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This invention relates to control circuits and
particularly to control circuits for attenuation net-
works on signal transmission lines.

One object of the invention is to provide an
attenuation network comprising impedance ele-
ments having non-lihear resistance character-
istics that shall have a low minimum loss and a
substantially constant input impedance.

Another object of the invention is to provide
a transmission line with an attenuation network
cemprising impedance elements having non-linear
resistance characteristics connected in series with
and in shunt to the transmission line that shall
have a single controllable impedance for varying
the resistances of the shunt connected impedances
and the series connected impedances inversely.

A further object of the invention is to provide
a transmission line with an attenuation network
cormprising impedance elements having non-linear
resistance characteristics connected in series with
and in shunt across the transmission line and
sources of current connected to the impedance
elements that shall vary the effective voltage of one
of said sources to vary the resistances of said
shunt connected impedances and the series con-
nected impedances inversely.

Attenuation networks or attenuation pads are
employed for transmission regulation on signal
transmission lines or telephone lines. The net-
works comprise impedances which are ccnnected
in series with and in parallel across the trans-
mission line. Generally relays or cam operated
switches are provided for inserting the imped-
ances in circuit with or withdrawing the im-
pedances from the transmission line. The con-
trol of the impedances of a network by means of
relays or cam operated switches is generally com-
plex and requires considerable apparatus.

According to the present invention the im-
pedances in the network or pad have non-linear
resistance characteristics and are preferably com-
posed of silicon carbide crystals and a binder
may be composed of the material disclosed in the
patent to K. B. McEachron No. 1,822,742, dated
September 8, 1931. The material disclosed in the
K. B. McEachron patent is known as thyrite.
This material has a non-linear voltage current
characteristic at constant temperature and there-
fore a non-linear resistance characteristic at con-
stant temperature.

The resistance values of the impedance ele-
ments in a network constructed in accordance
with the present invention are controlled by gov-
erning the current flow through the elements.

(CL 178—44)

The non-linear resistance characteristic of sili-
con carbide crystals combined with a binder mixed
with conducting material is disclosed in the above-
mentioned patent to K. B. McEachron.

The invention is illustrated by networks which 5
may be of the L, T, II or lattice type. In each of
the networks impedance elements are connected
in series with and in parallel to the line or circuit
to be controlled. Two sources of current are
provided in ecircuit with each attenuation net- 19
work to vary the resistance characteristics of the
impedance elements. Preferably cne of the
sources of current is connected in series with one
or a number of impedance elements connected
across the circuit being controlled. The second 15
source of current is connected in series not only
with the impedance element connected in series
to the line, but also in series with the impedance
elements connected in shunt across the line. A
resistance or impedance element is connected in gp
series with each of the sources of current. The
resistance elements may be the space path of a
vacuum tube or may be resistance elements con-
trolled in any suitable manner. )

The networks should have a low minimum
loss, a constant input impedance and the imped-
ance elements in series with and in parallel to
the controlled circuit should have their resist-
ance values varied inversely. A network con-
structed as above set forth and having imped-
ance elements composed of silicon carbide crys-
tals and a binder mixed with conducting ma-
terial will answer the above requirements if the
resistance element in series with either source of
current is varied. If the resistance in circuit
with the source in series with all the impedance
elements is varied to supply maximum voltage to
the network then the impedance elements in se-
ries with the line will have minimum resistance
and the impedance elements across the line will 40
have maximum resistance. A reverse operation
takes place if the effective voltage of the source
connected in series with all the impedance ele-
ments is reduced to a small value. In this case
the series connected impedance elements will 45
have maximum resistance and the parallel con-
nected impedance elements will have minimum
resistance. If the resistance element in series
with the source connected only in series with the
parallel connected impedance elements is con- 50
trolled, then variation of the resistance to sup-
ply a2 maximum voltage to the shunt connected
impedance elements will lower the resistance
value of the shunt connected impedance element
to a minimum and raise the resistance values of 35
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the series connected impedance elements to a
maximum resistance value. If the effective volt-
age of the source connected in series with the
shunt connected impedance elements is reduced
to a very low value, then the resistance value of
the shunt connected impedance elements is raised
and the resistance value of the series connected
impedance elements is lowered.

