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This invention relates to band-pass fiiters 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,
sufiicient attenuation at frequencies just above
and below the pass band is not secured with
a2 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 desigh
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 frequenc1es 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 cxrcmt for frequenmes be-
low the pass band.

It is still another object of the.invention to

provide a band-pass filter network for passing
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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
g 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
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 1mpedance at the above-men-
tioned junction therefore has opposite extreme
Values at the uppet 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.

Tach of Figs. 1a¢ 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. lc¢ is a
graph of the image-impedance characteristic at
one pair of terminals of each of the circuits of
Figs. 1a 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. 2a 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. 3a 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 eascade and which comprises a trap ¢ir-
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cuit for frequencies above the pass band of the
system; Figs. 4b—4e, inclusive, represent equiv-
alent modifications of the circuit of Fig. 4a; Fig.
5a is a circuit diagram of a band-pass filter in ac-
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. le of
the drawings, there is shown a filter half-section
comprising a shunt reactance arm including
parallel-connected inductance L, and capacitance
C: and a series-reactance arm including induct-
ance Lg. The filter half-section of Fig. la is a
known electrical equivalent of one-half a filter
whole-séction comprising a conventional double-
tuned transformer. The filter comprises one pair
of input terminals ‘I, | across which appears the
image impedance of nominal valute Ri1 and an-
other pair of input terminals 2, 2 across which ap-
pears the image impedance Ra. 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 Ci: across terminals 1, f, a series-
reactance arm comprising inductance L3, and a
shunt-reactance arm comprising inductance La
connected across terminals 2, 2. Each of the fol-
lowing equations is applicable to one or both of the
circuits of Figs. 1¢ and 1b:

Z1=R1, Zy=R, and Zz"———Rzly ab fm='\/ij3 (1)
1
L= a6 (2
1
bea—a0 ®
1
Le=g35, )
w2
L= wgwgc, )
1
B= (ws—c) C ®)
Rg——le Ton n
R’ =R1 (wg—w2)2§w3+cug) (S)
wz
where
fa=lower cutoff frequency;
fa=upper cutoff frequency;
Zi=image impedance at terminals I, {;
Ze=image impedance at terminals 2, 2 of Fig. la;

Zs' =image impedance at terminals 2, 2 of Fig. 1b;

fm=the mean frequency cf the pass band;

wa="the angular frequency at the lower cutoff fre-
quency;

w3=the angular frequency at the upper cutoff
frequency;

R1=no:nilnal image impedance across terminals

Re=nominal image impedance across terminals
2, 2 of Fig. la;

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 Pigs. 1a
and 1b. Each half-section includes one tuned
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circuit'and has at the terminals [, 1 a constant-%
mid-shint impedance of mid-band value R: as-
sociated with the max1mum tolerable shunt ca-
pac1tance Ci1, where . )

. 1
G=g (wz— 1) &

From F1g 1e 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
f1 and ,zero at the upper cutoff frequency fe, 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 filter sections 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 Ls and a series-reactance arm
‘including inductance Ls in series with parallel-
connected ftrap-ecircuit inductance Ly .and capaci-
tance Cu.
to the clrcmt of Fig. 2a

Za—Ra st famnTo T o
Lﬁe ws\/w e (1)
(w “wx)L )
o L=GEa -2
P X
=(w,a—w1)L6
C,=ﬁ Cay

where,

Zz=image impedance at termlnals 3,3;
fi=resonant frequency of trap circuit L7, Cr;

“wi=angular frequency corresponding to fi; and'

Ra=mid-band image resistance at terminals 3, 3.

The image-impedance characteristic of the fil-
~ter of Fig. 2a’ at the-terminals 3, 3 has the same

form -as that illustrated in Fig. lc of the drawings

but has upper and lower cutoff frequencies f1 and
f3, 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 2 portion compris-
‘ing inductance Ls and the series-reactance arm
includes a portion comprising inductance Le, 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
cireuit 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. ‘Thé trap circuit is resonant at a
- frequency below the pass band and presents ca-
pacitive reactance, which is of the kind opposite
to that of the said portions at frequenmes in the
“pass band.

