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This inVention Irelates to control circuits and 
IpaitiCularlytio Control circuits forattenuation Inet 
WOrkS On Signal transmission lines. 
One Object Of the invention is to provide an 

5 attemulation InetWork comprising impedance ele 
ientS haWing Inon-linear resistance character 
iStiCS that Shal have a low minimum loss and a 
SubStantially ConStant input impedance. 

Ainother Object of the invention is to provide 
1() a tranSmiSSiOn line With an attenuation inetwork 

COImpriSingimpedance elementshaving Inon-linear 
resistance characteristics connectedinseries with 
aild in ShUInt to the tranSmission 1ine that shal 
haVe a, Single Controllable impedance for varying 
the ireSiStainceSof the Shunt connected impedances 
aild the Series Coninected impedances inversely. 
A further object of the invention is to prowide 

a titainSiSSion line With an attenuation metwork 
COInpriSingimpedance elementshaVing Inon-linear 
IreSiSaince Characteristics Connected in Series With 
aind in Shunt aCroSS the tranSmission line and 
SOUITCes of Current Connected to the impedance 
elernents that Shal Varythe effective voltage ofone 
Of Said Sources to Vary the resistances of Said 
Shulint Connected impedances and the series con 
Inected impedances inversely. 

Atteinulation InetWorks or attenuation pads are 
employed for tranSmission Iregulation on signal 
tranSimiSSion lines or telephone lines. The inet 

30 Works Comprise impedances Which are cohnected 
in Series W7ith and in parallel a Cross the trans 
iSSion line. Generally Irelays or Cam operated 
SWitches are prowided for inserting the imped 
ainCeS in CirCUlit With or WithdraWiing the irm 
IpedarlCeS Ifrom the tranSmiSSion 1ine, The Con 
trol of the imapedances of a, network by means of 
ITelays or Cam operated SWitches is generally com 
plexand IrequireS ConSiderable apparatus. 
ACCCirding to the present invention the im 

IpedainC68 in the inetWork or pad have mon-linear 
resistance characteristics andarepreferablycom 
posed of Silicon Carbide CryStals and a binder 
rmixed with Conducting Imaterial. The impedances 
Irinay be composed of the material disClosed in the 
patent to K. B. McEachron No. 1,822,742, dated 
September 8, 1931. The Imaterial diSClosed in the 
FK. B. McEachron patent is knoWin as thyrite. 
This Imatelial has a, 1mon-linear Voltage Current 
Characteristic at Constant temperatureand there 
forea inon-linear 1tesistance CharactietistiCat Con 
stant temperature. 
The resistance Valules of the impedance ele 

ments in a, 1network ConStructed in aCCOrdainCe 
with the present invention are Contiolled by gOV 
erning the current flow through the elementS. 

5 

25 

35 

50 

(Cl. 178-44) 
The InOn-linear Iresistance Characteristic of sili 
COn Carbide CryStals Combined With a,binder mixed 
With COIndUICting Imaterial is diSClosedin the above 
11entiOned Ipatent to IK. IB. MICEaChron. 
The invention isillustrated by inetworks which 5 

Imay be of the L, T, II or lattice type. In each of 
the InetWOrks impedance elements are Connected 
in Series With and in parallel to the line or Circuit 
to be Controlled. Two Sources of Current are 
IpitOVided in CirCuit With each atternulation Inet 
WOrk to Wary the IreSistance Characteristics of the 
impedance elements. Preferably one of the 
Sources of Current is C0mmected irl Series With One 
OI a, InUIrinber Of impedainCe elermeintS COInnected 
across the Circuit being controlled. The Second 15 
Source of Current is Coninected in Series Inot Only 
With the impedaince elerment COInnected in Series 
tio the line, bUIt alSO in SerieS With the ininpedaince 
elethernts Cohnected ih Shitint a Cross the line. A 
resistance or impedance element is connected in 20 
Series With each Of the Sources of Current. "The 
Iresistance elements Imay be the Space path of a, 
ValCUIUIn1 tUIbe OT Imay be IreSiStaince elements COIn 
trolled in any Suitable mantner. \ 
The networks should have a, 1ow minimum 25 

