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UNITED STATES PATENT OFFICE.

_GEORGE A. CAMPBELL, OF MONTCLAIR, NEW JERSEY, ASSIGNOR TO AMERICAN TELE-

" .PHONE AND TELEGRAPH COMPANY, A.CORPORATION OF NEW YORK.

N

1,22%,113.

Application fled I uly 15,1915, Serial No. 40,057,

Zo all whom it may concern.:
Be it known that I, Georce A. CAMPBELL,

residing at Montclair, in the county of Essex

and State of New Jersey, have invented cer-
tain Improvementsin Electric Wave-Filters,
of which the following is a specification.
This invention relates to an electric wave-
filter and more particularly to a wave-filter

adapted to transmit with small or negligible’

attennation sinusoidal currents of all fre-
quencies lying within‘a range or rarges of
preassigned limiting frequencies while at-
tenuating and approximately extinguishing
sinusoidal currents of frequencies lying out-

side the limits of the preassigned range or’

ranges.

My invention, though it may find expres-
sion in many embodiments, has common to
all the broad idea of a wave-filter in the na-
ture of a connecting line having an im-

pedance element or elements in series with-
‘the line- and. an impedance element or ele-
_ments in shunt across the line, the values of

the impedance elements being so propor-
tioned that the structure will transmit, with
small or negligible attenuation, from a

‘source of electromagnetic energy to an elec-

trical receiving, translating or repeating de-
vice, sinusoidal currents of all frequencies
lying within specified and preassigned limits
or ranges while attenuating and sensibly ex-
tinguishing currents of all frequencies lying

- outside such limits.
My invention in one or more of its;em--

bodiments has important applications in
connection with wireless telegraphy, wire-
less telephony, multiplex high- frequency

wire ' telephony, composite telegraph and

telephone lines, and in particular with tele-
phone repeater circuits, wherein it is highly
important that means be provided for select-
ing a range or band of: frequencies, -such
as, for instance, the range or band of fre-
quencies necessary for intelligible telephonic
transmission of speech, while at the same
time excluding from the receiving or trans-

Specification of Letters Patent.

‘shunt across the line.

FLECTRIC WAVE-FILTER.
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" lating device currents of all other frequen-

cies. :
My invention is illustrated in the accom-

“panying drawings in which Figure 1 is a

diagram illustrating the broad form of my
invention from" which all specific embodi-
ments may be derived by assigning proper
values to the electrical constants of the

structure; Figs. 2; 8, 4, 5, 6 and 7 are dia-.

50

grams illustrating different embodinents of .

my invention; Figs. 8 and 9 show curves
illustrating the characteristic performance

of the wave-filter; and Figs. 10 and 11 are

diagrams showing my invention embodied

in telephone repeater circuits. :
Like reference characters refer to like

‘parts throughout the several figures of the
‘drawings. '

Referring to Figs. 1 to 7 inclusive, each
wave-filter 17, 1P, 1°, 19, 1°, 1f, 18 is composed
of a plurality of identical sections 2¢, 2%, 2¢,
9 ge 9f 98 respectively, each including
lumped impedance in series with the line
and lumped impedance in shunt across the
line. Said impedance may be provided by
condensers, C,, C, or by inductance coils
L,, L, or by a suitable combination of both,

there being at least, for each section of the

wave-filter, an inductance element in series

with the line and a capacity element in

shunt across the line or vice versa. Thus
in Fig. 1 showing the preferred embodiment

of the invention, there are, for each section,

both a condenser C, ‘and an inductance coil

L, in series with the line and a condenser

C, and an inductance coil L, in parallel in
In said figures, as
well as in the other figures of the drawing,
the reference characters C, and.C, are used
to designate similar elements, that 1S con-
densers, the subseript 1 affixed to the refer-
ence letter indicating that the element is in
series with the line.and the subscript 2 in-

dicating that the element is in shunt across.
the line, In like manner the referencechar-

acters L, and L, are used to indicate in-
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ductance coils in series with the line and in
shunt across the line, respectively.

