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UNITED STATES 

1969,571 

TRANSIMSSION NETWORK 
Warrera i. 3s gra, West Orange, 
Bei atelephone Laboratories, 

N. S., assignor to - 
incorporated, 

New York, N.Y., a corporatiot of New York. 
Application March 17, 1933, Serial No. 661,268 

16 Claims. (C. i28-44) : 
This invention relates to Wave transmission 

networks and more particularly to Wave filters 
employing in combination piezoelectric crystals 
and inductance coils as impedance elements. 
An object of the invention is to improve the 

tranSinission and impedance characteristics of 
Wave filters. 
Another object is to reduce the attenuation 

distortion in the transmission band of Wave 
filter's due to the inherent resistance associated 
With the component inductance coils. 
Another object is to decrease the impedance 

irregularities at the input terminals of a multi 
Section Wave filter caused by reflection effects at 
the junction points of the filter sections. 
A further object is the elimination of longitudi 

nal currents from the output of a balanced wave 
filter. 
A feature of the invention is a multi-section 

Wave filter in which an ohmic resistance has 
been inserted between adjacent sections, and the 
load impedances between which the filter is con 
nected have been modified in Order to reduce, the 
reflection effects otherwise caused by the effec 
tive resistaince inherent in the reactance ele 
ments comprising the filter. 
The well known property of resonance in pi 

eZoelectric crystals and their extremely small en 
ergy dissipation make them highly suitable for 
uSe aS inp8dance elements in wave transmission 
netWorkS. When they are thus used in wave 
filters it has been found necessary to associate 
inductance coils with the crystals in order to 
broaden the transmission band obtainable. The 
introduction of the more highly dissipative in 
ductances tends to increase the transmission loss 
in the transmission range and also to distort 
the attenuation characteristic in this range. 
The attenuation distortion is the more objec 
tionable of these two effects, since the increased 
transmission loss may easily be made up by the 
use of a properly designed thermionic tube am 
plifier. Therefore, if the dissipation in the coils, 
needed to widen the band of the filter, has only 
the effect of increasing the loss equally over the 
entire frequency range of the filter a satisfac 
tory result is obtained. - - - - 

In the types of filter Sections usually em 
ployed the resistance of the inductance coils may 
be considered as effective at the ends of the sec 
tion, either in series or in parallel. With the filter. 
In accordance with the present invention these 
resistances are incorporated with the load in 
pedances by making these impedances either. 
smaller or larger, depending upon whether the 

coil resistances are effectively in series or in 
shunt, with the filter. Also, between filter sec 
tions these effective resistances are incorporated 
with added ohmic resistances in such a way as to 
form a constant resistance attenuator of essen 
tially the Sane impedance as the filter. If the 
resistances are effectively in series with the filter 
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then a shunt resistance is added between the 
sections; if the effective resistances are in shunt 
with the filter, the added resistance is placed in 
series between the sections. In this way the fil 
ter is terminated in its characteristic impedance 
both at the ends and at the junctions of the sec 
tions. As a result a constant loss independent 
of frequency is added to the attenuation char 
acteristic of the filter which would be obtainable 
if the elements were dissipationless. Also, the 
terminal impedance of the filter in the trans 
mission band is made much more uniform, since 
the reflection effects are eliminated at the ends 
of the filter and at the points where the sections 
are joined. . . . . . . . 
In the case where the added resistance is con 

nected in shunt, this resistance may be tapped 
and grounded at its center point, thus providing 
a low impedance path to ground for undesired 
longitudinal currents which may be flowing in 
the same direction along the two sides of a bal 
anced filter. . . . . 
The invention will be more fully understood 

from the following detailed description and by 
reference to the accompanying drawing, of 
which: . . . . . . . . . . . . 

Sigs. 1 and 2 are schematics of typical wave 
filter sections to which the invention is ap 
plicable; . 