loSS, a, ConStaint inpult innipedance and the inaped 
ance elerments iTal SerieS With and in parailiel to 
the controlled Circuit Shouild have their Iresist 
ance values waried inversely. A metwork con 
Structed as aboVe Set forth and ha Ving imped 
ance elerments Composed of Silicon Carbide Crys 
tals and a, bitnder Innixed With Condulcting Ima 
terial Will anSWer the above Ireqtirements if the 
resistance elerment in Series With either Source of 
Curtent is Watied. If the IreSistance in Circuit 
With the Source in Series With al the irmpedaince 
elements is varied to supply Imalaximum Voltage to 
the InetWork thern the inpedaince elernents in Se 
Iries With the line Will have Iminimum IreSistance 
and the impedance elements aCroSS the line Will 40 
have Imaximum IreSiStaince. A IreverSe Operation 
takes place if the efective Voltage of the Source 
Connected in Series With all the impedaince ele 
1ments is IredulCed to a, Sinnall Valule. In this CaSe 
the Series Connected impedaince eleiments Will 45 
have Imaximum IreSiStance and the parallel Con 
Inected impedance elements Will have minimum 
1tesistance. If the IreSiStaInce element iTal SetieS 
With the Source COInnected Only in Series With the 
parallel connected impedance elements is con- 50 
trolled, then Wariation of the IreSistance to Sup 
ply a, 1maximum Woltage to the Shunt Cominected 
impedance elements Will loWer the IreSistance 
Value of the Shunt Connected impedance elernernt 
to a minimum and Iraise the Iresistance Waltles of 5 
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2 
the Seties Cominected impedance eleiments to B 
ilaxianuil IeSiStance Walue. If the efiective Wolt 
age of the SoutCe Cohnected in SerieS Witil the 
ShlInt ComineCed iImpedainCe elernentS iS TeditlCed 
to a, Very lOW Valitle, thern the 1reSiStaInce Waille Of 
the Shunt Colianected impedaince eleimentSiS IaiSed 
aind the IeSiStaince Valtie of the SelieS COilhected 
Impedail Ce eleile:Ints iS IOWelted. 
In inetWorks prowided With impedance elementS 

linaViling InOn-lineal 1:eSiStanCe CharaCiteitiStiCS 3S 
3b0We Set forth, the latitice inetWork haS the 
greatest, 1range Whereas the II InetWork haS the 
Sillailest Itarge. The inpedainCe WaliationS alte 
the gireatest for a, T inetWork and aire Of the OT 
del Of 3:1 fot a, 30 deCibel 13inge. A lattiCe Inet 
WCik HaaS a, failly COInStaint innipedaince irl Cine 
ditection and this fact, Coupled With the featute 
hat it Cain have a, high imaximill IOSS inakeSit 
a Vety advantageous inetW7CIX. 
In tile aCCOipainying diaWing, 
Fig. 1 is a, Ciagitaiminatic View Of a, baSiC COlin 

tiol CiTClit ConStuCited in BCC01dailCe Will tile 
iia Veration; 

Fig. 2 is a, diagitaiminnatiC VieW Of a, IattiCe Inet 
W701k C0hStirtICted in aCC0:dainCe With the inWein 
tiOin; 

Fig. 3 is a, diagiraillimatiC WieW Of a, IlletWOik 
Constructed in acColtdaince With the itlVention 
aind Contiolled by Space diSChalge deVices; 

Fig. 4 is a diagitaimilatic VieW Of a, II 11etWork 
ConstiTucted in accoidance With the iWention; 

?Fig. 5 is a diagialinatic WieW of all L InetWork 
Constructed in aCColtdance With the inVelatioth: 
aind 

Fig. 6 is a, diagrailimatic Wiew of a, T InetWork 
ConStiTucted in aCColdaince With the inWentiOl. 

Referiting to Fig. 1 of the diaWillig, a, COilitiol 
Circulit is StioWin CompliSing eleileintS I aild 2 
haVing a, 10h-linear 1tesistahCe CharactelistiC 
SUICh as the Iliatelial diSClOSed ill the abOWe-ile:Il 
ticined patent to K, B. McEachlon 1,822,742. A 
battery 3 and a, Valitiable IeSistance 4 aTe COIl 
1nected in Series With each of the IeSistaince ele 
imentS andi 2. Tile Citection Of the CUITeint 
iOW fitoial the battely 3 i8 indiCated by the air 
toW I2. A battery 5 and a, Vatiable IreSiStance 6 
aire Corniected in Selies With the 1TeSiStaince ele 
iment 2. ?The CUIrielat iOW fitOZal batery iSili 
dicated by the a1 toW I1. The Woltage Stoplied 
by the batteiry 3 iS COlitl'Olled by Valiying the Te 
Sistaince and the Voltage froin battery 5 iS COn 
tioiled by Valitying te reSiStanCe 6. The . In Oil 
lithealit ireSistaince CllailacteitiStiCS Of the elerierns 
| and 2 ate deSCItibed and ShOWin in the aboWe 
imentiCIned pateint to ?X. B. MICEaChitorl. "Itle tWO 
IeSiStance elellentS and 2 Illay be Simatltane 
OUSly Valtied by Valitying eitiet Of the IeSiStainCe 
eleiteints and 6. 

