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This invention relates to band-pass filters in 
cluding filter Sections having trap circuits therein 
and having an image impedance at a pair of 
terminals which has opposite extreme values at 
the upper and lower cutoff frequencies of the 
paSS band. While the filters of the invention 
are of general application, they are of particular 
utility in effecting an impedance transformation 
between two pairs of terminals while providing 
traps for frequencies just outside of a desired 
continuous paSS band. 
A double-tuned transformer is a commonly 

used form of band-paSS filter Section. Such a 
transformer circuit may be regarded as two half 
Sections joined together, each comprising a 
shunt- and a series-reactance arm. . Each of 
these half-sections comprises at their junction 
a pair of terminals across which the image im 
pedance has opposite extreme values at the upper 
and lower cutoff frequencies of the pass band, 
Which form of image impedance is not matched 
With the more familiar constant-k type of band 
pass image impedance. However, Such filter 
half-sections have many uses and are of par 
ticular utility because of their extreme simplicity 
and their image-impedance transforming prop 
erties between their two pairs of terminals. 
Band-pass filters utilizing only half-sections of 
the type under discussion, or such half-sections 
in combination with other known filter sections, 
have the disadvantage that, for some purposes, 
sufficient attenuation at frequencies just above 
and below the pass band is not secured with 
a minimum number of circuit elements. This 
is true, even if the other known filter sections 
are of types including trap circuits to provide 
maximum attenuation at particular frequencies 
outside the pass band. Some attempts to design 
simple filters with traps have yielded filters With 
spurious paSS bands in addition to the desired 
pass band, and Such Spurious bands are usually 
undesirable. 

It is an object of the present invention, there 
fore, to provide an improved impedance-trans 
forming band-pass filter half-section which in 
cludes a trap for frequencies outside the pass 
band. 

It is another object of the invention to pro 
vide an improved band-pass filter half-section 
which passes only a single continuous band and 
which includes a trap circuit for frequencies out 
side the paSS band. 

It is another object of the invention to pro 
vide an improved band-pass filter Section for 
passing a single band of frequencies and which 
includes a trap circuit for frequencies above the 
pass band and a trap circuit for frequencies be 
low the pass band. - 

It is still another object of the invention to 
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a single continuous band of frequencies which 
includes one or more trap circuits for frequencies 
outside of the pass band and which tolerates 
maximum shunt capacitance across one or both 
pairs of terminals. 
In accordance with one feature of the inven 

tion, a band-pass filter half-section having in 
put and output pairs of terminals effectively com 
prises series- and shunt-reactance arms of which 
at least each of two includes a portion indi 
vidually of the same reactance-frequency char 
acteristic and of a given kind of reactance at 
frequencies within the pass band; that is, all 
such portions individually have the same varia 
tion of reactance with frequency over the pass 
band and effectively provide either only induc 
tive or only capacitive reactance at frequencies 
within the pass band. A trap circuit is included 
in one of the reactance arms which is adjacent 
to one of the pairs of terminals and comprises 
the only other reactance of the half-section. 
The trap circuit is resonant at a frequency out 
side of the pass band and is So connected to 
present reactance of the kind opposite to that 
of the said portions at frequencies within the 
pass band, whereby the image impedance at the 
other pair of terminals is caused to present op 
posite extreme values at the upper and lower 
cutoff frequencies of the pass band. 
In accordance With another feature of the in 

vention, a band-pass filter section has input and 
output pairs of terminals and effectively com 
prises, series- and shunt-reactance arms at least 
each of three of which includes a portion of the 
same reactance-frequency characteristic and of 
a given kind at frequencies in the pass band; 
the filter section also includes a trap circuit in 
one of its reactance arms which is connected 
between two of the said three reactance arms 
and which comprises the only other reactance 
of the filter section. The trap circuit is resonant 
at a frequency outside of the pass band and pre 
sents reactance of the kind opposite to that of 
the above-mentioned portions at frequencies in 
the pass band, whereby the image impedance 
at both pairs of terminals is caused to have op 
posite extreme values at the upper and lower 
frequencies of the pass band. 

