire remaining portion of the 
impedance chain lies in parallel to the switch So 
and hence has a Small impedance or resistance. 
As mentioned above, a symmetrical design of 

the chain-like impedance device offers advan 
tages. A mirrored Symmetry exists if Go-G'1, 
etc.; and if further Z1=2' 1, Z2=a'2, etc. A 
centric or polar symmetry exists if Go-G'n, 
Gn=G'n-1, etc., and if also 21 =2'n, Z2=2n-1, etc. 

Fig. 2 illustrates a somewhat modified design 
of a controllable impedance device according to 
the invention. In this embodiment, the current 
Source A is connected not to the end points of 
the impedance chain structure but is attached 
to intermediate points of the chain network. In 
each mesh of the chain according to Fig. 2, the 
Series impedances Z, and Z' are integrated to a 
lurinped impedance, and the shunt impedances 
G and G' are similarly shown as lumpedim 
pedances. In other respects the reference char'- 
acters of Fig. 2 correspond to those of Fig. 1. 
The control of the Switches in the device of 
Fig. 2 is effected by elastically bending the car 
rier members T and T away from each other. 
Otherwise, the control performance of the device 
is Substantially the same as that eXplained above 
with reference to Fig. 1. 

Fig. 3 exemplifies the above-mentioned limit 
case in which the number of individual imped 
ances or meshes is infinite. That is, the chain 
like impedance network is designed as a single 
coherent impedance structure. In Fig. 3, K and 
K' represent electrically conductive bodies that 
are integral with each other to form a Single 
structure. The two bodies or parts of the struc 
ture consist preferably of a resistance material of 
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6 
a relatively high specific resistance. The cur 
rent is supplied at electrodes F and F" which are 
imbedded in the respective parts K and K. A 
multiplicity of contacts C and C are located 
along the border line of separation of each body. 
The parts K and K" are elastically deformable. 
They are joined together so as to have the 
tendency to move toward each other. A can 
member N engaging two projections W and W', 
of the respective parts K and K", permits moving 
the two parts away from each other in opposition 
to their closing bias. When the device is in con 
dition for minimum resistance, all contacts C 
engage the corresponding contacts C’. Each 
given or selected angular deflection of the cam 
member N from the zero position corresponds to 
a definite number of mutually engaging contacts 
C and C" and hence to a corresponding and 
definite value of the effective total impedance. 
It will be recognized that, depending upon the 
elastic conditions, very small control movements 
suffice to completely separate both groups of 
contacts from each other. 
A device according to Fig. 3 may be designed as 

an inductance regulator by making the two parts 
K and K' of highly magnetizable material, such 
as dynamo iron or comminuted magnet cores, 
and providing each part with a winding which 
is bare at the points C and C' So that a direct 
metallic contact between respective turns of the 
windings is brought about When the two parts 
K and K are permitted to touch each other. 
Controllable impedance devices according to 

the invention are applicable for highly diversi 
fied purposes. Aside from their application as 
control and regulating organ, for instance, for 
automatic regulating purposes, they are also 
advantageously applicable for remote control 
and remote measuring. Another field of appli 
cation is that of starting equipment for electric 
rotary machinery, for instance, for automatic 

Devices according to the inven 
tion are further useful as control components for 
electric circuits serving to effect complete or 