I the IeSiStaince element is Waitied to Stip 
ply a, 11aXiatim WOltage iftoin the batteiry 3 to 
the 1nOn-liaeal IeSiStaince eleiaments i and 2, the 
IeSiStance Walte of the 1teSiStance element f Will 
be 1edulced to a, Iniani?Ulm, Wheteas the IeSistance 
V3litle of IeSiStainCe eleilen) 2 Will be taised to a, 
ImaxilUI1. Timis iSappaitent lbeCalSe tile CLtteint 
iOW thirough the eleilent I Will be IllaxirIU11 
Wheireas tle CU11ent iOW th1 Oligh the eleineint 2 
Will be ItedulCed to a iminimull. The Voltage iftoi 
batte1y 3 oppoSeS the Woltage flom the batery 
5 So that the Citlitteint floW thitough element 2 iS 
1tedUCed to a iminiantlim. If tle teSiStaince ele 
ialeint f is Vatied So as to 1TedulCe the effect?7e 
Voltage of battery 3 t0 a, 1aihilitial, then the CUIt 
Itent iOW7 thirough element Will be iteditiCed to 
a, iminimuil and the IreSiStaince Walule of thiSele 

2,021,920 
Iment Will be IraiSed to a, Imaximultal Walule. On 
the other haind, the CUltitent iow through element 
2 Will be IraiSed to a, Imaximum Walule and the Ire 
SiStainCe Walle of ele:Illent 2 Will be a inimum. 
In a, CitCulit So COInStiticted it is apparent that 
eleinents f aid 2, if So pOSitioned in a tranSmis 
SiOn line, Will have a, ConStaint i?put inipedance 
and Will alSO have alOW Imainum iOSS. Although 
Fig. 1 ha3 been desCitibed by 1tefetring to the 
WaliatiOIn Of leSiStalCe 4, it iSappateint th3t the 
Saile 1eSultS Imay be aCComplished by Waiying the 
1eSiStaince 6. LOWeling the efective Voltage of 
the battery 5 has the Same efect as Iraising the 
efeCliWe Woltage of battery 3. 
Refelring to Fig. 2 of the ditaWing, a, laice 

IlletWO:k iSillUStitated eimploying the COhttol Cir 
CUlitS ShOWin ill Fig. 1 Of the diaWing. A titainS 
IlliSSiOrl line COHaptising input Conductois T 3nd 
8 aild Ottpult COIndulctoS 3 and iO is Cominecied 
to a, InetWork II inaving lon-linear Iresistance 
elerimentS. The input ConductorS Taind 8 are Con 
ineCited t0 the InetWolk by ineanS Of a, tranS 
foltinet I2 haVing Secoindaity WindingS 13 and I4. 
The inetWOrk I || is Colainected to the output Con 
dulCtiO1S 9 arld II? by IneanS Of a, tainsformel I5 
hlaWilig pliIllaity WindingS 18 and IT. Auxiliary 
WildiagS 18 and 19 ate aSSOCiated With ptimary 
indings i6 and HT. 
Non-lineair iteSiStance elements 20 and 21 in 
he inetW01k I || aite efectively Connected in Series 
With the titailSiSSiOra line and non-linear Iresist 
alCe eleileints 22 and 23 ale efectively Connected 
3COSS the tralSimiSSiOn line. A battery 24 and a 
Waliable IeSiStance 25 are efectively Connected in 
SelieS With al the 1TeSistance elements 20 to 23, 
ilCllSiWe. A batte:Iy 23 and a Variable itesistaince 
21 alite COnnected in Selies With Iresistance ele 
imentS 22 aind 23. The Circuit fitom battery 24 
thl'Olgi leSiStainde elerments 20 and 22 may be 
titaCed flOnl One teltiminal of batteity 24 through 
ieSiStariCe eleinelt, 25, primary Winding I6, Iresist 
atice eleilent3 23 aind 22, auxiliary Coil 9 to the 
Otilet teitiminal of battery 24. A Circuit from 
battery 24 thitOugh IeSistance elements 2I and 
23 Illay be tiaCed folm One terminal of battery 
2 thitOugh IeSiStalCe eleiment 25, prinary Wind 
ing II, 1eSiStaince elemerats 2f and 23 and auxil 
iality Coil I8 to the Other terininal of batteity 24. 
The CitCllit flom battery 26 through tesistance 
eleilent, 23 ilay be titaCed from Oile telinal of 
batery 26, thloligh the auxiliary Coil I8, 1resist 
BiCe eleilent 23, SeCOIndary Winding i4 and re 
SiStat?Ce eleileint, 27 to the other teltiminal of bat 
teity 26. The CiTCuit fitom battery 26 through Ire 
SiStai1Ce elemerit 22 Imay be titaced froin one ter 
initnal of battery 26 thlough the auxiliary Wind 
ing 19, 1TeSiStair1ce elerlent 22, Secondary Winding 
i3, and the Waltiable 1teSiStance 2T to the other 
terrinal of battery 26. 
The InOn-linear IeSiStance elermentS 20 and 2 

