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This invention relates to wave filters and 

more particularly to filters having wave 
transforming properties. 
The object of the invention is to permit 

highly efficient and selective transmission of 
a band of waves having definite limiting fre: 
AE between terminating impedances of ifferent magnitudes. 
The principles involved in the invention 

are broadly disclosed in copending applica 
tion 751.748 filed Nov. 24, 1924 (which be 
came Patent 1,681,554 Aug. 21, 1928) of 
which the present application is a continua 
tion in part, with particular reference to 
types of filters embodying one species of the 
invention. In the present specification a 
number of examples will be illustrated and 
described of filters embodying a different 
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the claims. 
specific form of the broad invention, the scope 
of the present invention being pointed out in 
The type of wave filter with respect to 

which invention is disclosed is that invented 
by G. A. Campbell and described in his U. S. 
Patent No. 1227,113 issued May 22, 1917 
the unique feature of which is that it permits 
the transmission through a system of a band 
of waves between definite limits of frequency 
and discriminates sharply against waves hav 
ing frequencies outside the band. For fur 
ther information regarding the theory of this 
filter and the design of many specific forms 
reference is made to the following published 
articles; Physical theory of the electric wave 
filter-G. A. Campbell, Bell System Tech 
nical Journal, Vol. I, No. 2, November 1922; 
The theory and design of uniform and com 
posite wave filters.-O. J. Zobel, Bell System 
Technical Journal, Vol. II No. 1, January 
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1924. 
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1923; and, Transmission characteristics of 
electric wave filters O.J. Zobel, Bell System 
Technical Journal, Vol. III, No. 4, October. 
In these references the principle is devel 

oped that the properties of an included por 
tion of an infinite transmission line, consist 
ing of a sequential arrangement of homolo 
gous four-terminal networks, may be identi 
cal with the self properties of the individual 
networks. It is also shown, particularly in 

the reference last mentioned, that the trans 
mission properties of a system comprising a 

55 

finite number of similar networks terminated 
in any arbitrary impedances may be readil 
computed interms of certain simple over-all 
properties of the networks, whereby the la 
borious, process is avoided of obtaining a so 
ilution in terms of the parameters of the ele 
mentary components of the networks. 
By this method of attack the rules for pro 

portioning networks to secure various types 
of broadband selectivity have been discovered 
and set forth in simple form, and networks of 
many types have been devised having band 
filter properties of various kinds. 
Although the filter characteristics of the 

individual networks, or sections, are exact 
ly reproduced only in the infinitely extended 
line, it has been found that they are repro 
duced with great accuracy in a finite system 
comprising a limited number of sections con 
nected between resistive terminating imped 
ances, and are present to a controlling degree 
even when only one section is included be 
tween the terminating resistances. The case 
of resistive termination is one of great prac 

60 

85 

70 

s 

80 
tical interest and importance since wave 
generators and receivers must necessarily be 
substantially free from reactance to achieve 
high efficiency in performing their functions. 

Hitherto filter systems have been designed 
and constructed to operate efficiently between 
equal terminating impedances and in the 
event that the terminating impedances were 
necessarily unequal one or more transformers 
have been used to transform the impedances 
A: equal values suitable for terminating the 

ter. 
In accordance with the present invention 

the transformation is accomplished by the 
filter itself and the need for additional trans 
forming devices is eliminated. 
The invention will be fully understood 

from the following detailed description taken 
in connection with the accompanying draw 
ings of which 
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Figures 1 and 2 illustrate a theorem upon 

which the invention is based, S. 
Figures 3, 4 and 5 illustrate 'specific forms: 

of wave transforming filter sections having 
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the same configurations as their non-trans 
forming prototypes, . 