In accordance with another feature of the in 
Vention, a confluent band-paSS filter effectively 
comprises a Series of filter half-sections with 
image-impedance matching at their junctions, 
each of two adjacent ones of said half-sections 
having both series- and shunt-reactance arms 
of which each of two of the reactance arms ad 
jacent to their junction includes a portion in 
dividually of the same reactance-frequency char 
acteristic and of a given kind of reactance at 
frequencies in the pass band. The filter of this 

provide a band-pass filter network for passing 60 embodiment also includes a trap circuit in each 



of the said two adjacent half-sections which is 
removed from their junction by at least one of 
the said adjacent reactance arms and which com 
prises the only other reactance of the half-Sec 
tion. One of the trap circuits comprises a shunt 
arm of series-connected capacitance and induct 
ance resonant at a frequency on one side of the 
pass band, and the other of the trap circuits 
comprises a series arm having parallel-connected 
capacitance and inductance resonant at a fre 
quency on the other side of the pass band. The 
matched image impedance at the above-men 
tioned junction therefore has opposite extreme 
values at the upper and lower cutoff frequencies 
of the pass band and unlike trap circuits are 
provided in the two adjacent half-sections. 
In accordance With Still another feature of the 

invention, a band-pass filter comprises two re 
SOnant Circuits each having an inductor Coupled 
therewith by mutual inductance, a series circuit 
including the said inductors and a trap circuit 
with parallel-connected capacitance and induct 
ance resonant at a frequency below the pass band, 
and a second trap circuit connected in parallel 
With One of the above-mentioned inductors and 
including Series-connected capacitance and in 
ductance resonant at a frequency above the pass 
band. The filter is preferably proportioned to 
pass a continuous band of frequencies and to se 
cure maximum attenuation at frequencies above 
and below the paSS band. 

It is seen, therefore, that, while some arrange 
ments of the prior art utilize both a band-pass 
filter circuit and one or more trap circuits for 
frequencies outside the pass band of the filter, 
such prior art arrangements are subject to the 
disadvantage that they require more than the 
minimum number of circuit elements or the filter 
properties of the filter are disturbed by the addi 
tion of the trap circuit. In the latter case, the 
filter may be caused to have One or more Spurious 
pass bands other than the desired passband. The 
invention, however, provides a most simple band 
pass filter which effectively includes the required 
number of trap circuits with filtering properties 
undisturbed by the inclusion of the traps. Sub 
stantially only one single continuous band of fre 
quencies is passed by the filter circuits of the in 
Vention, 
For a better understanding of the invention, 

together with other and further objects thereof, 
reference is had to the following description taken 
in connection with the accompanying drawings, 
and its scope will be pointed Out in the appended 
claims. 

Each of Figs. 1d. and 1b of the drawings repre 
sents a filter half-section which is equivalent to 
one-half of a double-tuned transformer circuit 
and which is utilized to explain the principles of 
operation of the present invention; Fig. 1c is a 
graph of the image-impedance characteristic at 
one pair of terminals of each of the circuits of 
Figs. 1d, and 1b, which characteristic is similar to 
the image-impedance characteristic at one pair of 
terminals of each of the filter half-sections of 
the invention; each of FigS. 2d. and 2b is a circuit 
diagram of a band-paSS filter half-section of the 
invention comprising a trap circuit for frequencies 
below the pass band; each of FigS. 3d and 3b 
represents a band-pass filter half-section of the 
invention comprising a trap circuit for frequencies 
above the pass band; Fig. 4a is a circuit diagram 
of a band-pass filter in accordance with the in 
vention which is utilized to couple two vacuum 
tubes in cascade and which comprises a trap cir 
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2,247,898 
cuit for frequencies above the pass band of the 
System; Figs, 4b-4e, inclusive, represent equiv 
alent modifications of the circuit of Fig. 4d.; Fig. 
5d. is a circuit diagram of a band-paSS filter in a C 
cordance with the invention Which comprises a 
trap circuit for frequencies above the pass band 
and a trap circuit for frequencies below the paSS 
band; each of FigS. 5b to 5e, inc., representS an 
equivalent modification of the circuit of Fig. 5a. 

Referring now more particularly to Fig. 1d of 
the drawings, there is shown a filter half-section 
comprising a shunt reactance arm including 
parallel-connected inductance L and capacitance 
C1 and a series-reactance arm including induct 
ance L2. The filter half-section of Fig. 1a is a 
known eiectrical equivalent of one-half a filter 
whole-section comprising a conventional double 
tuned transformer. The filter Comprises one pair 
of input terminals f, across which appears the 
image impedance of nominal value R1 and an 
other pair of input terminals 2, 2 across which ap 
pears the image impedance R2. The conventional 
double-tuned transformer circuit may also be 
divided in a known manner into tWO filter half 
sections of the form shown in Fig. 1b, each of 
which includes a shunt-reactance arm comprising 
capacitance C1 across terminals , , a series 
reactance arm comprising inductance L3, and a 
shunt-reactance arm comprising inductance L4 
connected across terminals 2, 2. Each of the foll 
lowing equations is applicable to One or both of the 
circuits of Figs. 1d, and 1b: 

Z= R, Z = R and Z' = Rs', at f = Vff (1) 

Li- (2) 