In networks provided with impedance elements
having non-linear resistance characteristics as
above set forth, the lattice network has the
greatest range whereas the II network has the
smallest range. The impedance variations are
the greatest for a T network and are of the or-
der of 3:1 for a 30 decibel range. A lattice net-
work has a fairly constant impedance in one
direction and this fact, coupled with the feature
that it can have a high maximum loss makes it
a very advantageous network.

In the accompanying drawing,

Fig. 1 is a diagrammatic view of a basic con-
trol circuit constructed in accordance with the
invention;

Fig. 2 is a diagrammatic view of a lattice net-
work constructed in accordance with the inven-
tion;

Fig. 3 is a diagrammatic view of a nelwork
constructed in accordance with the invention
and controlled by space discharge devices;

Fig. 4 is a diagrammatic view of a II network
constructed in accordance with the invention;

Hig. 8 is a diagrammatic view of an L network
consfructed in accordance with the invention;
and

Fig. 6 is a diagrammatic view of a T network
constructed in accordance with the invention.

Referring to Fig. 1 of the drawing, a control
circuit is shown comprising elements | and 2
having a non-linear resistance characteristic
such as the material disclosed in the above-men-
ticned patent to K. B. McEachron 1,822,742. A
battery & and a variable resistance 4 are con-
nected in series with each of the resistance ele-
ments ! and 2. The direction of the current
flow from the battery 3 is indicated by the ar-
row Is. A battery 5 and a variable resistance €
are connected in series with the resistance ele-
ment 2. The current flow from battery § is in-
dicated by the arrow I.. The voltage supplied
by the battery 3 is controlled by varying the re-
sistance 4 and the voltage from battery § is con-
trolled by varying the resistance 6. The. non-
linear resistance characteristics of the elementis
{ and 2 are described and shown in the above
mentioned patent to ¥. B. McEachron. The two
resistance elements ! and 2 may be simultane-
ously varied by varying either of the resistance
elements 4 and 6.

I the resistance element 4 is varied to sup-
ply a maximum voltage from the battery 3 to
the non-linear resistance elements { and 2, the
resistance value of the resistance element i will
be reduced to a minimum, whereas the resistance
value of resistance element 2 will be raised to a
maximum. This is apparent because the current
flow through the element | will be maximum
whereas the current flow through the element 2
will ke reduced to a minimum. The voltage from
battery 3 opposes the voltage from the batiery
8 so that the current flow through element 2 is
reduced to a minimum. If the resistance ele-
ment 4 is varied s¢ as to reduce the effective
voltage of battery 3 to a minimum, then the cur-
rent flow through element ! will be reduced to
2 minimum and the resistance value of this ele-
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ment will be raised to a maximum value. On
the other hand, the curreni fiow through element
2 will be raised to a maximum value and the re-
sistance value of element 2 will be a minimum.
In a circuit so constructed it is apparent that
elements ! and 2, if so positioned in a transmis-
sion line, will have a constant input impedance
and will also have a low minimum loss. Although
Fig. 1 has been described by referring to the
variation of resistance 4, it is apparent that the
same results may be accomplished by varying the
resistance 6. Lowering the effective voltage of
the battery 5 has the same effect as raising the
effective voltage of battery 3.

Referring to Fig. 2 of the drawing, a lattice
network is illustrated employing the control cir-
cuits shown in Fig. 1 of the drawing. A trans-
mission line comprising input conductors 1 and
8 and output conductors § and i is connecied
to a network (! having non-linear resistance
elements. The input conductors T and 8 are con-
nected to the network {{ by means of a trans-
former 12 having secondary windings {3 and (4.
The network 11 is connected to the output con-
ductors 9 and 10 by means of a transformer 15
having primary windings {6 and I7. Auxiliary
windings (8 and 19 are associated with primary
windings 1§ and {7.

