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70 all whom it may Yy coneern..
Be it known that I, Hexry W. ELSAS&ER,
a citizen of the Umted States, residing at

- New York, in the county of New York fmdr.
6 State of New York, have invented Lert?m
or
Klectric Currents, of whlch the iollowmg 15
- a gpecification.

Improvements in l'requency Filters

t 1s an object of my mventlon to prowde

10 a new and improved wave filter for alter-

‘nating currents of various frequenmesa

other object of my invention is to provide

ll have a substantially

~to describe those embmhmem
.- understanding that the inv ention will be de-

“fined 1 the ﬂppended claims, -
In the drawings, Figure 1 g a dlaﬁ*mm-
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" vention

aragram llust

an input termination for a filter of known
| type, so that the filter thus terminated shall

have dig-
limited number of ﬁ*pwlﬁu embodi-
ments of the invention and I now proceed
with,

oi a wave filter, or other arfificial lire, with
my improved mput terminal network com-

bined therewith; Fig. 2 is a similar dlagram

for a filter of apecml type, that 1S, 4 SO-
called “low-puass” filter: ¥lg. 8
showing how

Fig. 4 is a
aling a I""ﬁi}dlﬁm}flbﬂ of the
fpparatus aimn cin Fig. 35 Fig. 5 .:md I‘w

!;me to balane e an ocean cable;

6 are diagrams for compavison with Iig. N

in connection with the explanation oi the
theory thereof; Fig. 7 is a diagram that will
be referred to when occasion arises to dis-

cuss the mid-shunt characteristic inpedance

ot a filter; or other recurtent network; I‘ig

8 is a diagram by the aid of which mw,r 1m--
proved filter may be compared with other
types with respect to 1ts equality of substan-

tial constancy o1 mmpedance and Iig. 918 a

diagram for comparison with Hig, 1 in con-
nection with the explanatmn of the theory
of the apparatus of Fig. 1. =

_constant impedance -
- over the free transmlssmn range of fire-
1 ‘quencies, or over the most ecs*ﬂntmi part of
fauch range.  Still another object of my jn-
o as relation to providing an.im-
so proved balancing network for ~ocean E‘..!hlb
operatwn.
- In the followmﬂ* 5pwmmtmn taken with
the ae Ompm*ﬂmg drawings, 1
closed 'e]unem or oi a shunt element.
the filter begins at the terminals B and D
‘in mid-series te: rinination,
“the hrst series 1mpedwce is -only half the
‘regular value, all the shunt impedances being
'- the sane.

extending to the uﬂht from terminals B and

the

18" 2 dlaﬁlall’l'
ny - invention may be em-
bodiﬂ-d in the construction of an artificial
-_the input end. of 1
pedance of the combination: substantially

Senal Nn 448, (}29

As 1s lmawn there 1s a class of a,rtlﬁcml '

lines, each of which consists of a network of
recurrent sections as in Fig. 1, where Z, is a

~series impedance, Z, is a shunt 1mpedance,

and the combination of these two impedances
is repeated successively in the structure
from left to right.

In practice, s moderace finite number of
seclions wﬂl behave almost like the infinite
network and the practical filter or other ar-
tificial line consists of such a fnmite number
of sections mm bﬂlt‘lblﬂ Lermmal modlﬁca-

tions.

stated br 1@&? and generatly. such a net-
work, functioning as a niiter transmits freely
currénts of a Hequency lying within a cer-

tain range : n{:. shunts ont {,m‘ent {)f a fre-
quency lﬂmn m ancther

ange.
At the nput end the flfer may be ter-
minated at any fmwomu point of -a series

In ig. 1,

H taving given the filter proper,

1) as Slm wn in Fig. 1, T will now call atten-
tion to my improved input terminal network.

Thus consists of the various impedmceq hav-

g the values Z4,/4, 4,/2, Z 2 and Z,, dis-
pmed and connected as shown in the dia-
gram. 'The f,i'FeeL of this net interposed at
he filter is to make the im-

constant over the free tran f‘mlttmg Tange, or
more neaviy cmstaﬂt the D it wonld be Nlﬂl-
out the mt

interposed network: will ‘be demonstrated

presently.

