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11 Claims.

This invention relates to electrical circuits and
more barticularly to variable attenuation net-
works such as may be employed for introducing a
variable loss or attenuation into an electrical

5 circuit, particularly in a circuit for the transmis-
sion of the electrical currents used in communica~
tion of intelligence.

While in the past it has been the practice to
provide atienuation networks by the use of wire
wound resistances which can be made variabie
by the provision of sliding contacts that slide
directly upon the resistance wire or move across
contacts connected to taps and are brought oub
from the aforesaid resistances, these arrange-
5 ments have not been entirely satisfactory. The
sliding contact bearing upon the resistance wind-
ing results in wear, eventually breaking the re-
sistance wire and causing an open circuit. Fur-
thermore, because of the nature of contact mate-
rials necessarily employed, it is found that the
contact is apt to produce undesired fluctuations
in resistance which result in noise. Much ef-
fort and many complicated constructions have
been utilized in order to reduce this noise difii-
cuity as weil as the wearing property, but it has
generally been the experience of those skilled in
the art that such sliding contact devices are un-
satisfactory.

The other alternative of utilizing a tapped re-
sistance, the taps of which are connected to &
succession of studs or buttons across which the
movable contact arm moves, has been found
much more satisfactory, as the contact pressure
can be made large, and the contact arm and
studs can be made of materials adapted to give
good contact, but this construction is costly and,
giving only discrete steps instead of continuous
variation, results in large and clumsy switches if
it is desired to cover a large range in small steps.
For this reason it is desirable to provide means
for producing a continuous variation of attenua-
tion without requiring the use of movable con-
tacts in the transmission path. It is one of the
objects of this invention to provide an arrange-
ment which overcomes the difficulties aforemen-
i+ tioned.

In many cases in the telephone art it is desired
to provide a considerable number of variable at-
tenuator devices which are operated simultane-
ously to produce the same variation in attenua-
tion in each of a number of circuits. This has
required complicated mechanical arrangements,
having long drive shafts interconnecting the vari-
ous movable contact arms, or complex electrical
circuits to secure the same results by simultane-
cus operation of groups of relays. One of the
© further objects of this invention is to provide
means for the simultaneous control of a plu-
rality of variable attenuators without requiring
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mechanical linkages or complex electrical cir-
cuits.

Cther objects of this invention may be under—
stood from the following description, when read
in connection with the accompanying drawing
n Figures 1 and 2b of which are certain curves
employed to show some of the features of the
invention; Fig. 2¢ one form of network to which
the invention may be applied; Fig. 3 one embodi-
ment of the invention, and Fig. 3¢ a modifica~
tiocn of one section of Fig. 3 of the drawing.

Fig. 1 of the drawing shows graphically the
characteristics of a tungsten filament in vacuum,
as used in certain types of incandescent lamps.
The particular lamp used for the derivation of
the curve of this figure was a miniature lamp
of the type employed in telephone switchboards.
1t should be noted that the curve “current-A. C.
resistance” is not

E

I
i. e., the ratio of voltage to current, but

dE

dI
i. e., the ratio of the differential of voltage to the
differential of current, and the latter ratio was
taken from the curve “current-voltage”, graphi-
cally. Tt is this characteristic that is employed
in the practice of this invention.

Fig. 2b of the drawing shows two curves ex- k

hibiting the relative resistance values of the se-
ries and shunt arms of a so-called = type of at-
tenuation network shown in Fig. 2a¢. By com-
paring the data disclosed by the two curves of
_Fig. 2b, it may be seen that if the series and
shunt arms of Fig. 2a¢ are made up of lamps
of the type for which the curves of Fig. 1 were
obtained, then the values of current required in
the series and shunt arms to produce aitenua-
tions may be shown fo be the following values:

Lamp currents
Attenuation
(decibels) Series arm Shunt arm
(milliamperes) (milliamperes)

0 40

12.5 24

16.5 21

20.5 19

25 17.5

40 16

It will thus be seen that a useful range of
10 decibels may be obtained. By utilizing two
of these devices in cascade, a range of 20 dec-
ibels can be obtained, and so on.