Figures 6 and 7 illustrate other specific 
forms of wave transforming filters of which 
the non-transforming prototype is shown in 
Figure 8, 

Figures 9 and 10 show respectively an 
additional form of transforming filter and 
the non-transforming prototype; 
Figure 11 illustrates in schematic forman 

application of the invention to the coupling 
of amplifiers in tandem. 
In the network shown in Fig. 1 there is in 

cluded between two terminating impedances 
Z, and Z, a series resistance Z and a trans 
former T having certain ideal properties. 
Broadly these properties are that the trans 
former neither stores nor dissipates wave en 
ergy in its windings and transforms the Wave intensity uniformly at all frequencies. Spe 
cifically the windings should be of infinite in 
ductance and of zero resistance and should be 
perfectly coupled together. The inductances, 
although each is infinitely great, should have 
a finite ratio depending on the transforma 
tion ratio desired. 
The network of Fig. 2, in which the com 

bination of Z, and the ideal transformer is 
replaced by a II network of impedances Za, 
Z and Z, is equivalent to that of Fig. 1 
with respect to the transmission of waves be: tween the terminating impedances 27, and 
Z. provided that the following relationships 

I 

which, when simplified by substituting the 
values given by Equations 1 for Za Z, and 
Z, and by noting that the sum of these im 
pedances is zero, becomes identical with the 
value given by Equation 2. 

IBy a similar procedure it may also be 
shown that the two input currents I, and I' 
are equal, thereby completely establishing the 
equivalence of the two networks with respect 
to wave transmission from Z, to Z. 
The equivalence of the two for wave trans 

mission in the opposite direction follows di 
rectly from the principle of reciprocity, or 
it may be separately established by the meth 
ods already described. 
The impedances Za, Z, and Z are all of 

like type and of the same type as Z; for ex 
ample, if Z consists of an inductance Za Z) 
and Z would also be of the nature of induc 
tances. But, one of the inductances, either 
Z or Z, depending upon whether the ratio 
(b is less or greater than unity, must be nega 
tive, and consequently to construct a physi 
bal circuit exactly in accordance with Fig. 2 
it would be necessary to have a new kind of 
circuit element, namely a negative induc 
tance. 

1,708,950 

exist between the impedances of the two sys 
tems; 

4-2. 
2. "..., (1) 
Z= - 12, 

in which db is the step-up voltage transforma 
tion ratio of the ideal transformer, or d" is 
the ratio of the inductance of the secondary 
winding S to that of the primary wind 
ing P. 

It should be noticed that the sum of the 
impedances Za, Z, and Z is zero and that 
Z, and Z are in the ratio-b. 
The proof of the equivalence of the two 

circuits may be established by the applica 
tion of Kirchoff's laws to determine in each 
case the current in the impedance Z, corre 
sponding to an impressed electromagnetic 
force E in series with Z. 
In the network of Fig. 1 the assumption of 

ideal transformer properties gives the solu 
tion 

1.-- z (2) 
I denoting the current in the impedance 

Z. The direct solution of the network of 
Fig. 2 gives for the received current, denoted 
by I, the value 

The construction of networks in accord 
ance with Fig. 2 in its most general sense 
would require not only negative inductances 
but also negative capacities and resistances. 
It has been customary to speak of a capaci 
tive reactance as negative and of an induc 
tive reactance as positive, and out of this 
there has grown a practice of regarding an 
inductance as a negative capacity and vice 
versa. A capacity, however, can correspond 
to a negative inductance at one wave fre 
quency only and therefore cannot be used as 
a negative inductance element in the trans 
forming network. The negative elements re 
quired to make the network of Fig. 2 uni 
versally equivalent to that of Fig. 1 must in 
each case correspond to constant positive ele 
ments, and as such elements are not at present 
available the construction of the transform 
ing network as a separate physical entity is 
practically impossible. 