and 22 and 23 Imay be Walied inveISely by Warying 
eitinet the leSiStainCe element 2T or the Iresist 
ance elemelt, 25. If the IeSistance element 25 is 
Valied t0 Supply a, Imaximulm Woltage from the 
battery 2 thern a, 11aximurn Current Will flow 
thlOtligh the i10:1-linear IreSiStance elements 20 
and 21, Wheireas a minimum Current Will flow 
tliOugh the HeSiStaince elementS 22 and 23. 
Thelefote, the inOn-lillear tesistance elements 20 
and 2I Will have a Iminimurn 1resistance value 
Wineteas tie InCn-lirea1 1teSiStance elements 22 
aind 23 Will have a, 1maxinum 1resistance Walue. 
If tile teSiStall Ce 25 is Watied to SUpply a mini 
ImUIma Voltage frorn battery 24 thern the CU11trent 
iOW through the InOn-lileat IreSiStance elemerats 
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20 Bind 2| Will be Iredulced to B, Iminimum Whereas 
Current floW through the Inon-linear IreSiStance 
elements 228nd 23 Will be Iraised to a, Imaximuml. 
Therefore, the 1mon-linear Iresistance elementiS 

5 20 and 2I Will haWe a, Imaximum Iresistance WalUHe 
Whereas the Inon-linear Iresistance elements 22 
and 23 Will ha We B, Iminimum IreSistance Walule. 
In each of the Cases above Set forth, it Should 
be Inoted that battery 26 opposes battery 24 in the 

10 Same Imanner as battery 5 Opposes battery 3 in 
the Circtit ShoWin in Fig. 1 of the draWing. The 
netWork I I, Shown in Fig. 2 of the draWing, Imay 
be controlled by Warying the 1resistance 2T in the 
Same Imanner as the Control CirCUlits ShoWin in 

15 IFig. 1 Imay be Controlled by Warying Iresistance 6. 
Referring to Fig. 3 of the draWing, an attemul 

ation InetWork 28 is ShoWT1 Controlled by Space 
discharge devices 29 and 30. Sinilar 1teference 
CharaCiters to thoSe ?ermployed in IFig. 2 irl Irefer 

20 Iring to the tranSmiSSion line and the Connection 
of the tranSimiSSion line to the InetWork Will be 
e:Imployed in IFigS. 3,4, 5 and 6. "The attenllation 
metWork 28 Comprises Inon-linear resistance ele 
Iments 3I, 32,33 and 34 efectively Connected in 

25 Series With the tranSmiSSion line and Inon-linear 
1resistance elements 35 and 36 efectively Connect 
ed B.CroSS the tranSimiSSiOn ine. "The Inon-linear 
IreSiStance elementS 3I to 36, inclusive, are pref 
erably Constructed of the Imaterial diSCloSed in 

30 the aboWe-mentioned patent to K. B. MCEaChrom. 
A battery 31 and a, Wariable Iresistance element, 38 
are Shown efectively connectied in Circuit With al 
the non-linear Iresistance elements 31 to 36, in 
clusive. A space discharge device 29 is provided 

35 With a plate battery 39 Connected in Circuit With 
the InOn-linear TeSiStance element 35 and a, Spal Ce 
diSCharge deWice 30 is Connected in Circuit with 
the battery 39 and the Inon-linear Iresistance 
element) 36. "The potential from the battery 39 

40 under control of the devices 29 and 30 oppose the 
potential from the battery 3T. The tWo Space 
diSCharge deWices 29 and 30 are Controlled by im 
preSSing a, Wariable potential On the ConductorS 
4 || and 42. 

