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This invention relates to loud speaking
telephone actuating motors, its objects being
to improve the quality of tone reproduction
while at the same time attaining high oper-
ating efficiency and a structural design sus-
ceptible of production at moderate or rela-
tively low cost.

For the purpose of the following discourse,
loud speaker actuating motors (considering
only those which have met with commercial
recognition) may -conveniently be’ classified
in two generic categories, namely : those hav-
ing magnetic armatures adapted to be actu-
ated toward and away from the magnetic pole
pieces; and secondly, those in which the actu-

‘able element corresponding in function to the

aforementioned armature is a movable coil
more or less freely suspended in a magnetic
field. In the first mentioned class there are
two types: First, those in which the vibratory
diaphragms are of magnetic material and ar-
ranged to be actuated directly as, for exam-
ple, in the ordinary telephone receiver; and
secondly, those in which the diaphragms are
indirectly actuated through the media of

_magnetic armatures pivotally mounted in the -

magnetic fields and arranged to move toward
and away from the magnetic poles. The best
known and probably most satisfactory species
of the latter type motor is that commonly
identified by the appellation “balanced arma-
ture type”, in which the armature is pivoted
at its center and held in mid-position between
the magnetic field pole-pieces by means of a
centering spring. .

Loud speaker actuating motors of the sec-

~ond class, which is to say, those in which the

armature comprises a moving coil, are gen-
eraily denoted as of the “dynamictype.”
The foregoing nomenclature will be em-

. ployed hereinafter to designate the respective

- types of actuating motors.

45

In the design of commercial loud speakers
there are in general these three cardinal de-
siderata: tone fidelity, high operating effi-
ciency and structural simplicity.: In addition
it is not infrequently a prime requisite that
the device be very compact—especially when
it is to be enclosed, for example, in a radio
cabinet or other limited quarters, More-

over, it is often the case that the attainable
quality of reproduction in a commercial loud
speaker is inexorably restricted by competi-
tive selling prices. These last mentioned
factors must be considered as more or less
inimical to a realization of the utmost in qual-
ity of reproduction; but they are seemingly
unavoidable. Co
To achieve a high degree of tone fidelity a
number of controlling factors must be:con-’
sidered. Among these one of the most im-
portant is freedom of motion of the moving
elements. Otherwise expressed, one of the es-
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sential prerequisites to fine tonal quality and a

close approach to fidelity of reproduction is
that the movable elements including the dia-
phragm and armature be able to functionwith
aminimumof physicalrestraint. Thismeans,

in the vernacular of those engaged in the de- .

velopment of loud speakers, that inertia and
“stiffness” must be minimized. Imertia -is
due, of course, to the mass of the moving
parts and its minimization may be accom-

65
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plished only by restricting the mass of those

parts. .
sults, for example, from the use of a spring
for centering the armature or .otherwise re-

“Stiffness” is that quality which re-

75

straining it or restoring it to its normal po-

sition.
in actuating motors of the balanced armature

type and the spring used is unavoidably quite.

vigorous because it must function successfully
to keep the armature from striking the pole

pieces. Amnother source of stiffness may con-_
sist in the diaphragm not being freely mov-"

able.

Irrespective of the underlyiﬁg origin of

The use of such a spring is essential

S0
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physical restraint or impedance operating -
against the freedom of the movable ele-..

ments—that is to say whether it is due to in-
ertia or “stiffness” or both—the resultant ef-
fect is much the same in that the quality of
reproduction is injured—the injury usually
being somewhat proportional to the degree
to which the movable elements are restrained.

In a balanced armature type motor the ar-
mature is pivoted at its center and .so ar-
ranged that its two end portions oscillate to-

. ward and away from the magnetic pole pieces.

To prevent the armature striking the pole
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pieces and, normally, to keep it properly cen-
tered therebetween, it is essential that a
rather vigorous restraining sprincr be em-
ployed This necessarily involves “stiffness”
and invariably gives rise to proportionately
defective reproductlon——especmlly at the
lower frequencies—and in addition a loss of
efficiency arising from the necessity of ex
pending energy in working against the sprmg
actlon

It is'not the purpose of this explanation
to disparage motors of the balanced arma-
ture type; nor is it intended to imply that
the quahty of reproduction attainable with
a motor of that type is necessarily poor. As
a matter of fact, it is possible to attain very
pleasing 1'eprodact10n with a motor of the
balanced armature type notwithstanding a
very considerable departure from fx_bsohl*c
tone fidelity. Furthe rmore, it is possible
under favorable conditions to attain a high
degree of operating efficiency with a motor
of that type. But quahty and efficiency, as
applied to loud speaker performance, are
relative characteristics; and that which may
veritably be said to be good may still be a
long way from the attainable height of per-
fection. _

The balanced armature type motor is not

only deficient on the score of tone fidelity and

relatively inefficient mechanically because of
the negessity of employing a stiff centering
spring, but is furthermore subject to a very
serious practical limitation due to its vari-
able air gap. To realize anything like a1

approach to high- operating efficiency in :m
electromaone’rlc device having an nature
and air gap, it is essential that the gap be as
narrew as practical considerations will per-
mit. On the other hand, to attain suulslac-
tory output volume at. the lower audible fre-
queéncies’it is necessary that the loud speaker
qnphragm have 1mfarted to it a very sub-
stantial amplitude of vibration at those fre-
Particularly is this the case with
relatively small dlaphragms—smce the out-

ari

“put volume is a function of the air di cplac&d
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To attain satisfactory amplitude at the dia-

‘phragm with a balanced armature type motor
two wltematne eXDechem,s

are available:
either the magnetic air gap or gaps may be
made - relatlvely wide Wlth a concomitant
sacrifice of efficiency; or there may be pro-
vided a link and Tever mechanism ¢f one
form or another for stepping up the ampli-
tude of vibrations in such a way as to impart

“to the dia 3hragm a larorer amplitunde than

60

65

vthat of the armature.