If, however, the network is included in 
an extended system it may be so construed 
that the negative elements can be absorbed 
in or overbalanced by positive elements of 
the proper type which form essential parts 
of the system. Under these circumstances the 
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desired transforming effect may be fully 
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realized. 
Wave filters of the types described in the 

references mentioned in an earlier part of this 
Specification are especially adapted to modi 
fication by means of the transforming net 
work the result of the modification being 
the production of new types of filter in which 
the waves are transformed in intensity while. 
the selective characteristics remain un 
altered. 
Examples of wave transforming filters are 

shown in Figs 3 to 7 inclusive and Fig. 9. 
In each example a single section is shown in 
cluded between unequal terminating imped 
ances Z, and Z. The meaning of the term 
section as applied to recurrent wave filters 
is defined in the aforementioned references 
in which the various types of section with 
respect to the mode of termination are also 
described to filters of the so-called ladder type 
which comprise a tandem arrangement of 
similar series impedances and similar shunt 
impedances. In a ladder type structure of 
the repeated, or uniform, type the most im 
portant sections are the mid-series and the 
mid-shunt sections. The mid-series section 
in its generalized form is a T-network com 
prising two equal series impedances, each be 
ing equal to one half of the impedance of 
a complete series branch of the repeated struc 
ture, and a shunt impedance equal to the im 
pedance of a complete shunt branch of the 

35 
repeated structure. The mid-shunt section is 
obtained, as it were, by cleaving the repeated 
structure through the middle of two succes 
sive shunt impedances; it therefore consists 
of a II network having two shunt impedances 
each equal to twice the impedance of a com 
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plete shunt branch and a full series branch 
impedance connected therebetween. 
Important characteristics of the uniform 

filter sections are the iterative impedance and 
the propagation constant. These are most 
conveniently defined with reference to an in 
finitely long uniform filter for the reason that 
the properties of the infinite filler are most 
simply related to the self properties of the in 
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dividual section. - ' 
The iterative impedance is the impedance 

looking into the infinitely extended filter. If 
the filter be extended infinitely in both direc 
tions it may be conceived that a cleavage is 
made at some arbitrary point and theim 
pedance of one or both portions is measured 
at the cleavage. There is an indefinite num 
ber of iterative impedances which depend up 
on the particular point at which the cleav 
age is made. If it is made at mid-shunt the impedances of both portions of the doubly 
extended line will be equal, and so also if the 
cleavage is made at mid-series. This sym 
metry is uniquely characteristic of the two 
points of section and in consequence the mid 

series and mid-shuntiterative impedances ac quire specialimportance. 
Another distinctive characteristic of the 

mid-section terminations is that in selective 
circuits, such as wave filters, in which the ele 
ments are purely reactive the character of the iterative impedance is closely related to 

3 
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the selectivity characteristic of the circuit. . 
Within the limits of the pass-bands the itera 
tive impedances are purely resistive, and in 
the frequency ranges in which waves are at 
tenuated the iterative impedances are purely 
reactive, 

In addition to this it should be noted that 
the mid-shunt and mid-series sections of a 
uniform filter are symmetrical with respect 
to the input and the output terminals. 
The wave transforming filtersections of the 

present invention, on account of their trans 
forming properties, are unsymmetrical struc 

75 

80 

tures with respect to their input and output 85 
terminals. Their mode of operation and the 
method of determining the designis, however, 
most readily understood by considering how 
they are related to symmetrical sections of . 
uniform filters. 

Referring to Fig. 3, the network included 
between the dottedlines B, B and C, C may 
be considered as a connecting link between an 
extended low impedance filter, represented b 
the generalized impedance Z, and an extend 
ed high impedance filter represented by Z. 
These two filters may be assumed to comprise 
uniform sections of the same general form as the connecting circuit. 
The connecting circuit could be constructed 