In order to introduce and control the current
in the lamp filaments independently of the sig-
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naling currents, which are to be confrolled by
the attenuator, the arrangements shown in Fig.
3 may be employed. In this figure, reference
characters 2, 3 and 10, {i designate the circuits
extending to other apparatus on either side of
the variable attenuator element. This element
is made up of metallic filament lamps 4, § and
6 each of which is preferably in vacuum. Trans-
formers 1 and § separate the attenuator circuit
from the circuits 2, 3 and {4, ii. This attenua-
tor circuit is unsymmetrical to ground with re-
spect to the pairs 2, 3 and 10, {1 which will ordi-
narily be connected to equipment which is not
electrically unbalanced to ground. These trans-
formers also serve as a part of the means for
separating and isolating the direct current used
to control the lamp resistance from the alternat-
ing ‘current signaling or communication circuit
in which the attenuator is to be employed.

The current flow through lamp 4, which is the
series arm of the attenuator, may be traced as fol-
lows: Starting from the negative or ungrounded
terminal of battery 13, through inductance coil
14, the secondary of transformer & to lamp 4,
then to the primary of transformer 8, then
through inductance {2 to rheostat (3 and to
ground -and then to the grounded terminal of
battery 19. It will be seen that rheostat i3 can
thus control the current in the series clement
formed by lamp 4 and therefore it indirectly con-
trols the resistance of this series element.

Similarly, a current path from battery 1§ may
be traced through the shunt elements formed by
lamps 5 and 6. In the case of lamp 5, this path
is from the negative or ungrounded terminal of
battery 19, thru inductance 14, thru the second-
ary of transiormer 1 to lamp 5, and then thru
inductance {7, rheostat 18 to ground and back
to the positive terminal of battery 9. The path
through lamp 6 is from the ungrounded or nega-
tive terminal of battery 19, thru inductance {5 to
lamp 6, then thru inductance 17, thru rheostat
I8 to ground and back to the positive terminal
of battery i9. Thus, it will be seen thai rheo-
stat 18 controls the direct current in flowing
thru both lamps 5 and 6, and it therefore sirnul-
taneously controls the resistance of these lamps.

Condensers T, 8 and 16 complete the alternat-
ing current paths through the attenuator for the
currents of signaling frequency which are con-
trolled by the variable attenuator formed of
lamps 4, 5 and 6. These condensers should be
of such capacity that their reactance will be
negligible for currents of frequencies within the
band used for communication purposes in the
system operating through the variable attenua-
tor. Likewise, inductances 14, (5, 12 and {7
should be of such value that their reactance at
frequencies used in the transmission system is
very large compared with the characteristic i~
pedance of the attenuator or the resistance values
of any of the elements thereof.

The reactance elements of capacity, i. e., 1,
8 and 16, and of inductance, i. e., 12, 14, 15 and
{1, are introduced for the purpose of separat-
ing the alternating current signaling path
through the attenuation network from the di-
rect current supply which heats all of the fila-
ments used as resistance elements of the at-
tenuation network. This is necessary in order
that the variations of the resistances of rheo-
stats 13 and {8 shall only affect the resistances
in the path of the signaling currents by the
change in resistance of the filaments resulting
from the change in direct current flowing there-
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through. If this were not done, the variations
in resistance of these rheostats might tend to
counteract the effect of the resulting variations
in fillament resistance. A further useful result
of the use of the aforementioned reactance ele-
ments is that any noise resulting from contact
resistance variations at rheostats 13 and {8 will
be substantially eliminated from the signaling
current path.

Rheostats 8 and 13 will ordinarily be oper-
ated in opposite directions, one increasing in re-
sistance and the other decreasing in resistance
when adjusting the attenuator to a new value of
attenuation. The operating mechanisin of these
rheostats, i. e. their movable arms, may of course
be connected to a common conirol handle in any
manner well known in the art, one arrangement
ilustrating this feature being shown in Fig. 3a.
Furthermore, these rheostats should preferably
ke tapered in their resistance elements, as shown,
so that a uniform variation of attenuation will
occur as this control handle is mwoved in & uni-
form manner.