The lat for expe\hem
1§ most commonl;r resorted to but is objec-
tionable. This is mainly because of the reso-
nance effects due to the vibratory periods of

‘the links and levers, but also because of the

increased complexity of design and cost of
productlon
From the standpoint of tone fidelity the

1,732,644

deficiencies of the balanced armature type
motor can be avoided through the use of a
motor of the dynamic type in which low in-
herent “stiffness” and low inertia can be
readily attained. With the latter type of
motor a very superior quality of reproduc-
tion can be realized. DBut dynamic motors
are relatively costly and electrically quite
inefficient. It is seemingly essential in a
dynamic motor to provide an electrically en-
ergized magnetic field because a permanent
macrnet of tolerable size will not su pply suffi-
cient magnetic flux density. This is due to
the fact that the size of the movable coil to-
gether with the necessary clearances involves
a relatively wide gap between the poles of
the magnetic field structure and this, in turn,
necessitates 2 large magnetizing force. in
order to produce adequate operating flux
density. It is usually most expedient to az-
range for energizing the field of a dynamic
type motor from alternating cnrrent
source and since the field energizing current
must be uni-directional it is necessary to
provide a rectifier. These factors o cbvion wsly
result in a comparatively high cost of pro-
duetion, not to mention the added cost of
operation dus te the field current require-
ments.

The supeuor reproduction a tauane with
dynamie type motors is due 1a1‘0elv, 11 not en-
tirely, to their inherent freedom of motion
or what amounts to the same thing—Ilack of

“stiffness” and low mass of moving parts and
consgquent apility to follow closely the fluc-
tuations of the energizing current.

The present invention provides a loud
speaker motor in which the actuated element
is an armature of magnetic material yield-
ably suspended in such a wa vy that it is freely
movable substantially in a straight line frans-
versely of the magnetic ficld air-gaps, the
arrangement be;m such that ctlﬁness is
largely avoided Whﬂe at the same time the
armature is adequately restrained against
lateral movements. Since the direction of
movement of the armature is transverse of
the magnetic field air gaps and therefore
p‘LmUel to the pole faces, the air gap separa-
tion between the armature and pole faces is
constant or substantially so and may {or that
reason be as narrow as other Drac‘ticﬂ con-
siderations will permit. The air gap losses
are consequently very small by virtue of
which fact it is ordinarily unnecessary to
provide a powerful field magnet—a parma-
nent magnet of moderute sizge usually being
suﬁment

In the preferred embodiments of the in-
vention thers are four magnetic field pole-
pr0]ectlons co-operating with the a armature;
and these are so oriented and the armature
so formed that a very high conversion efii-
ciency is realized. By this is meant that the
electrical and magnetic forms of energy are
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converted efficiently into mechanical motion.
Hence, a high ratio of output volume to input
ener«ry can be realized, together with very
faithful reproduction at all frequencies
within the useful audible range—the latter
characteristic being due in p‘ut to the high
conversion eﬁ’imency and in part to the very
Iow stiffness and iow inertia of which the
preferred structures are capable.

Other characteristic features of the inven-
tion will be adduced in conjunction with the
detailed description of the various embodi-
ments and modifications illustrated in the ac-
companying drawings, in which:

Figs. 1,2 and 3 are fragmentary elevational
views illustrating the fundamental principles
of operation by consecutive steps,

Fig. 4 is an elevational view, partly in sec-
tion, “of one of the preferred emboduhents of
the mven’mon, ‘

Fig. 5 is a sectional view taken along the
line 5—5 of Fig. 4,

Fig. 6 isa- sectional view taken- along the
line 6—6 of Fig. 4,

Fig. 7 illustra tes a modification applicable
to the structure of Figs. 4,5 and 6,

Fig. 8is an elevat ional view of an alterna-

tive form of stluctuv‘e,

Fig..9 illustrates another altnllntlve struc-
ture,

Fig. 10 is a sectional view of an actuating
motion having a cylindrical field structure
and cylindr rical armature,

Fig. 11 is 4 Cross- sectional view alonb the
line 11——11 of Fig. 10, and

Fig. 12 is an c%vauon al view of still
another embodiment of the invention.