La-G-2C (3) 
La- (4) 

R= (c)3 -) C (6) 

R=R. (7) 

Ry-R,e-ente) (8) 
Where 
f2=lower cutoff frequency; 
f3=lupper cutoff frequency; 
Z=image impedance at terminals , f; 
22=inage impedance at terminals 2, 2 of Fig. 1a; 
22'==image impedance at terminals 2, 2 of Fig. 1b; 
fm=the mean frequency of the pass band; 
cy2=the angular frequency at the lower cutoff fre 

quency; 
a'3=the angular frequency at the upper cutoff 

frequency; 
Ri=rlominal image impedance across terminals 

, ; 
R2=nominal image impedance across terminals 

2, 2 of Fig. 1a; 
R2 =nominal image impedance across terminals 

2, 2 of Fig. 1b. 
In Fig. 1c there is illustrated the form of the 

image-impedance characteristic at the terminals 
2, 2 of each of the filter half-sections of Figs. 1a 
and lb. Each half-section includes one tuned 



circuit and has at the terminals , f a constant-k 
mid-shunt impedance of mid-band value R1 as 
sociated with the maximum tolerable shunt ca 
pacitance C1, where - - - 

R (ola-col) (9) 
From Fig. 1c it is seen that the image imped 

ance across terminals 2, 2 has opposite extreme 
values at the cutoff frequencies of the pass band; 
that is, it is infinite at the lower cutoff frequency 
fi and Zero at the upper cutoff frequency f2, and 
this type of image impedance serves as a basis 
for joining the half-sections of further embodi 
ments of the invention in filter networks com 
prising additional filtersections of different types. 
In Fig. 2a there is illustrated a filter half-sec 

tion in accordance, with the present invention 
which includes a trap for frequencies below the 
paSS band. This filter half-section includes a 
shunt-reactance arm across terminals 3, 3 com 
prising inductance L5 and a series-reactance arm 
including inductance L6 in series with parallel 
connected trap-circuit inductance L7 and capaci 

C= 

tance C1. The following equations are applicable 
to the circuit of Fig. 2a: 

Z = R at f = Wiff ... (10) 
. R. fog-of 
L- as Wa-csi (11) 

(as-af)Ls - 

- 3-c.7) (c.3- o?) L - - - - L=edi{dt (18) 
(i-1)L 

- - 

where, 
Z3=image impedance atterminals 3,3; 
f1=resonant frequency of trap circuit Li, C7; 
w1=angular frequency corresponding to fa; and 
R3=mid-band image resistance at terminals 3, 3. 
The image-impedance characteristic of the fil 

ster of Fig. 2a at the terminals 3, 3 has the same 
form as that illustrated in Fig. ic of the drawings 
but has upper and lower cutoff frequencies fi and 
fa, respectively. 

It is seen that the band-pass filter half-section 
of Fig. 2a has input and output pairs of terminals 
3, 3 and 4, 4, respectively, and effectively com 
prises series- and shunt-reactance arms, of which 
at least each of two includes a portion individ 
ually of the same reactance-frequency charac 
teristic and of a given kind of reactance at fre 
‘quencies within the pass band. Specifically, the 
shunt-reactance arm includes a portion compris 
ing inductance L5 and the series-reactance arm 
includes a portion comprising inductance L6, the 
portions both having inductive reactance at fre 
quencies in the pass band and the same react 
ance at frequencies in the pass band and the 
same reactance-frequency characteristic. A trap 
circuit is included in the series-reactance arm 
which is adjacent to the pair of terminals 4, 4 
and comprises the only other reactance of the 
half-section. The trap circuit is resonant at a 
frequency below the passband and presents ca 
pacitive reactance, which is of the kind opposite 
to that of the said portions at frequencies in the 
pass band. 

2,247,898 

5 

10 

15 

20 

25 

30 

35 

40 

50 

55 

3 
Another filter half-section in accordance with 

the present invention, including a trap circuit for 
frequencies below the pass band and having the 
same cutoff frequencies, is illustrated in Fig. 2b. 
This filter half-section comprises pairs of termi 
nals 5, 5 and 6, 6 and includes a series-reactance 
arm comprising inductance L8, a shunt-reactance 
arm comprising inductance L9, and a series arm 
including parallel-connected inductance L10 and 
capacitance C10. The circuit of Fig. 2b is readily 
derived from that of Fig. 2a by a simple imped 
ance transformation. - 
The image impedance Z5 at terminals 5, 5 is 

identical with that at terminals 3, 3 of Fig. 2a. 
That at terminals 6, 6 has the same form as that 
at terminals 4, 4 but a different magnitude. . 