In Figs. 2 to 7 inclusive, said impedance
clements for each section are included as
follows:—in Fig. 2 there is a condenser in

series with the line and a condenser and an

inductance coil in parallel in shunt across
the line; in Fig. 3, a condenser and an in-
ductance coil 1 series with the line and
an ‘inductance coil in shunt across the line;
in Fig. 4, an inductance coil in series with
the line and a condenser and an inductance
coil in parallel in shunt across the line;
in Fig. 5, a condenser and an inductance
coil in series with the line and a condenser
in shunt across the line; in Fig. 6, a con-
denser in series with the line and an in-
ductance coil in shunt across the line; and,
in Fig. 7, an_inductance coil in series with
the line and a condenser in shunt across the
line. Said Figs. 1 to 7 inclusive, merely
show typical forms of the invention and
are not Intended to illustrate all of the pos-
sible modifications thereof. :

By assigning suitable values to the con:.

densers C,, C, and the inductance coils L,,
L, in said Figs. 1 to 7 inclusive, the struc-
ture, if inserted as a connecting line be-

tween .a source of electromagnetic energy -

and an electrical receiving, translating or
repeating device, will transmit to the latter
sinusoidal currents lying within preassigned
ranges or bands and will at the sane time
cifectively protect the receiving, translating
or repeating device from currents of frequen-
cies lying outside the preassigned ranges of
frequencies.,

The fundamental principles underlying

my invention and the manner of -applying
the same so as to provide a structure em-
bodying the invention will now be set forth.

It is a well known fact that, in a uniform

transmission line containing uniformly dis-
tributed resistance, inductance and capacity,
the attenuation of current along the line is
a phenomenon which is caused by resistance
dissipation and becomes zero when the re-
sistance becomes zero. In a periodic struc-

‘ture, however, containing lumped series im-

pedance and lumped shunt impedance, high

. attenuation may exist even when the resist-

ance is practically zero. This attenuation is
due not to resistance dissipation but to in-
volved reactions among the impedance units
of the structure. The reactions and inter-
actions, taking place in the structure and
determining the character of the attenua-
tion attending transmission of periodic cur-
rents, are so mnvolved as to make desirable

-the. use of mathematical formula in eluci-

dating the laws governing the electromag-
netic phenomena taking place in the -struc-
ture and in particular in laying down rules

1,227,113

of design whereby any one, skilled in the
art, may construct the electric wave-filter of ﬁ
this invention.. ' .
For the purpose of deriving the mathe-
muatical formulie pertaining to the theory of
my invention, assume a structure consisting
of a series of sections, each section having
an impedance Z, in series with the line, and
an impedance Z, in shunt across the line.
Letting J, denote the circuital current flow-
ing in the nth section of the structure, J,_,"
the current flowing in the (n—1)st scction,
and Jy4, the current flowing in the (n41)st
section, and applying Kirchlioff’s Iaw to said
currents and circuits, it follows that:—

ZiJut Ly Tnr) +Zo@a—Joy) =0,

By various rearrangements this equation
may be written as,

-~

~3

Jn+1 Jn_l~é+2
=y
2

+
Iy dy T Z

The last foregoing -equation is a differ-
ence equation and, under. the principles of
the calculus of finite differences. the ratio

of .
it o

g
is equal to the ratio of
Jn
;I 9!

the equality of said ratio holding for propa-
gation in either direction. If this ratio
1s set equal to:e" without specifying the
value of T, it follows that for propagation
in either direction:

Jucs

3 ;ér and '13? l— T

)

In the foregoing equations, ¢ denotes the
base of Naperian logarithms, and I' denotes
the propagation constant of the structure.
The value of I is, so far, unknown bhut may
be determined by substitution of the above
values of .

Jn+1

ES

11

and

Iy 11

n
in the above difference equation, whence,
Zy o
r —I" 1
et e =512
. i Z, 12
or,

_1%, |
cosh T' = 2<Z2> +1 (2) ‘

Referring to equation (1), if T' is not a
pure mmaginary, the current value is dimin-
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ished or altenuated in transmission from
the nth section to the (n--1)st section. If
I' is a pure imaginary, the absolute values
of J, and Jmsp are equal, and hence the
current suffers no attenuation in transmis-
sion from section to section but only a
change of phase. The condition, then, for
unattenuated transmission is that T' shall
be a pure imaginary. It may be shown from
equation (2) that the condition for unat-
tenuated transmission is that