45 The IrnetWork 28 shoWin in Fig. 3 of the dra W 
ing Imay be COIntrolled by Warying the Iresistance 
elerment 38 Or by Warying the Ipotential iTimpressed 
On Conductors 4 and 42. MoreoWer, if So de 
Sired, the IreSistance element 38 Imay be Ireplaced 

50 by B, .space discharge deWice Similar to the de 
Vices 29 and 30. A like S11bstitution Imay be Imade 
With Irespect to the Variable Iresistance elements 
25 and 21, ShoWin in Fig. 2 of the drawing, if So 
deSired. One Circuit from battery 3T Imay be 

55 traced froirl One battery terminal, through the 
primary Winding ||6, Inon-linear Iresistance ele 
Iments 32 and 35 and the Wariable 1reSistance ele 
Iment, 38 to the other terminal of battery 3T. 
Another Circuit from battery 3T Imay be traced 

60 from one battery terminal, through the Second 
ary Wilinding ||3, IreSiStance elements 3I and 35 
and Variable IreSiStance 38 to the other battery 
terminal. Another Circuit from battery 31 may 
Ibe tra Ced from One battery terminal, through the 

65 primary Winding IT, mon-linear resistance ele 
Iments 34 and 36 and the Variable Iresistance 38 
to the Other batitery terminal. A further Circuit 
from battery 3T Imay be traced from one battery 
terminal, through the Secondary Winding ||4, 

70 non-linear resistance elements 33 and 36 and 
Variable reSiStance 38 to the other battery ter 
Iminal. If the efective Voltage of the battery 31 
is Iraised to a, Imaximum Walule by Imeans of the 
Wariable Iresistance 38, a, Imaximum Current iOWS 

7, through the mon-linear resistance elements 31, 

32,33 and 34 and a, Iminimum current, 1ows 
through the Inon-linear Iresistance elements 35 
and 36. Therefore, non-linear Iresistance ele- · 
Iments 31,32,33 and 34 Will ha We a, Imininum Ire 
Sistance Walule Whereas Imon-linear IreSiStance ele- 5 
Iments 35 and 36 Will have a, Imaximum Iresistance 
Walue. If the efectiWe Woltage of battery 31 iS 
1reduced to a minimum, the Iresistance Valles of 
non-linear Iresistance elements 3,32,33 and 34 
Will have their Iresistance Values Iraised to a, ImaX- 10 
imum and Imon-linear Iresistance elements 35 aind 
36 Will have their reSistance Vallies loWered to B 
Iminimum. 
The atternuation netWork 28 ShoWin in IFig. 3 

of the draWing Imay also be Controlled by Wary- 15 
ing the potential impressed upon the ConductorS 
4 || and 42 in the inpult Circtits of the Space dis 
charge deVices 29 and 30. The Varying of the 
impedances of devices 29 and 30 Waries the ef 
fective voltages of battery 39 and has the same 20 
efect on the InetWork 28 as the Warying of Ire 
Sistance 38 to Wary the efective Woltage of bat 
tery 37. - 
Referring to Fig. 4 of the draWing, a, II Inet 

Work 43 is ShoWin Connected to the tranSmissiora 25 
line. "The InetWork 43 CompriseS 1mon-linear Ire 
Sistance elements 44 and 45 efectively Connectied 
in Series With the tranSImiSSion line and non 
linear Iresistance elements: 46,41,48 and 49 ef 
fectiVely COInnected a CTOSS the tranSmission line. 30 
The non-linear Iresistance elements 44 to 49, 
inclusive, are preferably constructed of the ma 
terial diSClosed in the above-mentioned patent 
to K. B. MICEaChrom. A battery 50 and a, Wariable 
Iresistance element 5| are prowided in Circuit 35 
With all the Imon-linear Iresistance elerments 44 to 
49, inclUSiWe. A battery 52 and a, Wariable Iresist 
ance element 53 are prowided in Circuit With the 
Imon-linear Iresistance elements 46 and 4T. A bat 
tery 54 and a, Wariable Iresistance element 55 are 40 
prOVided irl CirCUlit With the non-linear 1resistaInce 
elements 48 and 49. The attenuation InetWork 
43 Imay be Controlled by Warying the 1resistance 
element, 5| or by Simultaneously Warying the re 
Sistance elements 53 and 55. The battery 54 op- 45 
poses the Current floW from battery 50 through 
the Inion-linear IreSistance elements 48 and 49 and 
the battery 52 Opposes the CUIrrent iOW frorn bat 
tery 50 throuligh the Inon-linear resistance ele 
Iments 46 and 4T. 50 
Whern the reSistar1ce elerment 5 is Varied to 

