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This invention relates to a frequency selec 
tive transmission network and more particu 
larly to a network in which transmission is 
substantially prevented at a predetermined 
frequency. ' 

In a frequency selective transmission net 
work it is advantageous to have the resist 
ances of the various meshes contribute 
directly to the proper operation of the cir 
cuit. An appreciable amount of resistance is 
generally unavoidable and if the action of the 
network is dependent upon the absence of re 
sistance, the theoretical transmission proper 
ties of the network will not be realized in 
practice. If on the other hand the action of 
the network is made dependent upon the 
resistances of the various meshes, the theoret 
ical properties of the network can be prac 
tically realized. 
In accordance with the present invention a 

network of three circuit meshes is provided, 
each mesh containing reactive elements and 
resistive elements. Each circuit mesh is 
coupled to the other two meshes. The wave 
source impedance is included in one of the 
meshes, and the load impedance is included 
in another mesh. The elements of the net 
work are so proportioned that, at a predeter 
mined frequency, two equal electromotive 
forces are induced in the output mesh by any 
electromotive force which may be impressed 
upon the input mesh. One of these induced 
electromotive forces is transferred vdirectly 
from the input mesh to the output mesh. 
The second electromotive force is transmitted 
from the input mesh to the output mesh 
through the intermediary of the third mesh. 
“71th the proper adjustment of the circuit ele 
ments, as disclosed below, the two electro 
motive forces induced in the output mesh 
may be adjusted so that at one or more fre 
quencies they are opposite in phase as well as 
equal in amplitude. ‘When this balance is 
obtained, the transmission from the input to 
the output of the network is substantially 
prevented at a predetermined frequency. 

Referring to the attached drawing: 
Fig. 1 represents the general schematic 

form of the network of the invention; ' 

Figs. 2 and 3 show speci?c forms of the net 
work of Fig. 1; , 

Fig. 4 gives typical attenuation character 
istics of the networks of Figs. 8 and 5; and 

Fig. 5 shows the network of Fig. 3 in com 
bination with a low-pass ?lter. 
As shown in Fig. l the general schematic 

form of the ‘network of the invention is of 
the bridged-T type, comprising’ a pair of 
equal impedances Z connected in series be 
t "een two of the network terminals, a bridg 
ing branch Zl connected between the outer 
terminals of impedances Z, and a central 
branch Z2 connected between the common 
terminal of impedances Z and the remaining 
pair of network terminals. The impedances 
Z, and Z, represent the terminal loads be 
tween which the network may be connected, 
and a wave source of electromotive force is 
represented by E, which is shown connected. 
in series with one of the terminal impedances. 
The propagation constant P and the char 

acteristic impedance K of the network of 
Fig. 1 are given by the equations 

For in?nite attenuation it is necessary that 
the fraction under the radical in Equation equal unity, for which condition 

ZZ1= (Z1+2Z)‘ (Z+2Z2). (3) 
A specific form of the invention is illus 

trated-in Fig. 2, in which the two capaci-v 
tances C form the pair of equal series im 
pedances, the resistance R1 is the bridging 
branch and the variable inductances L2 con 
nected in series with the variable resistance 
R2 constitutes the centralbranch. Resistance 
R2 may be made up, in part, of the effective 
resistance associated with inductance L2.‘ Ap 
plying tothe network of Fig. 2 the condition 
for in?nite attenuation established by Equa 
tion (8) gives 
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where is the quadrantal operator having 
its usual signi?cance and to is the frequency, 
in radians per second, impressed upon the 
terminals of the network. 
Equating the resistances on the two sides 

of Equation and letting (no equal the fre 
quency of in?nite attenuation gives 

2R2 : COOZGLQRI. 

Equating the reactances on the two sides of 
Equation (4;) gives 

From Equations (5) and (6) expressions may 
‘ be found for R and. C in terms of (no, R2 and 
L2, as follows: . 

R1=4R2[1 +6332] (7) 
1 

1 _-——————~ . 

O=n—-2— / R2 2 - (8) p .4600 + \OJOLZ> 1 
These equations enable the design to be com 
puted by assigning values to R1, 0 and the 
suppression frequency m0. 
Another speci?c form of the invention is 

shown in Fig. 8 in which the two inductances 
L form the pair of equal series impedances, 
the resistance R3 is the bridging branch and 
the variable capacitance C2 in series with the 
variable resistance R; constitutes the central 
branch. Using the same procedure as above 
the condition for in?nite attenuation estab 
lished by Equation (3) may be applied to the 
network of Fig. 3 and expressions may be 
found for R3 and L in terms of (00,111 and C2. 
These equations are 

R3 : + (wO02R4)2] (D0202 T (L'JO02R4)~] 