%(%‘>+1 shall lie between + 1. (3)
2/ -
Hence the limiting values of the frequency
for free transmission are given by —— -
Z, '
7=0
) Z,= —4Z,

@

8

For the structure shown in Fig. 1, it is
evident that the series impedance

_1-LGp’
: oapGy
and the shunt impedance
il
L=1-LoP

In these formule p is 2rf where f is the
frequency in cycles per second, and % is the
imaginary quantity ’ ‘

V-1

Referring to the expressions for Z, and

- Z, above given, it is evident that equations

(4) have as the variable or unknown the
value of p. There are four roots or four
values of p which will satisfy said equations
(4), which roots will be denoted by the sym-

bols poy Py, P and py.  Said roots have the following values:—

R L. .C, L, Gy ,LC
P oy ey (Hg) e ©
R L, G, L. G\ LG,
n= praveerg- V(L) g ©
JL,C,
L ®)

Pe= ,——LZ—C;

It will be observed that these four limit-
ing values of p or 2mf are in geometrical
proportion, and that:—

’ Ps_P2 (g
5 P11 Do ©) .
 An examination of equations (4) to (9)
inclusive shows that the unattenuated fre-
quencies lie in two distinct, continuous bands
0 or ranges. If p,>p,, the frequencies of un-
attenuated transmission lie between papx
and pip, for the upper band and between
piygr and pop. for the lower band. If, on
the contrary, p, <P, the frequencies for the
5 upper band lie between psp. and pyjer, and
for the lower band between piz. and Dopr

" Equations (5) to (9) inclusive are funda-

mental to my invention and by their aid the

electrical constants of the wave-filter of my
;0 invention may be determined. From said
_fundamental equations, simplified formulee
for different structural embodiments of the
invention may be derived, as will hereinaf-
ter be pointed out. '

Referring to the drawings, Figs. 8 and 9
show the character of transmission through
the structure illustrated in Fig. 1. In said
Figs. 8 and 9, fo, fas fus fay Tepresent fre-
quencies corresponding to po, Pz Pas Psy Te-

70 spectively. In Fig. 8, the ordinates are re-

ceived currents while the abscissa are fre-
quencies. Fig. 9 has as its ordinates at-
tenuation values per section and as abscisse
frequencies. The full line curves refer to
the ideal structure in which the resistance
of the impedance units is quite negligible,
while the broken line curves show the de-
parture from the ideal case due to resistance
in the striicture. In any case the resistances
are made sufficiently small to be. practically
negligible. S

Tt is not always desirable to transmit two
bands of frequencies, and as a further re-
finement, my invention also contemplates a
wave-filter which will transmit freely all
frequencies lying within a single band of
specified limits. As will hereinafter be more
fully set forth, the structures shown in Figs.
9 to'7 inclusive will function as a single
band wave-filter, and the structure shown
in Fig. 1 may be made to so function.

Reference to Fig. 8 and to equations (5),
(), (7) and (8), shows clearly that if the
two bands of free transmission are made:to

coalesce or merge into one by setting f,=/a,.

or if one of the bands is pushed out or rele-
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gated either to infinity or to zero; there re- .

mains one single band of free transmission
for finite frequencies. The first form of
single band wave-filter is attained by mak-
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ing f,=f, or L,C,=1,C,. This form will
be referred to as a filter having coalescent
or confluent bands.

The second method of realizing a single
band wave-filter is attained by relegating
the upper band to infinity or the lower band
to zero. Reference to equations (5), (6),

(7) and (8), shows that one band is rele-

gated to infinity if I, or C,==0; while the
other band ‘is relegated to zero if L, or
C,=. Obviously, from the foregoing, the
single band may also be attained by making
L,=C,=0, or by making L,=C,=c. It
will be understood, of course, that an in-
finite inductance or a zero capacity are
equivalent to an infinite impedance, and,
hence, a circuit through the same may be re-
garded as replaced by an open circuit; on
the other hand a zero inductance or an in-
finite capacity are equivalent to a zero im-
pedance, and, hence, they may be regarded
as in effect short circuited.

It thus appears that there are, in general,

seven ways of reducing the double band

wave-filter
namely :

(@) Making the two broad bands coales-
cent or confluent by setting L,C,=1,C,;

(b) Relegating one band to infinity by
making I,=0;

(¢) Relegating one band to infinity by
making C,=0; :

(d) Relegating one band to zero by mak-
ing G, = ; ‘

(¢) Relegating one band to zero by mak:
ing Ly=00.