In Fig. 3a of the drawings there is illustrated a 
band-pass filter half-section in accordance with 
the invention, including a trap circuit for fre 
quencies above the pass band. This filter half 
Section includes a Series-reactance arm compris 
ing inductance L11 and a shunt-reactance arm 
including inductance L12 connected in parallel 
with series-connected inductance L13 and capaci 
tance C13, the pairs of terminals of the filter half 
section being identified by numerals 7, 7 and 8, 8. 
The following equations are applicable to the cir 
cut of Fg. 3a: - 

Z =E, at f, vif, (15) 
R. oi-o: 

La-EWa- a (16) 
wi(o-os) Li 

La-, i. (17) 
Lo:(3.3Li: T(o-3) (o-o;) 

(3L-12 
To-o: (18) 

. . . 

C. - (SL13 (1 9) 
where, 
Zi=image impedance at terminals 1, 7; 
R=mid-band image resistance at terminals 7,7; 

and m 

w3=angular frequency of trap circuit L13, C13. 
The image impedance Z7 at terminals 7, 7 is of 
the same form as that illustrated in Fig. 1c. 

In Fig. 3b there is illustrated another modifi 
cation of a band-pass filter half-section in ac 
cordance with the invention including a trap 
circuit for frequencies above the pass band. The 
half-section of Fig. 3b comprises pairs of ter 

60 

minals. 9, 9 and O, O, a shunt-reactance arm 
across terminals 9, 9 including inductance L14, a 
series-reactance arm including inductance L15, 
and a shunt-reactance arm across terminals 
0, ?o including series-connected inductance L16 
and capacitance C16. The circuit of Fig. 3b is 

65 

70 

75 

readily derived from that of Fig. 3a by a simple 
impedance transformation. The image im 
pedance Z9 at terminals 9, 9 is of the same form 
as that illustrated in Fig. 1c. 
In Fig. 4d there is illustrated a band-pass filter 

circuit in accordance with the invention com 
prising a trap circuit for frequencies above the 
pass band, which is utilized to couple a pair of 
Vacuum tubes 5 and 6 in cascade. The band 
pass filter circuit of Fig. 4a includes four filter 
half-sections; they are connected with image 
impedance matching at their respective junctions 



4 
so the filter is said to be confluent. Each of the 
two end half-sections includes a shunt-reactance 
arm including capacitance C20, a Series-reactance 
arm including inductance L21, and a shunt-re 
actance arm including inductance L22 and is of 
the type represented by Fig. 1b. Each of the 
two intermediate half-sections is identical with 
the half-section of Fig. 3b described above and 
similar circuit elements have identical reference 
numerals. It is seen that the last-mentioned 
half-sections are connected With image-in 
pedance matching at their terminals correspond 
ing to terminals 0, 0 of Fig. 3b. The end half 
sections to Which the opposite terminals of each 
of the intermediate half-sections are connected 
provide a constant-k band-pass mid-shunt image 
impedance acroSS the input and Output terminals. 
The end half-sections and, therefore, the com 
posite filter circuit is of a type which tolerates 
maximum shunt capacitance across the output 
circuit of tube f5 and across the input circuit 
of tube 6. It will be understood that the ca 
pacitances C20, C20 may be comprised in whole 
or in part of the interelectrode capacitances of 
the tubes to Which they are coupled. It is also 
seen that the band-pass filter section, including 
the series-inductance arms L15, L15 of Fig. 4a ef 
fectively comprises series- and shunt-reactance 
arms, Of Which each of at least three includes 
portions individually of the same impedance 
frequency characteristic and of a given kind of 
reactance at frequencies within the pass band. 
Specifically, four of the arms individually include 
inductances L14, T15, T15, and L14, each of which 
portions has an inductive reactance at frequencies 
Within the pass band. Furthermore, a trap cir 
cuit, including both trap circuits L16, C16, is in 
cluded in the one of the reactance arms of the 
filter section which is between two of the three 
inductance arms and comprises the only other 
reactance of the filter section. This resultant trap 
circuit is resonant at a frequency above the pass 
band and presents reactance of the opposite kind, 
that is, capacitance, at frequencies within the 
paSS band. 
The circuit of Fig. 4b is the full electrical 

equivalent of that of Fig. 4d. and differs only in 
that adjacent shunt-inductance arms L22 and L14 
of Fig. 4a have been combined into the single 
inductance element L25 and the adjacent series 
inductance arms L21 and L15 have been combined 
into the single inductance element T23 in the cir 
cuit of Fig. 4b. 
A further modification of the circuit of Fig. 4b. 

