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This invention relates to filters and more par-
ticularly to filters having a lattice type four-
terminal network comprising two reactance ele-
ments and two resistances in combination and
has for its object to provide a voltage filter eas-
fer in both the manufacture and the gdjustment,
but the voltage filter characteristic being sub-
stantially equal to that of the symmetrical lat-
tice type filters commonly used.

The common fliter heretofore in use is provided
by the circuit of a four-terminal network sole-
ly comprising reactance elements to transmit
the power within a certain range of Irequencies,
the power beyond thc range of frequencies belng
attenuated or not being transmitied. The re-
sistance component of the circuit is minimised
to provide agalnst resistance loss. The opera-
tlon characteristics and theory In the design of
the circuit has fully been studied by Cauer and
others, and the circuit has been found theoreti-
cally very satisfactory as a filter, but in order to
provide a satisfactory attenuation In one section
by the use of the circuit, the reactance elements
must be manufactured with high accuracy and
accurately adjusted in tuning, and consequently,
the manufacture of the circuit is considerably
difficult and after its completion the adjust-
ment is substantially impossible. Owling to these
difficulties, the circuit is not used in general with
salisfaction, though it is satisfactory on the
theory in the design.

In accordance with the invention there is pro-
vided a filter circuit easy in manufacture and
adjustment, which is provided by a lattice type
four-terminal network comprising two reactance
elements and two resistances in combination to
be operated with output terminals In nearly
opened condition.

The nature of the invention will be more fully
understood from the following detailed descrip-
tion and by reference to the accompanying draw-
ings, of which;

Fig. 1 shows a circuit diagram of a fllter here-
tofore in use;

PFig. 2 shows a fllter circuit diagram embodying
the invention;

Pig. 3 shows a low-pass filter circuit diagram
embodying the invention;

Pig. 4 shows an alternative filter circuit dia-
gram;

Fig. b shows another alternative fllter circuit
diagram; and

Fig. 6 shows the frequency-attenuation curves.

In Fig. 1 the conventional fllter circuit shown
as typical one comprises reactance elements Za,
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Za, one being inserted between terminals | and
2 and the other between other terminals I’ and 2°,
and other reactance elements Zb, Zb, one being
connected across the terminals | and 2' and the
other across the terminals 2 and I’. 1In this case,
the reactance elements Za, Za and Zb, Zb must be
manufactured and adjusted in tuning with high
accuracy, in order to provide a satisfactory atten-
uation in one section, and consequently the man-
ufacture of the circuit is considerably difficult
and after its completion, the adjustment is sub-
stantially impossible, as mentioned ahove.

Coming now to a description of the circuit ac-
cording to the invention with reference to PFig. 2
which illustrates one embodiment of the inven-
tion, the circuit comprises a reactance element Za
inserted betwecn an input terminal | and an
output terminal 2, another reactance element Zb
connected across the input terminal | and an-
other output terminal 2’, a resistance Ra con-
nected across another Input terminal I’ and the
output terminal 2 and another resistance Rb in-
serted hetween the input and the output termi-
nals [ and 2’ to form a four-terminal network.
The resistances Ra and Rb may be of any desired
values, and now for the sake of simplicity the
both value is assumed to be one ohm.

In this circuit, assuming that V, represents the
voltage impressed across the input terminals |
and I’, and Vs represents the voltage across the
output terminals 2 and 2’, the effective voltage
transmission ratio is given by the following for-
mula:

Ve Zb—Za

Vi @b+ (Za+ 1) (n
In the formula, when
VZaZbs1 (11)
we have: Pty
Vo _1-2b
Vio1+zZb urn
and -
r-—zb -

viz., when \/Za.Zb-,..l the effective voltage trans-
mission ratio will be unity and the voltage at-
tenuation will be zero. In the formula (I), when

Za
75 1 (V)
we have: Y =
V..
Vi Vi)
It follows that the voltage completely attenuates
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and consequently the essential In design of the
circuit according to the Invention resides in ap-

proximating the value of VVaZb to unity in the

voltage transmission band, and in approximating
the value of

Za

Zb

to unity in the attenuation hand, under the con-
sideration of the voltage transmission only and
it is apparent that the circuit designed in this
manner will bring about a satisfactory voltage
filter action.

It will be now seen that the relation between
the reactance elements Za and Zb In the for-
mulas (II) and (V) bears a resemblance to the
relation between the reactance elements Z& and
Zb In the symmetrical lattice-type network
(which will herelnafter be referred to as “Cauer
eircuit”) as shown in Fig. 1.

In the Cauer circuit,

VZaZb=Zo

4 i %_: tanh %

Zo1s the image Impedance.
# 1s the attenuation constant.

Cauer observed that it 1s the I{ndispensable
condition to keep the value of Zo in the trans-
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in the aftenuation zone to unity, and to derive
the calculating formulas of Za and Zb to meet
the conditlon. Such Cauer circult is, however,
the circuit solely comprising the reactance ele-
ments Za and Zb and {s quite distinetive from
the circult according to the Invention, which
comprises the reactance elements Zg¢ and Zb
and the resistances Ra and Rb, the resemblance
between both belng found only in the relation
between the reactances Za and Zb.

According to the invention, the values of Za
and Zb to meet the formulas (II) and (V) are de-
termined from the sald calculating formulas de-
rived by Cauer, by taking advantage of the re-
semblance between the relation between Za and
Zb in the circult according to the invention and
that between those in the Cauer eirecuit, and thus
determined values of Za and Zb, and any de-
sired values of Ra and Rb, for example 1 ohm,
are used, whereby satisfactory attenuation or
voltage filter action Is obtained.

