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~Thisg invention relates to frequency-selec-
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HENRY W. ELSASSER, OF NEW YORK, N. Y., ASSIGNOR TO AMERICAN TELEPHONE AND
- TELEGRAPH COMPANY, A CORPORATION OF NEW YORK.

, FREQUENCY SELECTIVE CIRCUTTS. -

Application flled August 13, 1820, Serial No. 403,387.

To all whom it may concern:

Be it known that I, Henry W. Ersasskr,
a citizen of the United States, residing at
New York, in the county of New York and
State of New York, have invented certain
Improvements in Frequency Selective Cir-
cuits. of which the following is a specifica-

tive circuits. | |
It contemplates a network of impedances
having a period of series resonance and a
periocf of paralle] resonance, so that its im-
pedance for a certain frequency of current
1s very low and for another, very high.
The invention proposes, further, the use of
a network of this character in combination

~with other impedance elements in a periodic

structure of the type illustrated and de-
scribed in the patents to . A. Campbell,
1,227,113 and 1,227,114 of May 22, 1917.
Certain new and useful types of wave fil-
ters are thus arrived at, the characteris-
tics of which are explained hereinbelow.
This application is related to certain co-
pending cases, Serial Numbers 403,368, 403,-
369, 403,370, filed of even date herewith.
A good understanding of the invention

may now be had from the following de-
scription of certain specific embodiments

thereof, having reference to the accompany-

ing drawing, in_which,

- Figure 1 is a diagrammatic view showing
one form of network embodying the inven-
tion, R -
- Figs. 2 to 5 inclusive, are diagrammatic
views showing various types of filters com-
prising the network of Fig. 1, _

Fig. 14 is a graph showing the variation
with a frequency in the impedance of the
network of Fig. 1, and '

the variation in attenuation of the filters of
Figs. 2 to 5, respectively. S '

Similar characters of reference designate
stimilar parts of the several views.

The network of Fig. 1 consists of a con--

denser C, in series with a pair of parallel
paths, one of which contains an inductance
I., and the other of which a condenser C,.
The impedance of the condenser C, is—

1
‘w01’

where  is written for 4/ —1 and w equals 2« f,

'[ being the frequency of the current. The

impedance of the parallel resonant path is

wly
1-vwL,C,’

hence the impedance value of the entire net-

work is

Zmi| Tt mwes] O

Place for convenience

f1="—£" (2)

where f. is the frequency at which L, and
C. are resonant. Substitute equation 2 in
equation 1 and simpiify. Then -

S 1
&=L [(1 -~

where

.
The expression in the brackets of the above
equation may be placed equal to K. Then

Wy = 2Tfr —

Z=—=yw.L,K (4)
where |
| N P B
B )
IC;

The variation in the value of K with fre-
quency 1s shown by the curves of Fig. 14, in

- which the values of K are ordinates and the
ratios of
indicate als

_ _ ~ance of the network changes with frequency,

Figs. 2* to 54, inclusive are graphs showing

to f. are abscisse. These curves
the manner in which the imped-

as may be seen by an inspection of equation

4. At low frequencies the impedance of the

network is negative, but as the frequency is
raised, the impedance changes from negative

to positive, the point of crossing of the axis

of abscisse denoting series resonance of C,
and the combination of C, and L,, or zero
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impedance of the network. The impedance

then increases until, at the frequency at

 which L, and C, are in parallel resonance, its
value is
- changes sign and thereafter decreases,

infinite. e impedance then

proaching zero at infinite frequency.
network, therefore, has two periods of reso-
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nance, & period of series resonance at one
frequency and a period of parallel resonance
at a higher frequency. The period of par-
allel resonance gepends on the relative value
of only two impedance elements, namely L,

and C,, and the period of series resonance is

govemed by the Values of all three reactances.
The curves of Fig 14 are drawn for an 1deal
network containing no resistance or other
dissipative elements, but in an actual case,
the resistance may be made so small that its
effect 1s practically negligible. It thus a
pears that the network of Fig. 1 may
used as a selective circuit for passing current
of series resonant frequency and preventing
the passage of current of parallel resonant
frequency.