is illustrated in Fig. 4c which differs from that 
of Fig. 4b only in that the adjacent trap circuits 
L16, C16 and the inductances 25, L25 have been 
respectively combined in the circuit of Fig. 4c 
to provide a single trap circuit L26, C26 and a 
single shunt-inductance element L28. 
The circuit of Fig. 4d is identical with that of 

Fig. 4c except that a transformer including in 
ductively-coupled primary and secondary induc 
tances L30, L31 has been substituted for the ad 
jacent inductance elements L23, L28 of Fig. 4c in 
a manner which is Well, understood in the art. 
The circuit of Fig. 4e is identical with that of 

Fig. 4d. except that a further similar transforma 
tion has been made to provide an equivalent cir 
cuit including three inductors L31, L32, and L33 
each of which is coupled to each of the others. 
They are respectively tuned by condensers C31, 
C32, and C33. 
In Fig. 5d., there is illustrated another modifi 
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cation of the invention comprising trap circuits 
resonant at frequencies both below and above the 
pass band which may be utilized for effecting an 
impedance transformation between two pairs of 
terminals. The filter of Fig. 5a comprises all of 
the elements of the filter of Fig. 4a and includes 
in addition a filter section comprising two filter 
half-sections, each identical with the half-sec 
tion of the filter of Fig. 2a. Circuit elements 
which are similar to those of Fig. 2a and Fig. 4a 
have identical reference numerals. The filtersec 
tion comprising the two half-sections similar to 
that of Fig. 2a is included between one of the end 
filter half-sections including elements L21, L22, 
C20 and the adjacent half-section including a trap 
circuit which is resonant at a frequency above 
the pass band. . The operation of the circuit of 
Fig. 5d will be understood from the description 
which has been given with reference to the in 
dividual filter half-sections, which form com 
ponent parts thereof, rendering a further descrip 
tion unnecessary herein. As stated above, the 
inage impedance at the terminals 3, 3 of Fig. 2d 
is of the same form as that at terminals 2, 2 of 
Fig. 1b and the terminals 9, 9 of Fig. 3b, so that 
these filter Sections can be connected in cascade 
With image-impedance matching at their junc 
tions. 

It is, therefore, seen that the filter circuit of 
Fig. 5a is a confluent band-pass filter effectively 
comprising a series of filter half-sections with 
image-impedance matching at their junctions, 
each of two adjacent ones of the half-sections 
comprising both series- and shunt-reactance 
arms of which each of two of the four arms adja 
cent their junction includes a portion individually 
of the same reactance-frequency characteristic 
and of a given kind of reactance at frequencies 
in the pass band; specifically, the said two half 
Sections include inductances L15, L14 and L5, and 
T 16, each having an inductive reactance at fre 
quencies in the pass band. A trap circuit is 
included in each of the two adjacent half-sec 
tions under discussion which is removed from 
their junction by at least one of the above-men 
tioned adjacent arms. and comprises the only 
other reactance of such half-section. One of the 
trap circuits comprises a shunt arm of series 
connected capacitance C16, and inductance L16 
resonant at a frequency on one side of the pass 
band and the other trap.circuit comprises a series 
arm having parallel-connected . capacitance C. 
and inductance L7 resonant at a frequency on the 
other side of the pass band. . . . 
In Fig. 5b is shown a modification of the filter 

of Fig. 5a in which single trap circuits are substi 
tuted for the two adjacent trap circuits of each 
type in the filter of Fig. 5a, adjacent inductance 
elements of similar kind being combined in a 
single inductance element and impedance trans 
formation being effected between like elements 
in adjacent arms of opposite type. The circuit 
of Fig. 5b thus comprises a single trap circuit 
L36, C36 resonant at a frequency above the pass 
band, a single trap circuit L39, C39 resonant at a 
frequency below the pass band, shunt-inductance 
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elements I37 and L40, 
ments L33 and I38. 
The circuit of Fig. 5c is identical to that of 

Fig. 5b except that an equivalent transformer L43, 
L144 has been substituted in a manner well under. 
stood in the art for the adjacent inductance ele 
ments L37, L38 of Fig. 5b. 
The filter circuit of Fig. 5d is also the elec 

and series-inductance ele 
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trical equivalent of the filter circuit of Fig. 5d. 
and is derived from the circuit of Fig. 5a by com 
bining adjacent inductance elements, combining 
each of the two pairs of trap circuits into a single 
pair of trap circuits, and effecting an impedance 
transformation. The filter of Fig.5d thus com 
prises a single trap circuit L51, C51 resonant at 
a frequency above the pass band, a single trap 
circuit I53, C53 resonant at a frequency below the 
pass band, Series-inductance elements L56 and L57, 
and shunt-inductance elements L50 and L54. 
The filter circuit of Fig. 5e is similar to that 

of Fig. 5d except that an equivalent transformer 
I60, I-61 has been substituted for the adjacent in 
ductance elements L50, T56 of Fig. 5d and a second 
transformer L64, L65 has been substituted for the 
adjacent inductance elements L54, L57 of Fig. 5d. 
in a manner well understood in the art, 