(f) Making L, =C,=0 and thereby trans-
mitting freely all frequencies above a speci-
fied value;

(9) Making L,=C, = o0 and thereby trans-
mitting all frequencies below a specified

to a single band wave-filter,

- value.

45

50

Design formule will now be given by ap-
plying which any one skilled in the art may
construct a wave-filter which will freely
transmit a definite, preassigned band or de-
finite, preassigned bands of frequencies
while attenuating all frequencies lying out-
side these bands.

Considering first the general form of the

" double band wave-filter, let it be required to

55

60

design a filter which shall freely transmit all
frequencies lying between the limiting fre-
quencies f; and f, and also between f, and f,
with the provision that

'f3>f1>f2>fo

B te,
Ji Jo

The formule determining the relations

and

obtaining among the electrical constants are

1,227,113

deducible from equations
(8), and are as follows:—

LG, — (5117;)2
LC=(57) . an
b - @ID-@] o
or _ '
b -] o

Formule III and IV are equivalent. A
structure so designed or proportioned,that
its electrical constants satisfy formulu (1),
(II) and (IITI), or (I), (IT) and (Lv),
complies with the above stated requirements
for freely transmitting frequencies lying be-
tween f, and f,, constituting one band and
between £, and f,, constituting the second
band, while attenuating and sensibly ex-
tinguishing currents of all frequencies ly-
ing outside these bands. : ‘

The rules of design of the single band
wave-filter will now be considered, the dif-
ferent cases, hereinbefore stated, being
treated in order.

(a) Confluent bands, in which case
L,C,=L,C,. This form is shown in Fig. 1,

(5), (6), (7) and

)

. 1t being understood that the structure shown

in said figure may be made to function as a
single band wave-filter by making L,C,
L,C,, that is by causing the two bands to
coalesce. If the frequencies to be freely
transmitted are to lie between the upper
limiting frequency #, and the lower limiting
frequencies f,, the design formulax are:

L, 4

(b) Relegating one band to infinity by
making L,=0 in which case the structure
of the wave-filter assumes the form shown
in Fig. 2. If the limiting frequencies of
free transmission are f, (upper limit) and
fo (lower limit), the design equations for
this form are:—

L202=<§i—f;>2 )

C,_1J fz)2
c=a(7)-1] a»

(¢) Relegating one band to infinity by
making C,=0, in which case the structure
of the wave-filter assumes the form shown in
Fig. 8. If the limiting frequencies of free
transmission are f, (upper limit) and fo

84
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(lower limit) the design formulwe for this
form are:— - B ‘

a-() @

B @

(d) Relegating one band to zero by mak-
ing C,=w, in which case the wave-filter
is of the form shown in Fig. 4. Let the
limiting frequencies  be f, and f, and the
design formule are: :

o)

2= (-] w

(¢) Relegating one band to zero by mak-
ing IL,= o0, in which case the wave-filter as-
sumes the form shown in Fig. 5. L«
limiting frequencies of free transmission be
75 and f, and the design formulee are:—

Lpf{ﬁ%y ™)

e-i(H-1] @

(f) Making L,=C,=0, in which case the
wave-filter assumes the form shown in Fig.
6 and freely transmits all frequencies above
a definite inferior limit. If the inferior
limit is specified as f,, the design formula is:

Lomiag) O

(g) Making I,,=C, = oo, in which case the
wave-filter assumes the form shown in Fig.
7 and freely transmits all frequencies below
a specified superior limit. If the superior
limiting frequency is specified as f,, the de-
sign formula is: 4

LC=4 1) @)
WUy = (m ) @

It will be observed from the foregoing
design formuls that there is always one im-
pedance element whose value is a matter of
choice. The value of this element may be
determined from convenience of design or

may be made to satisfy some other specified
requirement, such as, for instance, that the

line shall have a definite impedance at a’

particular frequency. It is further evident
that the particular form of single band
wave-filter 1s a matter of choice and the se-
lection of any particular form may be left
to the requirements of a particular design.