Non-linear resistance elements 20 and 21 in
the network 1i are effectively connected in series
with the transmission line and non-linear resist-
ance elements 22 and 23 are effectively connected
across the transmission line. A battery 24 and a
variable resistance 25 are effectively connected in
series with all the resistance elements 20 to 23,
inclusive. A battery 23 and a variable resistance
21 are connected in series with resistance ele-
ments 22 and 23. The circuit from battery 24
through resistance elements 20 and 22 may be
traced from one terminal of battery 24 through
resistance element 23, primary winding 16, resist-
ance elements 22 and 22, auxiliary coil {9 to the
otner terminal of battery 24. A circuit from
battery 24 through resistance elements 2f and
23 may be traced from one terminal of battery
zf through resistance element 25, primary wind-
ing 1, resistance elements 2i and 23 and auxil-
iary coil 18 to the other terminal of battery 24.
The circuit from battery 28 through resistance
element 23 may be traced from one terininal of
pattery 26, through the auxiliary coil (8, resist-
ance element 23, secondary winding {4 and re-
sistance element 27 to the other terminal of bat-
tery 28. The circuit from battery 25 through re-
sistance element 22 may be traced from one ter-
minal of battery 26 through the auxiliary wind-
ing 19, resistance element 22, secondary winding
13, and the variable resistance 271 to the other
terminal of battery 26.

The non-linear resistance eiements 20 and 21
and 22 and 23 may be varied inversely by varying
either the resistance element 27 or the resist-
ance element 25. If the resistance element 25 is
varied to supply a maximum voltage from the
battery 24 then a maximum current will flow
through the non-linear resistance elements 20
and 21, whereas a minimum current will flow
through the resistance elements 22 and 23.
Therefore, the non-linear resistance elements 20
and 21 will have a minimum resistance value
whereas the ncn-linear resistance elements 22
and 23 will have a maximum resistance value.
If the resistance 25 is varied to supply a mini-
mum voltage from battery 24 then the current
flow through the non-linear resistance elements
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20 and 21 will be reduced to a minimum whereas
current flow through the non-linear resistance
elements 22 and 23 will be raised to a maximum.
Therefore, the non-linear resistance elements
20 and 21 will have a maximum resistance value
whereas the non-linear resistance elements 22
and 23 will have a minimum resistance value.
In each of the cases above set forth, it should
be noted that battery 26 opposes battery 24 in the
same manner as battery 5 opposes battery 3 in
the circuit shown in Fig. 1 of the drawing. The
network ((, shown in Fig. 2 of the drawing, may
be controlled by varying the resistance 27 in the
same manner as the control circuits shown in
Fig. 1 may be controlled by varying resistance 6.

Referring to Fig. 3 of the drawing, an attenu-
ation network 28 is shown controlled by space
discharge devices 29 and 30. Similar reference
characters to those employed in Fig. 2 in refer-
ring to the transmission line and the connection
of the transmission line to the network will be
employed in Figs. 3, 4, 5 and 6. The attenuation
network 28 comprises non-linear resistance ele-
ments 31, 32, 33 and 34 effectively connected in
series with-the transmission line and non-linear
resistance elements 35 and 36 effectively connect-
ed across the transmission line. 'The non-linear
resistance elements 31 to 36, inclusive, are pref-
erably constructed of the material disclosed in
the above-mentioned patent to K. B. McEachron.
A battery 37 and a variable resistance element 38
are shown effectively connected in circuit with all
the non-linear resistance elements 31 to 36, in-
clusive. A space discharge device 29 is provided
with a plate battery 39 connected in circuit with
the non-linear resistance element 35 and a space
discharge device 30 is connected in circuit with
the battery 39 and the non-linear resistance
element 36. The potential from the battery 39
under control of the devices 29 and 30 oppose the
potential from the battery 31. The two space
discharge devices 29 and 30 are controlled by im-
pressing a variable potential on the conductors
41 and 42.

The network 28 shown in Fig. 3 of the draw-
ing may be controlled by varying the resistance
element 38 or by varying the potential impressed
on conductors 41 and 42. Moreover, if so de-
sired, the resistance element 38 may be replaced
by a space discharge device similar to the de-
vices 29 and 30. A like substitution may be made
with respect to the variable resistance elements
25 and 21, shown in Fig. 2 of the drawing, if so
desired. One circuit from battery 37 may be
traced from one battery terminal, through the
primary winding 16, non-linear resistance ele-
ments 32 and 35 and the variable resistance ele-
ment 38 to the other terminal of battery 37.
Ancther circuit from battery 31T may be traced
from one battery terminal, through the second-
ary winding 13, resistance elements 31 and 35
and variable resistance 38 to the other battery
terminal. Another circuit from battery 37 may
be traced from one battery terminal, through the
primary winding (7, non-linear resistance ele-
ments 34 and 36 and the variable resistance 38
to the other battery terminal. A further circuit
from battery 37 may be traced from one battery
terminal, through the secondary winding 14,
non-linear resistance elements 33 and 36 and
variable resistance 38 to the other battery ter-
minal. If the effective voltage of the battery 37
is raised to a maximum value by means of the
variable resistance 38, a maximum current flows
through the non-linear resistance elements 31,