90 

00 
in two parts, one part being designated 
simply as an extension of the low impedance 
filter and the other to match the high imped 
ance filter. The two parts could then be cou 
pled toether, for example at the section 'AA', 
through a transformer having an appropriate 
transformation ratio and possessing as fully 
as possible the properties of an ideal trans 
former. 
If this is done the connecting circuit will in 

clude a combination of the type illustrated in 
Fig.1, namely a series impedance constituted 
by the series condenser and an ideal trans 
former. 
acteristics of the system, therefore, if the 
equivalent network of three capacities in ac 
cordance with Fig. 2 is substituted for the 
combination. The negative capacity of the 
transforming network may, in this case, be 
combined with the positive capacity of one of 

It will cause no change in the char 
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the shunt branches to produce a positive re 
sultant. 
To elucidate further the procedure outlined 

in the foregoing paragraphs, design formulae 
for the filter section of Fig. 3 will be de 
veloped in detail. . 

Since the procedure is not affected by the 
particular nature of the terminating imped 

125 
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ances Z, and Z, it may be assumed that they 
represent transmission lines having resistive 
impedances R, and R, respectively. The fil 
tersection will first be computed as a sym 
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metrical mid-shunt section suitable for con 
necting two equal resistances of the value I, 
after which the modification required to give 
the proper wave transformation will be de 
termined. . - 

The designations O., L, O, L. and O. of 
the circuit elements refer to the final structure 
and the symbols denote also the respective 
capacity and inductance values. The same 
symbols accompanied by a prime mark will 
be used to denote the coefficients of the initial 
structure. 
The coefficients of the symmetrical section 

designed to the impedance R, are given by the 
following formulae in which f, and f, denote 
respectively the lower and the upper limiting 
frequencies of the transmission band. . 

0', --Jit J 
4trff.R. - f 

", = 0, = - 0'-0"-2 f. ff.) R. 
L' = L' (f2-J )R. 

3 2arff, 
The derivation of these formulae is ex plained by O. J. Zobel, Theory and design of 

(4) 

uniform and composite electric wave filters, 
Bell System Technical Journal Wolume II 
No. 1, January 1923, the formulae relating to 
Fig. 3 being shown in Appendix II Sec 
tion W. 

If, now, it is assumed that the wave trans 
forming property is to be secured by insert 
ing an ideal transformer at the section AA’, 
the best value of the transformation ratio 
p is that corresponding to the maximum 
flow of energy through the system, and is 

45 

defined by the equation 

- WB 
The insertion of the transformer requires 

that the part of the filter section to the right 
of AA’ be increased in impedance in the 

50 ratio 1: (b. This requires that the value of 
Labemultiplied by p? and the value of O' 
be divided by d°. 
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The next step of substituting, for the eom 
bination of series capacity O' and the ideal 
transformer the equivalent transforming net 
work, leads directly to the final design. 
The series capacity O, is equal to the ca 

pacity. O' first computed decreased in the 
ratio 1: db. Since the transforming network 
comprises capacity elements the impedances 
are increased inversely as the capacities are 
reduced, hence the multiplying factor involv 
ing the ratio bin Equation 1 must be inverted 
to give the capacity values in terms of O' 
The left hand shunt capacity O, is equal quency they will be in the ratio 1: (b. 

1,708,950 

to the resultant of capacity 0", in parallel 
with a positive capacity having the value O' 
(qb-1) - d, and the right hand shunt capacity 
C, is the resultant of the parallel combination 
of the capacity O'-i- d” and a negative ca 
pacity O' (1-(b) -- d ?. 
The values may now be written down as 

follows: 

C = C' -- d5, 
d5 - 1 f C = O'-- O', 

2 o, (6) 
C-E (29. 

By means of Equation (4) these values may 
be expressed in terms of the line resistance 
and the cutoff frequencies, for example: 

1 v2ft (1-3)(f'-fi"). ck 4 frax" if 5 (7) 
An inspection of Equation (7) shows that 

for large values of b the resultant capacity 
may become negative and that there is con 
sequently a limiting value of the transfor 
mation ratio which cannot in practice be ex 
ceeded. The limiting value, denoted by bo 
is given by the equation 

-At-l Tf-f? 
This value of the limiting ratio is not gen 

(8) 
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eral but refers only to the network of Fig 
ure 3 and to certain closely related networks. 
The value in any other specific case may be 
computed quite readily by equating the mag 
nitude of the negative element in the trans 
forming network to the magnitude of the 
Eye element with which it is to be com 
leC. 