It is apparent that the band-pass filter of 
Fig. 5e, comprises two resonant circuits L60, C20 
and L65, C20 having inductors L61 and L64 indi 
vidually coupled therewith by mutual inductance. 
The filter comprises a series circuit including the 
inductors L61, T64 and a trap circuit with parallel 
connected capacitance C53 and inductance L53 
resonant at a frequency below the pass band. 
The filter also comprises a second trap circuit 
Connected in parallel with inductor T61 including 
Series-Connected capacitance C51 and inductance 
Ti51 resonant at a frequency above the pass band, 
whereby a single continuous band of frequencies 
is caused to be passed by the filter and maximum 
attenuation is secured at the resonant frequencies 
of the trap circuits above and below the pass 
band, 
While there have been described what are at 

present considered to be the preferred embodi 
ments of this invention, it will be obvious to those 
skilled in the art that various changes and modi 
fications may be made therein without departing 
from the invention, and it is, therefore, aimed in 
the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and Scope of the invention. - . . . . 
What is claimed is: 
1. A confluent band-pass filter effectively com 

prising, a series of filter half-sections with image 
impedance matching at their junctions, each of 
tWO adjacent ones of said half-sections having 
both Series- and shunt-reactance arms of which 
each of two of said arms adjacent their junction 
includes a portion individually of the same reac 
tance-frequency characteristic and of a 'given 
kind of reactance at frequencies within the pass 
band, a trap circuit included in each of said two 
adjacent half-sections and removed from said 
junction by at least one of said adjacent reac 
tance arms and comprising the only other reac 
tance of the half-section, one of said trap circuits 
comprising a shunt arm of series-connected 
capacitance and inductance resonant at a fre 
quency on one side of the pass band, and the 
other of Said trap circuits comprising a series arm. 
having parallel-connected capacitance and in 
ductance resonant at a frequency on the other 
side of the pass band, whereby the matched image 
impedance at said junction is caused to have op 
posite extreme values at the upper and lower cut 
off frequencies of the pass band and unlike trap 
circuits are provided in the said two adjacent 
half-sections. 

2. A confluent band-pass filter effectively com 
prising, a series of filter half-sections with image 
impedance matching at their junctions, each of 
two adjacent ones of said half-sections having 
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both series- and shunt-reactance arms of which 
each of two of said arms adjacent their junction 
includes a portion individually of the same re 
actance-frequency characteristic and of inductive 
reactance at frequencies in the pass band, a trap 
circuit included in each of said two adjacent half 
Sections and removed from said junction by at 
least one of said adjacent reactance arms and 
comprising the only other reactance of the half 
Section, one of said trap circuits comprising a 
shunt arm of series-connected capacitance and 
inductance resonant at a frequency above the 
pass band, and the other of said trap circuits 
comprising a series arm having parallel-connected 
capacitance and inductance resonant at a fre 
quency below the pass band, whereby the matched 
image impedance at said junction is caused to 
have a maximum value at the lower cutoff fre 
quency and a minimum value at the upper cut 
off frequency of the pass band and unlike trap 
circuits are provided in the said two adjacent 
half-sections. 

3. A band-pass filter half-section having input 
and output pairs of terminals and effectively com 
prising, Series- and shunt-reactance arms of 
which each of at least two includes a portion in 
dividually of the same reactance-frequency char 
acteristic and of a given kind of reactance at 
frequencies within the pass band, and a trap cir 
cuit included in one of said reactance arms which 
is adjacent to one of said pairs of terminals and 
which comprises the only other reactance of said 
half-section, said trap circuit being resonant at 
a frequency outside of the pass band and having 
a reactance of the opposite kind at frequencies 
Within the pass band, whereby the image in 
pedance at the other of said pair of terminals is 
caused to have opposite extreme values at the 
upper and lower cutoff frequencies of the pass 
band. . . . . . - - 

4. A band-pass filter half-section having input 
and output pairs of terminals - and effectively 
Comprising, series- and shunt-reactance arms of 
which each of at least two includes a portion in 
dividually having inductive reactance at frequen 
cies in the pass band, and a trap circuit, included 
in one of said reactance arms which is adjacent 
to one of Said pairs of terminals and comprising 
the Only other reactance of said half-section, said 
trap circuit being resonant at a frequency out 
side of the pass band and having capacitive reac 
tance at frequencies within the pass band, where 
by the image impedance at the other of said pairs 
of terminals is caused to have a maximum value 
at the lower cut-off frequency and a minimum 
value at the upper cutoff frequency of the pass 
band. 

