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To ail whom it may concermn:
Be it known that I, JOEN STONE STONE, re-

- s8iding at Boston, in the county of Suffolk and

- IO

State of Massachusetts, have invented cer-
tain Improvements in Resonant Electric Cir-
cuits, of which the followingis a specification.

The invention relates to that class of reso-

‘nant circuits which contain ferricinductance,

d est, inductance resulting from the mag-
netization of paramagnetic materials, its ob-
ject being to increase the selectivity of such

| . circuits. S
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More specifically, the invention consists in
Initially or independently magnetizing the
paramagnelic material which contributes to
the inductance in the resonant circuit, and

‘also in providing means whereby this inde-

pendent magnetization may be supplied by
an electric current. |

In the drawings, Figures 1, 2, 3, 4, and 5
are diagrams illustrative of electrical phe-
nomena upon which my invention is based,
the first three being familiar diagrams taken
from published papers on hysteresis. Figs.
6 and 7 are diagrams illustrating resonant
circuits embodying my inventicn. |

A resonant electric. circuit may be defined
as a circuit which presents a smaller impe-
dance to alternating currents of a particular
frequency than to alternating currents of any
other frequency, thereby favoring the devel-
opment in it of currents of that one particu-
lar frequency. |

A typical resonant cireuit consists of a coil
having inductance connected in series with
a condenser having electrostatic capacity. If
such a circuit is so constructed that an alter-

~ nating current may flow in it without mag-

40

netizing paramagnetic material, without in-
ducing currents in neighboring- circuits, and
without producing displacement-currents in

dielectrics which exhibit electrostatic hys- |
teresis, the circuit will be found to respond

most strongly to currents of a particular fre-

quency, and its impedance to currents of that
particular frequency will be equal to the
- ohmie resistance of the coil.

Such a circuit
1s an ideal resonant circuit and will be highly

o - selective if the coil be of low resistance and

great inductance while the condenser is of
small capacity.

By the term *‘selective ” is meant that prop- '

erty which resonant circuits exhibit of re-

sponding more strongly to currents of one
Yy 55

particular frequency than to those of an
other frequency, and by ““selectivity” refer-
ence 1s made. to the degree to which they ex-
hibit this selective property. |

- When resonant circuits are used in the arts
for multiple and selective signaling and for
other useful purposes, it is necessary that

they be highly selective and that theyrespond

to moderate-frequency currents. - In order,

-however, that they may satisfy these condi-

tions, the inductance-coil used - must be of
low resistance and large inductance—id est,
it must have a large electromagnetic time-
constant, while the condenser used must be
of small capacity. - -

- In the practical application of electricity
up to the present time it has been the cus-
tom to construct inductance-coils which are
to have alarge electromagnetic time-constant
by winding many turns of fine copper wire
on acoreof soft iron. By this construection a,
coilof large time-constant may be obtained at

‘amoderate expense and in a -convenient size.

If it were attempted to construct a coil of

equal electromagnetic time-constant without

the use of a core of paramagnetic material,
such as soft iron, it would be found necessary
touse an enormously greater number of turns
of a very much larger wire, the dimensions of
the coil, its weight, and the expense of con-
structing it being more than proportionately

enhanced. In fact it is quite impracticable

to construct a coil without an iron core which
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shall have as great an electromagnetic time-

constant as that possessed by many iron-core
coils at present in constant use in the practi-
cal applications of electricity. 'When, how-
ever, inductance - coils with iron core form
part of a resonant circuit, it is in general ob-
served that they exert a very detrimental ef-

fect upon the selectivity of the circuit, pre-

venting the circuit from exhibiting a sharply-
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defined minimum of impedance for one par-

| ticular frequency of current and causing the -
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minimum impedance ‘ro be far in excess of | tially or independently maﬂ*netlzmﬂ* the said
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the ohmic resistance of the conductive part
of the circuit. The same effect will. be ob-
served when the inductance-coils in resonant
clrcuits are wound upon cores of paramag-
nhetic materials other than iron. This detri-
mental effect produced by the presence of
paramagnetic materials in the cores of induc-
tance-coils 1n resonant circuits may be at-
tributed to the property of hystleresis, which
these materials possess to a marked degree,

to the Foucault currents which are induced

in them when an alternating current flowsin
the circuit, and to the fact that the permea-
bility of these magnetic materials is not in-
dependent of the intensity of the induction
through them. The reason for this conclu-
sion 1s better understood by having reference
to the diagram Figs. 1, 2, and 3, which accom-
pany and form a part of this specification.

- Fig. 11s a normal magnetization-curve of
a sample of soft iron and exhibits the rela-

tion which exists at any moment between

the magnetic induction in a closed magnetic
circuit ef the soft iron and the meﬂnetomo-
tive force which engenders if. The diagram
represents this relation for each moment of
time daring a complete cycle when the mag-
netic mduetlen varies periodically between
the values 4-16000and —16000. Inthiscurve
the abscissse represent the magneto-motive
force and the ordinates represent. the corre-
sponding or resulting magnetic induction.

Fig. 2 is a curve representing a-simple har-
monic alternating electromotive force, the or-
dinates represent ing eleetromoh ve forces and
the abscisse times. '

IFig. 3 represents a complex harmonic al-
ternating current, the ordinates representing

1ntensities of current and the abscissge times.

