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UNITED STATES 
HENRY W. ELSASSER, OF NEW YORK, NW. Y., 
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oh 

me 1,568,141 

PATENT OFFICE. 
ASSIGNOR TO AMERICAN TELEPHONE AND 

TELEGRAPH COMPANY, A CORPORATION OF NEW YORK. 

, FREQUENCY SELECTIVE CIRCUITS. ; 

Application filed August 18, 1920. Serial No. 403,367. 

To all whom it muy concern: 
Be it known that I, Henry W. Exsasser, 

x 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- 
tion. 

This invention relates to frequency-selec- 
10 tive circuits. 

It contemplates a network of impedances 
having a period of series resonance and a 
period of parallel resonance, so that its im- 
pedance for a certain frequency of current 

18 is very low and for another, very high. 
The invention proposes, further, the use of 

n network of this character in combination 
with other impedance elements in a periodic 
structure of the type illustrated and de- 

20 scribed in the patents to G. A. Campbell, 
1,227,118 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- 

30 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- 
35 tion, 

Figs. 2 to 5 inclusive, are di 
views showing various types of 
prising the network of Fig. 1, 

: Fig. 14 is a graph showing the variation 
40 with a frequency in the impedance of the 

network of Fig. 1, and 
Figs. 24 to 54, inclusive are graphs showing 

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

Similar characters of reference designate 
similar 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 

50 [... and the other of which a condenser C,. 
The impedance of the condenser C, is— 

OG? 
65 where j is written for -/—1 and w equals 2z/f, 

25 

ammatic 
ters com- 

45 

‘f being the frequency of the current. The 
impedance of the parallel resonant path is 

60 
hence the impedance value of the entire net- 
work is 

. wL, 1 
4=7| Tw, oO] 65 

Place for convenience 

f 
Si ra (2) 

where f, is the frequency at which L, and 7° 
C, are resonant. Substitute equation 2 in 
equation 1 and simprify. Then - 

_, | _ td 
L=jwly| (1-f2) -Cr} (3) 75 Aig, 

where 

1 

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

Z==jw,L,.K (4) 
where 85 

Ka fe 1 
(l—f?) fe (5) 

: 90 
The variation in the value of K with fre- 

quency is shown by the curves of Fig. 14, in 
which the values of K are ordinates and the 
ratios of f tof, are abscisse. These curves 
indicate the manner in which the imped- 
ance of the network changes with frequency, 
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 
impedance of the network. The impedance 
then increases until, at the frequency at 
which L, and C, are in parallel resonance, ita 
value is infinite. e impedance then 
changes sign and thereafter decreases, a 
proaching zero at infinite frequency. C) 
network, therefore, has two periods of reso- 110 
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mance, @ period of series resonance at one 
frequency and a period of parallel resonance 
at a higher frequency. The period of par- 
allel resonance depends on the relative value 
of only two impedance elements, namely L, 
and Cc, and the period of series resonance is 
governed by the values of all three reactances. 
The curves of Fig 14 are drawn for an ideal 
network containing no resistance or other 
dissipative elements, but in an actual case, 
the resistance may be made so small that its 
effect is 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 by employing 
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 employing the network of Fig. 1, the 
first two of these views showing the network 
as a shunt impedance element and the last 
two aS a series impedance element of 
the filter section. Figs. 2 and 8 show 
an inductive and a capacity reactance, 
respectively as the series impedance element, 
and Figs. 4 and 5 show the same reactances, 
respectively, as the shunt impedance ele- 
ment. 

The properties of the above filters may be 
determined from certain mathematical 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 is Z, and the shunt impedance per sec- 
tion is Zo, the attenuation per section of the 
filter may be derived from the relation 

cosh /“ '=1/2 G +1. (6) 

na Ss 

1 

toe, OD 

L,C C 1 os 1 _ 

tyne 
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in which . é . ' denotes the propagation 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 corresponding values of 
Z, and Z, are substituted therein. For the 
filter shown in Fig. 2, the value of Z, is 

Z,=jol, (7) 

and (according to equation 4 above), 

Z,—=jw;L,K (8) 

The resultant equation for cosh / is, 
therefore, 

(9) 

Jig. 24 is a graph showing the variation 
of the attenuation of the filter of Fig. 2, as 
computed from equation 9. The axis of ‘the 
abscisse is laid off in ratios of f to /, and the 
axis of the ordinates in values of the attenu- 
ation constant per filter section. 
tion of the curves shows that the attenuation 
is nil for two ranges of frequencies, f, to /, 
and f, to /.. The filter,in other words , passses 
without attenuation, only such fr equencies 
as lie below f, or between f, and f,. It is, 
therefore, a combined low-pass and band fil: 
ter and performs the functions of both. It 
is characterized, moreover, by having infinite 
attenuation at a frequency Tim which is close 
to f,, and it discriminates, consequently, 
with particular sharpness against frequen- 
cies just above the upper limit of the low- 
pass range. 