3

32, 33 and 34 and a minimum current flows
through the non-linear resistance elements 35
and 36.
ments 31, 32, 33 and 34 will have a minimum re-
sistance value whereas non-linear resistance ele-
ments 35 and 36 will have a maximum resistance
value. If the effective voltage of battery 37 is
reduced to a minimum, the resistance values of
non-linear resistance elements 31, 32, 33 and 34
will have their resistance values raised to a max-

“imum and non-linear resistance elements 3% and

36 will have their resistance values lowered to a
minimum.

The attenuation network 28 shown in Fig. 3
of the drawing may also be controlled by vary-
ing the potential impressed upon the conductors
41 and 42 in the input circuits of the space dis-
charge devices 29 and 30. The varying of the
impedances of devices 29 and 30 varies the ef-
fective voltages of battery 39 and has the same
effect on the network 28 as the varying of re-
sistance 38 to vary the effective voltage of bat-
tery 31.

Therefore, non-linear resistance ele--

10

20

Referring to Fig. 4 of the drawing, a II net-

work 43 is shown connected to the transmission
line. The network 43 comprises non-linear re-
sistance elements 44 and 45 effectively connected
in series with the transmission line and non-
linear resistance elements 46, 47, 48 and 49 ef-
fectively connected across the transmission line.
The non-linear resistance elements 44 to 49,
inclusive, are preferably constructed of the ma-
terial disclosed in the above-mentioned patent
to K. B. McEachron. A battery 50 and a variable
resistance element 5! are provided in circuit
with all the non-linear resistance elements 44 to
49, inclusive. A battery 52 and a variable resist-
ance element 53 are provided in circuit with the
non-linear resistance elements 46 and 47. A bat-
tery 54 and a variable resistance element §5 are
provided in circuit with the non-linear resistance
elements 48 and 49. The attenuation network
43 may be controlled by varying the resistance
element 5! or by simultaneously varying the re-
sistance elements 53 and 55. The battery 54 op-
poses the current flow from battery 58 through
the non-linear resistance elements 48 and 49 and
the battery 52 opposes the current flow from bat-
tery 50 through the non-linear resistance ele-
ments 46 and 47.

When the resistance- element 5! is varied to
reduce the effective voltage of battery 50 to a
minimum, a minimum current flows through the
non-linear resistance elements 44 and 45 and a
maximum current flows through the non-linear
resistance elements 46, 47, 48 and 49. Accord-
ingly, the non-linear resistance elements 44 and
45 have a maximum resistance value and the
non-linear resistance elements 46 to 49, inclu-
sive, have a minimum resistance value. If the
resistance element 51 is varied to produce a maxi-
mum voltage from the battery 50, a maximum
current flows through the non-linear resistance
elements 44 and 45 and a minimum current
flows through the non-linear resistance elements
46 to 49, inclusive, therefore, the non-linear re-
sistance elements 44 and 45 have a minimum re-
sistance value and the non-linear resistance ele-
ments 46 to 49, inclusive, have a maximum re-
sistance value. If so desired, the resistance 5i
may be replaced by a spare discharge device, or
the two resistance elements 53 and 55 may be
replaced by space discharge devices as shown in
Fig. 3 of the drawing. :

Referring to Fig. 5 of the drawing, an L imped-
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4
ance network 58 is shown connected to the trans-
missien line. 'The impedance network £§ com-
prises two non-linear resistance elements 57 and
58 effectively connected in series with the trans-
mission line and two non-linear resistance ele-
ments 50 and 53 effectively connected across the
transmission line. The non-linear resistance
elemments 57 to 29, inclusive, may be constructed
of the material dizclesed in the above-menticned
patent to K. B. McEachron. A battery &1 and
a variable resistance element €2 are connected
in circuit with all the non-linear resistance ecle-
ments 57 to 53, inclusive, in two circuit meshes
and a battery 22 and a variable resistance ele-
ment G4 are connected in circuit with the non-
linear resigisnce elements §3 and 63 in two other
cireuit meshes. The potential of battery €3 cp-
poees the potential of battery 61 across resistance

clements B2 and §0.