A typical attenuation characteristic of the 

L: (10) 

network of Fig. 3 is shown by curve A of Fig. 
4i. The curve starts from Zero at Zero fre 
quency, rises to a maximum at the frequency 
of suppression (v0 and then falls away to a 
?nite value at in?nite frequency. The at 
tenuation at high frequencies is largely de 
pendent upon the value of the bridging re 
sistance R3. If R3 is very large the attenua 
tion will be large at in?nite frequency and 
if R3 is small then the attenuation at the high 
frequencies will be correspondingly small. 
If P3 is in?nite in value, that is, if the branch 
containing R3 is open-circuited, the bridged 
T circuit degenerates into the ordinary lad 
der-type, constant —-,7c, low-pass ?lter section. 

i: For such a ?lter section the cut-off fre 
quency we is given by the equation 

2 
we -= (11) 

It is apparent, therefore, that the shape of 
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the attenuation characteristic in the region 
below the suppression frequency (00 is de 
pendent upon this hypothetical cut'off fre 
quency, which may be so chosen as to give a 
desired characteristic in the low frequency 
region. From Equation (2) it may be found 
that at zero frequency the characteristic im 
pedance K0 of the network of Fig. 3 is given 
by the equation 

U2 ' 

The characteristic impedance may, therefore, 
be given some desired value at zero frequency 
by choosing the ratio of L to G2. There are 
then four variables, L, C2, R3 and R4, and 
four conditions which may be imposed, two, 
corresponding to Equations (9) and (10), to 
provide in?nite attenuation at the suppres 
sion frequency me, one, presented by Equation 
(11), to determine the shape of the attenua 
tion characteristic, and one, represented by 
Equation (12), to ?x the impedance at zero 
frequency. When these conditions are im 
posed the values of the elements may be com 
puted in terms of the general parameters (00, 
m0, and K0. 
The attenuation characteristic of the net— 

work of Fig. 2 is somewhat similar to the one 
for the network of Fig. 3, discussed above, in 
that the curve has its maximum value at the 
frequency of suppression we. Below this 
frequency it falls away to a ?nite value at 
zero frequency and above the suppression 
frequency it falls away to zero at in?nite fre 
quency. The design in this case also may be 
determined in terms of the more general 
parameters representing the characteristic 
impedance of very high or in?nite frequency 
and the cut-off frequency of the prototype 
high-pass ?lter obtained by making R1 in 
?nite and R2 zero. The high-pass ?lter out 
off frequency we and the characteristic im 
pedance at in?nite frequency, denoted by 
Kw, are given by the equations 

"a: E K yo. 
In the network of Fig. 2, if the values of 

C and R1 are fixed the suppression frequency 

(12) 

and 

(13) 

we may, of-course, be adjusted to any Value by ,_ ,1 
adjusting the values of L2 and R2 and the 
latter two elements may be made variable, as 
indicated in the drawing, for this purpose. 
Or, if desired, L2 and R2 may be made the 
?xed elements and R1 and the pair of con 
densers C may be made the variable elements. 
Likewise, in the network of Fig. 3 the ele 
ments G2 and R4 are shown as variable, so 
that the frequency (no may be readily selected. 
In Fig. 5 the'suppression network of Fig. 
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is shown connected in series with a two 

section low-pass ?lter. The inductances L1 
and the capacitance C1 of the suppression 
section may have the same values as the corre 
sponding elements used in the ?lter sections. 
Such a combination may be used, for example, 
as a ?lter for use in conjunction with a recti 
?er for smoothing out the residual ?uctua 
tions of the recti?ed current. The attenua 
tion peak of the suppression network may be 
placed at the frequency of the most prom 
inent component of the current ?uctuations 
thereby suppressing that component com 
pletely. Alternatively, the arrangement 
may be used for sharpening the cut-off of the 
?lter. A typical attenuation characteristic 
of the low-pass ?lter portion of the network 
of Fig. 5 is shown by curve B of Fig. 4, in 
which too is the cut-off frequency. By plac 
ing the suppression frequency (to of the 
bridged-T section close to this cut-off, the at— 
tenuation characteristic of the suppression 
section is made to take the form shown by 
curve A. The attenuation of the entire net 
work is shown by curve C, the sharp cut-oft’, 
and steeply-rising attenuation being attained 
as the result of the small separation of the 
frequencies m0 and (no. 
lVhat is claimed is: 
l. A wave transmission network having a 

pair of input terminals and a pair of output 
terminals, said network comprising an elec 
trical path between each input terminal and 
a corresponding output terminal, pair of 
equal reactances connected in series in one 
of said paths, a resistance connected in paral 
lel with said pair of reactances between the 
outer terminals thereof and an impedance 
connected between the junction point of said 
pair of reactances and a point in the other 
of said paths, said impedance comprising a 
second resistance and a third reactance, con 
nected in series relation, the sign of said third 
reactance being opposite to the sign of said 
pair of equal reactances. 

2. A bridged—T network comprsing a pair 
of reactive elements in series, a resistance con 
nected between the outer terminals of said re 
active elements and a central branch connect 
ed to the common terminal of said reactive 
elements, said central branch comprising a 
second resistance in series with a third reac— 
tive element, the reactance of said third re~ 
active element being of opposite sign to the 
reactauce of said pair of reactive elements, 
/ rid. said two resistances cooperating substan~ 
K: i, prevent transmission through said 
network at a ?nite frequency. 