The reasoning process described above. in 
connection with the design of the section 
renders it self-evident that the wave selec 
tion properties of the filter are maintained. 
Certain impedance properties of the section 
will now be considered. 

It may be assumed that the impedance Z. comprises an infinite sequence of symmetri 
cal mid-shunt sections the same schematic 
type as the coupling section and designed in 
accordance with Equation (4) for an imped 
ance R,. The im 
be assumed to comprise a similar filter de 
signed for an impedance R. 
Under such circumstances the impedances 

measured on both sides of the section BB' 
will be equal and so also will the impedances 
on both sides of the section CC'. At the lat 
ter section however the impedances will be 
d" times greater than at the former section, 
that is the impedances at both sections will 
have the same kind of characteristic with re spect to frequency but for any specified fre 

pedance Z, may likewise - 
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This is readily seen since the transforming 
section is in effect equivalent to a uniform sec 
tion of impedance A, for example, followed 
by an ideal transformer or voltage ratio (b 
The section therefore operates as if it had 

different iterative impedances at its opposite 
terminals, the impedances being in the ratio 
gb°. By definition, however, the iterative im 
pedance of a network is the impedance it 
exhibits when terminated at its remote ter 
minals by an infinite line of repeated sections, 
or, in other words, when terminated by its 
own iterative impedance. But the trans 
forming section is not intended to operate 
under this condition, consequently its actual 
iterative impedances have not great signifi 
C.C. 

Under the ideal operating conditions de 
scribed above the transforming section cou 
ples together two infinite filters without there 
resulting any reflection losses at the junc 
tions. 
There are therefore two impedances which 

may be used to terminate the unsymmetrical 
section, one at the one end and one at the 
other end, so as to produce a system free from 
reflection loss. These impedances have been 
termed the “image impedances’ of the Sec 
tion. 

It has been shown in one of the references 
already mentioned, Transmission characteris 
tics of wave filters-O. J. Zobel, Bell System 
Technical Journal, Volume III, No. 4 Octo 
ber, 1924, that the image impedance for one 
end of a four terminal network is the geomet 
ric mean of the open circuit and short circuit 
impedances measured at that end. The image 
impedances are these characteristic properties 
of the network itself without reference to any 
system in which it may be connected. In the 
special case of a symmetrical network the 
image and the iterative impedances are iden 
tical. 
For efficient operation the transforming sec 

tion should be terminated in its own image 
impedances or in physical impedance struc 
tures that furnish a satisfactory approxima 
tion thereto. Successive transforming sec 
tions may be connected in tandem and each 
may have the same transformation ratio or 
different ratios may be employed but each 
succeeding section must start off from the im 
pedance reached by the preceding one in order 
that reflection losses may be avoided. 
In general sections having equal image im 

pedances may be joined together to form any 
desired sequence, just as in the case of symmet 
rical filters sections having equal iterative 
impedances may be joined together. 
In considering the flow of energy through 

...these wave transforming filters it should 
observed that the electromagnetic force and 
the current of transmitted waves will betraris 
formed in inverse ratios. When the electro 
magnetic force is increased by the ratio being 

5 

greater than unity the current will be propor 
tionately diminished and vice versa. The re 
Sultant electromagnetic force and current at 
the output end of such a filter may be found by . 
first of all determining, by well known meth 
ods, the values that would result if the whole 
System were designed uniformly for the image 
impedance at the input end and then applying 
a single transformation ratio equal to the 
product of all the transformation ratios used 
in the system to the values so computed. 
From the preceding explanation the trans 

forming properties and the computation of 
the additional sections will be readily under 
stood and the description of these will be lim 
ited to their most important characteristic fea 
tures. 