Figs. 1,2 and 8 are fl agmentary representa-

tions of onie of the pre ferred embo\ume 1ts of

the invention, depicting the movements of the
armature in three consecutive steps and serv-
ing to facilitate the explanation to follow con-

cerning the principles of operation of the in-

vention. , -

In Fig. 1, the armature 1 is shown in its
normal non-actuated position wherein it is
_yleldably weld in suspension (the suspension

springs having been omitted in these figures) .

between the polarized pole-projections

marked N,, N, S ‘and S,—the letter “N?”
designating the nor th magnetic pole and “S”
the south ‘magnetic pole. The armattwe 1
is so formed, proportioned and located (as
shown) that in 1ts normal non-actuated posi-

‘tion it overlaps about one-half the face area

of each pole—pl ojection through narrow air
gaps.~ The other surfaces of the armature are
offset so as to increase as much as possible the
air gap distances between them and the faces
of the pole. pm}ccf‘ons. The offset surfaces
of the armature are not to be considered when

reference is made hereinafter in this specifica- -
tion and-the sub Jo*ned claims to the over-lap

of the armature with respect to the pole pro-

It so happens that in the example

3

illustrated, the armature over-laps adjacent
face areas of the north pole projections and
non-adjacent face areas of the south pole pro-
jections but if the polarities were reversed the

arrangement would work equally well and in.

precisely the same manner; so it may be said
that it is immaterial which side of the arma-

‘ture is adjacent the north pole projections and

which is adjacent the south pole projections.
The armature is made of magnetic ma-
terial, such as soft iron or silicon steel, and is
suspended in such a way (to be described
later) that it is free to move bodily in two
opposite directions only from its normal non-
actuated position (Fig. 1). The two ex-
treme actuated positions of the armature are
represented in Figs. 2 and 3, respectively.
In the former figure, the armature is shown in
its extreme right-hand position as there
viewed, while in the latter figure it is shown
1n its extreme left-hand - position. . The
“maximum amplitude” of .the armature—
which term may be used hereinafter—is the
distance the armature is ¢apable of moving
under magnetic actuation from its normal
position as ;shown in Fig.1to either side there-
of, asillustrated in Figs. 2 and 38, respectively.
The “total maximum distance” which the
armature may traverse under magnetic ac-
tuation is therefore twice its amplitude. The
armature is shown surrounded by a coil or
winding 2 about its mid-portion, the func-
tion of which is to actuate the armature in ac-
cordance with sound waves to be reproduced.
Fluctuating currents corresponding to the
sound waves to. be reproduced are impressed
upon coil 2 and the armature is magnetized
in alternate directions in conformity to. the
direction, intensity and frequency of the im-
pressed voltfwes
Tn each of the Figures 1, 2 and 3, there is
represented by dotted arrows an uni-direc-

‘tional magnetic flux having its origin in any

suitable source,such as a perma‘lent “tfreld mag-
net or  electro-magnet—depending usually.
upon the intensity of maonetization required
and other practical con51derat10ns of no im-
mediate moment.

In Fig. 2,'there are represented the mag-
netic chanfres and concomitant armature dis-
p‘acement resultmg from an energization of

oil 2 in such a direction as to set up a mag-
netlc flux rendermg the left-hand end of the
armature of north polarity as indicated by
the letter “N” on the armature. The paths: of
the flux engendered by coil 2 are indicated by
full line arrows. It will be seen that there
is superinduced in pole DrO]ectLons N,and S,
m‘tgnetlc lines of force in opposition to the
normal magnetic lines of force re epr esented by
the dotted arrows, whereas in pole projections
N, and S,, there are similarly superinduced
magnetic lines of force having the same di-
rection as the normal magnetic lines of force
therein. - It is therefore manifest that the flux
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‘constant or-su bqtan‘cm‘lv con
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density in pole pr oje’cti'ons \Tz and 3, Is mo-

"ncntnuy mcrecused whereas it is concurrent-

ly decreased in: pole projections N, and 5,

As a result of this magnetic force variation,

the mmhmn moves towards the poutmn m—
dicated in Fig, 2; and the amplitude of s
movement acp ads upon the intensity

duration of the apphed force as will be readi-
ire

and

results in a decrease of reluctance of the fiux
path through the armature from pole pro

Jection N, to pole projection S,, which pole

pro]ectmna are of opposite polarity and non-
contraposed in their space 1el.¢uoh The re-
luctances-of the ‘)ELLhS throuch the armature
between pole- p*‘ogﬂch ns of Like polarity re-
main constant or substantially so irrespec-
tive of the posi’m‘on of the armature. Like-
wise the magnetic paths tlansversdy of the
armature betwesn .coniraposed pole-projec-

‘tions of unlike polarity are ¢f constant or sub-

stantially constant reluctance. This is be-
cause the sum of the air gap areas included
in each of the respective magnetic paths is a
stant quaniity.

These are ch\;rac{ﬂmz'ttlons which
particular notice because they consti tnte im-
portant and generic distinctions which are
utilized to define the invention in the sub-
joined claims.

Another chara yerimtion which it is
thought worth while to call specm.l attention
to at this point is that the poles N, and 8, in
Fig. 2 are diagonally opposite. For the pur-
pose of this spﬂmﬁcatlon the expression “di-
agonally opposite” as applied to the orienta-
tion of the pole projections is to be considered
as a species of the more generic expression

“non-contraposed”. The reason for this dis-
tinction will become more abpareﬁt as the de-
seription progresses.

The mfwnetlc phenomenon occurring when
the coil 2 is energized by current of onposﬁce
direction as conﬂp‘wnd to the asstuned cu ‘rmt

Cdirection of FIO' 2 is indieated in Fig. 3.