A more specific 1llustratmn is given in Fig.
2, where the filter is of the “low pass” type,

'_-meanmﬂ* that it freely transmits all “fre-

quencies up to a 'cértain critical value of fre-
quency, but ‘shunts out currents of higher
frequency. In the low pass filter, the series

unpedances Z, are sinply the impedances of

the mductmn coils L, and the shunt im-
pedences Z, correspong to the reactances of

The theory of such a
-network may be developed far an infinite
~numbe1 of sections extending from a given

A pair of termminals such as B and D in Fig. 1.
I~

That this is the effect of the
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which 1eans that
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the shunt condensers C,. The construction

~ of the network will be apparent from Fig. 2

10

15

20)

25

- 30

85

40

30

95

100

and it will be understood that the condensers

“of capacity 2C, correspond to the 1mpedances

Z,/2 of Fig. 1. - |

The problem of balancing :« long ocean
cable is one of considerable importance, for
such cables are always operated by the bridge
method. which requires an artificial line
whose impedance should be essentially the
same as that of the eable for a considerable
range of frequencies. Fig. 3 shows the usual
bridge at one end of the cable G, balanced
against the artificial line or network H.
This consists of an artificial balancing net-
work of known type designated H’, con-
nected through a few sections of the artificial
line having my improved input termination
as shown in the diagram, where the con-
struction is so fully shown as not to require
verbal exposition. . | ,

In Fig. 4, a somewhat different. arrange-
ment of the balancing network for the cable
has been shown. The theory of these net-

works will be understood after explanation
of the general theory has been given.

As T have stated, an advantage of my im-
proved filter and terminal network is that

they have a nearly constant impedance over
the free transmitting range. To show this,

I will compare their impedance over this
range with the impedance of the same filter
but with the common mid-series or mid-
shunt termination, which has heretofore been
employed. The mid-series termination 1is

the one shown for the filter at the terminals

B and D in Fig. 1, as already explained.
The mid-shunt termination is shown in Fig.
7 where it will be apparent that the filter
begins with a shunt element of half the usual
admittance, that is, with the impedance 2.,
the series elemen:s all being equal and the
remaining shunt clements all being equal but
having the impedance value Z.,. '

-\'\H
Y

Z =ZD

1,868,145

The mid-series characteristic 1mpedance
across the terminals B and D in Fig. 1 i,
of course. the same in the infinite filter as
across any other mid-series points. Hence
we have the following equation:

- . 1
Lus=g+1 1
Z_+r
2 _E+f
2 1§43

the solution of which gives

7 2
Zm5=\/Zl Z2+é.:f‘*'

‘Having obtained an expression for the
value of the mid-series characteristic mm-
pedance Zpn.. it will now be shown that we
cant substitute for Fir. 1 ihe simpler finite
diasgram of Fig. 5. For the star at A 1n
Fig. 1, T substitute the equivalent delta A" m
Fie. 3 comprising  the three impedances
5Z.,/2, b4,/% and HZ,/2.  These values are

(1)

obtained by the well known “star-delta”

6L

transformation, as explained, for example,

n paragraph 84 and context, § 2 of the
“Standard Handbook for Electrical Engi-

neers.” 4th edition. published in 1915 by the

McGraw-Hill Book Company.

With this explanation, 8 mere inspection

of the diagrams will show the validity of the

substitution of Fig. 5 for Fig. 1 in the prob-
lem of obtaining the vaiue of Z. Iig. 6 rep-
resents a further stage where the two par-
allel impedances between the points E and

[ are combined into the single mmpedance

F 12 (102,24 ) . _

By combining the® parallel branches be-
tween J and F in Fig. 6, then between J
and E, and representing the produpct Z,Z, by
,Z.2 and the quotient Z,/Z, by ¢?, the result

o+ 15 reached by ordinary p}*o'cedure, that

(25 11g°+¢) +VTHGTE (204184 +20) o

—

2

At this point I will digress briefly to de-
velop a value of Z, to be substituted there-
for.. Making use of the symbols Z; and g
that have just been defined, it follows from
Equation 1 that

3
Zm-=Zo\/ 1 +%"; (3)

In connection with Fig. 7, it will readily be
seen that

10+ 10¢2 + 2¢* + /1 + ¢%/4 (129 +44°)

whernce

Zmuh "‘~ZO T E 1 (4)
RS \/1 +39

Adding Equations 3 and 4, the result is ob-

tained that
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for the impedance Z of the combined filter

~ interest, the absolute value of ¢ 1s always:

1

15

20

29

30 o
Thus it will be seen that not only in the par-

- in general, Z is more nearly constant (and

- siderable bhut it is a deviation that gives the

1,508,145

Substituting this value of Z, in Equatioh O aives

: Z_Zml'l'zmlh_

R il +95)\/1+%92+(90 +23¢°+ ;§‘9"+%9*’)

2

v ;
(5)

. — i
) (249+1193+¢)\/ 1+50°+ (20 +

The foregoing Equation 5 is an expression

and terminal network of Fig. 1, in conven-
ient form for demonstration of the substan-
tial constancy of the value of Z. -