I have found, moreover that bv employmg -‘

the network as a shunt and series impedance
in a periodic structure like that discussed
in the Campbell patents hereinbefore men-
tioned, certain new types of wave filters are
arrived at, which filters have certain new
and valuable characteristics which I shall
now describe.
Figs. 2,3,4 and 5 illustrate four types of
filters emplovmg the network of Fig. 1, the
first two of these views showing the network

as a shunt 1mpedance element and the last

two as a series impedance element of

the filter section. Figs. 2 and 3 show

an inductive and a capacity reactance,
respectively as the series impedance element,
and Figs. 4 and 5 show the same re&ctance&,,

respectively, as the shunt impedance ele-
ment.

The proper“mes of the above filters may be
determined from certain ma,thematlcal eX-~
pressions which set forth the relations exist-
ing between the frequency of current and
the impedance elements of the filters. In the
Campbell patents hereinbefore mentioned, it
was shown (equation 2) that for a periodic
structure of the type now under considera-
tion, In which the series impedance per sec-
tion 1s Z, and the shunt impedance per sec-
tion 1s ZE, the attenuation per section of the
filter may be derived from the relation

cosh / '=1/2 (—% +1 (6)

1,868,141

in which 1/ ‘ denotes the propagatlon con-
stant of the structure. The variation of the
attenuation of any filter with frequency of
current may, therefore, be deduced from

equation 6, when the correspondmg values of
Z, and Z, are substituted therein. For the
filter shown in Fig. 2, the value of Z, 1s

. Z1_=.7wL0. (7)
and (according to equation 4 above),
Z,=jw.L,K (8)
6o

The resultant equation for cosh /7 is,
therefore,

cosh / '=

Flg 24 1s a graph showing the variation
of the attenuation of the filter of Fig. 2, as
computed from equation 9. The axis of the
abscissee 1s laid off in ratios of £ to . and the
ax1s of the ordinates in values of the attenu-
ation constant per filter section. An inspec-
tion of the curves shows that the attenuation
1s nil for two ranges of frequencies, f, to f,
and f, to f.. The filter,inother Words,passses

b9

60

1 qwl,
§ ?-wr 3K+1

(9)
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~without attenuation, only such fr equencies

as lie below £, or between f, and f,. It is,
therefore, a combined low-pass and band -

ter and performs the functions of both. It
1s characterized, moreover, by having infinite

attenuation at a frequency fu which is close
to f,, and 1t discriminates, consequently,

with particular sharpness against frequen-
cies just above the upper limit of the low-
pass range.

The frequencies f,, f, and 7, may be evalu-
ated as follows: it was shown in the sald
Campbell. patents, that for unattenuated
transmission, .~ ' must be a pure 1magi-
nary, and that, therefore, the value of cosh
/_' must lie between =1. The frequencies
which limit the ranges of free transmission
may consequently be determined by placing
equation 9 equal to +4-1 and —1 respectively,
and solving for f. When this is done, it
will be found that the roots are respectwely,

fo=0.

00

26

100

LyCy, ,Cy |, L‘,C;[
Ja= ‘/11203_'_4 2+4_K/ Lzoz +4) Lzoz (10)
| 21.,Cy
=gy, Y .
LDC1 Cl L{:Cl
fo= ‘I/ +4 +4+‘%/(L¢ +4 + 4) L,C, (12)
21@01

The frequency fu, at which the attenuation

is infinite, may be evaluated by placing
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etﬂmtion o equaI to o -and sofving for s
whence ' -

B Y s ma
f o 21'JE(C§; +GCy) (13)
The attenuation characteristics of the

remaining filters may be arrived at in a
similar manner. The curves of Fig. 34

' substantial attenuation only a single band,

the limiting values of which are f, and fs.
The filter is further characterized by having
~ infinite attenuation per section at a fre-
;5 quency fn below f,. This frequency may be
'ghosen within the lower attenuated range,
but preferably so as to lie close to fi,.s0
.~ that the filter has a sharp “cut-off” at the
lower limit of the transmitted band.
- The frequencies f,, fu, and fn may be
evaluated similarly as the limiting fre-
quencies of the filter of Fig. 2. The expres-
sion for cosh /' in the present case 1s,
since Z, is a capacity reactance, -

- | . 1
i TG, .
cosh / f—]./ziw”f[qK'Fl* (14)_.