5. A band-pass filter half-section having input 
and output pairs of terminals and effectively 
comprising, series- and shunt-reactance arms of 
which each of at least two includes a portion in 
dividually having an inductive reactance at fre 
quencies within the pass band, and a trap circuit 
comprising a series-connected inductance and 
capacitance resonant at a frequency above the 
hand and having capacitive reactance at frequen 
cies within the pass band. said trap circuit being 
included in one of said shunt arms which is ad 
iacent to one of said pairs of terminals and com 
prising the only other reactance of said half 
Section. whereby the image impedance at the 
other of said pairs of terminals is caused to have 
a maximum value at the lower cutoff frequency 

75 and a minimum value at the upper cutoff fre Cilency of the pass band. 
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6. A band-pass filter half-section having input 

and output pairs of terminals and effectively com 
prising, series- and shunt-inductance arms of 
which one is adjacent to one of said pairs of ter 
minals, and a shunt-reactance arm a CrOSS the 
other of said pairs of terminals consisting of a 
trap circuit comprising a series-connected in 
ductance and capacitance resonant at a frequency 
above the band, whereby the image impedance at 
said one of said pairs of terminals is caused to 
have a maximum value at the lower cutoff fre 
quency and a minimum value at the upper cutoff 
frequency of the pass band. 

7. A band-pass filter Section having input and 
output pairs of terminals and effectively con 
prising, two shunt arms each comprising a single 
inductance connected across a different one of 
said pairs of terminals, two series arms each in 
cluding a single inductance, and a shunt arm 
between said series arms consisting of a trap cir 
cuit comprising series-connected inductance and 
capacitance resonant at a frequency above the 
pass band, said trap circuit presenting capacitive 
reactance at frequencies Within the pass band. 

8. A band-pass filter half-section having input, 
and output pairs of terminals and effectively com 
prising, series- and shunt-reactance arms of 
which each of at least two includes a portion in 
dividually having an inductive reactance at fre 
quencies in the pass band, and a trap circuit 
comprising parallel-connected inductance and 
capacitance resonant at a frequency below said 
pass band and having capacitive reactance at fre 
quencies within the pass band, said trap circuit 
being included in one of said series-reactance 
arms which is adjacent to one of said pairs of 
terminals and comprising the only other react 
ance of said half-section, whereby the image im 
pedance at the other of said pairs of terminals 
is caused to have a maximum value at the lower 
cutoff frequency and a minimum value at the 
upper cutoff frequency of the pass band. 

9. A band-pass filter half-section having input 
and output pairs of terminals and effectively 
Comprising, Series- and shunt-reactance arms of 
which each of at least two includes an induct 
ance, and a trap circuit included in One of Said 
reactance arms which is adjacent to one of said 
pairs of terminals and comprising the only other 
reactance of said half-section, said trap circuit 5 
being resonant at a frequency outside of the pass 
band and having capacitive reactance at fre 
quencies in the pass band, whereby the image 
impedance at the other of said pairs of terminals 
is caused to have a maximum value at the lower 
Cutoff frequency and a minimum value at the 
upper Cutoff frequency of the pass band. 

10. A band-pass filter section having input 
and output pairs of terminals and effectively 
Comprising, two shunt-reactance arms each in 
cluding a single inductance and connected across 
a different one of said pairs of terminals, a 
Series-reactance arm between said shunt arms 
including in series an inductance and a trap 
circuit having parallel-connected inductance and 
capacitance which is resonant at a frequency 
below the pass band and which has capacitive 
reactance at frequencies within the pass band. 

11. A band-pass filter half-section having in 
put and output pairs of terminals and effectively 
comprising, a series arm including inductance, 
a shunt arm including inductance, and a trap 
circuit included in one of said arms and compris 
ing the only other reactance of said half-section 
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Said trap circuit being resonant at a frequency 75 

2,247,898 
outside of the pass band and having capacitive 
reactance at frequencies within the pass band, 
whereby the image impedance at the pair of Said 
terminals furthest removed from the arm in 
cluding said trap circuit is caused to have a 
maximum value at the lower cutoff frequency 
and a minimum value at the upper cutoff fre 
quency of the paSS band. 

12. A band-pass filter section having input 
and output pairs of terminals and effectively 
comprising, series- and shunt-reactance arms of 
Which each of at least three includes a portion 
individually of the same reactance-frequency 
characteristic and of a given kind of reactance 
at frequencies within the pass band, and a trap 
circuit included in one of said reactance arms 
Which is between two of Said three reactance 
arms and comprising the only other reactance 
of said filter section, said trap circuit being reso 
nant at a frequency outside of the pass band, and 
having reactance of the opposite kind at fre 
quencies in the pass band, whereby the image 
impedance at both said pairs of terminals is 
Caused to have opposite extreme values at the 
respective cutoff frequencies of the pass band. 