It will further be understood that the
number of sections of the wave-filter will
depend on the degree to which it is desired
to extinguish the currents to be filtered out.
If the number of sections is doubled the

Let the"

S

ratio of the current of any particular fre-
uency entering -the filter to the current of
that frequency leaving ‘the filter is approxi-
mately squared. ‘
It should be clearly understood that my

- invention differs fundamentally both in

structure and function from loaded trans-
mission line systems. In transmission lines
in which loading coils may advantageously
be inserted, the attenuation is excessive and
the sole purpose and object of loading is to
reduce the attenuation which normally ex-
ists in the unloaded line. Moreover said or-
ganizations are strictly dependent for their
utility upon the proper spacing of the load-

ing elements such as inductance coils or con--
densers with reference to the electrica’ wave-

length of the line. In the present inven-
tion, however, the line in which the imped-
ance elements are inserted is so short that
normally the attenuation is absolutely neg-
lgible, that 1s, there is no observable at-
tenuation except when the impedance ele-
ments are inserted in accordance with my in-
vention. When, however, the impedance ele-
ments are so inserted, the normally non-
attenuating line sharply attenuates currents
of preassigned frequencies while {freely
transmitting currents of other frequencies.
My invention is therefore not concerned

~with the spacing of the impedance elements

with reference to the electrical wave length
since said entire line is so short as normally
to extend over only a minute fraction of a
wave length, but is directed to the proper
proportioning of said impedance elements.
In brief my invention is directed to intro-
ducing in a line normally of negligible at-
tenuation, impedance elements so propor-
tioned as to render said line attenuating for
certain ‘specified or preassigned ranges of
frequencies.

As an example of the application of the
foregoing design formulee, let it be required
to design a filter which shall transmit all
frequencies lying between 200 and 2000
cycles per second. Any one of the forms
shown 1n Figs. 1, 2, 3, 4, 5 may be employed
or the two forms shown in Figs. 6 and 7 con-
nected in series. Let it be assumed that
convenienece or other considerations lead to
the selection of the type of wave-filter shown
in Fig. 1. Applying design formulae (I2)
and "(1I*), applicable to this type of single
band wave-filter, and substituting therein
for f, and 7, the above assigned values 200
and 2000, respectively:

- . 1 1
LICI =L,C,= (272000) <27r200

L, 17200\ /2000 _\?:
n L V(2090 LN 9025
L, 4(2000 200 1> ;

>= (.635) 10~7

and
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Therefore the above stated requirements are
satisfied if

L101:L'.>02: (.635) 107

and
1L, .
L1_2'025'

As has been hereinbefore stated, one of
the constants L, C,, L,, C, is arbitrary. Let
it be assumed that convenience or other con-
siderations dictate a value of 1 henry for L,.
The values of the several impedance ele-
ments are then as follows: L,=1 henry;
L,=0.494 henry ; C,= (1.29) 10~7=0.129 mi-
crofarad; and C,=0.0635 microfarad. -

Therefore the wave-filter shown in-Fig.

1 having its impedance elements of the val-.

ues above derived will transmit freely cur-
rents of all frequencies lying between 200
and 2000 cycles per second. The attenua-
tion constant per section at a frequency of
2200 cycles per second, for example, is
found-from equation (2) by computation to
be .98. Hence, from equation (1), the ratio
of currents in adjacent sections is 2.67 ap-
proximately, and if five sections are em-
ployed the current of 2200 cycles in the 5th
section 1s less than 2% of its value in the

first section, while currents of frequency

lying between 200 and 2000 cycles per sec-

ond are practically unattenuated. .
Fig. 10 shows my invention, as embodied

in the type shown in Fig. 1, employed in

‘combination with vacuum tube repeater cir-

cuits. It is to be understood that the em-
bodiments of my invention shown in Figs. 2,
3, 4 and 5 might be equally well employed.
In said Fig. 10, a two-way two-repeater set
consisting of two symmetrical halves is
shown, and hence the same parts in the two
halves of the set are designated by the same
reference characters. The terminals 3, 4
and 3, 4 connect the repeater set in series
with the through telephone line (not
shown). At each end of the set are the sec-
ondary windings 6, 6 and 7, 7 of a repeating

~ coil, of which the windings 5 constitute the

50
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rimaries.. Across the middle of the wind-
gs 6, 6 and 7, 7 are connected the conduc-