'The v f values of the non-linear re-
sistance elemen to €8, inclusive, in the L
network 55 may be conirciled hy varying the re~
sistance element 32 or by varying the resist-
ance element §4. If the resistance element 62 iz
varied to supply 2 maximum voltage from bat-
tery £, a maximum current flows through the
nen-linear resistance elements 87 and &8 and a
minimum current flows through the non-linsar
resistance clements £8 and 68. 'Therefcre, the
non-linear resistance elements 5% and 53 will
have o minimuim resistance value, and the non-
linear resistance elements §% and G0 will have
5 maximum resistance value. If the resistance
element 32 is varied to supply a minimum po-
&1, then a minimum cur-

ts E7

non-linear resistance elements 59
erefore, the non-linear resistance
nd §3 have a maximum resistance
gar resistance elements 59
num resistance value., The

v

of the drawing, the T at-
is shown connected to the
The network €5 comprises
esistance elements 66, 67, 68 and 69
ted in series with the transmis-

cign line and non-linear resistance elements 70
i effectively connected across the trans-

i The non-linear resistance ele-
ii, inclusive, are preferably con-
2] disclosed in the above-
2. McEachron. A bat-
sistance element 13 are
h the non-linear resist-
and a battery 74 and a

are connected in circuit

ar resistance elements 66

tenuation ne

and i ¢
(551 1

i by varying the variable resist-

5-or hy varying the resistance

¢ resistance elements 73 and 75

2d by space discharge devices as
o) drawing, if so desired.

ance element

element 713
may he re
chow

Tne cire
one battery terminal through secondary wind-
ing {3, non-linear resistance element $%, resist-

nece elernent 77, inductance 18 and resistance ele-

1o
m

t
ent I8 4o the other terminal cf the battery 74.
Anothar cireuit from battery 74 may be traced
from one battery terminal, through secondary

£

B

tenuation network in said line, resistancz ele- 9
ments in said network each having a non-linear
resistance characteristic at constant temperature
and varying in resistance according to the current
flow therethrough, said elements being connected

2,021,920

winding 4, non-linear resistance element 68, re-
sistance element 79, inductance 78 and resistance
element 75 to the other terminal of battery 74.
Another circuit from battery T4 may be traced
from one battery terminal, through primary wind- 5
ing 16, non-linear resistance element 67, resist-
ance element 17, inductance 15 and resistance
element 75 to the cther terminal of bhattery 4.
Anocther circuit from hattery 14 may be traced
from one terminal of the battery through pri- 10
mary winding 71, non-linear resistance element
€9, resistance element 79 and resistance element
15 to the other terminal of battery 74.
circuit from battery 12 through non-linear rs-
sistance element 70 is completed through the in- 15
ductance 15 and the resistance element T1.
circuit through non-linear resistance element 71
is completed thrcugh the inductance 18 and the
resistance 79.
pose each other in their action on the non-linear 20
rasistance element by means of the coupling ef-
fzcted by elements 76, 17, 718 and 18.

The

The

The two batteries 72 and T4 op~

Modifications in the circuits and in the ar-

rangement and location of parts may be made
within the spirit and scope of the invention and
such modifications are intended to be covered by

L3,

itz appended claims.

[S2)
<t

What is claimed is:
1. In combination, a transmission line, an at-

)

in series with and in shunt across said line, a 9
source of potential connected to said network for
effecting current flow throngh said elements, and
means for varying the impedance of said shunt
and series resistance elements inversely upon
varying the effective voltage of said source. 40

2. In combination, a circuit having series and

shunt resistance elemsnts therein, each of said
elements having a non-linear resistance charac-
teristic at constant temperature and varying
in resistance according to the current flow there- ¥

.

LN

cugh, a source of poiential connected to szald

circuit, and means for varying the voltage of
zaid source with respect to said elements to effect
maximum impedance of the series elements when _
the shunt elements have a minimum impedance *
and vice versa.

<

3. In combination, an atienuation network hav-

ing series and shunt impedance elements therein,
said elemenis having ncn-~linear resistance char-
r,l.