These three diagrams, when considered to-
gether, illustrate the distortion of an alter-
nating current which may result from the
presence of ferric inductance in the circuit
traversed by the current, for if the simple
harmonic electromotive force represented in
Kig. 2 be impressed upon a coilof large time-
constant wound upon the core of soft iron
whose magnetic properties are represented in
Fig. 1, and if the magnetic induction thereby

- engendered 1n the soft-iron core vary peri-
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non of electrical resonance is readily appre-
ciated. Reasoning upon this hypothesis I

odically between the limits -+16,000 and
— 16,000, as represented in Fig. 1, then the re-
sulting current will be that shown in Fig. 3,
instead of being a simple harmonic function

of the time, as would be the case were the

core of paramagnetic material not present.
With such a distortion of the current attrib-
utable to the paramagnetic core the disturb-
ng effects of such cores upon the phenome-

have been led to beheve that the detrimental
effects exerted by paramagnetic materials

contributing to the inductance of resonant
cireuits mln*ht be materially reduced by ini-

magnetic material.

In illustrating the reaction upon an alter-
nating current whwh may result from the

presence in the circuit traversed by the cur-
rent of an inductance-coil with an initially
or independently magnetized core of soft iron,
referenee will be had to the dlaﬂ'ram Kigs. 1,

2,4, and 5

1"1n"s 1 and 2 have already been described.

Flﬂ' 4 is a normal magnetization-curve for
a Semple of soft iron 1111t1elly magnetized to
an induction of fifteen thousand, and it shows
the relation which exists at any moment be-
tween the magnetomotive force in a closed
magnetic circuit of the soft iron and the re-
sulting magnetic induction, such relation be-
ing exhibited for each instant during a com-
plete cycle when the magnetic induction va-
ries periodically between the values fourteen
thousand and sixteen thousand.

Fig. 5 is a curve representing an eltemet-
ing current which is practically a simple har-
monic current, but which differs slightly in
its form from the simple sign-wave. In this
diagram, as in Fig. 3, the ordinates represent
intensities of current and the abscissae times.

If the simple harmonie electromotive force
represented in Fig. 2 be impressed upon a
coil of a large number of turns and of small
resistance wound about the imitially-mag-

netized core of soft iron whosemagnetic prop-

erties are those shown in Fig. 4, and if the
resulting magnetic induction in the core vary
periodically between the limits sixteen thou-
sand and fourteen thousand, as shown in Kig.
4, the current which will result will be that
shownin Fig. 5. This current is practically
a simple harmonic current, and is therefore
practically the same current as would be de-
veloped in the circuit by the electromotive
force were the inductance not ferric. The
inductance due to such an independently-
magnetized core of paramagnetic material
should therefore be expected not to interfere
with the phenomena of resonance, but under
favorable conditions to behave much like non-

ferric inductances when placed in resonant

circuits. IKxperiments have proved this con-
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clusion to be correct, and as a result of this

discovery I am enabled to use and have used
inductanee-coils with cores of magnetic ma-
terials in resonant circuits for practical pur-
poses, thereby obtaining the important ad-
vantages which I have already stated that

such 0115 Possess 1n pomt of compactness
and economy.

Several ways of accomplishing the initial

magnetization of the cores of the inductance-
coils in resonant circuits will suggest them-
selves to any one skilled 1n the art; but my

favorite method of accomplishing this result
is by means of-an electriec current.

cifically it consists in including the coils
whose cores of magnetic materials 1t 18 de-

| sired. to magnetize in a closed conductive cir-
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cult containing a source of direct current.
Such orﬂ‘amz&tmns are shown diagrammat-
_1eally in Fws 6 and 7, in which dla,wrams G
is a Uenerator of dlI'eLt current, I/ and L2 are

| ":mductance eoﬂs having cores of paramag-
~netic material 7’ and fm? respectively, and C
18 a condenser.

10

In the operation of the organization shown
in Fig. 6 the direct current from the source
G passes in series through the coils L' and 1.2,

producing an initial magnetization in their

cores, upon which maﬂ‘nemzatlon an alternat-

ing current cn*culatma in the resonant circuit

20

will superinduce an alternatmn' magnetiza-
tion.

In the organization shown in Kig. 7 thein-

ductance-coil L', which supplies the necessary
“inductance for the resonanteircuit,isprovided
~with an extra helix s, which helix i 18 included

in a local circuit su pphed with direct current

from the generator G. The direct current,

_' elrculatmﬂ in the helix s of the mduetance-

coil I/ ca,uses a direct magnetization of the

- core m' of that coil, and any alternating cur-

rent which may be caused to ow in the IeS0-
nant circuit will superimpose an alternating

. 'maﬂ'netlzatlon upon the initial or direct mag-

| netlzatlon

30

The inductance-coil 12 is included in the

“circuit of the generator G and helix s, in order
that by v1rtue of its impedance it may render
that eircuit opaque to alternating currents |
- such as may circulate in the resonant circuit

including the coil L' and so minimize the in-
ductive reactlon of the helix s upon the reso-
nant circuilt.

In carrying out this invention none of the
precautions usually taken to prevent the de-
velopment of Foueault currents should be
neglected,and even greater precaution should

be talen for the preventmn of sneh parasitic

currents.
I claim—
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1. A resonant electrie circuit contammcr

inductance resulting from the maﬂ*netlza,tlon

of mdependently-maﬂ‘netlzed paramagnetic
material.

45

2. A resonant electmc circult eontdmmn"

inductance resulting from the magnetlza,tmn
of paramagnetic materlal independently mag-
netized by means of an electric current.

3. In a resonant electric cirecuit contain-

4 |
X!

ing an inductance-coil having a core of para-

'magnetle material, an assoclated conductive

circuit including serlall a source of direct
current and the said mductanee coil, sub-
stantially as described. |

55

4. A resonant electric circuit containing

a closed conductive circuit including senal]y
asource of direct currentand mduetance coils
having a paramagnetic core, substa,ntla,lly as

debcrlbed |
JOHN 8. STONE.

Witnesses:

W. W. SWAN,
GrEO WILLIS PIEROE
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