From what has already been said with 1’espect
to Kigs. 1 and: 2, the Yn'mpcflc changes. de-
}nc{ed in Fig.' 3 '3 should be clear without
further d_iSf‘ussio leewu,e, the reason for
Lemovement of the armature to the left-hand

‘no‘:lfl()nq as - mchcaiel in Fig. 8, should be

cqually evident.

It is to be noted in passiz
the actuating coil 2 is being energized, there
is.an increasing diagonal Aux path through
the armature between one pair of (1 agonally
ornosite pole-prejections of ophosite polarity
snd af the same time a decreasing diagonal
flux path between the remaining two
dia won“‘lv oppomte pole-projections. By
the exnression “diagonal” it is the intent
to convey the idea of the flux ira vnhﬂg
from a pole projection at one side of
the armature, thence lengthwise of the
armature to a pole projection at the cother

ng that whenever

warrant

s, lengthwise.
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side thereof, The essential factor is that the
tiux travels lengthwise of the armature, which
is to say in the direction of its movement and,
while 1n the preferred embodiments of the
invention it also travels diagonally as de-
seribed, 1t will be shown in conjunction with
the aesm‘lptlou of Fig. 9 hereinafter that tiie

latter characteristic is not an unexceptionable -

requisite.

Having explained the principles of opera-
tion as apphed to a form of structure repre-
sentative in a general way of the preferred
embodiment.of the invention, there will now
be deseribed a more complete loud speaker as-
semblage incorporating those principles,

ter which some modified forms of structure
will be described and their several relation-
ohlpq pointed out in such a way as to make it

clear that all the arrangements described are
generically similar and within the scope of
the one inventive idea.

Figs. 4, 5 and 6 depict a loud speaker struec-
ture of practlcable form characterized by
simplicity of design, economy of manufac-
ture and the ability to operate efficiently and
reproduce with a high degree of fidelity
This structure does not include certain reﬁne—
ments which are not regarded as strictly es-
sential and which will be described later in
conjunction with Fig. 7 of the drawings; but
otherwise it may be said to represent the pre-
ferred embodiment of the invention.

In Figs. 4, 5 and 6, the armature is desig-
nated by reference numeral 1, and the actu-
ating coil by numeral 2, as in the preceding
figures.

“In Fig. 4 the, actuating coil 2 is shown in
Cross- c:ectlon in order to more clearly expose
the armature. A cross-section.of the arma-
ture and longitudinal section of the pole
pieces are shown in Fig. 5. A plan view.of
the armature and cross-section of the sus-
pension springs 3 and 4 are shown in Fig.
6, together with a cross-sectional view of the

actu atma coil,

The armature is shown in its normal non-
actuated position held in suspension between
the pole projections by a pair of leaf springs
3 and 4, secured at their ends by means of
SCrews: 5 6,7and 8. Springs 3 and 4 are pref-
erably formed as ﬁhown with stlffemno'
flanges which are cut away at the ends and
mid- -portions to permit the springs to flex
freely. The purpose of the flanges is to
prevent the springs vibrating 1ndependent1y
and audibly.
known ways. -These springs are made of
quite thin metal—preferably duralumin—
and while serving adequately to restrain the
armature against lateral movement they nev-
ertheless offer little impedance or stiffness
to movements of the armature in the direc-
tions in which it is intended to move, that
It is evident on its face that
these spmn(rs would not permit of a large

They can be damped in other
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amplitede of movement but within the limits
of the amplitude requirements for ordinary
loud speaker purposes, they offer very little
restraint to the action of the armature. The
attainable amplitude without the imposition
of undue restraint upon the movements of the
armature is manifestly a function of -the
length of the springs. o
The magnetic¢ field structure in this éx-
ample comprises a permanent magnet 9 of
the “horse-shoe” type and laminated pole
pieces 10 and 11, respectively. The contra-
posed ends of the pole pieces are each bifur-
cated thereby forming the polé projections

N,, N, and S,, S,—the actuating coil 2 being

seated in the recesses formed in bifurcating
the pole pieces. ,

A vibratory diaphragm 12 of the floating
comnical type is directly connected to the ar-
mature through the medium of a connecting
pin 18,—there being a metal fitting 14 at-
tached to the apex of the cone to facilitate the
connection. The diaphragm is shown mount-
ed on a baffle board 15 through the medium

of a flexible rim 16 preferably of kid-skin.

In any telephonic reproducer, the output
volume is a function of the area and ampli-
tude of the diaphragm, or in other words,
of the volume of air displaced. Conversely,
the predetermined maximum amplitude of
vibration in:designing a loud speaker is a
quantity which is dependent tipon the area of
the diaphragm and the desired volume at the
lowest audible frequencies. Xxperience has

indicated that with a conical diaphragm

of moderate size, say 8 inches diameter, a
maximum amplitude of .030 inch will pro-
duce satisfactory output volume for all or-
dinary purposes. For smaller diaphragms
and equal output volume the amplitude must,
of course, be greater; and with larger dia-
phragms it may be smaller. An amplitude
of .080 inch means that the armature moves
a total maximum distance of .060 inch in

5 traveling from one extreme position to the

other. e . v

It should now be quite evident that the
width of the pole projections in the direc-
tion of the movement of the armature is a
matter of importance. They should be about
equal in width to the maximum stroke of
the armature, that is, twice the maximum am-
plitude. Any excess width of pole projec-
tion tends to produce superfluous amplitude
and magnetic losses while insufficient width
reduces the amplitude of armature move-
ment. The theoretically correct pole projec-
tion width is a dimension equal to twice the
caleulated maximum amplitude of - vibra-
tion which, for the amplitude postulated
above, would be .060 inch. This dimension
is equal, approximately, to one-sixteenth
inch—the latter being regarded as a conven-
ient and satisfactory dimension for the width

In Fig. 7 there is illustrated a modifica-

tion applicable to the structure of Figs. 4,

5 and 6. This figure is a fragmentary ele-

vational view corresponding in part to Fig.