Ireduce the efective voltage of battery 50 to a 
Iminimula1, a, Iminirinum CUIrrent flows through the 
11On-linear IreSistar1ce elerments 44 and 45 and a 
ImaXiT1UIIl CUIrrent iOWS through the mon-linear 55 
Iresistance elements 46, 4T, 48 and 49. Accord 
ingly, the InOn-linear IreSistance elements 44 and 
45 haVe a, 11aximum Iresistance value and the 
Imon-linear resistance elements 46 to 49, inclu 
SiWe, haWe a, IminimUIm Iresistance Walue. If the 60 
IeSiStance eler1ent 5| is Waried to produce a, Imaxi 
Imum Voltage from the battery 50, a, maximum 
CUIrrent iOWS through the Inon-linear resistance 
elements 44 and 45 alind a, Iminirmum CUrrent 
1fiOWS through the InOn-linear resistar1ce elerments 65 
46 to 49, inclusive, therefore, the mon-linear re 
Sistance elermentS 44 and 45 have a, 1minimum re 
SiStaInce Walule and the Inon-linear Iresistance ele 
Iments 46 to 49, inclusive, have a maximum re 
SiStance Value. If So desired, the Iresistance 5| 70 
Imay be replaced by a, Spare discharge device, or 
the two resistance elements, 53 and 55 may be 
1replaced by Space discharge deVices as Shown in 
IFig. 3 of the draWing. - 

IReferring to Fig.5 of the drawing, an L. imped- 75 
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ance inetWork 58 is ShoWh Cominected to the tratiS 
imission line. The inpediance inetWork 56 C011 
prises tro inon-lineat tesistaince elenneratiS5 and 
5g effectively Coninected in Series With the trains 
mission line &ind two 1mon-lineal IeSiStainCe ele 
Imaepts: 59 arna 3 efectively Connected actrSS the 
trarismission ine. The InOn-lihear teSiStan Ce 
eleiments, 5 to 83, irclSVe, Imay be CC?SUICted 
of the Imater EI C3ClOSed Il the abOWe-II:leitiCined 
patent to I?. B. c?achon. A battery 8i and 
3 Variable IeSistaince element, 62 aTe CCineCited 
in Cirguit With all the ton-lineal 1teSiStailCe ele 
iments to 6, inClusive, in tWO CiTC::t IlleSheS 
and a batery 3 and a, Waliable IeSiStainCe ele 
inent, 6 aire CCEnteced in CitCllit Witia tle IllOrl 
Iineat 1essgrace eletmentS 59 alind 68 in tWC 0ttler 
Citctit meses. ine potential of battery (83 CD 
poses ine poteatial of batteity 6 aCIOSS IeSiStaICe 
eleiment5: 3 BI 68). 
"The resist Ince Walues of the InOn-linear Ire 

sistarice eleaments 5 to 88, iDiClitlSiWe, in tile L 
networ: 51may be Contiolled by Waying the te 
Sistance element 33 ol y Waying the IreSiSt 
ance eleineInt 8. If te IeSiStalace eleriment 82 i3 
Varied to supply 3, 1132xilill VOltage ftOIll bat 
tery G, a Iaax nutin Current fioWS through the 
hon-ineat itesistaInce eleirle:IntS 5 arld 53 aild a 
Imaini 11In Ctrtert iOWS thl'Ough the liOti-lill3al 
Iresistainge elements 8 aind 6. "ThellefCre, the 
non-ineat 1tesistairice eleinetits 5 ald 53 Will 
hare a iniamulin IeSistaInce Walue, aild the InOn 
inee 1esistaince eeimentS 59 and G3 Will haVe 
a linaxiatia Iresisance Walle. If the eSiStaince 
eenent 32 is vatied to SUpply a lialininUIn Ip0 
te - al fron balery 8, ?eil a IllinilUIn Cult 
en; flo7s thltoligh the h011-linear 1TeSiStanCe ele 

ize:Ints a Indi 3 Eid a, IlliaXitill Culliteint iOWS 
thl'Olign te 
3:d G. 

ron-lineal IeSiSi31Ce elemetitS 59 
Therefote, the i10l-lineal IreSiStaInCe 

3 H37a a, 1mmaXitInn IeSiStaince 
e3 : 1tesi5tal Ce elerle:IntS 59 

Intita 1eSiSta 1Ce Wattle. The 
iable Iesistarace eleiments 62 and 63 Imay be 

e: )y space CiSChairge deViceS if SO deSired. 
g to Fig. 6 of the diraWing, the Tat 

ten:Uglition et7OX 85 iS SiCVIn COrnineCted to the 
anSiS3ion Iine. The detWork 65 Comprises 

2: Iresstaince eelle:Ints 66, 6T, 68; and 69 
ety Coainected in Seities Wittll the tianSmis 

Scia line and Tho Il-ineai 1reSistance elerments f0 
3:1d effec?7ey Con:lected BCiOSS the tralS 
iiSSiCIn II Tie inO1-1eal IeSistance ele 

, i1CllSiWe, ale pleferably Con 
1aterial SClOSed irl the abOVe 
t to ?C. B. CEaChiroil. A bat 
iable Iresist3race eler:lent T3 ate 

? 3ind B, battery I4 and a, 
5 alte COrle:Cted in Citctit 
e 

?he InOn-lineal reSistance ele 

by V21ying the Walitiable resist 
ance elerient 5·ol by Walying tle eSSaince 
element, 3. The tesistaince eleileintS 3 and 75 

-- SID3Ce diSChalige CleVices as 
e d13Wing, if SO deSilted. 