13. A band-pass filter section having input 
and output pairs of terminals and comprising, 
Series- and shunt-reactance arms of which each 
of at least three includes a portion individually 
having inductive reactance at frequencies within 
the paSS band, and a trap circuit included in one 
of said reactance arms which is between two of 
Said three reactance arms and comprising the 
Only other reactance of said filter section, said 
trap circuit being resonant at a frequency out 
side of the pass band and having capacitive re 
actance at frequencies within the pass band, 
whereby the image impedance at both said pairs 
of terminals is caused to have a maximum value 
at the lower cutoff frequency and a minimum 
value at the upper cutoff frequency of the pass 
band. - . . . . . . . . 

14. A band-pass filter section having input 
and output pairs of terminals and effectively 
comprising, Series- and shunt-reactance arms of 
Which each of at least three includes a portion 
individually having inductive reactance at fre 
Cuencies within the pass band, and a trap circuit 
comprising a series-connected inductance and 
capacitance included in one of said shunt 
reactance arms which is between two of said 
three reactance arms and comprising the only 
other reactance of said filter section, said trap 
circuit being resonant at a frequency above the 
paSS band and having capacitive reactance at 
frequencies within the pass band, whereby the 
image impedance at both said pairs of terminals 
is caused to have a maximum value at the lower 
cutoff frequency and a minimum value at th 
upper cutoff frequency of the pass band. 

15. A band-pass filter section having input 
and output pairs of terminals and effectively 
comprising, Series- and shunt-reactance arms of 
which each of at least three includes a portion 
individually having inductive reactance at fre 
citlencies within the pass band, and a trap cir 
cuit including a parallel-connected inductance 
and capacitance included in one of said series 
arms which is between two of said three react 
ance arms and comprising the only other react 
ance of Said filter section, said trap circuit being 
resonant at a frequency below the pass band and 
having capacitive reactance at frequencies with 
in the pass band, whereby the image impedance 
at both said pairs of terminals is caused to have 
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a maximum value at the lower cutoff frequency 
and a minimum value at the upper cutoff fre 
quency of the paSS band. 

16. A band-pass filter comprising, two resonant 
circuits each having an inductor coupled there 
with by mutual inductance, a series circuit in 
cluding said inductors and a trap circuit with 
parallel-connected capacitance and inductance 
resonant at a frequency below the pass band, and 
a second trap circuit connected in parallel. With 
One of Said inductors including Series-connected 
Capacitance and inductance resonant at a fre 
quency above the pass band, whereby a contin 
uous band of frequencies is passed by said filter 
and maximum attenuation is Secured at fre 
quencies above and below the pass band. 

17. A confluent band-pass filter comprising, 
two resonant circuits each having an inductor 
coupled therewith by mutual inductance, a series 
circuit including said inductors and a trap cir 
cuit with parallel-connected capacitance and in 
ductance resonant at a frequency below the pass 
band, and a second trap circuit connected in 
parallel with one of said inductors including 
Series-connected capacitance and inductance res 
Onant at a frequency above the pass band, the 
reactive constants of the filter being proportioned 
to pass a single continuous band and to provide 
a band-pass constant-k form of image impedance 
at each of Said tWO resonant circuits. 
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18. A confluent band-pass filter comprising, 
two parallel-resonant circuits each having an in 
ductor coupled therewith by mutual inductance, 
a series circuit including said inductors and a 
trap circuit with parallel-connected capacitance 
and inductance resonant at a frequency below the 
pass band, and a second trap circuit connected 
in parallel with one of said inductors including 
Series-connected capacitance and inductance res 
Onant at a frequency above the pass band, the 
reactive constants of the filter being proportioned 
to pass a single continuous band and to provide 
a band-pass constant-k mid-shunt form of image 
impedance across each of said two resonant cir 
cuits. 

19. A band-pass filter comprising, a plurality 
of Series- and shunt-reactance arms, one said 
Shunt arm including a trap circuit with series-- 
connected inductance and capacitance resonant 
at a frequency on one side of the pass band, and 
an adjacent series arm including a trap circuit 
With parallel-connected inductance and capaci 
tance resonant at a frequency on the other side 
Of the pass band, whereby said trap circuits are 
caused to present reactance of opposite kind at 
frequencies Within the pass band and to give 
maximum attenuation at frequencies above and 
below the pass band. 

HAROLD A WHEELER. 


