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This invention relates to electrical circuits and 
more particularly to variable attenuation net 
Works such as may be employed for introducing a 
Variable loss or attenuation into an electrical 
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 attenuation 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 Ol' move aci'OSS 
contacts connected to taps and are brought out 
from the aforesaid resistances, these arrange 
ments have not been entirely satisfactory. The 
siding contact bearing upon the resistance Wind 
ing results in wear, eventually breaking tile re 
sistance wire and causing an open circuit. Fur 
thermore, because of the nature of contact nate 
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 
culty as well 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 a 
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 
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 
ous 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 

(Cl. 78-44) 
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 
in Figures i and 2b of which are certain curves 
eInployed to show some of the features of the 
invention; Fig. 2a one form of network to Which 
the invention may be applied; Fig. 3 one embodi 
ment of the invention, and Fig. 3d a modifica 
tion of one section of Fig. 3 of the dra Wing. 

Fig. of the dra Wing 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. 
It should be noted that the curve “current-A. C. 
resistance' is not 

E 
T 

i. e., the ratio of Voltage to current, but 
dE 
d 

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. It is this characteristic that is employed 
in the practice of this invention. 

Fig. 2b of the drawing shows two curves ex 
hibiting the relative resistance values of the se 
ries and shunt arms of a so-called it type of at 
tenuation network shown in Fig. 2d. By conn 
paring the data disclosed by the two curves of 
Fig. 2b, it may be seen that if the series and 
Shunt arns of Fig. 2d. 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 attenua 
tions may be Shown to be the following values: 

Lamp currents 
Attenuation 
(decibels) Series arm 

(milliamperes) Shunt arm (milliamperes) 

40 
24 
21 
I9 
7.5 

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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2 
naling currents, which are to be controlled by 
the attenuator, the arrangements shown in Fig. 
3 may be employed. In this figure, reference 
characters 2, 3 and , f f designate the circuits 
extending to other apparatus oil either side of 
the variable attenuator element. This element 
is made up of metallic filament lamps 4, 5 and 
6 each of which is preferably in vacuum. Trans 
formers f and 9 separate the attenuator circuit 
from the circuits 2, 3 and 3, . This attenua 
tor circuit is unsymmetrical to ground With re 
spect to the pairs 2, 3 and 0, 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 LiSed 
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 foll 
lows: Starting from the negative or ungrounided 
terminal of battery 9, through inductance coil 
4, the secondary of transformer to lan; 4, 
then to the primary of transformer 9, then 
through inductance 2 to rheostat 3 and to 
ground and then to the grounded terminal of 
battery 9. It will be seen that rheostat i3 can 
thus control the current in the Series element 
formed by lamp 4 and therefore it indirectly con 
trols the resistance of this series element. 

Similarly, a current path from battery fs inay 
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 9, thru inductance li, thru the Second 
ary of transformer to lamp 5, and then thru 
inductance i, rheostat 8 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 T, thru rheostat 
8 to ground and back to the positive terminal 

of battery is. Thus, it will be seen that rheo 
stat, 8 controls the direct current in fioWing 
thru both lamps 5 and 6, and it therefore simul 
taneously controls the resistance of these lampS. 
Condensers 7, 8 and 6 complete the alternat 

ling 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 4, 5, 2 and T 
should be of such value that their reactance at 
frequencies used in the transmission System is 
very large compared with the characteristic ilm 
pedance of the attenuator or the resistance values 
of any of the elements thereof. 
The reactance elements of capacity, i. e., T, 

8 and 6, and of inductance, i. e., 2, 4, 5 and 
iT, are introduced for the purpose of separat 
ing the alternating current signaling path 
through the attenuation network from tine 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 3 and f8 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 

2,087,949 
through. If this were not done, the variations 
in resistance of these rheostats night tend to 
counteract the effect of the resulting variations 
in filament resistance. A further useful result 
of the use of the aforementioned reactance ele 
ments is that any noise l'esulting from contact 
resistance variations at rheostats 3 and 8 Will 
be substantially eliminated from the signaling 
current path. 
Rheostats 8 and 3 will ordinarily be oper 

ated in opposite directions, Oile 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 coul"Se 
be connected to a com{non control handle in any 
ilanner Well knoWill in the art, one arraíngen) ent 
illustrating this feature being shown in Fig. 3a. 
Furtherinore, these rheostats should preferably 
be tapered in their resistance elements, as shown, 
so that, a uniforin variation of attenuation Will 
occur as this control handle is moved in a uni 
fol'rn Rhaller. 
The arrangenherit described hereinabove in 

wgives a number of tubes having tungsten fila 
ments each of Which is Surrounded by a vacuun. 
It will be apparent that tungstein elements are 
Iot indispensable to the practice of this inven 
tion, for any other elementS having large ten 
perature coefficients of resistance and capable of 
being heated to tenperatures of, for example, two 
or three thousand degrees inay be readily Sub 
stituted therefor, all of which is within the scope 
of the in Veration. 
The use of metallic filainents for the resist 