The following equations are applicable '
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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-
'nals5, 5 and 6, 6 and includes a series-reactance
arm comprising inductance Ls, a shunt-reactance
arm comprising inductance Ls, and a series arm
including parallel-connected inductance Lio-and
capacitance Cw. The circuit of Fig. 2b is readily
derived from that of Fig. 2a by a 51mple unped-
ance transformation.

The image impedance Zs at terminals 5 5is
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 filber 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 Ln: and a shunt-reactance arm

including inductance Liz connected in parallel
with series-connected inductance Lz and capaci-
tahce Cis, the pairs of terminals of the filter half-

‘section being identified by numerals 1, T and 8, 8.

The following equations a.re apphcable to the cir-
cub of Fg. 3a: i

Zr=R; a;tfméw/ﬁf; , (18)
7 o ’_R7. . co;—-w
; pll——cgs\/w —= (16)
(=) Ly
Ln="gi— ()
P (S
B (0f— wd) (0 — )
- w§L12 -
=] us)
1 s
.C?a—zom (19)

where,
" Zr—image impedance at terminals 1, T;

R7__nud-band 1mage resmta,nce at termma,ls 1, 'l
and
ws_angula,r frequency of trap 01rcu1t Lus, Cm

The image nnpedance Z7 at terminals 1, T is of
the same form as that illustrated in Fig. le.

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-
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minals. 9, 9 and 10, 10, a shunt-reactance arm
across terminals 9, 9 including inductance Lis, a
series-reactance arm including inductance ILus,
and a shunt-reactance arm  across terminals
10, 10 including series-connected inductance Lus
The circuit of Fig, 3b is
readily derived from that of Fig. 3a by a simple
impedance transformation. The image im-
pedance Zg at terminals 9, 9 is of the same form
as that illustrated in Fig. 1c.

In Fig. 4a there is illustrated a ba.nd-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 i5 and 16 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
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so.the filter is said to be confluent. Each of the
two.end half-sections includes a shunt-reactance
arm including capacitance Cso, a series-reactance
arm including inductance Lei, and a shunt-re-
actance arm including. inductance L2z 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-im-
pedance matching at their terminals correspond-
ing to terminals 10, 16 of Fig. 3b. The end hali-
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 (5 and across the input circuit
of -tube 16. It will be understood that the ca-
pacitances Cgo, .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 Ias, Lis of Fig. 4a ef-
fectively comprises series- and shuni-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 Las, Tas, Tus, and Las, each of which
portions has an inductive reactance at frequencies
within the pass band. Furthermore, a trap cir-
cuit, including both trap circuits Ins, Cis, 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. 4a and differs only in
that adjacent shunt-inductance arms Te2 and Lis
of Fig. 4a have been combined into the single
inductance element Los and the adjacent series-
" tnductance arms L2 and Lis have been combined
into the single inductance element Les in the cir-

cuit of Fig. 4b. _

" A further modification of the circuit of Fig, 4b
is illustrated in Fig. 4¢ which differs from that
of Fig. 4b only in that the adjacent trap circuits
Lis,- C16 and the inductances Les, Les have been
respectively combined in the circuit of Fig. 4c
to provide a single trap circuit Lgs, C2s and a
" single shunt-inductance element Les.

The circuit of Fig. 4d is identical with that of
Fxg 4¢ except that a transformer including in-
.ductively-coupled primary and secondary induc-
tances Lso, Ls1 has been substituted for the ad-
jacent inductance elements Lss, Les 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 Lsi, Ise, and Lss
each of which is coupled to each of the others.
They are respectively tuned by condensers Cai,
Caz, and Ca.

In.Fig. 5a 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 filter sec-
tion comprising-the two half-sections similar to
that of Fig. 2a is included between one of the end
filter half-sections including elements ILei, Lo,
Cz0 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. 5a 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 ahbove, the
image impedance at the terminals 3, 3 of Fig. 2a
is of the same form as that at terminals 2, 2 of
Fig, 1b and the terminals 8, 9 of Fig. 3b, so that
these filter sections can:be connected in cascade
with image-impedance matchlng at their junc-
tions.