4. The armature 1 as well as the pole-pro-:
jections (Fig. 7) are shown angularly re-.
lieved at certain critical points for the pur--

pose of reducing magnetic fringe losses.

Any magnetic flux passing between a ‘pole- -

projection and the armature without produe-
ing a proportional component of force tend-
ing to move the armature in the proper di-
rection represents, quite obviously, a loss.
Therefore it is desirable to restrict as much

as possible the flux leakage from the sides-of:

the pole-projections and likewise to and from
those surfaces of the armature which are not

intended to be acted upon by the attraction
and repulsion of the pole-projections. ' The -

armature accordingly is shown relieved at the

70 -

75

80 -

points a, b, ¢ and d, while the- pole-projec- -

tions ‘are correspondingly relieved at-the

points e, f, g, A, %, §, & and I. By so doing .

the magnetic paths extraneous to the narrow
air gaps may bé substantially attenuated and
the losses proportionately reduced.

90 .

It is preferable in building the structure -

of Figs. 4, 5 and 6 to incorporate the modi--

fication of Fig. 7 and it is believed that the -

advantage accruing fully justifies any slight:

added cost that may be involved in the ar-

rangement of Fig. 7 ‘as compared to that:

of Figs. 4, 5 and 6.

Fig. 8 is an elevational view, partially in -

cross section, portraying an alternative struc-

100:

ture similar in principle to that of Figs. 4,

5 and 6 but differing therefrom in the dis--

position of the actuating coils. In Fig. 8
there are four actuating coils shown instead
of the one in the structure of Figs. 4, 5 and 6.
These coils are designated respectively by
reference numerals 17, 18, 19 and 20. The

latter coils are each wound about oné of the: -
pole-projections and are so connected as to -

superinduce magnetizing forces of the same:

110-

character as those indicated in Figs. 2 and 3.
These superinduced forces operate additively -
and subtractively in exactly the same way
as previously described, and there is appar-~ -

ently no essential distinction in the two struc-
tures aside from the number and disposition

115"

of the actuating coils and the fact'that the -

armature is slightly more accessible. -

Fig. 9 has been included with a view to
portraying a variant form of structure which .

1s quite markedly different from the preferred -

embodiments hereinbefore

and embrace of the inventive idea.

‘case the fleld structure comprises two per-

described - but:
which, nevertheless, comeés within the ‘scope-
In this -

125

mament magnets 21 and 22 of the horse-shoe

in the previously described structures, but

type. The pole pieces are not bifurcated as

there are, nevertheless, four pole-projections.

These are marked N, N,, S, and S,. It will™
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adjacent the same side of the armature in
each instance are of opposite polarity, where-
as in the previously described structures they
are of like polarity. On this account it is

‘necessary that the armature be of different

form than in either of the previous struc-
tures. The armature in its normal non-
actuated position, as shown, overlaps through
a narrow air-gap the inward half-portion of
one pole-projection and the outward half-
portion of the other pole-projection adja-
cent to each side of the armature. How there
will be noted a point in common between the
structure of Fig. 9 and that of Fig. 4, which
is that the armature overlaps corresponding
fractional face areas of pole-projections of
like polarity. More concretely expressed, the
armature in this case -overlaps the inward
half of the face area of each oi the two
north-pole projections and the outward half
of the face areas of the two soutl

h-pole pro-
jections. The same is true of the structure
of Fig. 4.

~ In operation there is a close analogy
similarity between the structure of Hig.
and that of Fig. 4. It is to be assumed that
the actuating coil 24 surrcunding the arma-
ture 28 is momientarily energized in such &
direction as to magnetize the armature so
as to render it of north polarity at the left-
hand end—this being indicated by the letter
“N?” inscribed on the armature. - The dotted
line arrows indicate the constant uni-direc-
tional flux of the permanent magnets, while
the full line arrows indicate the momentar

flux engendered by the current in the actu-
ating coil. It will be seen that the permanent
flux in the pole-projections N, and S, is op-
posed by the momentary flux set up by the
actuating coil, whereas the permanent flux
in the pole-projections S, and N, is at the

or

@

same time aided. by the momentary ilnx.

Hence there is an increase of magnetic flux
passing longitudinally through the armature
from pole-projection N, to pole-projection
S,, and this increase of flux operates to propel
the armature toward the right, causing the
overlap of the armature with respect to the
pole-projections S, and N, to increase.

