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The present invention relates to electrical
filter systems for smoothing out unsteady
electrical” currents, and particularly to ar-
rangements for making such systems efficient

6 in the function of filtration with an econom-
ical use of filter apparatus. .

An object of the invention is to oppose the
effect of the fluctuating component of the
current in -one part of the system by the ef-

16 fect of the fluctuating component in another
part of the system to bring about a neutral-
izing smoothing out effect, thereby saving
in amount of filter material ordinarily re-
quired for effective filtration. :

15 ° Another object is to employ, when a sys-
tem permits of the division of the direct cur-
rent component of the work current, oppos-
ing flux effects in filter coils to avoid exces-
sive flux conditions tending to lessen in-

-5 ductance values of such coils. '

The.invention will be understood by refer-
ence to the figures of the accompanying draw-
ings in which like reference characters rep-
resent like parts so far as possible.

2 Fig. 1 diagrammatically illustrates a sim-

le electrical filter embodying my invention.

Yig. 2 illustrates a modification of the ar-
rangement of Fig. 1. Fig. 3 shows a filter ar-

rangement including the feature of divided -

%0 direct current components acting to reduce
flux intensity in a filter coil.

In Fig. 1 the filter system is shown sup-
plied from a source:S with a periodically
fluctuating current, such as a rectified alter-
nating current or commutated direct cur-

~rent. The filter system is shown to include
an inductance coil L spanned by condensers
C, and C;, and is indicated as being connected
to a work circuit including load E, such as
the plate circuit or circuits of one or more
three electrode vacuum tubes requiring di-
rect current energizing for operation, as in a
signal ¢urrent amplifier. * A condenser C,
may be connected across the source of supply
3 8 if desired as a storage capacity for sup-
ply energy and to aid in smoothing out the
supply current in cases where the energy de-
mand is large, or where the fluctuations in
the supply current are severe.,
It will be noted that I connect the source
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S to the coil L at a point intermediate its
ends, thus dividing coil L into two compo-
nents I, and L., and the portion L, forms
an auxiliary alternating current circuit by
way of condenser C,. Because condenser C,
prevents flow of the direct current component
in the auxiliary path including this con-
denser and the 1, portion of the coil, the di-
rect current is directed into the work circuit
including the load consuming element or ele-
ments E. However, fluctuating or alternat-
ing current components tend to divide and
flow in two directions in coil L, thus per-
mitting choosing proper values of the L,
portion of the coil and capacity of condenser
C. with respect to L, and C, such that the
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alternating current component in portion I, -

substantially neutralizes the alternating cur-

‘rent component in portion I.., thus leaving

the current going to the load E substantially
free from fluctuations.” Or any desired de-
gree of fluctuations may be left in the work-
ing component of the current, as may be de-

_ sired under certain circumstances, as for ex-

ample when fluctuation in a succeeding stage
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of an amplifier system is needed to buck or .

oppose fluctuation coming from a preceding
stage. :

I have in general chosen the coil portion L,
to be about one quarter of the whole coil, and
by making the capacity of condenser C, ade-
quately large, a larger alternating current
component tends to flow through the lower im-

sedance path including these elements than
the higher impedance path of the larger
portion L. condenser C and load E, thus mak-
Ing it possible to substantially eliminate the
ripple or fluctuations across the load.

In Fig. 2 the source S is connected to one
terminal of the coil L and the load E is con-
nected so as to divide the coil into two por-
tions I, and L., the alternating current com-
ponent in L; by wav of condenser C, tending
to nentralize the alternating current compo-
nent in L. ag in the case of Fig. 1. The selec-
tion of the values of the elements in Fig. 2
is substantially the same as in the case of
Fig. 1.

Consideration of the elements of Figs. 1
and 2, with an analysis of the inherent actions
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and reactions thereof when the system func-
tions as described, explains the effectiveness
of the system for the elimination of disturb-
ing currents of the frequency especially de-
sired to be eliminated with a small quantity
of material. The auxiliary path includes
condenser C, and coil 1, very elosely coupled
to coil L, through being wound on the same
iron core, so that the mutual inductance be-
tween coils L, and L, is large compared to
the inductance of coil L, per see with the less
than unity ratio between coils L, and L, I
employ in this invention. The consequent
large mutual inductance is effective in the
auxiliary path, combining with the induc-
tance of coil I, to form the total effective
inductance, but since the mutual inductance

- has no resistance component, the resistance
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is merely that of the smaller coil L, in the
absence of an effective resistance component
in the choice of a good quality condenser at C,.
The larger the effective inductance of the aux-
iliary circuit, the less, and therefore more eco-
nomical, can the capacity of condenser C, be
to eliminate disturbing currents or fluctua-
tions of a particular frequency, and this re-
sult I secure by not using a large inductance
with corresponding high resistance, but with
a small low resistance inductance supple-
mented by a larger mutual inductance sub-
stantially devoid of resistance component.