Formulae relating to the design of the sym 
metrical or non-transforming, filters from 
Which the individual transforming sections 
Inay be derived are given by O. J. Zobel, Theory and design of uniform and composité 
electric wave filters, Bell System Technical 
Journal, Vol. II, No. 1 January, 1923, refer ence, being made particularly to Appendix 
II, Sections IV to XI inclusive. In Figures 4 and 5 as in Fig. 3 the symbols 
designate the coefficients of the unsymmetrical 
transforming network. The coefficients of 
the Symmetrical structures corresponding to 
these will be denoted by the same symbolsac 
companied by a FE mark. The symmetri 
Cal prototypes of Figs. 4 and 5 have the same 
structural arrangements of elements as the 
transforming sections. In each case it will 
be assumed that the symmetrical prototype is 
designed to match the lower impedance2. 

In the network of Fig. 4 the series induc 
tance is the basis of the transformation, and 
the shunt inductances of the II type transform 
er equivalent are combined with the natural 
shunt inductances of the section to give the 
final inductances L., and L. 

Following the method outlined in connec 
tion with Fig. 3 the coefficients of Fig. 4 may 
be written down in terms of the coefficients of 
the symmetrical prototype. The values foll 
low: 

La - pla L L’ 
. 1 2 Lu-a-iiL 
L' L/ (9) s? 3 14 i-55; Li 22 

C = 0's -- d. 
The value of La becomes infinite for the 

special value of b (-ho) expressed by the 
L'4 

equation 

L'a do - 1 + (10) 

for which condition the inductance may be 
dropped from the circuit. 
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In the section shown in Fig. 5 the series 
branch upon which the transformation is 
based consists of an inductance and a capacity 
connected in parallel. The shunt branches 
have the same configuration and the negative 
elements of the transformer equivalent may 
be absorbed therein. 
The values of the coefficients in terms of 

those of the prototype structure are expressed by the following equations. 
Las F bl's 
C = O's.--d 
L. dL's L'as 
s= (d) - 1)L'as-- bl's 

Cas-F O'-- C'. 
It's I's Las-d1 St.L. 

Cas (o's +(1-(b) C'.) 
For one value of the transformation ratio 

the inductance L becomes infinite, and be 
comes negative when this value is exceeded. 
The capacity O, becomes zero for another 
value of the ratio and negative for greater 
values. The limiting value of the transfor 
mation ratio is the lower of the two initial 

(11) 
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The sections shown in Figs. 6 and 7 are 
based on the symmetrical prototype shown 
in Fig. 8. That of Figure 6 is derived from 
the prototype by making the series inductance 
Ls the basis of the transformation. 

It follows from Equation (1) that there 
can only be a step down transformation in 
the direction from Z to Z, otherwise the in 
ductance L, which corresponds to Z of 
Fig. 2, would be negative and the network 
would be impracticable. The limiting value 
of the transformation ratio is that which 
makes the inductance Linfinite, this being 
the inductance in which the negative element 
of the transformer equivalent is included. 
The coefficients of the network of Fig. 6 

are given in terms of the coefficients of the 
prototype network of Fig. 8 and the transfor 
mation ratio, by the following equations: 

Lie-blis L1s Los 
Las-de-L, 
La= ds'Lis 
" (1-) 

Cass Cls 

The remaining coefficients O., L. and Oss 
differ from the corresponding prototype co 
efficients in the ratio (5, the capacities and 
the inductance being changed...ith inverse 
ratios. ... " 