At this point there may be pointed out
an important generic distinction characteriz-
ing alike the structure of Fig. 9 and that of
Fig. 4, which is to the effect that the reluctance
of the flux paths between non-contraposed
pole-projections increases and decreases in
response to movements of the armaturs. In
other words, in Fig. 9 the pole-projections
S, and N, are non-contrapesed and of op-
posite polarity. Likewise the pole-projec-
tions N, and 3, are non-contraposed and of
opposite polarity. In Fig. 4 the pole-projec-
tions N, and S, are non-contraposed and of
opposite polarity. These, however, may be
said to be diagonally epposite in space rela-
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tion. The same is true of the relationship
between the pole-projections N, and S,, Fig.
4. 1t should now be clear that the expres-
sion “diagonally opposite pole-projections”
is, for the purpose of this specification, a
species within the embrace of the more ge-
neric expression “non-contraposed pole-pro-
jections.” :

In the structure of Fig. 9 the magnetic
paths through the armature between contra-
posed pole-projections .and betweenr pole-
projections of like polarity are of constant
reluctance or substantially so. These are

'Q_haracteristics common to all the structures
described. Omn the other hand there are these

differences to be noted: In the structure of
Fig. 9 the paths petween diagonally opposite
pole-projections are of constant reluctance

r substantially so, while the reluctances of
the pathsbetween pole-projectionsat the same
side of the armature are variable. In the

‘other structures the opposite holds true. It

is quite apparent on its face that the struc-
ture of Hig. 9, is in principle, closely akin
to the others and may be defined in the same
terms.

The structure of Fig. 9 has been included
1n this application with a view to emphasiz-

~ing the fact that the invention is susceptible

of a considerable range of variation and
medification.  This structure, while not re-
garded as one of the preferred embodiments,
18, nevertheless, entirely operative and
capable of rendering very satisfactory resuits.
It has, however, some deficiencies when com-
pared to the structures previously described.
In the first place, it involves two permanent
magnets, and secondly, an armature eof

greater irregularity than those previously de- .

scribed. The magnetic eircuit paths of the
actuating coil are necessarily longer than in
the preceding structures unless the perma-
pent magnets are made very small, wlich
would prebably not be desirable. Finally,
the arrangement of Fig. 9 is not quite as well
adapted to be molded into a compact and
simple structure -as are the previously de-
scribed arrangements. :

Figs. 10 and 11 are longitudinal sections
and end views, respectively, of a rather: dis-
tinctively different form of structure involv-
ing the same .principles as previously des-
cribed but in which the field magnet and
armature are cylindrical in form instead of
being in the form of bars. The field magnet
25 is cylindrical in form, and hasan axial pro-
jection 25* forming one of the pole pieces,
while the other pole piece is constitutéd by
the inwardly projecting peripheral portion
of the cylindrical field element.
portions which are marked N and S, respec-
tively, are bifurcated, thereby forming angu-
lar pole-projections N, N,, S, and S,. Theai-
mature 26 is ¢ylindrical in form, being dis-
posed in the air gaps between the pole-projec-

Both of the :
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tions, and has a longitudinal section similar to
that shown in Fig. 4. The actuating coils 27
and 28 are seated in the recesses betwaen the
pole-projections as shown. In Fig. 10 the di-
rection of the permanent flux is indicated by
the dotted arrows, while the momentary flux
engendered by the actuating coils when the
current is flowing one way is indicated by the
full line arrows. From a consideration of
the essential relative flux directions as indi-
cated by the arrows in Fig. 10, it becomes at
once apparent that the actuating coils 27 and
28 must be arranged so that the current there-
in at any instant flows in opposite directions,
otherwise the magnetic fluxes set up by the
two coils would tend to cancel each other.
That being the case, there would be little or
no response. - The armature is supported on
suitable suspension springs 29 and 30, and
1s connected through a suitable spider 81 and
actuating pin 82 to a diaphragm like that
shown in Fig. 4. ,

Fig. 12 shows another variant form which
the invention may take. - In this case there
are only two pole-projections, “N”” and “&”
respectively—these being the poles of the
permanent field magnet 83. The armature
34 is suspended in the air-gap inleaf springs
35 and 36 and is so formed as to over-lap, in
its normal non-actuated position, as shown,
one-half the face area of each pole-projec-
tion. The armature passes through an aper-
ture 38 in the magnet 33. The arrangement
is such that when the coil 37 is energized in
one direction the armature is attracted by
the pole-projection “N” and repelled by pole-
projection “S”—the reverse effect occurring
when the coil is energized by current flowing
in the opposite directicn.  The armature is
shown connected to a diaphragm 89 as in the
preceding structures.

There are numerous additional modifica-
tions and variant forms of structure within
the embrace of the present inventive idea, but
those illustrated and described are sufficiently
representative examples to indicate to those
skilled in the art the many practicable forms
in which the invention may be embodied. = -

‘Whatis claimed is: -

1. In a telephonic loud-speaker, an arma-
ture of magnetic material yieldably suspend-
ed so as to be oscillatorily movable bodily
in two opposite directions only from its nor-
mal non-actuated position, a magnetic field

5 structure including a source of uni-directional

magnetic flux, a plurality of pole-projections

forming a part of said field structure, said..

pole-projections being disposed laterally ad-
jacent to said armature, a winding for actu-
ating said armature in accordance with sound
waves to be reproduced, said winding hav-
ing a magnetic circuit including said arma-

ture and said- pole-projections, the arrange-

ment being such that when said winding is
energized in .one direction there is effected

an increased flux density in two non-contra-

posed ones of said pole-projections which

phenomenon is accompanied by a movement
of said armature toward a position in which
the reluctance of the magnetic path between
said non-contraposed pole-projections and
through said armature 1s reduced to'a mini-
mum, the opposite phenomenon and resultant

-effect occurring when said winding is ener-

gized in the opposite direction, and a vibra-
tory diaphragm connected to said armature
and adapted to be actuated thereby.