By placing equation 14 equal, res stively.
30 to 41 and —1, simplif_ygng,? amfec solviné
for f, the roots will be found to be

20

Lo
7 |

show that the filter of Fig. 3 passes without -

‘serves consequently as a combined band and

‘the high-pass band. These curves have been
derived from the expression.

~ which is similar to eqﬁation 9 except that

fum 1 35
- 2x/LaC;
When equation 14 is placed equal to « and
solved for f/, the frequency of maximum

attenuation, fu, is found to be

(16)

40

e 1 1 -
The curves of Fig. 42 show that the filter
for KFig. 4 is similar to that of Fig. 2 in
that 1s has two ranges of free transmission.
It differs therefrom, however, in that 'it

‘passes all frequencies above a certain value,

fs» without substantial attenuation, and 50
high-pass filter. The frequency fn, at which
the attenuation is infinite, may be so chosen
as to he close to f,, thus giving the filter a
sharp discrimination at the lower limit of

coéh /—"- 1 lzﬁ'f'-I”K—'

Fwle +1 (18

60
the value of Z, and Z, are interchanged,
the shunt impedance of Fig. 2 being the
series impedance of Fig. 4, and vice versa.
The limiting frequencies are obtained, as

before, by placing cosh /" equal to -}1 65

=\ OO OO (9 e - ey sad wlving for .
| SRR I8 7 A P T2 7% A IS A 02
f.-;-l;‘/ oot -y (St ot ) 180G (19)
PR U s
f’_ﬁ;, L (Cy 4+ () (20)~ |
G G Lo Gy LG
f-'zh/ﬁlj_&f"g;*” (4r2citait1) 190G en

fi=o

The expression for the frequency of maxi-

mum attenuation, f, is obtained by placing

c'I?;h /" equal to « and solving for f.
en _ - o

70

.
U T, o

The curves of Fig. 54 show that the filter
of Fig. 5 is of the single band type and
similar to that of Fig. 8, differing there-
from, however, in that the frequency of in-
finite attenuation lies in the upper attenu-
ated range. This filter, may caused to
have a sharp “cut-off” at the upper limit of

' 76 (22).

80

L1
| fh T 2r L,(4C,C;+ C.C; +CoCy)

the band. The attenuation curve of Fig. 54
1s derived from the expression,

85

cosh =1y (g
_ i

ahd the values of f, and f, and fn are ob-
tained by placing the above expression for
cosh /" equal to +1 and —1 and e,

respectively:

_- 1 1 *
femVnaray @
Co+4C,

90
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(25)
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It should be noted that the attenuation
curves herein illustrated refer to the ideal
structure in which the resistance of the im-
pedance units 1s zero. In a practical filter
there 1s a departure from these curves, ow-
Ing to energy dissipation. In any case,
however, the resistance may be made so
small that the departure from the ideal 1is
practically negligible.

The formule 10-13, 15-17, 19-22, and

(26)

2126, given above, may be used in design-

ing filters to meet any specified sets of con-
ditions. Since there are four independent
impedance elements in each filter section,
any four properties of the filter dependent
upon the values of the impedance elements
but independent of each other may be
chosen at will. For example, in the design

of a filter of the type illustrated in Fig. 2,+

two of the design conditions may be taken
as the frequencies f; and f,, and the third
as f,, thus defining the ranges of free trans-
mission. This leaves one condition open to
choice, and this may be taken as the im-
pedance of the filter at any desired fre-

quency, or as the value of any one of the
elements of the filter section. In the design
of a filter of the type of Fig. 3, two of the

design conditions may be chosen as the fre-
quencies j, and fy, and the third ss 7, thus

1,568,141

jeaving the fourth to be chosen in accord-
ance with any other condition that may
prevail. Similar considerations apply to
the remaining types of filters.