<
&

cteristics at constant temperature and varying

in resistance according to the direct current flow
ther
in gaid nstwork,
W
sistances of said shunt and series impsdance ele-
ments inversely
means.

ethrough, a direct current source of potential
a resistance means in circuit
n said source, and means for varying the re-

60

upon varying said resistance

4. Incombination, an attenuation network hav-

ing series and shunt resistance elements therzin,
each of gald clements having a non-linear re-
sistance characteristi

ic and varying in resistance

according to the current flow therethrough, two
sources of direct

current rispectively connected
said series and shunt resistance elements, and 74
num imoedance of caid

the relative effactive values of said sources.

5. In combination, an alttenuation network hav- 7g
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ing a series and a shunt resistance element there-
in, each of said elements having a non-linear
resistance characteristic and varying in resistance
according to the current flow therethrough, two
sources of direct current, one of said sources be-
ing connected in series with one of said resist-
ance elements and the other source being con-
nected in series with both of said resistance ele-
ments, and means for varying the effective volt-
age of one of said sources to vary the impedances
of said resistance elements inversely.

6. In combination, a transmission line, an at-
tenuation network connected in said line, a set
of impedance elements in said network connected
in series with said line, a set of impedance ele-
ments in said network connected in shunt to said
line, two sources of current in said network, one
of said sources being connected in series with
one set of said impedance elements and the other
source being connected in series with both sets
of said impedance elements, and means compris-
ing an impedance means in series with one of
said sources for varying said sets of impedance
elements inversely upon variation thereof.

7. In combination, a transmission line, an at-
tenuation network in said line, two impedance
elements in said network respectively in series
with and in shunt to said transmission line, two
sources of current in said network, one of said
sources being connected in series with one of said
impedance elements and the other source being
connected to supply potential to both of said im-
pedance elements, and two impedance means re-
spectively connected in series with said sources
so that variation of one of said impedance means
varies the resistances of the shunt and series im-
pedance elements inversely.

8. In combination, a transmission line, an at-
tenuation network in said line, two impedance ele-

ments in said network respectively in series with

and in shunt across said transmission line, two
sources of current in said network, one of said
sources being connected in series with the im-

‘pedance element connected across the transmis-

sion line and the other source being connected in
series with both of said impedance elements, and
an impedance means connected in series with one
of said sources for varying the resistances of said
impedance eclements inversely upon variation
thereof.

9. In combination, an attenuation network
having series and shunt impedance elements

therein, said. elements having non-linear resist-
ance characteristics and varying in resistance
according to the direct current flow therethrough,
two sources of direct current respectively con-
nected to said series and shunt impedance ele- &
ments, two resistance elements respectively in
circuit with said sources, and means for varying
the impedances of said shunt and series imped-
ance elements inversely upon varying one of said
resistance elements. 10

10. In combination, a signal transmission line,
an input transformer and an output transformer
in said line, an attenuation network connected
to the secondary winding of the input trans-
former and to the primary winding of the output 15
transformer, series and shunt impedance ele-
ments in said network, said elements having
non-linear resistance characteristics and varying
in resistance according to the current flow there-
through, two sources of direct current respective- 20
ly connected to said series and shunt impedance
elements, a resistance element in series with one
of said sources, and means for varying the resist-
ances of said series and shunt impedance ele-
ments inversely upon varying said resistance ele- 25
ment. .

11. In combination, a transmission line, an at-
tenuation network in said line, two impedance
elements in said network respectively in series
with and in shunt across said transmission line, 80
two sources of current in said network, one of
said sources being connected in series with the
impedance element in shunt across the trans-
mission line and the other source being connected
in series with both of said impedance elements, 85
and impedance means in series with the source
connected to the shunt impedance means for
varying the resistances of said impedance ele-
ments inversely upon variation thereof.

12. In combination, a circuit, a network in said ¢4
circuit, impedance elements in said network each
having a non-linear impedance characteristic at
constant temperature and varying in impedance
according to the current flow therethrough, said
elements being connected in series with and in 45
shunt across said circuit, a source of potential
connected to said network for effecting current
flow through said elements, and means for vary-
ing the impedance of said shunt and series ele-
ments inversely upon varying the effective volt- 5g
age of said source.

ANDREW C. NORWINE.