(12) 
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In Fig. 7 is shown a second transforming 
network based on the prototype network of 
Fig. 8 but in this instance the series capacity 
Cs is used to give the transformer equivalent. 
This type of network must have a voltage 
step-up between Z, and Z in order that the 
capacity C, may be positive. The limiting 
value of the ratio is that which reduces to 
Zero the value of capacity C, which anal 
ogously to L of Fig. 6, is the element that 
includes the negative element of the trans 
former equivalent. The relationships be 
tween the elements of the transforming net 
work and its symmetrical prototype may be 
derived by the methods already described. 
The wave filter sections of Figs, 3 to 8 in 

clusive are all of the mid-shunt type but the 
invention is not confined to this type alone 
as is illustrated by the example of a mid 
series transforming section of Fig. 9 and its 
symmetrical prototype shown in Fig. 10. 
The shunt branch impedance of Figs. 9 and 

10 differs from those of the other sections 
in that it includes one parallel branch con 
sisting of a series resonant circuit. It might 
appear that since the series branches of Fig. 
10 also consist of series resonant circuits the 
transformer equivalent might be based upon 
one complete series branch rather than on 
a single element. But while it is true that a 
pair of simple anti-resonant circuits con 
nected in parallel may be replaced by a sin 
gle anti-resonant circuit, and that two series 
resonant circuits connected in series are equiv 
alent to a single resonant combination, it is 
not possible to replace a combination of two 
series resonant circuits in parallel by a sin 
gle resonant circuit. 
In Fig. 9 the transformation is based on 

the series inductance Lo of the prototype net 
work, the transformer equivalent comprising 
f"), L., and a negative component combined 
ll L/29 
The foregoing description of the various 

examples of wave transforming filter sec 
tions discloses a general method of effecting 
wave transformation which is capable of ap 
plication in many types of circuits besides 
those illustrated. The design procedure dis 
closed calls for the design in the first place 
of a non-transforming system having the de 
sired energy propagation characteristics; it 
would be possible to derive formulae in each 
case for the direct computation but such a 
procedure would be much more complicated. 
urther, since the design of uniform, non 

transforming systems is already a well-known 
art, any direct method of design, would be 
less easily understood and applied than one 
based on a simple addition to the known prin ciples. 
As has already been pointed out the trans 

former equivalent II network does not have 
a separate embodiment but it nevertheless 
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may be regarded as having a physical em 
bodiment in combination with other elements. 
An example of a practical application of 

the wave transforming section of Fig. 3 is 
shown in Fig.11. The circuit illustrated rep 
resents a portion of a radio receiving sys 
tem designed to operate in accordance with 
the so-called super-heterodyne principle. 
Space discharge device 1 is a demodulator, 
or detector upon which are simultaneously 
impressed a modulated wave of carrier fre 
quency f. representing the received radio 
wave, and an auxiliary wave of frequency f. 
derived from a local source. The derived de 
modulation products are the carrier wave of 
intermediate frequency f-f and the accom 
panying side frequencies corresponding to the 
modulations of the received radio wave. The 
wave filter included between the output ter 
minals of 1 and the input terminals of a sec 
ond space discharge device 2 is designed to 
select the desired waves and at the same time 
to step them up in voltage. By virtue of its 
band-pass properties the filter transmits all 
components of the intermediate frequency 
waves with equal efficiency and suppresses 
all other waves. 
Space discharge tube 2 is an amplifier for 

the intermediate frequency waves and may 
be followed by additional stages coupled by 
similar selective circuits before the final de 
tection of the signals is effected. 
The filter is designed to transmit waves 

between the limiting frequencies 45000 c. p.s. 
and 55000 c. p. s. and to be terminated at its 
input end in a resistance of 20,000 ohms, the 
space path resistance of demodulator 1. The 
requirements as to selectivity were such as to 
make it necessary to use two complete filter 
sections, 
In order that the final filter elements may 

have such values as would render their manu 
facture simple and economical both sections 
have been designed as wave transforming sec 
tions, the result being equivalent to the inser 
tion at the position DD’ of an ideal trans 
former of ratio , and at the position EE' 
of a second transformer of ratio d, . 
A further design condition was set in that 

the input capacity of amplifier 2 was re 
quired to function as the final capacity Ca 
a fixed valve of 20 micro-microfarad being found to be the proper value. Satisfactory 
values of the transformation ratios were 
found by successive approximations, the 
values finally chosen being 

60 
The first transformation actually steps down 
the voltage, the over-all step-up transforma 
tion ratio being equal to 2.25. 