Figs. 3 and 4 show diagrammatically two emi 
bodiments of the invention; and 

Figs. 5, 6 and 7 are diagrams to which refer 
ence is made in explaining the advantages of 
the invention. 
A typical wave filter section to which the 

invention is applicable is shown in Fig. 1. The 
section consists of a lattice of piezoelectric 
crystals, shunted at each end by condensers and 
with four equal inductance coils L1 in series with 
the combination. Condensers are also shunted 
across the two crystals in series with the line. 
For a more detailed description of this type of 
filter section reference is made to my copending 
application, Serial No. 489,268, filed October 17, 
1939. The energy dissipation in the crystals and 
the condensers will ordinarily be very small in 
amounts and therefore may safely be neglected. 
The resistance associated with each inductance 
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L1 is effectively in series with each coil, as repre 
Sented by the resistances R1 of Fig. 3. The value 
of the resistance R1 inay be found by direct meas 
urement or by well known methods of compu 
tation. In accordance with the invention each 
load impedance R5 is reduced in value to allow 
for the two series coil resistances R1. In equa 
tion form, 

R5=R0-2R1 (1) 
Where Ro is the characteristic impedance of the 
filter in the transmission band. In this way, the 
filter is terminated at each end in its charac 
teristic impedance, and therefore, reflection ef 
fects at these points are eliminated. 
Between filter Sections there will be two coil 

resistances in Series in each side of the line. If 
left uncorrected, there will thus be an impedance 
mismatch between the sections. In accordance 
With the invention, however, an ohmic resistance 
R3 is shunted across the line between the two 
junction points of the series coil resistances R1. 
The value of R3 is so chosen that, in combination 
with the four resistances R1, it forms a constant 
resistance attenuator of impedance Ro. In equa 
tion form 

R 

When the resistance R3, evaluated in accordance 
With Equation (2), is added each filter section 
faces its characteristic impedance at the junc 
tion of the sections, and reflection effects at this 
point are thereby eliminated. The multi-section 
filter shown in Fig. 3 will, therefore, have the at 
tenuation characteristic which would be ob 
tained if elements having no dissipation were 
used, with the addition of a constant loss over 
the entire extent of the frequency range. This 
additional loSS may readily be compensated, when 
necessary, by the use of a distortionless amplifier, 
aS mentioned above. 
AS ShOWn in Fig. 3 the added shunt resistance 

R3 may be tapped at its electrical mid-point and 
connected to the ground G. in order to elimi 
nate undesired longitudinal currents which may 
be flowing in phase along the two sides of a bal 
anced filter. Grounding the center point of this 
resistance has no effect upon the loop current 
flowing in the filter, since the voltage producing 
this current is balanced with respect to ground. 
However, a low impedance path to ground is 
thereby provided for the longitudinal currents 
Which flow along both Sides of the filter in the 
Same direction and utilize ground as the return 
path. These undesired longitudinal currents are 
in this way effectively eliminated and do not 
appear in the output of the filter. 
Another type of filter Section to Which the 

invention is applicable is the one shown in Fig. 2, 
which differs from the section shown in Fig. 1 
Only in that the inductance coils I2 are shunted 
across the ends of the filter instead of being in 
series therewith. At any one frequency the re 
Sistance aSSociated with the inductances may be 
represented as effectively in shunt across the in 
put and output filter terminals, as shown by the 
resistances R2 of Fig. 4. In order to match the 
impedance of the load to that of the filter, the 
load impedance R6 is increased in value to com 
pensate for the shunt resistance R2. The re 
quired value for R6 is given by the equation 

RRo 
TR-R (3) 

where Ro is the characteristic impedance of the 
filter section. 

1,969,571 
Where two of the sections join, a pair of equal 

resistances R4 are inserted in series between the 
Sections. The value of the resistance R4 is given 
by the equation 

R= RPR R2-R2 (4) 
When these modifications have been made the 
filter Sections shown in Fig. 4 are terminated at 
each end in their characteristic impedance and, 
as a result, reflection effects at the ends of the 
filter and between Sections are eliminated. The 
filter will then have the attenuation character 
istic of a filter composed of dissipationess ele 
mentS, With a Small added loss which is constant 
With frequency. At the same time, the terminal 
impedance of the filter will be nore uniform in 
the transmission band. 
Some of the advantages of the application of 

the invention to a band pass filter composed of 
two sections of the type shown in Fig. 1 are illus 
trated by the diagrams of Figs. 5, 6 and 7. Fig. 5 
shows the attenuation-frequency characteristic 
of the filter in the transmission band. The dotted 
line curve gives the attenuation of the filter, when 
the load impedances R5 of Fig. 3 are equal to 
the characteristic impedance RO of the section 
and the shunt impedance R3 is infinite in mag 
nitude. The solid line curve shows the attenua 
tion obtained When the load impedances are eval 
luated in accordance with Equation (1) and the 
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shunt resistance R3, determined according to 
Equation (2), is added. It is apparent from a 
comparison of the two curves that the attenua 
tion distortion in the transmission band of the 
filter has been eliminated. The small amount of 
added loSS Inay easily be made up in an asso 
ciated amplifier. The dotted line curve and the 
Solid line curve of Fig. 6 give a comparison of 
the terminal resistance of the two-section filter 
of Fig. 3, respectively, before and after the appli 
cation of the invention. The two curves of Fig. 7 
Show the improvement in the terminal reactance 
of the filter under similar conditions. It will be 
noted that the impedance of the filter in the 
transmission band is made considerably more 
uniform by the application of the invention. As 
a result, the refection effects. Which occur be 
tween the filter and the load are greatly reduced. 
The inductance. Coils Tui and T2 of FigS. 1 and 2 