?cia gatery inay bettaced fon 
tery termainal thitough Secoldary Wind 

ing 3, mon-ineat Fesistance element, 68, resist 
ance elerea , itidtictance T3 and Iresistance ele 

-- imel C ine olet terminal Cf the battely T. 
Athothe circuit from batteity T inay be traCed 
froan one battery teliniaa, thl'Olgin SeCOIndary 
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Winding I4, 1mon-linear resistance element, 68, Ire 
SiStance elernent 9, inductiance T8 and resistange 
elermaent 75 to the other terminal of battery T4. 
Arnother Circuit from battery T4 may be traced 
formonebattery terminal, thitough primary wind 
ing 16, 1mon-linear IreSiStance elerment 6T, 1tesis 
ance elelen TT, inductance T3 and resistance 
elernent T5 to the cther terminal of battery 4. 
AiOthe: Circuit from pattery T4 rialy be titaced 
ifton one termital of the battery through pri 
1131y Winding IT, iOill-linear 1esist3nce element 
69, :eSiStance element T9 and 1tesistance elernent 
75 to the other terminal of battery T4. The 
Circtit froial batery T2 through mon-lineat Ire 
Sistarace eleiment 0 is coianpleted throtigh the in 
dt:Cita:1Ce F5 Bid the IreSiStai1Ce elerment TT. The 
CitCuit throtlgi InOth-ineal Iresistance element II 
is CO:pleted th:Cligh the inditictance T8 and the 
teSistance 9. The two batteries T2 and T4 op 
pOSe eaCh Otilet in their action On the noin-linear 
13SiStaince elerleint by means of the Coupling ef 
ected by elements T6, TT, 18 and 79. 
MOdificatorl3 in the Citcuits and in the ar 

Irangerment aind l0Cation of parts inaly be Ti3de 
Within the SOiti arld SCOpe Of the inVerntion arid 
Stlch modificationSaite interlded to lbe CCVered by 
ts appended ClaimS. 
What is Clailimed is: 
1. In COilbination, a, tranStanission line, an at 

tenulation inetWork in Said ine, 1tesistance eie 
11entS in Said InetWTOrk each haWing a, 1101-ineaII 
resistance characteristic at constant tenniperature 
8Id Warying in IreSiStaince acCording to the cuittent 
flow therethl'Oligh, Said elements being connected 
In Selies With and in Shulint act03S Said ine, a 
SOUIl Ce Of p0teintial CCritected tC, Said Inet W701k fo: 
effecting Culleint flow thitoligh Said elements, and 
11eanS fot Waryilig the inipedaince of Said Shunt 
arld Series resistance elerments inversely upon 
Walying the efective Voltage of Said s011rce, 

2. Ira CCibitation, a Circuit having Serie3 and 
Sillint ireSiStaince elerments thetein, each o said 
elerlents having 3, Inon-litlear 1esistance charac 
teristic at Constant teraperature and varying 
ill IreSiStalliceaCCording to the cultrent fow there 
21Cligh, a SOUICe of Oternal connected to Said 

Cictit, arld Ineans ic Varying the votage of 
53?d SOUICe Witill IreSDeCit to Said elerdeInts to efect 
Imaill inped3rlice of the Selies elements When 
the StaUInt eleileints have a hinithum impedaince 
aind WiCe VerSB. 

3. Ill CObination, al aberaulation inetWorl: 13y 
ing Serics and Shunt impediance elements therein, 

8Eid elei1entS 1a Wing iCl-lineali 1tesistance Chal 
aCiteisticg a CCInStait teapetattre and varying 
in 1TCSiStaliCe aCCCirding to the direct Cuttent fow 
thetethrough, a dilect Clittent Source of potential 
in Said inet\7CIX, a TeSiStance ineans in Circuit 
Wil Saidi 5CICE, BEC ItheanS IO: Vairying the 1re 
SiStainceS Of Said Sillii alind SericSiraped3rdce ele 
Illents inre:Sey UpOI? Valying Said 1tesigtance 

3S, 

4. In COilbinatiO?, an atteintlation netWorkhav 
Ing Series arld SillInt, 1Tesistaince elements tine1 ein, 
eac Of 3aid eleinentS haying a, 11on-linear re 
SiStaill Ce ChaitaCitei SiC ald Wailying in 1esistaince 
32Cording to the CIIZeilit iOW therethrough, two 
Sotlirces of direc Citt3i ITESpecti7ely CCinnected 
g sai Se:ies BInd Sin Int ire3 StainCe elettlentS, 
anegins fo effecting alaxittlial ipediatiCa Of Said 
stes eentents Whein the Shillint ele:IllientS haWe 
a ranin l Inpedarace and Wice VerSal by Varying 
the 1reave efective Values Of Said SOICeS. 