It is, therefore, seen that the filter circuit of
Fig. ba is a confluent band-pass filter effectively
comprising a series of filler 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 Ias, Lis and Ls, and
Ls, each having an inductive reactance at fre-
quencies in the pass band. A #frap circuit is
included in each of the two adjacent half-sec-
tions under discussion which is Temoved from
their junction by at ledst 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 Cis-and . inductance s
resonant-at a frequency.on one side of .the pass
band and the other trap-circuit comprises a series
arm having parallel-connected -capacitance Cz
and -inductance:Ls resonant at a frequency on the
other side of -the pass -band. -

In Fig. 5b is shown . a modification of the filter
of Fig.-ba 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 elemeént and impedance trans-
formation being effected between like elements
in adjacent arms of opposite type. ‘The eircuit
of Fig. 5b~'thus comprises a single trap circuit
Lss, C3s resonant at a frequency above the pass
band, a single trap circuit Lss, Ci resonant at a

. frequency below the pass band, shunt-inductance

70

75

elements I37 and Lag, and serles—mductance ele-
ments Lz and Lss,

The circuit of F’lg 5¢ is 1dentlcal to that of
Fig. 5b except that an equlvalent transformer Lus,
Lus has been substituted in a manner well under-
stood in the art for the adjacent inductance ele-
ments L7, Lys of Fig. 5b.

The filter circuit of Fig. 5d is also. the elec-
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trical equivalent of the filter circuit of Fig. 5a
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 Ls:, Cs1 resonant at
a frequency above the pass band, a single trap
cireuit Ls3, Css resonant at a frequency below the
pass band, series-inductance elements Lss and Lsv,
and shunt-inductance elements Lso and. Lss..
The filter circuit of Fig, 5e is similar to that
of Fig. 5d except that an equivalent transformer
Lo, Ls: has been substituted for the adjacent in-
ductance elements Lso, Lss of Fig. 5d and a second
transformer Les, Lss has been substituted for the
adjacent inductance elements Lss, Lst of Fig. 5d
in a manner well understood in the art.
It is apparent that the band-pass filter of
Fig. be comprises two resonant circuits Lso, Cao
and Les, C20 having inductors Ler and Les indi-
vidually coupled therewith by mutual inductance.
'The filter comprises a series circuit including the
inductors Le1, Is4 and a trap circuit with parallel-
connected capacitance Cs3 and inductance ILss
resonant at a frequency below the pass band.
The filter also comprises a second trap circuit
.connected in parallel with inductor Le: including
series-connected capacitance Cs: and inductance
Isiresonant 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 éach 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
“eircuits are provided in the said two adjacent
half-sections.
] 2.-A confluent ba,nd--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-
guency 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 im-
pedance at the other of said pair of terminals is
caused to have opposite extreme values at the
upper and Iower cutoff frequencies of the- bass
band. = -

4-A band'-pass ﬁlter’half—sectlon’hawmg 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 términals 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 tohave 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 eircuit

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

70

_ncluded 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 sa1d half-
section. whereby the "image 1mpedance at the
other of said pairs of terminals is caused to have

- & maximum value ‘at the lower cutoff frequency
5

and & minimum value at the upper cutoff fre-
quency 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. across 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 com-
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
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 induictance 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 ‘sdid arms and compris-
ing the only other reactance of said half-section,
said trap circuit being resonant at a frequency
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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-redctance 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-
quencies 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 the
upper cutoff frequency of the pass band.

15. A band-pass ' filter section having input
and output pairs of terminals and effectlvely
comprising, series- and shunt-reactance arims of
which each of at least three includes a portion
individually having inductive reactance at fre-
quencies 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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2 maximum value at the lower cuboff 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, & series
cireuit 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 filler 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 af
frequencies within the pass band and to give
maximum attenuation at frequencies above and
below the pass band.

HAROLD A. WHEELER.
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