are shown as located external to the lattice por 
tion of the filter sections but these coils may, of 
course, be incorporated within the lattices and the 
principles of the invention may be applied equally 
well, provided the coils are so located that the 
effective resistance associated thereWith may be 
represented as being in Series or in shunt with 
the input and output filter terminals. The in 
vention is also applicable to other types of filter 
sections, as, for example, ladder and bridged-T 
sections. Also, in applying the invention it is 
sometimes found that more Satisfactory results 
are obtained by assigning a value to R0 which 
is slightly larger or smaller than the character 
istic impedance of the filter, when determining 
the values of the various resistances in accord 
ance with Equations (i), 
What is claimed is: 
1. In combination, a multi-section wave filter 

and an attenuator located between tWO Sections 

(2), (3) and (4). 

of said filter, the characteristic impedance of Said 
attenuator being substantially equal to the char 
acteristic impedance of said filter, and at least 
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1,969,571. 
tenuator being formed by the effective resistance 
inherent in the elements comprising said filter. 

2. In combination, a wave filter having a plu 
rality of sections and a constant resistance at 

5 tenuator located between two adjacent sections of 
Said filter, the characteristic impedance of said 
attenuator being substantially equal to the char 
acteristic impedance of the sections of said filter, 
and at least One of the component resistances 

20 which comprise said attenuator being formed by 
the effective resistance inherent in the elements 
which comprise the sections of said filter. 

3. In combination with a multi-section wave 
filter, a resistance inserted between two adjacent 

5 Sections of Said filter, the magnitude of said re 
Sistance depending upon the characteristic im 
pedance of said filter and also upon the effective 
resistance inherent in the reactance elements 
Which comprise the sections of said filter, where 

23 by each of said two adjacent sections at their 
junction point faces an impedance which is sub 
Stantially equal to the characteristic impedance 
Of the section. 

4. In combination, two wave filter sections con 
25 nected in tandem and a resistance shunted across 

the line at the junction of said two sections, 
the magnitude of said resistance depending upon 
the characteristic impedance of said filter sec 
tions and also upon the effective resistance in 

&O herent in the reactance elements which form said 
sections, whereby reflection effects at the junction 
Of Said tWo Sections are reduced. 

5. In combination, two wave filter sections con 
nected in cascade and a resistance connected in 

35. Series between said two sections, the magnitude 
of said resistance depending upon the character 
istic impedance of said filter sections and also 
upon the inherent resistance of the reactance ele 
ments comprising said Sections, whereby the at 

4ttenuation distortion in the transmission band 
Of Said filter is reduced. 

6. In combination, a wave filter and a load in 
pedance connected to the terminals of Said filter, 
the magnitude of said load impedance differing 

45 from the characteristic impedance of said filter 
by an amount which depends upon the inherent 
effective resistance of the reactance elements 
comprising said filter, whereby said filter is ter 
minated in its characteristic impedance, there 

50 by reducing the attenuation distortion and im 
pedance irregularities in the transmission band 
of Said filter. 

7. In combination, a wave filter and a load im 
pedance associated with said filter, the magnitude 

f5 of said load impedance being smaller than the 
characteristic impedance of said filter by an 
amount equal to the inherent resistance of the 
reactance elements comprising said filter and 
effectively in series with said filter, whereby said 

its characteristic in 
pedance. 

8. In combination, a wave filter and a load in 
pedance connected to the terminals of said filter, 
the Inagnitude of Said load impedance being 

65. larger than the characteristic impedance of said 
filter by an armount which depends upon the 
inherent resistance of the reactance elements 
comprising said filter and effectively in shunt 
With the terminals of said filter, whereby said 

70 filter is terminated in its characteristic im 
pedance. 