_tors 8, 9 which lead to the filters 1*. The

other end of each filter is closed by a non-
inductive resistance 10. The vacuum tube
repeaters 11 ane of a well-known type com-
prising a grid 12, filament 13, and plate 14.
The input side of the repeater.11 is shown
as bridged across half of the non-inductive
resistance 10. The battery 15 heats the fila-
ment 13 through the adjustable resistance
16. Across the filament 13 and plate 14 is
bridged the battery 17 in series with the high

1,227,113

‘inductance coil 18. The function of the coil

18 is to allow the passage of direct current,
but to prevent the passage of ‘alternating
current of telephonic frequencies. In par-
allel with the battery 17 and inductance coil
18, the repeater-coil primary 5 is connected
through the condensers 19, 19 whose func-
tion is to prevent the passage of direct cur-
rent through the winding 5. Artificial lines
20, 20, which may be of a well-known con-
struction, are provided, said artificial lines
having substantially the same impedance as
the telephone line over the range of tele-
phonic frequencies. Said artificial lines are
provided in order that inductive effects
from the output side.of one repeater 11, im-
pressed through the coil 5, shall not create
any difference of potential between the con-
ductors 8 and 9. This condition is neces-
sary in order that the output side of one re-

eater shall not impress disturbances on the
input side of the other repeater, and thus
cause sustained interaction or “singing” be-
tween the repeaters 11, 11. The function
of the filters 1%, 12 is to prevent currents
other than those necessary for the telephonic
transmission - of intelligible speech from
being transmitted from the telephone line to
the mput side of the repeaters 11, 11.

The repeater set shown in Fig. 11 is the
same as that shown in Fig. 10 except as to
the form of the wave-filter. In said Fig. 11,
the wave-filter structure consists of a low
frequency wave-filter 1¢° and a high fre-
quency wave-filter 1# of the types shown in
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Figs. 6 and 7, respectively, connected in se-

ries. The advantage of this latter struc-
ture over that shown in Fig. 10 is that the
low frequency wave-filter 1 may be omitted
from the circuit when conditions are such
as not to require the protection of the re-
peater from low frequency disturbances.
It is well known that high frequency in-
duction or inductive disturbances militate
seriously against the satisfactory operation
of telephone repeaters; particularly of the
vacuum tube type, such as are shown in

Figs. 10 and 11. Tt is also well known that:

low frequency disturbances, such- as those
due to superposed or composited telegraphic
impulses are equally objectionable. My in-
vention prevents either high frequency or
low frequency disturbances from affecting
the repeater by inserting wave-filters be-
tween the telephone lines and the repeaters,

as shown, for example, in Figs. 10 and 11..

In this é)articular case, sald wave-filters are
designed to transmit all frequencies lying
within the limiting frequencies, say between
200 and 2200 cycles per second, necessary
for intelligible telephonic transmission of
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speech, while extinguishing currents of all

frequencies lying above 2200 and below 200

cycles per second. :
A further advantage attending the em-

ployment of the wave filter with the repeater.
_circuits lies in the fact that the balancing

artificial line need simulate the impedance
characteristics of the telephone lines only
over the limited range of frequencies neces-
sary for intelligible telephonic transmission
of speech, which permits of a more simple,
efficient, and economical artificial line.

The invention which consists in the co-
operative combination of the wave filter of
my invention with a repeater, as illustrated
in Figs. 10 and 11, is not embodied in the
appended -cladms, but forms the subject mat-
ter of my co-pending application, Serial
No. 101,845, filed June 5, 1916.

1 claim:— :

1. An electric wave-filter consisting of a
connecting line of negligible attenuation
containing lumped impedance in series with
the line -and lumped impedance in shunt
across the line, said impedances having pre-
computed values dependent upon the upper
limiting frequency and the lower limiting

frequency of a range of frequencies it is de-

sired to transmit without attenuation, the
values of said series and shunt impedances
being so proportioned that the structure
transmits with practically negligible atten-
uation sinusoidal currents of all frequencies
lying between said two limiting frequencies,
while atténuating and approximately ex-
tinguishing currents neighboring frequen-
cies lying outside of said limiting frequen-
clies. :