2. In a telephonic loud-speaker, an arma-
ture of magnetic material yieldably suspend-
ed so as to be oscillatorily movable bodily in
two opposite directions only from its normal
non-actnated position, a magnetic field struc-
ture includinga source of uni-directional

magnetic flux and a plurality of magnetic’

pole-projections disposed laterally adjacent

“said armature, a coil structure for actuating

said armature in-accordance with sound waves

to be reproduced, said coil structure having a

magnetic circuit including said armature and
said pole-projections and so arranged as to
cause an increase of flux density in at least
two non-contraposed ones of said pole-pro-

jections when current flows in a given direc-

tion through said coil structure and a de-

crease of flux density in the remaining pole-

projections, said armature being so formed,
proportioned and located with respect: to
said pole-projections that it will be mowed
in one direction, thereby decreasing the re-
Iuctance of the magnetic flux path there-
through between the non-contraposed pole-
projections in which the flux density is in-
creased, the opposite phenomenon and effect
occurring when said coil structure is enér-
gized: with current of opposite direction, the
movements of said armature being in: con-
formity as to amplitude and frequency with
the fluctuating current impressed upon said
coil structure, and a vibratory diaphragm

connected to said armature and adapted to be

actuated thereby.
3. In a telephonic loud-speaker, an. arma-

“ture of magnetic material yieldably suspend-
ed so asto be oscillatorily movable bedily in:
two opposite directions only from its normal-

non-actuated position,; a magnetic field struc-

ture including a- source of uni-directional
.magnetic flux and four pole-projections dis-:

posed laterally adjacent to said armature, two

- of said pole-projections being disposed at one

side of said armature and the other two at
another side thereof, two of said pole-pro-

jections being of one polarity and two of an-

other, said armature being so formed and
proportioned that, in its normal non-actuated

position, it overlaps fractional face areas of

said pole-projections through narrow air-
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gaps, the arrangement being such that when -

said armature is moved in one-of its two direc-

tions of movement the aforementioned over-
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lap with respect to two of said pole-projec-

tions of opposite polarity will increase,
said last-mentioned pole-projections bel

non-contraposed in their space relation, the-

overlap with respect to the other two pole-
projections decreasing, the
curring when said armature is moved in the
opposite direction, a coil structure for actu-
ating said armature, said coil strueture hav-
ing a magnetic circuit including said arma-
ture and said pole-projections and so ar-
ranged that when energized by current flovw-
ing in one direction therethrough twoe of said
pole-projections of opposite polarity and non-
contraposed in space will have superinduced
in them magnetic lines of force of the same
directicn as those normally therein while the
other two pole-projections will havée super-
induced in them magnetic lines of force in
opposition to those normally therein, said ar-
mature being attractively propelled by the
two pole-projections in which the magnetic
forces are additive, whereby the reluctance of
the magnetic path between said last-mention-
ed pole-projections and through said arma-
ure is decreased, said magnetic path being
diagonal of the oscillatory path of movement
of eaid armature, the reverse effect occurring
when said coil structure is energized by cur-

i rent flowing therethrough in the opposite di-

rection, and a vibratory diaphragm connected
to said armature and adapted toc be actuated
thereby. '

4, In a telephonic loud-speaker, an arma-
ture of magnetic material yieldably suspend-
ed so as to be oscillatorily movable bedily in
two opposite directions only from its normal
non-actuated position, a magnetic field struc-
ture including a source of uni-directional
magnetic flux, a plurality of pole-projections
forming a part of said field structure two of
said pole-projections being of the same mag-
netic polarity and disposed in spaced-apart
relation adjacent to one side of said armature,
at least one additional pole-projection of the
opposite polarity being disposed laterally ad-
jacent to another side of said armature, said
armature, in its normal non-actuated position

overlapping corresponding fractional face
areas of two of said pole-projections at one

side thereof, a winding for magnetically ener-
gizing said armature in alternate directions
in accordance with sound waves to be repro-
duced, said winding having a magnetic cir-
cuit including said armature and said pole-
projections the arrangement heing such that
when said winding is energized by current
flowing through it in one direction there re-
sults an increase in magnetic flux in two of
said pole-projections of opposite polarity
and diagonally opposite in space, said in-
crease in flux passing lengthwise through said
armature, said armature being thereupon
caused to move lengthwise to a position

° “wherein the reluctance of the flux path be-

raverse effect oc--
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tween said diagonally opposite pole-projec:
tions and through said armature is decreased,

the opposite effect occurring when said wind-

ing 1s energized by current flowing there-
through in the opposite direction, and a vi-
bratory diaphragm connected to said arma-
ture and adapted to be actuated thereby.