The arrangement of Fig. 3 is particularly
suitable where two loads E; and I, requiring
different degrees of filtering are to be sup-
plied. Tor example, the load E, may be the
plate circuit .of the tube of the last stage
of an amplifier and the load E, the plate cir-
cuit of a preceding stage in the same ampli-
fier. Because of the amplification which
fluctuations in the preceding stage undergo
on the way to the last stage it is particularly
desirable that the current supplying the plate
circuit of the preceding stage be highly fil-
tered. Also, it may be that large fluctuations
are desired in the last stage to neutralize am-
ptliﬁed fluctuations coming from a preceding
stage. . : -

Fig. 8 only differs from Fig. 1 through
having the load E. connected from a point
between the L, portion of eoil L and conden-
denser C,. The current for load E. is fil-
tered only by L,, C; and C,, whereas the cur-
rent for load E, is additionallyfiltered by con-
denser C, and has the advantage of the larger

portion L. of coil L. However, as in the case

of Fig. 1, the alternating current components
m portions L, and L. oppose and act to re-
duce the fluctuating component of the current
delivered to both loads. _

In addition to the opposing alternating cur-
rent components Fig. 3 provides for flux
effects of two direct current components in
coil L opposing each other, thus reducing the
permanent flux in the core of coil L to avoid
any saturation effects adversely affecting the

1,852,125

alternaﬁng current inductance of the coil. If

the direct current load of E, is larger than the
direct current load of B, asis usually the case
in amplifying systems, 1t is obvious that the
larger current flowing through the smaller
portion L, is effective agninst a smaller cur-

rent flowing through the lavger porton L, to.

more nearly equalize the opposing ampere
turns of the two portions. This maintaining
of large inductance is of importance to good
filtering. ,

1 have found the filter arrangements here-
in described of great assistance in eliminat-
ing hum effects from radio receivers and like
amplifiers employing three-electrode vacuum

.tubes energized by the rectification and filtra- -

tion of commerecial alternating current, and
have with the aid of my systems effected
great savings in the amount of filter material
necessary to commercially acceptable hum
requirements in such devices. .

Having fully described my invention, 1
claim:

1. In an electrical system, the combination
of a source of rectified alternating current,
a work circuit, and a filter system connected
between said source and said work circuit,
said filter system including an inductance
divided into two sections with a ratio of at
least 2 to 1 by a tap, one section of said in-

.ductance being connected between one ter-

minal of said source and said-work circuit,
a condenser connected between the other ter-
minal of said source and said tap, and con-
densers connected between said other ter-
minal and each terminal of said inducance
whereby the alternating current component
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of the current flowing through said induc-

tance is substantially neutralized.

2. In an electrical system, the combination
of a source of rectified alternating current, a
work circuit, and a filter system connected
between said source and said work circuit,
said filter system including an inductance
divided into two sections with a ratio of at

least 2 to 1 by a tap, one section of said in-
‘ductance being connected between one ter-

minal of said source and said work circuit,
a condenser connected between the other ter-
minal of said source.and said tap, and con-
densers connected between said other ter-
minal and each terminal of said inductance,

one of said condensers constituting a storage

condenser for said source, whereby the alter-
nating current component of the current flow-
ing through said inductance is substantially
neutralized. - '

3. In an elctrical system, the combination

of a source of rectificd alternating current,.a-

work circuit, and a filter system connected
between said source and said work circuit,
said filter system including an inductance
divided into two unequal sections by a cap,

the larger of said sections being connected

between one terminal of said source and said
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work circuit, a condenscr connected between
the other terminal of said source and’said
tap, and condensers connected between said
other terminal and each terminal of said in-

;; ductance, whereby the alternating current

component of the current flowing through
said inductance is substantially neutralized.
4, In an clectrical system, the combination
of a source of rectified alternating current,
a work circuit, and a filter system connected
between said source and said work circuit,
said filter system. including an inductance
divided into two unequal sections. by a tap,
the larger of said sections being connected be-
tween oné terminal of said source and said

work cireuit, a storage condenser connected

between the side of said larger section con-
nected to the terminal of said source and the
other terminal of said source, a iilter con-
denser connected between the other side of
said larger section and the other terminal of
said source, and a neutralizing condenser con-
nected between the untapped side of said
smaller section and the other terminal of said
source, the capacity of said neutralizing con-
denser being sufficiently large to cause the
field of the fluctuating . current flowing

“through said smaller section to substantially

neutralize the field of the fluctuating current
flowing through said larger section, whereby
the current delivered to said work circuit is
materially freed from fluctuations.