The frequencies /,, f, and f, may be evalu- 
ated as follows: it was shown in the said 
Campbell. patents, that for unattenuated 
transmission, .“_’ must be a pure imagi- 
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 +1 and —1 respectively, 
and solving for f. When this is done, it 
will ee found that the roots are respectively, 
fo= 

TeCr, LG, 
L,0,¢ yy —16FG, (10) 
2L,C, 

1 AY 1g uit 

LG (12) fie Lace £444 gf (GaGa 14,4) -16 

2inCy 

The frequency fm, at which the attenuation is infinite, may be evaluated by placing 

An inspec-: 
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uation 9 equal to « -and solving for ‘f, 
_ Whence 

a 1 |}. 1 

, haere 
The attenuation characteristics of the 

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

10 substantial attenuation only a single band, 
the limiting values of which are f; and fy. 
The filter is further characterized by having 
infinite attenuation per section at a fre- 

15 quency fm below f;. This frequency may be 
chosen within the lower attenuated range, 
but preferably so as to lie close to /1,.s0 

_' that the filter has a sharp “cut-off” at the 
lower limit of the transmitted band. 

The frequencies f,, fr, and f, may be 
evaluated similarly as the limiting fre- 
quencies of the filter of Fig. 2. The expres- 
sion for cosh / in the present case. is, 
since Z, is a capacity reactance, 

- 1 

cosh /~= 1/2 tl (14) 

By placing equation 14 equal, respectively 
to +1 and —1, simplifying, and solving 
for f, the roots will be found to be 

f 2 ~ (4C,+C,) _ 

1 ox L,(C,C, + 40,61 + 4C, 2) 
\ 

20 

ve
 

a
 

30 

(15) 

1 | 1 
Sima LC. i + C3) (20) 

show that the filter of Fig. 8 passes without — 

- which is similar to equation 9 except that 

1 85 
- 16 

: foro, 9 
When equation 14 is placed equal to o and 

0 solved for /, the frequency of maximum 
attenuation, fn, is found to be 40 

_ 1 1 ; 

fama iqeroy 
The curves of Fig. 44 show that the filter __ 

for Fig. 4 is similar to that of Fig. 2 in *° 
that is 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 
serves consequently as a combined band and 
high-pass filter. The frequency fm, at which 
the attenuation is infinite, may be so chosen 
as to lie close to /,, thus giving the filter a 
sharp discrimination at the lower limit of 
the high-pass band. These curves have been 

50 

55 

derived from the expression. 

wn 1 /oirlaK cosh /*= 1/2 fol, t (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 
and —1 respectively and solving for /. 

ence 

65 

peda ete VCE +i) 10 a9) 
eee) °° 

oi| stot oti ty (30,te*?) —16FG, (21) 
rs) 0X ¢ 

oO 

The expression for the frequency of maxi- 
mum attenuation, fn, is obtained by placing 
cosh /* equal to o and solving for f. 

en 

70 

1. 
75 - Sm oe JL,G, (22) 

The curves of Fig. 54 show that the filter 
of Fig. 5 is of the single band type and 
similar to that of Fig. 3, differing there- 
from, however, in that the frequency of in- 
finite attenuation lies in the upper attenu- 
ated range. This filter, may caused to 

80 

have a sharp “cut-off” at the upper limit of . 

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

85 

cosh /— = — 12a 41 (2a) 
ist 

and the values of f, and /, and fm are ob- 
tained by placing the above expression for 
cosh / ‘ equal to +1 and —1 and ~, 
respectively : 

90 

95 

1 1... 

fi “VEN, +C;) (24) 

- ; 0 1 hogy panne Qs) 100 wV L,(40,C,+ 0.0, + GC)
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Tt should be noted that the attenuation 
curves herein illustrated refer to the ideal 
structure in which the resistance of the im- 
pedance units is zero. In a practical filter 
there is 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 is 
practically negligible. 

The formule 10-13, 15-17, 19-22, and 
24-26, 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 /,, 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 7, and /,, and the third as /,, thus 

1,569,242 

leaving 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 
formule, let it be required to design a filter 
of the type illustrated in Fig. 38, which shali 
transmit frequencies between 400 and 2500 
cycles, and which shall have maximum, 
ideally infinite, attenuation at 360 cycles, so 
that it has a particularly sharp cut-off at 
the lower limit of the freely transmitted 
range. Frequencies 7/1, fr and fm are thus 
specified as 400, 2500 and 360 cycles respec- 
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 

204.505 

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

1 i 
360 =97-V 250, 4.00810 x10) 

2500 = 

hence 

hence 

C,=.383 microfarads. 

Finally, according to formula (15) 

400 = 
4C, + .383 X 10° 

Therefore C,==.898 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: ; 
j. 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 
said paths comprising inductive reactance 
and the other of said paths comprising ca- 
pacity reactance. 

2. A wave filter of the type having like 

1 / 
Qa .5(-383 x 10-* x 00810 x 10° + 40, x .383 X10 + 4G, x .00810X 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 series with a plurality of paths 
in parallel with each other, one of said paths 
comprising inductive reactance and the other 
of said paths comprising capacity reactance. 

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

36 
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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 frequency 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 filter of the type having like 
recurrent sections and having a series ele- 
ment and a shunt element in each section, 

rsaid filter embodying means in said elements 
to provide two separate ranges of frequen- 

- cies for free transmission, one lying between 

20 
finite bounding frequencies and the other 
bounded by a fnite 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, 

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 . 
four reactances in each section and giving 
two free transmission bands, one band 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 is 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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