9. An electric wave-filter consisting of a
connecting line of negligible attenuation
composed of a plurality of sections, each sec-
tion including a capacity element and an
inductance element, one of said elements of
each section being in series with the line and
the other in shunt across the line, said ca-
pacity and inductance elements having pre-
computed values dependent upon the upper
limiting frequency and the lower limiting
frequency of a range of frequencies it is de-
sired to transmit without attenuation, the
values of said capacity and inductance ele-
ments being so proportioned that the struc-

ture transmits with practically negligible

attenuation sinusoidal. currents of all fre-
quencies lying between said two limiting fre-
quencies, while attenuating .and approxi-
mately extinguishing currents of meighbor-
ing frequencies lying outside of said limiting
frequencies. .

3. An electric wave-filter consisting of a
connecting line of negligible attenuation

7

containing lumped capacity in series with

the line and lumped inductance in shunt
across the line, said capacity and said in-
ductance having precomputed values de-
pendent upon the upper limiting frequency
and the lower limiting frequency of a range

-of frequencies it is desired to transmit with-

out attenuation, the values of said capacity
and inductance being so proportioned that
the structure transmits with practically neg-
ligible attenuation sinusoidal currents of all
frequencies lying between said two limiting
frequencies, while attenuating and approxi-
mately extinguishing currents of neighbor-
ing frequencies lying outside of said limit-
ing frequencies. :

4. An electric wave-filter consisting of a
line. composed of a plurality of sections,
each section including a condenser and an
inductance coil in series with the line,and an
inductance coil in shunt across the line, said
condensers and inductance coils having pre-
computed values dependent upon the upper
limiting frequency and the lower limiting
frequency of a range of frequencies it is
desired to transmit without attenuation, the
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values of said condensers and said induc- .

tance coils being so proportioned that the
structure transmits with practically negli-
gible attenuation sinusoidal currents of all
frequencies lying between said two limiting
frequencies, while attenuating and approxi-
mately extinguishing currents of neighbor-
ing frequencies lying outside of said limit-
ing frequencies.

5. An electric wave-filter consisting of a
line composed of a plurality of sections, each
section including a condenser in series with
the line and an inductance coil and a con-
denser in parallel in shunt across the line,
said condensers and irnductance coils having
precomputed values dependent upon the
upper limiting frequency and the lower lim-
iting frequency of a range of frequencies
it is desired to transmit without attenuation,
the values of said condensers and said coils
being so -proportioned that the structure

transmits with practically negligible attenu--

ation sinusoidal currents of all frequencies
lying between said two limiting frequencies
while attenuating and approximately ex-
tinguishing currents of neighboring fre-
quencies lying outside of said limiting fre-
quencies. ,

6. An electric wave-filter consisting of a
line composed of a plurality of sections, each

‘section having a condenser and an induc-

tance coil in series with the line and a con-
denser and an inductance coil in parallel
in shunt across the line, said condensers'and
inductance coils having precomputed values
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dependent upon the upper limiting fre- neighboring frequencies lying outside of

quency and the lower limiting frequency said limiting frequencies.

of a range of frequencies it is desired to In testimony whereof, I have signed my
transmit without attenuation, the values of name to this specification in the presence of
& said condensers and said coils being so pro- two subscribing witnesses, this ninth day of 15

portioned that the structure transmits with July 1915.

practically negligible attenuation sinusoidal GEORGE A. CAMPBELL.
currents of -all frequencies lying between Witnesses:
said two limiting frequencies while attenu- Georce E. FoLxk,

16 ating and approximately extinguishing Jornn R. Carson.

Ce_rtiﬁcate of Correction.

‘ Id:ls hereby certified that in Letters Patent No. 1,227,113, granted ?%ay 22, 1917,
upon the application of George A, Campbell, of Montclair, New Jersey, for an.

, improvement in ¢ Electric-Wave Filters,” an error appears in the printed ifica-
tion requiring correction as follows:: Page 5, below line 25, for En’mula 311')—'—'

| G ()] (1]

and that-the said Letters Paterit should be read with this correction therein that the

same may conform to the record of thé case in the Patent Office.
. Bigned and sealed this 9th day of Oétober, A. D., 1923.
[erar] . -

- WM. A. KINNAN, - .
Acting Oomxmz'ssioner of Patents.