5. In an electrical system the combination

of a source of rectified alternating current, a

plurality of work circuits, and a filter system
connected between said source and said work
circuits, said filter system including an induec-
tance divided into two unequal sections'by a
tap, each of said sections being connected be-

tween said source and a separate work cir-
cuit, a condenser connected between the other

terminal of said source and said tap, and con-
densers connected between said other terminal
and each terminal of said inductance, where-
by the magnetic flux of said inductance due
to the direct current component flowing to
either work circuit and alternating current
component of the current flowing through

-said larger inductance is materially reduced.
6. In an electricalsystem the combination .

of a source of rectified alternating current, a
plurality of work circuits, and a filtér system
connected between said source and said work

_circuits, said filter system including an in-

ductance divided into two sections with a

ratio of at least 2to 1 by a tap, each of said

sections being connected between said source
and a separate work.cireuit, a condenser con-
nected between the other terminal of said
source and said tap, and condensers con-
nected between said other terminal and each
terminal of said inductance, whereby the

‘magnetic flux of said inductance due to the

direct current component flowing to either

.work circuit and the alternating current com-

3

ponent of the current flowing through said
Iarger iductance is materially reduced.

7. In an electrical system, the combina--

tion of a source of rectified alternating cur-
rent, a work circuit, and a filter system con-
nected between sald source and said work
circuit, said filter system including an induc-
tance divided into two unequal sections by

a tap, the larger of said sections being con-
nected between one terminal of said source
and said "work circuit, a capacitively react-
ing connection between the other terminal
of said source and said tap, a capacitively re-
acting connection between the terminal of
said larger section of said inductance and
said other terminal, and a connection of sub-
stantially pure capacitive reactance between
the terminal of the smaller section of said
indnctance and said other terminal.

- 8. In an electrical system, the combination
of a source of rectified alternating current,
a work circuit, and a filter system connected
batween said source and said work circuit,
said filter system including two unequal in-
ductance elements coupled together, the larg-
er only of said eleinents carrying direct cur-
rent and being connected in the line hetween
one terminal of said source and said work cir-
cuit, and a condenser connected across the
filter system in series with the smaller in-
ductance, the polarity of the mutual indue-
tance between the inductance elements being
the same as would result from winding both
the shunt and series inductances as a single
coil- and passing rectified current through

-one only of the last mentioned inductances,

whereby the alternating current compongnt
of the current flowing through said work
circuit is.substantially neutralized. ‘

9. In an electrical system, the combination
of a source of rectified alternating current,

_a work circuit, and a filter system connected

between said source-and said work circuit,
said filter system including two unequal in-
ductance elements coupled -together, the

larger only of said elements carrying direct
current and being connected in the line be-’
tween one terminal of said source and said

work circuit, and a substantially pure capaci-

tively reactive system connected across the -
“filter system in series with the smaller in-

ductance, the polarity of the mutual induc-
tance between the inductance elements being
the same as would result from winding both
the shunt and series inductances as a single
coil and passing rectified current through
one only of the last mentioned inductances,
whereby the alternating current component
of the current flowing through said work cir-
cuit is substantially neutralized.

10.” A network for conveying direct cur-.

rent from a source to a load while attenuat-
ing alternating currents which includes ele-
ments providing a series inductance, a shunt-
ing impedance including inductance and ca-
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pacity arranged in series, and a mutual in-
ductance between the series and shunt induec-
tances which is substantially greater than the
shunt inductance and so poled that the re-
sulting alternating magnetic fields of said in-
ductances are opposed. -

11. In a network for conveying direct cur-
rent from a source to a load while attenu-
ating pulsating currents, a series circuit in-
cluding inductance and a shunt circuit in-
cluding inductance and capacity and mutual
inductance between said two circuits having
a value substantially greater than shid shunt
circuit inductance, said mutual inductance
between said cireunits being so poled that the
resulting pulsativg magnetic fields of said
inductances are opposed.

12. A network for conveying direct cur-
rent from a source to a load while attenu-
ating alternating currents comprising a shunt
path including an inductance coil and a series
path including an inductance coupled to said
first named coil in such a way that the mutual
inductance between said two coupled coils
is substantially greater than the inductance
of said first-mentioned coil, said mutual in-
ductance being so poled that the resulting al-
ternating magnuetic fields of said inductances
are opposed. , _

13. In a network for conveying direct cur-
rent from a source circuit to a load circuit
while attenuating alternating currents which
comprises an iron-cored inductance coil and
two condensers connected in series and form-
ing an electrical circuit, one of said first two
named circuits being connected to said net-
work across one of said condensers and the
other one of said first two named circuits
being connected to seid network across said
other condenser and a predetermined portion
of said coil, said portion being such that the
mutual inductance between it and the remain-
ing portion of the coil is substantially greater
than the inductance of said first named por-
tion. ;

In witness whereof, I have hereunto sub-
scribed my name this 5th day of January,
1929. , o

BENJAMIN F. MIESSNER.