As an example of the application of the
formulee, let it be required to design a filter
of the type illustrated in Fig. 3, which shali
transmit irequencies between 400 and 2500
cycles, and which shall have maximum,
ideally infinite, attenuation at 860 cycles, so
that 1t has a particularly sharp cut-off at
the lower limit of the fresly transmitted
range. Hrequencies fy, /» and fn are thus
specified as 400, 2500 and 360 cycles respec-

36

a

tively. As a fourth design factor let it be

assumed that certain considerations dictate
that the value of L, shall be .5 henry. Ap-

plying formula (16), we find that

1

2500 = —> .
27 4/.5C,

“hence

C,=.00810 microfarads.
Substituting in (17), we have

1 i
300 =5 5(C, +.00810 X 109)

(C,=.383 microfarads.
Finally, according to formula (15)

1 _

4C,+.383 X109

400 = —

Therefore ,=.398 microfarads.

All the constants of the filter are thus de-
termined. It will readily be seen that, in-
stead of the above-mentioned set of condi-
tions, any others involving ‘the filter im-
pedances may be imposed, it being under-
stood that the above example is merely a
simple illustration, and in no way limits the
invention.

Although only certain forms of filters

embodying the invention are shown and de-

scribed herein, it is readily understood that
various changes and modifications may be
made therein within the scope of the follow-
ing claims, without departing from the
spirit and scope of the invention.

What is claimed is: __ -

1. A wave filter of the type having like
recurrent sections and in which each section
consists of a series element and a shunt ele-
ment, one of these elements consisting of a
capacity reactance in series with a plurality
of paths in parallel with each other, one of
sald paths comprising inductive reactance
and the other of said paths comprising ca-
pacity reactance. |

2. A wave filter of the type having like

"
. .
b
1 ) -
o
-
P

2\ .5(.383 X 10—°X.00810X 10—+ 4C, X .383 X 10— 4-4C, X .00810 X 10-°)

recurrent sections and in which each section
consists of a series element and a shunt ele-
ment, one of these elements consisting of a
reactance in serles with a plurality of paths
in parallel with each other, one of said paths
comprising inductive reactance and the other
of sald paths comprising capacity reactance.

3. A filter for an electric circuit, consist-
ing of an impedance in series with the cir-

cuit and an 1mpedance in shunt thereto, one

of said impedances consisting of a single
reactance element and the other of a net-

work comprising a capacity reactance in

series with a pair of parallel paths, one of
which consists of a capacity reactance and
the other of an inductive reactance.

4. A filter for an electric ecircuit consist-
ing of an impedance in series with the cir-
cuitt and an impedance in shunt thereto, one
of sald impedances consisting of a single re-
actance element and the other of ‘a net-
work comprising a reactance in series with

50
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a pair of parallel paths, one of which con-

sists of a capacity reactance and the other
of an inductive reactance.

5. The method of discriminating among -

alternating current components according to

120
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their frequency which consists In passing

currents of frequency from zero to a certain

finite frequency, then attenuating currents
of higher ‘frtequt-:-,nc{1 up to another certain
finite frequency with a maximum of attenu-
ation close to the lower of these two fre-
quencies, and then passing currents whose
frequency ranges from the upper limitin

frequency previously mentioned to a thir

frequency still higher and attenuating all

currents of frequency higher than the last

mentioned frequency.
- 6. A wave
recurrent sections and having a serles ele-

15 ment and a shunt element in each section,

20 bounded by a

-said filter embodying means in said elements

to provide two separate ranges of frequen-

- cies for free transmission, one lying between

finite bounding frequencies and the other
_ ite frequency and extending
thence over the whole remaining frequency
range on that side. . :
7. A wave filter of the type having like

recurrent sections and having a series ele-

25 ment and a shunt element in each section,

four reactances in each section and

ter of the type having hke

Fs
-
r

said filter embodying means in said elements

to provide two separate ranges of frequen-
cies for free transmission, one lying between
finite bounding frequencies and the other
range lying below the first mentioned range
and extending between a finite frequency

‘and zero. ' |

30

8. A filter of recurrent sections having

1ving
two free transmission bands, one bang hav-
ing bounds at finite frequencies, the other
extending from another finite frequency

bound over the whole frequency range on
that side, the values of the reactances being

determined as functions of the said three

finite bounding frequencies and of the char-
acteristic impedance of the filter at the ex-
treme of the free transmission range for
which there 1s only a single finite frequency
bound. - |

In testimony whereof, I have signed my
name to this specification this 10th day of
August, 1920. . |

HENRY W. ELSASSER.
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