When the Input impedance of the circuit ac-
cording to the Invention on the side of the in-
put terminals | and {’ is represented by Zu,

_ (1-+Za)(1+2b)

V=3 1Za+Zb (V1)

zZ

In the transmission Zone, substituting in the
equation (VIII) the equation (II), that is,

VZaZb=1

we have:
ax)

Zi=1
‘Thus, in the voltage transmission zone, the in-
put impedance Zu {g 1 ohm and hence constant,
independently of frequency.
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In the attenuation zone, substituting in the
Equation (VIII) the Equation (V), that is,

[Za_
m—-l

Zu=Y%{1+2Za) (X)

Thus, In voltage attenuation zone, the input Im-
pedance Zi, {s not constant, and includes resist-
ances.

In the above, the values of Rz and Rb has
been assumed to be 1 ohm for simplicity, but in
the circuit according to the inventlon, substi-
tuting Za’ and Zb’ derived from the following
equations for Z& and Zb respectively:

we have:

_Za
Za—RE
Zb XD
Zb="gp
where
Ra=Rb=R
the transmission characteristics remain unal-
tered, while the input impedance Zi1 alters
into Zn' as given by
. Zn’
Zu= (XI1D

The values of Ra and Rb need not, therefore, be
1 ohm, and may be any destred value.

In the circuit according to the invention, it
is desired that the value of Ra is equal to that
of Rb, but Zu1 is not substantially affected by
a slight difference between Ra and Rb, which
may be an error in the manufacture. A slight
change of Ra may cause a sllght change of the
relatlve value of Za and Zb (see the Equations
XI), This holds good with Rb. The attenuation
characteristics may he determined by the value
of (Za—2Zb), as seen from the Formula (I), and
in the attenuation zone it is desired to be

Za
7o~
that is, Za==Zb, but Za can not be approximated
to Zb as desired in view of the technlcal skiil
on the manufacture of colls and condensers.
The fact gives rise to the fatal disadvantage in
the Cauer circult solely comprising Za and Zb.
Omn the contrary, in the circult according to the
invention, it 1s apparent from the foregoing that
the relative connection of Za and Zb or the
attenuation characteristics may easily be adjust-
ed by a slight regulation of Re and Rb, and con-
sequently the circuit may easlly bhe manufac-
tured. Fie. 6 illusirates the attenuation char-
acteristics, in which curve A in dotted line rep-
resents the undesirable characteristic when there
Is a slight difference between Za and Zb on the
manufacture, and curve B represents the im-
proved characterist!lc when Ra is slightly regu-
lated.

Fig. 3 illustrates an application of the ecircuit
as shown In PFig. 2 as a low-pass filter (trans-
mission} by way of example.

Fig. 4 {llustrates an alternate embodiment of
the invention, In which the reactance element Za
is Inserted between the Input and cutput termi-
nals | and 2, the reactance element Zb between
the other input and output terminals I’ and 2’,
as series elements, and the resistance Ra is con-
nected across the output terminal 2 and the
input terminal I’, the resistance Rb across the
input termipal I’ and the output terminal 2, as
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shunt elements. In this circuit, assuming that
V: is the veoltage Impressed across the Input ter-
minals 1’ and | and Va is the voltage across the
cutput terminals 2 and 2’, we have:

Ve  1—ZaZb
.~ (1 +2a) (1 - Zb) (X1
and if
VVavb=1 (XITV)
Y.
Vi
where is attenuation;
it
Va.
‘dﬁ"‘:l (X¥)
Vz o 1 —Zﬂ. .

where is transmission zone and is no attenua-
tiont, and the fllter characteristic is the reversal
of that in the circult as shown in Flg. 2. The
input impedance Zu 1s the same as that in the
cireult as shown in Flg. 2 and glven by the for-
mula (VHOI), and is constant in the attenuation
zone, while it 1s given by the formula (X) in the
transmission zone. This circult may also be
easlly manufactured and adjusted slmilarly to
the circult as shown In Fig. 2, and bring about
satlsfactory attenuation or voltage filter action.
In the circuit as described above,

L
Za
and
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may be used respectively In place cf Za and Zb
without altering the transmission characteristics,
and in this case the input impedance Zn is con-
stant in the attenuation zone, and in the trans-
mission zone will be

=51 +7;)

The circuit shown in Fig. 4 may be cennected
to the circuit shown in Fig. 2 in parallel as shown
in PFig. 5. In this case, the input impedance of
the clrcult is constant, it beling 1% ohm, In either

case VZaZb=1, or

(XVII)

4a

VA
and consequently the circuit shown in Fig., 5
may be used as an analyzer.

With the circuit according to the invention,
a slight loss due to the use of the reactance ele-
ments 15 also avoldable, but the resistance com-
ponent of one of the reactance elements is
higher than that of the other reactance ele-
ment, the resistance necessary for the balancing
of the reactance elements may be added to the
other reactance element, so that the atenuation
characteristics may be prevented from declin-
ing. It will be understood that the equivalent
circults of magnetostriction oscillator, crystal
oscillator, mechanlcal oscillator etc. substan-
tially similar to a reactance circult may be used
as the reactance elements of the circult accord-
ing to the invention, and that the circult ac-
cording to the inventlon may be utilized as a
retardation circult for voliage.

KENZO NAGAIL
SABURO UEMURA.