9. In combination, a multi-section wave filter 
comprising piezoelectric crystals and inductance 
coils as reactance elements, and an attenuator 

75 located between two sections of said filter, 

at least one of the component resistances of 
said attenuator being formed by the effective 
resistance inherent in the inductance coils com 
prising said filter. - 

10. In combination, a multi-section wave filter 
Comprising piezoelectric crystals and inductance 
Coils as reactance elements, and a resistance in 
serted between two adjacent sections of said 
filter, the magnitude of said resistance depend 
ing upon the characteristic impedance of said 
filter and the effective resistance inherent in said 
inductance coils, whereby each of said two ad 
jacent sections at their junction point faces an 
impedance which is substantially equal to the 
characteristic impedance of said filter. 

11. In combination, two wave filter sections 

3. 
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connected in series relation, and a resistance 
Connected in shunt with the line at the junction 
of said two sections, said filter sections com 
prising piezoelectric crystals and inductance 
coils as reactance elements, and the magnitude 
of Said resistance depending upon the charac 
teristic impedance of said filter sections and also 
upon the magnitude of the effective resistance 
inherent in said inductance coils, whereby the at 
tenuation distortion otherwise present in the 
transmission band of said filter is reduced. 

12. In combination, two Wave filter sections 
connected in tanden, and a resistance connected 
in series between said two sections, said filter 
Sections comprising piezoelectiic crystals and in 
ductance coils as reactance elements, and the 
magnitude of said resistance depending upon the 
characteristic impedance of said filter Sections 
and also upon the magnitude of the effective re 
sistance inherent in said inductance coils, where 
by reflection loss is eliminated in the transmis 
Sion band of Said filter. 

13. A frequency selective Wave transmission 
system comprising a wave filter having two pairs 
of terminals, and transmission devices represent 
ing terminal impedances connected to said pairs 
of terminals, said filter comprising piezoelectric 
crystals and inductance coils as reactance ele 
ments, and the magnitude of at least one of said 
terminal impedances differing from the charac 
teristic impedance of said filter by an amount 
which depends upon the inherent effective resist 
ance of said inductance coils, whereby said filter 
is effectively terminated in its characteristic im 
pedance. 
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14. In a frequency selective transmission sys- . 
tem, a multi-section broad band wave filter hav 
ing piezoelectric crystals and inductance coils as 
reactance elements, a resistance inserted between 
two adjacent Sections of Said filter, and trans 
mission devices representing terminal impedances 
connected to the ends of Said filter, the magni 
tude of at least one of said terminal impedances 
differing from the characteristic impedance of 
said filter by an amount which depends upon the 
inherent effective resistance of Said inductance 
coils, and the magnitude of Said inserted resist 
ance depending upon the characteristic imped-. 
ance of said filter and also upon the effective re 
sistance inherent in said inductance coils, where 
by said filter is terminated in its characteristic 
impedance, and each of said two adjacent sec 
tions at their junction faces an inpedance which 
is substantially equal to the characteristic im 
pedance of said filter, thereby reducing the atten 
ulation distortion and impedance irregularities 
otherwise present in the transmission band of 
said filter due to the inherent effective resistance 
of said inductance coils. 
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4. 
15. In combination, two lattice type wave filter 

Sections connected in cascade, and a resistance 
inserted between said two sections, said filter Sec 
tions comprising piezoelectric crystals and in 
ductance coils as reactance elements, and the 
magnitude of Said inserted resistance depending 
upon the characteristic impedance of said filter 
Sections and also upon the magnitude of the ef 
fective resistance inherent, in Said inductance 
coils, whereby each of said two sections at their 
junction faces an impedance which is Substan 
tially equal to the characteristic impedance of 
said filter, thereby reducing the attenuation dis 
tortion and impedance irregularities otherwise 
present in the transmission band of Said filter 
due to the inherent effective resistance of said 
inductance coils. 

65 

5 

1,969,571. 
16. In combination, two balanced Wave filter 

Sections Connected in tandem and a resistance 
shunted acroSS the line at the junction of said 
two sections, said resistance being grounded at 
its electrical mid-point, and the magnitude of 
Said resistance being determined With respect to 
the characteristic impedance of Said filter Sec 
tions and also with respect to the effective re 
Sistance inherent in the reactance elements 
which comprise Said Sections, whereby the atten 
luation and impedance characteristics of the filter 
are improved and longitudinal currents are effec 
tively drained off and thereby eliminated from 
the output of the filter. 

WARREN P. MASON. 
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