ance ne:bers of an attenuation network, the 
resistance of which may be varied by Superposi 
tion of a heating current differing in frequency 
froin the signaling currents to be attenuated, 
introduces the requirement that the ineating Cur 
rents should be large in comparison with the Sig 
nailing currents, so that the latter cannot of 
themselves produce appreciabie fluctuations in 
temperature and therefore, in resistance, of the 
network elements. If a sufficiently Wide range 
of values of l'esistance is ta be obtained, it is 
necessary to iaise the tenperature of the fila 
Ianent to very large values, as will be obvious when 
it is considered that the linear term in the rela 
tion between temperature and iesistance does 
not exceed 3.3X303 per degree C., in the case of 
pure metals and is much less in the case of 
alloys. Evidently ii) carrying out this invention 
metal of suitably high ternperature coefficient 
of resistance should be chosen, and furthermore, 
a metal capable of withstanding a high tenpera 
ture is desired so that a reasonably large varia 
tion in resistance can be obtained. Tungsten 
meets these requirements as it has one Cf the 
larger values of temperatul'e resistance coeffi 
cient, 5.3.x 108 per degree C., and Will With 
stand temperatures up to 3000 C., permitting a 
possible variation of nearly 15 to 1 in resistance. 
However, tantaluin, molybdenun, uranium or 
other refractory metals might also be used, if 
desired. Such eienents 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 Se 
ries and shunt elements which is, of course, 
charged by a change in the in agnitude of the 
heating current will produce a cai'i'esponding and 
an appreciable change in the loss of the net 
Work, 
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It may also be desirabie in certain forms of 

this invention to utilize lamps or fiannents of 
different temperature coefficients. Thus, it is 
possible to enploy a filairest, having a positive 
temperature coefficient i, the Series arra and 
tWO fianents iaWing inegative tenaperature co 
efficients in the shunt aris, so that the varia 
tion of resistance in cpposite directions can be 
cbtained by varying the heating current in the 
same nanner in both arms. Conversely, the Se 
ries element may have a negative therinal co 
efficient and the two shunt elements positive 
therinal coefficients, all within the scope of this 
invention. 
While direct, current has been illustrated as 

the means of heating the filaments of amps , 5 
and 6, it would, of course, be possible to utilize 
alternating current, for heating purposes, the 
alternating current having a frequency outside 
the range to be controlled by the attenuator. 
While this inventicia has been described with 

respect, to one enbodinent thereof, merely for 
illustrative proses, it is ract to be regarded 
as linited thereto, but it includes any and all 
organizations falling Within the Scope and spirit 
of the appended clai(S. 
What is claired is: 
1. An attenuator for alternating current cir 

cuits comprising 2, series elechent having a large 
temperature resistance coefficient, two elements 
having large temperature resistance coefficients, 
one of which is connected across the input circuit 
of said attenuator and the other ac'OSS the out 
put circuit as the shunt elements of the attenua 
tor, a source of direct current potential for 
transmitting current, through said elementS and 
thereby heating all of said eleinents, and Gaeans 
for varying the magnitude of the applied direct 
current potential so as to control the loss of said 
attenuator. 

2. A variabie attenuator for attenuating alter 
nating currents connprising a series element, tWO 
shunt elements, one of Winich is connected acroSS 
the input terminals of the attenuator and the 
other across its output terminals, Said elements 
being composed of inetallic filaments, means for 
supplying direct current to all of Said elements, 
means for varying the magnitude of the direct 
current, so as to change the resistance of Said 
elements, and in eans for Separating the direct 
current from the alteria&ting Currents attenul 
ated so that the direct current will change only 
the resistance of said eleilents and Will not be 
modulated upon the alternating curre; at Output 
of said attenuator. 

3. A Tr type of attenuation network for a trans 
mission circuit coinprising three tubes each hav 
ing a tungstein filament, the filament of each 
tube being surrounded by a vacuum, One of the 
tubes being conjected in series With the trans 
mission circuit, another in shunt With the input 
terminals of the network, and the third in Shunt 
with the output, termina is of the network. 

4. An attenuation network for a transmission 
circuit comprising three tungsten filament Wac 
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, a 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 tranSImission circuit 

3. 
comprising a 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 coin 
nected to the Output terminals of the trainSmis 
Sion circuit, three tungsten filaireat 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 Seconday 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 independent of the means for heating 
Said tubes for facilitating the transfer of alter 
natirig 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 circuit, 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 
i"espective rheostats. 

'. 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 
incan descent 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 
cCnnected 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 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 
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 minimun inpedance 
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 in 
pedance according to the current flow there 

through, said elements being connected in series 
with and in shunt across said circuit, a Source 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. 

WILLAM. H. T. HOLDEN. 