The arrangement described hereinabove in-

volves & number of tubes having tungsten fila- &

ments each of which is surrounded by a vacuum.
It will be apparent that tungsten elements are
not indispensable fo the practice of this inven-
tion, for any other elements having large tem-

perature coeflicients of resistance and capable of 9

being heated to temperatures of, for exawmple, two
or three thousand degrees ey be readily sub-
stituted therefor, all of which is within the scope
of the invention.

The use of metallic filainents for the resist-
ance menibers of an attenuation network, the
resistance of which may be varied by superposi-
tion of a heating current differing in frequency
from the signaling currents to be attenuated,
introduces the requirement that the heating cur-
rents should be large in comparison with the sig-
naling currents, so that the latier cannot of
themselves produce apprcciabie fluctuations in
temperature and therefore, in resistance, of the
network elements. If a sufficiently wide range
of values of vesistance is to be obtained, it is
necessary to raise the temperature of the fila-
ment to very large values, as will be obvious when
it is considered that the linear term in the rela-
tion between temperature and resistance does
not exceed 6.3x 103 per degree C., in the case of
pure metals and is much less in the case of
alloys. Evidently in carrying out this invention
metal of suitably high temperature coefficient
of resistance should ve chosen, and furthermore,
2 metbal capable of withstanding a high tempera-
ture is desired so that a reasonably large varia~
tion in resistance can be obtained. Tungsten
meets these requirements as it has one cof the
larger values of temperature resistance coeffi-
cient, 5.1x 103 per degree C., and will with-
stand temperatures up to 3000° C., permitting a
possible variation of nearly 15 to 1 in resistance.
However, tantalum, molybdzsnum, uranium or
other refractory metals might also be used, if
desired. Such eiements are, however, decidedly
superior to any elements of the prior art which
have low or negligible temperature coefficients
of resistance. In the practice of this invention
any change in the resistance of the various ze-
ries and shunt elements which is, of course,
changed by a change in the magnitude of the
hesting current will produce a corresponding and
an appreciable change in the loss of the net-
WOork,
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1t may alsc be desirable in certain forms of
this invention to utilize lamps or filaments of
different temperature coafiicients. Thus, it is
possible to eraploy & filament having a positive
temperature cocfficient in the series arm and
two filaments having negative temperature co-
efficients in the shunt arms, sc that the varia-
tion of resistance in cpposite directions can be
chtained by varying the heating current in the
same manner in both arms. Conversely, the se-
ries eclement may have a negative thermal co-
efficient and the two shunt elements positive
thermal coeficients, all within the scope of this
invention.

While direct currvent has been illustrated as
the means of heating the filaments of lamps 4, §
and 8, it would, of course, be possible to utilize
alternating current for heating purposes, the
alternating current having a frequency outside
the range o be controlled by the attenuator.

While this invention has been described with
respect to one embodiment thereof, merely Ior
illustrative purposes, it is nct to be regarded
as limited thereto, but it includes any and all
organizations falling within the scope and spirit
of the appended claims.

What is claimed is:

1. An attenuator for aliernating current cir-
cuits comprising o series clement having a large
temperature resistance coefficient, two elements
having large temperature resistance coeflicients,
one of which is connecied across the input circuib
of said attenuator and the other across the out-
put circuit as the shunt elements of the atienua-
tor, a source of direct current potential for
transmitting current through said elements and
therehy heating all of said elements, and means
for varying the magnitude of the applied direct
current potential so as to control the loss of said
attenuator.