5. In combinaion, an atterallation inetWOkhaV 
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ing a, Series and a Shunt Iresistance element there 
in, each of Said elements having a, 1mon-linear 
IreSiStaince Characteristic and Warying in Iresistance 
according to the Current flow therethrough, two 
SOUltces of direct Current, one of Said Sources be 
ing Connected in Series With one of Said resist 
ailCe elements and the other Source beling Con 
Inected in Series With both of Said Iresistance ele 
I11ents, and mearns for Varying the efective Volt 
Rige of One of Said Sources to Wary the impedanCes 
of Said Iresistance elements inversely. 

6. In Combination, a, tranSmission 1ine, an at 
tenuation netWork connected in said 1ine, a, set 
Of impedanCe elerments in Said Inetwork connected 
in Series With Said line, a, Set of impedance ele 
Imaents in Said InetWork 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 irnipedance elernernts and the other 
SOUIrce lbeing connected in Series With both Sets 
Of Said impedance elements, and means compris 
ing an inpedance means in Series With one of 
Said Sources ifor Warying Said Sets of impediance 
elerments inversely upon Variation thereof. 

7. In Combination, a, tranSmission line, an at 
ternulation InetWork in Said line, tWo impedance 
elements in Said netWork IreSpectively in Series 
With and in Shunt to Said transmission line, two 
Sources of Current in Said Inetwork, one of Said 
SOUIrces being Connected in Series With orne of Said 
iTrapedaince elements arad the other SourCe being 
connected to Supply potential to both of Said im 
pedance elements, and two impedance Inneans re 
spectively connected in series With Said Sources 
So that Wariation Of One Of Said impedance 11eanS 
Varies the IreSistances Of the Shunt and Series im 
pedance elements inversely. 

8. In Combination, a, tranSmiSSion line, an ati 
ternulation InetWork 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 Inetwork, one of Said 
sources being connected in Series With the im 
pedance element Connected aCroSS the tranSmis 
Sion line and the other Source being Corninected in 
series With both of Said impedance elements, and 
an impediance means connected in Series With one 
of Said Sources for Warying the Iresistances of Said 
impedance elements inverSely upon Wariation 
thereof. 

9. In Combination, an attemulation InetWork 
having series and shunt impedance elements 

5 
therein, Said elements having Inon-linear resist 
ance CharaCiteristics and Warying in Iresistance 
accordingto the direct current fowtherethrough, 
tWO Sources of direct Current Irespectively con 
Inectied to Said Series and Shunt impediance ele- 5 
Iments, two Iresistance elements respectively in 
CiTCUit With Said Sources, and Imeans for Warying 
the impedances of said Shunt and series imped 
ai1Ce elerilents inVerSely Upon Warying one of said 
1reSiStarnCe elements. 10 

10. In Combination, a Signal transmission 1ine, 
ail inpUIt 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 13 
tranSformer, Series and Shunt impedance ele 
1entS in Said InetWork, Said elements having 
Imon-linear IreSiStance characteristics and varying 
in IreSiStance according to the current, 1flow there 
throlligh, two Sources of direct current respective- 20 
1y Connected to Said Series and shunt impedance 
elements, a, Iresistance element in series with one 
Of Said Sources, and means for Warying the resist 
anCeS Of Said Series and Shunt impedance ele 
11entS 1InVerSely upon Warying Said resistance ele- 25 
Imaent. -- 

11. In Combination, a, transmission Iine, an at 
tenulation InetWork in Said line, two impedance 
elernents in Said network respectively in series 
With and in Shunt across Said transmission ine, 30 
two Sources of Current in Said Inetwork, one of 
Said Sources being Connected in Series With the 
impedance element in Shunt across the trans 
niSSion line and the other Source being connected 
in Series With both of said impedance elements, 35 
ald impedance Ineans in Series With the source 
C0mtlected to the Shillint impedance Imeans for 
Warying the IreSiStanCeS Of Said impediance ele 
1ments inWerSely Upon Wariation thereof. 

12. In combination, a circuit, a network in said 40 
CiCulit, impedainCe elements in said InetWork each 
haVing a, Inion-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 InetWork for efecting current 
flow through Said elements, and means for vary 
ing the inpedianCe Of Said ShUInt and Series ele 
ments inversely upon varying the efective volt- 50 
age Of Said SOUTCe. 

ANDREW C. INORWINE, 