3. A wave transmission network compris 
ing a pair of input terminals and a pair of 
output terminals, a resistance connected di 
rectly between an input terminal and an out 
put terminal, a pair of reactances having a 
common terminal and having their other ter 
minal? connected respectively to the termi 

3 

nals of said resistance, and an impedance 
path having one terminal connected to the 
common terminal .of said pair of reactances 
and having connections from its other termi 
nal to the remaining input terminal and out 
put terminals, said impedance path compris 
ing a second resistance and a third reactance 
in series, the sign of said third reactance be 
ing opposite to the sign of said pair of reac 
tances, said network having a band of low at 
tenuation and said resistances cooperating to 
produce complete suppression at one he 
quency. . 

4:. A wave transmission networkcompris 
ing four impedance paths arranged in the 
form of a bridged-T, two of said paths con 
sisting of one kind of reactance, the third 
of said paths comprising reactance of the 
opposite sign in series with a resistance, and 
the fourth of said paths consisting. of a sec 
ond resistance, whereby said network effec 
tively suppresses waves of a certain fre~ 
quency. ' 

5. A wave transmission network compris 
ing two capacitances and an inductance ar 
ranged in the form of a T, a resistance in se 
ries with said inductance, and a second re 
sistance bridged across said twocapacitances. 

6. A wave transmission network compris 
ing two inductances and a‘capacitance ar 
ranged in the form of a T, a resistance-in se 
ries with said capacitance, and a second re~ 
sistance bridged across said two inductances. 

7. An electric wave filter having a pair of 
input terminals and a pair of output termi 
nals, said ?lter comprising a pair of in 
ductances connected in series between an in 
put terminal and a corresponding output 
terminal, a resistance connected in parallel ‘ 
with said pair of inductances between the 
outer terminals thereof, and an impedance 
having one terminal connected to the common 
terminal of said pair of inductances and hav 
ing connections from its other terminal to 
the remaining input and output terminals. 
said impedance comprising a capacitance and 
a secondresistance, said two resistances co~> 
operatinrr to produce a peak in the attenua 
tion characteristic of said ?lter. 

8. An electric wave ?lter having a pair 
of input terminals and a pair of output tern » 
minals, said ?lter comprising a pair of ca 
pacitances connected in series between an 
input terminal and a corresponding output 
terminal, an inductance having one terminal 
connected to the common terminal of said 
pair of capacitances and having connections 
from its other terminal to the remaining in 
put and output terminal, and a resistance 
connected in parallel with said pair of ca 
pacitances between the outer terminals there 
of, said resistance cooperating with the ef 
fective resistance of said inductance to pro 
duce a peak in the attenuation characteristic 
of said ?lter. ' I 
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9. A wave transmission network having a 
pair of input terminals and a pair of out 
put terminals, said network comprising an 
electrical path between each input terminal 

‘ and a corresponding output terminal, a plu 
rality of reactances of like character con 
nected in series in one of said paths, a sep 
ara e reactance of opposite sign to said plu 
rality of reactances connected between each 
junction point of said plurality of reactances 
and a point in the other of said paths, a re 
sistance bridged from a point in one of said 
plurality of reactances to a point in an ad 
jacent reactance of the same sign, and a sec 
ond resistance connected in series with the 
reactance of opposite sign connected from 
the junction point bridged by said ?rst re 
sistance to a point in the other of said paths, 
said two resistances cooperating substantial 
ly to prevent transmission through said net 
work at one frequency. 

10. A plurality of serially connected, lad 
der-type, low-pass ?lter sections, each of said 
sections comprising an inductance in series 
with the line and a capacitance in shunt 
with the line, at least one of said ?lter sec— 
tions being modi?ed by bridging a resistance 
from a point in one of said inductances to a 
point in an adjacent inductance and by add 
ing a second resistance in series with the ca 
pacitance of the section thus bridged by said 
?rst resistance whereby complete suppres 
sion of one irequency is effected by the modi 
?ed ?lter section. 

l1. A plurality of low-pass, ladder-type 
?lter sections connected in tandem, each of 
said sections comprising a pair of input ter 
minals and a pair of output terminals, two 
inductances connected in series between an 
input terminal and a- corresponding output 
terminal, a capacitance having one terminal 
connected to the common terminal of said 
two inductances and having connections 
from its other terminal to the remaining in 
put and output terminals, at least one of said 
?lter sections being modi?ed by adding a re 
sistance in series with said capacitance and 
by bridging second resistance across said 
two inductances between the outer terminals 
thereof, said two resistances cooperating to 
produce a peak in the attenuation character 
istic of said modi?ed ?lter section. 
In witness whereof, l hereunto subscribe 

my name, this 10th day of February 1932. 
JOHN FIR-EEK, JR. 

1,897,639 