Final computations based on Equations 

(4) and (6) gave the following values for 
the coefficient. 

Lar12.9 millihenrys 
L-1.3 millihenrys 
L = 64.5 millihenrys 
O=453 micro-microfarads 
0-1100 micro-microfarads 
Of 20 micro-microfarads 
O =359 micro-microfarads 
O = 160 micro-microfarads 

Capacity O, functions verily as a low im 
pedance shunt to the space current battery, 
and it should have a large capacity, for exam 
ple 2 microfarads, so that its impedance is 
negligibly small at the frequencies of the 
waves transmitted through the filter. 
What is claimed is: 
1. An impedance transforming wave filter 

having a broadband pass characteristic, char 
acterized in this that the filter includes as 
an impedance transforming means of con 
stant transformation ratio at network of im 
pedances, at least one of the shunt imped 
ances of the at network being combined with 
an adjacent shunt branch of the filter. 2. An impedance transförming wave filter 
including as an impedance transforming 
means of constant transformation ratio a t 
network whose branches comprise similarim 
pedances the coefficients of which are related 
by functions of the impedance transformation 
ratio, at least one of the shunt impedances 
of the ar network being combined with an 
adjacent shunt branch of the filter. 

3. An impedance transforming wave filter 
in accordance with claim 2 characterized in 
that the portions of the wave filter on op 
posite sides of the transforming means are 
proportioned to unequal characteristic im 
pedances whose values are in the same ratio. 
as the impedance transformation ratio of the 
transforming means. 

4. An impedance transforming wave filter 
having a broad band pass characteristic, and 
including as an impedance transformin 
means ar network comprising shunt imped 
ances 2 and Z, and a series impedance Z. 
the values of which impedances are related 
by the equations - 

Z. . . . 
- and Z= - 1 

in which it is the square root of the imped 
Z= dZ y 

ance transformation ratio, and at least one. 

having a broad band pass characteristic, and 
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of said shunt impedances being combined 
with an adjacent shunt impedance of the 
filter. . . . . . . . 

5. An impedance transforming wave filter 
in accordance with claim 4 characterized in 
this that the series impedance of the trans 
forming network comprises a single reactive 

25 
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element, the shunt impedances comprising 
similar elements, one of which has a negative 
coefficient, said negative element being com 

5 
bined with a similar positive element in an 
adjacent shunt impedance of the filter. 

6. An impedance transforming wave filter 
in accordance with claim 4, characterized in 
this that the series impedance of the trans 

0 
forming network is a capacity, the shunt im 
pedances being respectively positive and nega 
tive capacities and the negative capacity be 
ing combined with a positive capacity in 
an adjacent shunt branch of the filter. 

7. An impedance transforming wave filter 
in accordance with claim 4, characterized in 
this that the portions of the wave filter on 
opposite sides of the transforming network 
are proportioned to characteristic impedances 

1,708,950 
which are unequal and in the constant ratio d'. 

8. An unsymmetrical wave filter section 
comprising two unequal shunt impedances 
proportionally e at all frequencies in a 
constant ratio d' which is different from 
unity, in combination with a II type coupling 
network comprising series and shunt imped 
ances of similar type and of such values that 
their algebraic sum is zero, the shunt imped 
ances of said coupling network being of op 
posite sign, and their magnitudes being re 
lated in the ratio (b, whereby waves may be 
transmitted without loss due to reflection be 
tween terminal impedances whose values are 
in the constant ratio d'. 
In witness whereof, I hereunto subscribe 

my name this 11 day of May, A.D., 1925. 
EDWARD L. NORTON. 
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