In the applications that are of practical

less, usually much less, than unity. ‘Thus n

the wave filter ¢<<1 for the free transmait-

ting range and the inequality 1s the more

«lecided over that part of the range that 1s

most. useful. Accordingly in KEquation &
we may neglect powers of ¢ higher than

the first and write

b=—"—

(1+5055) ©

From Equation 3, it will be seen that as

¢ departs from zero, Zy, increases from Z,;
and from Equation 4 it will be seen that at
‘he same time Zne decreases from Z, For

“the particular case of Fig. 2, these facts are

shown by the diagram of Fig. 8. In this
case, the abscisse are frequency ratios in-
stead of values of ¢, but this will be readily
appreciated when 1t is understood that for
the low-pass filter of Fig. 2, | |
1 | S S ;_
ga=%5ﬁi2wﬂ‘/27rf$0a” Artla Gy -yt

ticular case involved in Figs. 2 and -8, but
equal to Z,) than is either Zpy, or Zgwm. For
frequencies near the end of the free trans-
mission range, opposite to that for which
Z=2,, the deviation evidently becomes con-

filter as a whole an increasing impedance,
so that its only effect is somewhat to hasten
and blur the point of cut-off at the corre-
sponding end of the frequency range.

The mid-series and mid-shunt termina-

tions for which the impedances are repre-

sented by Z.. and Zne are common filter
terminations; it will be seen that compared

~ with these terminations, my improved ter-

&0

mination gives a more nearly constant 1m-
edance over the free transmitting range of
¥mquencies. *
- A helpful view of the improvement msy

which the structure is apparent. ‘'The con-
ductor extending from K to M being consid-

. 1/2 (?fma+zmah) ‘

4. 131,
29 + 59 t59") |

ered. to have zero resistance, the diagram

evidently exhibits two filters in series, the
first lying between the terminals N and

HH

K—M and the second between K—M and P.

The first of these two filters has mid-series

termination, the second mid-shunt. Their

combined impedance across the terminals N

El]](l J.) is Z1n5’+Zmuhr-

Replacing Z, and Z, by Zl/Q' and Z.,/2 in

Equations 1 and 4, the combined impedance
of the network of Fig. 9 is found to be.
By the same course of rea-

.

60

85

soning presented heretofore in connection -

~ with Fig. 8, the impedance of the network
" of Fig. 9 is more nearly constant than is the
'impegance of either of its two component

filters which are connected in series. HKqua-

‘tion 6 amounts to a demonstration that the

be

resistancéless connector K—M may

omitted between points K’ and M. For

‘some purposes, it may be preferable

to kee

the connections the same as in Kig. 9 insteas
of as in Fig. 1. | -

. Whereas Fig. 9 represents the two filters

of respective mid-series and mid-shunt ter-
mination connected in series, Fig. 4 shows

two such artificial lines connected in par-

allel. Here again the resultant impedance
across the terminals of the combination
averages the impedances of the component
elements and gives a more nearly consiant
value. | L |
Ielaim: , '

1. A wave filter of the recurrent section
tvre and a network at the input end con-
sisi'ng of a midseries input network and a

‘midshunt input network connected in Series

between the input terminals and across the
main body of the said filter whereby the

filter has an impedance value approximately __
the average of the values that it would have

with cach termination alone.

2. A filter of the recurrent section type
having two input terminals and an input
terminal network comprising two series im-
pedances connected respectively to the two
terminals of the filter, and an impedance
star with one ray resting connected with an
intermediate tap in one of said series im-
pedances and the other rays connected to the

. ‘respective ferminals of the other series im-
he afforded hy consideration of Fig. 9, for --

pedance.

0

5.

80
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3. A wave filter of the type having recur-

rent sections extending from a pair of input



e

1

4

terminals, said filter being the equivalent
ot two filters with their mput terminals con-
nected in scries, one of them having a mid-
series termination at the input end and the
other havinge a midshunt termination at the
mput end wher eby the impedance of the
filter as a whole averages the 1mpedances
that would be obtained if the filter had
either of said terminations alone.

4. A wave filter of the recurrent network
fype. two input terminals therefor, respec-

tive bmpedance  elements connectmﬂ' said

satd terminals and a three ter-
with one terminal associated

filioy with
nunal mesh

1,568,145

with one zaid nnpeddnce element and the 15
other two terminals associated with the other
S ud unpedance element.

A wave filter of the type lmvmg recur-

> vnt sections and having its impedance made

~ithstantially constant over a considerable 20-
frequency range, this resuit being secured
by an 1nput ferminal network combmmg
the properties of a midseries endmg and 2
midshunt ending.

In testimony whereof 1 have Slﬂ‘ned my
nanie to this spece ification this 18th (lay Of

1{5[}111&1) 1921.
HENRY W. ELSASS ER
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