5. A variable sttennator for attenuating alter-
nating currents comprising a serics element, two
shunt elements, cne of whaich is connecled across
the input terminals of the attenuator and the
other across its output terminals, said elements
being composed of metallic filaments, means for
supplying direct current to a1l of said elements,
means for varying the magnitude of the direct
current so as to change the resistance of said
elements, and means for separating the direct
current from the alternating currents attenu-
ated so that the direct current will change only
the resistance of said elements and will not be

“modulated upon the alternabing current outputb

of said attenuator.

3. A r type of attenuation network for a trans-
mission cireuit coxnprising three tubes each hav-
ing a tungsten ifilament, the filament of each
tube being surrounded by a vacuum, one of the
tubes being connected in series with the trans-
missicn cireuit, another in shunt with the input
terminals of the network, and the third in shunt
with the cutpub terminals of the network.

4. An attenustion network for a transmission
circuit comprising three tungsten filament vac-
uum tubes, one of which is in series with the
transmission circuit and the other two of which
are in shunt with the input and output terminals
of the network respectively, & source of direct
current potential for heating the filaments of
said tubes, and two rheostats, one of which is in
series with the series tube and said source, and
the other in common with the two shunt tubes
and said source.

5. An attenuator for a transmission cireuit

3

comprising & first transformer, the primary

winding of which is connected to the input ter-
minals of the transmission circuit, a second trans-
former, the secondary winding of which is con-
nected to the output terminals of the transmis-
sion circuit, three tungsten flament vacuum
tubes which constitute the elements of the at-
tenuator, one of which is connected in series with
the secondary winding of the first transformer
and the primary winding of the second trans-
former, the other two of which are connected
across the secondary winding of the first trans-
former and the primary winding of the second
transformer respectively, means for heating the
filaments of said tubes, and impedance elements
including said series tungsten filament vacuum
tube and indegendent of the means for heating
said tubes for faciiitating the transfer of alter-
nating currents through the transinission cir-
cuit.

6. An attenuator for a signal transmission cir-
cuit comprising three elements having nonuni-
form temperature coefficients of resistance, two
rheostats, and a source of direct current poten-
tial, one of said rheostats being connected in
series with one of said elements which is in series
with the signal transmission circuif, the second
rheostat being connected in common to the other
two elements which are effectively in shunt with
the input and output terminals of the signal
transmission circuit respectively, and means for
supplying energy from the direct current source
of potential to all of said elements through the
respective rheostats.

7. An attenuator for an alternating current
signaling circuit comprising an element in series
with said circuit, a pair of elements connected in
shunt with said circuit from the opposite ends
of the series element, each of said elements being
composed of a filament of refractory metal hav-
ing a large temperature coefficient of resistance,
and means independent of the signaling currents
to be attenuated for heating said filaments to
incandescent temperatures.

8. In combination, a transmission line, an at-
tenuation network in said line, resistance ele-
ments in said network each having a non-linear
resistance characteristic and varying in resist-
ance according to the current flow therethrough,
said elements being connected in series with and
in shunt across said line, 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 re-
sistance elements inversely upon varying the
effective voltage of said source.

9. In combination, a signal transmission cir-
cuit having series and shunt resistance elements
therein, each of said elements having a nhon-
linear resistance characleristic and varying in
resistance according to the current flow there-
through, a source of potential connected to said
cireuit, and means for varying the voltage of said
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.

10. In combination, an attenuation network
having series and shunt impedance elements
therein, each of said elements having a non-
linear resistance characteristic and varying in
resistance according to the current flow there-
through, a source of potential connected to said
circuit, and means for varying the voltage of said
source with respect to said elements to effect
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maximum impedance of the series elements when
the shunt elements have a minimum impedance
and vice versa.

11..In combination, a signal transmission cir-
cuit, a network in said circuit, impedance ele-
ments in said network each having a non-linear
impedance characteristic and varying in im-
pedance according to the current flow there-
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through, said elements being connected in series
with and in shunt across said circuit, a scurce of
potential connected to said network for effect-
Ing current flow through said elements, and
means for varying the impedance of said shunt
and series elements inversely upon varying the
effective voltage of said source.
WILLIAM H. T. HOLDEN.