5 partial interruptions of the kind occurring in 
relays, contactors and other switching equipment 
for low and high voltage. Relative to the last 
mentioned applications, it should be noted that 
very many cases of application do not require a 
complete interruption of the circuit to be con 
trolled but can be satisfactorily performed if 
the current is merely forced down to a Small 
fraction of its rated value. Such current con 
trolling or regulating devices are especially use 
ful in telephone and other electric communica 
tion Systems, and also of value for the construc 
tion of rectifiers, converters, current-chopping 
devices and the like translating equipment, it 
being of considerable advantage for power pur 
poses that the individual switching voltages is 
readily kept below the limits where a coarse or 
fine transfer of contact material can occur. 
Controllable impedance devices according to the 
invention are likewise applicable in amplifiers, 
microphones, and the like components, especially 
if advantage is taken of the possibility to obtain 
large changes in impedance or resistance in 
accurate accordance with a predetermined law 
of change while requiring for this purpose a con 
trolling force of extremely low magnitude. As 
regards the law according to which the change 
in impedance depends upon the controlling 
force, the invention facilitates obtaining a linear 
dependency merely by applying a corresponding 
rating or dimensioning to the meshes or nemes 
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bers of the chain-like structure, or by the selec 
tion of a corresponding shape or composition of 
the impedance bodies if devices of the type 
represented by Fig. 3 are employed. Finally, 
controllable impedance devices according to the 
invention can also be designed as selector 
switches as generally used in automatic teleph 
ony. Such selector switches, by virtue of the 
invention, afford a considerable reduction of the 
Scanning or Selector period and permit rendering 
that period practically independent of the num 
ber of selective steps or positions whose number 
can be increased far beyond the extent hereto 
fore possible. 
What I claim is: 
1. A variable electric impedance device, com 

prising two terminals, a recurrent network-like 
resistance structure connected across said ter 
minals and having a finite plurality of Sequen 
tially interconnected impedance sections each 
having Series-arranged and shunt-arranged in 
pedance means, a finite plurality of mutually 
Spaced Switch contact means disposed in Said 
respective inapedance Sections in Series relation 
with said respective shunt-arranged impedance 
means, said series and shunt arranged imped 
ance means of each of Said impedance Sections 
being disposed in Synnetry relative to the 
appertaining Switch contact means, and control 
means movable between different positions for 
Sequentially closing and opening said contact 
nearls, a maximum number of Said contact, 
means being closed in one of said positions to 
provide minimum total impedance, a minimum 
number of said contact means being closed in : 
another One of Said positions, and a progres 
Sively declining number of said contact rineans 
being closed during movement of said control 
Ineans from Said one to said other position. 

2. A variable electric impedance device, com 
prising two terminals, a recurrent network-like 
Structure connected across said terminals and 
having a finite number of sequentially intercon 
nected impedance sections each having series 
arranged and shunt-arranged impedance means, 
Said respective impedance sections having a finite 
plurality of respective mutually spaced contact 
means, and control means connected with said 
impedance sections and movable between given 
positions for sequentially opening and closing 
Said contact means, a maximum number of said 
contact means being closed in one of said posi 
tions, a minimum number of said contact means 
being closed in said other position, and a pro 
gressively declining number of said contact 
means being closed during movement of said 
control means from said one to said other 
pOSition. 

3. A variable electric impedance device, com 
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prising two elongated coherent bodies of resist 
ance material extending lengthwise each other, 
said bodies being joined together at adjacent 
ends and having current supply terminals at the 
respective other ends so as to be electrically 
Series connected with each other, each of said 
bodies having a finite multitude of salient con 
tact points spaced from each other along the 
body side facing the other body and engageable 
With the respective contact points of the other 
body, and each of said bodies having a width 
larger than the Spacing between said contact 
points, Said bodies being deflectable relative to 
each other Substantially about their point of 
juncture So that the number of contact points 
mutually engaged at a time depends upon the 
degree of relative deflection, and means for 
controlling said defiection. 

4. A variable electric impedance device, com 
prising two elongated coherent bodies of resist 
ance material extending lengthwise and substan 
tially Symmetrical to each other, said bodies 
being joined together at adjacent ends and hav 
ing current Supply terminals at the respective 
other ends So as to be electrically series con 
nected with each other, each of said bodies hav 
ing a finite multitude of salient contact points 
Spaced from each other along the body side 
facing the other body and engageable with the 
respective contact points of the other body, said 
bodies being biased toward each other to nor 
mally maintain a maximum number of said 
points in mutual engagement for minimum total 
resistance, and control means engageable with 
Said two bodies near the terminal ends thereof 
for progressively disengaging said respective 
Series of contact points in opposition to the bias 
of Said bodies. 
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