5. In a telephenic loud-speaker, an ar-
ture of magnetic material yieldably sus-
ded z0 as o be escillatorily mevable bod-
in two opposite directions only from its
normal non-actuated position, a magneti

structure including a source of uni-di-
1 magnetic flux snd a piurality of
metic pole-projections disposed laterally
nt said armature there being at least
two of said pole-projections adjacent o each
of at least two sides of said armabture, a
plurality of said pole-projections being oif
cne magnetic pelarity and the remaining
ones of said pele-projections being of the
opposite magnetic polarity, -said armature

ing so tormed, proportioned and located

WS
%}:}-
i

i

et

that, in its normal non-actuated position
it ov s adjacent fractional -face areas
of 4 d' pole-projections of one mag-

ic polaritv and non-adjacent fractional
ace areas ef the said pole-projections of
posite magnetic polarity, an actuat-

said armature in accordance with sound
o8 to be reproduced, said eoil structure
heving a magnetic circuit tncluding said
armatore and said pole-projections the ar-

&
structure is energized by current flowing
in-one direction a magnetic flux is superin-
duced in said pole-projections and
matuzre, the flux thus superinduced being =
any given instant ia -opposition fo the nor-
mal flux in certain of
and in-aiding relation to the normal flux in
the others of said pole-projections so that
whenever the :
strueture there is an increasing magnetic flux
passing lengthwise - of said armature 'he-
tween non-contraposed ones of said pole-pro-
jections whereby said armature is caused to
be moved lengthwise to a positich wherein
the reluctance of the magnetic path between
said mon-contraposed pole-projections and
through said armatureis.decreased, the oppo-
site effect cccurring when said -coil structure
is energized by current flowing in the eppo-

rangement being such that svhen said coil

site direction, and a vibratory .diaphragmn -

connected to said armature and adapted to
be actuated thereby.
6. In a telephonic loud-speaker, an arma-

ture of magnetic material yieldably sus-
g : . y
pended so.as:to be oscillatorily ‘movabile bod- :

ily in two opposite directions only from its
normal non-actuated position, a magnetic
field structure including a source of umni-
directional magnetic flux and four pole-pro-

jections .disposed laterally adjacent to said

1 4 - T 3
1 structure for magnetically energiz-

said ar-
said pole-projections

eurrent increases in said coil
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armature, two of said pole-projections being
of like magnetic polarity and disposed in
spaced-apart relation at one side of said ar-
mature -the other two of said pole-projec-
tions being of opposite magnetic polarity
and disposed at another side of said arma-
ture in spaced-apart relation, said armature
being so formed, proportioned and located
that, in its normal non-actuated position, it
overlaps adjacent fractional face areas of
the said pole-projections at one side thereof

and non-adjacent fractional face areas of

the pole-projections at the other side there-
of, the arrangement being such that when
said armature is moved in one of its two
directions of movement from its normal po-
sition the aforementioned overlap with re-
spect- to two of said pole-projections of op-
posite polarity will increase said last men-
tioned pole-projectionsbeing non-contraposed
in their spaced relation, the overlap with
respect to the other two pole-projections con-
currently decreasing, the reverse effect oc-
curring when said armature is moved in the
opposite direction, a coil structure for ac-
tuating said armature, said coil structure
having a magnetic circuit including said ar-
mature and said pole-projections and so ar-
ranged that when energized by current flow-
ing in one direction therethrough two of
said pole-projections of opposite polarity and

non-contraposed in space will have superin-

. 8b
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45

duced in them magnetic lines of force of the
same - direction as those normally therein
while the other two pole-projections will
have superinduced in them magnetic lines
of force in opposition to those normally there-
in, said armature being attractively propelled
by the two pole-projections in which the mag-
netic forces are additive, whereby the reluc-
tance of the magnetic path between said last
mentioned pole-projections and through said
armature is decreased, said magnetic path
peing diagonal of the oscillatory path of

“movement of said armature, the reverse ef-

. fect occurring when said coil structure-is

energized by current flowing therethrough in

" the opposite direction, and a-vibratory dia-

50

phragm connected to said armature and

adapted to.be actuated thereby. R

© 7. TIn a telephonic loud-speaker, an arma-

~ ture of magnetic material yieldably suspend-

55-

ed so as to be oscillatorily movable bodily in

two opposite directions only from its normal

non-actuated position, a magnetic field struc-

. ture including .a source of uni-directional
- magnetic-flux-and a pair of bifurcated pole

~pieces in contraposed relation, said armature -
. being interposed between said pole pieces

60

and movable transversely of the magnetic

air gaps therebetween, each of said pole

_ pieces comprising two pole-projections which

65

-are formed by virtue of its bifurcation, an ac-

tuating coil for said armature seated in the
recesses formed by the bifurcation of said

9

pole pieces, said armature being so formed,
proportioned and located that, in its normal

non-actuated position, it overlaps adjacent

fractional face areas of the pole-projections
at one side thereof and non-adjacent frac-

tional face areasof the pole-projections at the .

opposite side thereof, said actuating coil hav-
ing & magnetic circuit including said arma-
ture and said pole-projections the arrange-
ment being such that, in response to electrical
energization of said coil in one direction, the
magnetic flux in two of said pole-projections
of opposite polarity and non-contraposed in
space is supplemented, whereupon and where-
by said armature is moved to a position

70
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wherein it overlaps a larger portion of the .

face area of each of said last mentioned pole-
projections, the reverse effect occurring when
said actuating coil is energized by current
flowing therethrough in the opposite direc-

85

tion, and a vibratory diaphragm connected -

to said armature and adapted to be actuated
thereby.

8. In a telephonic loud-speaker, an arma-
ture of magnetic material, a magnetic field
structure including a source of uni-direc-
tional magnetic flux and a pair of bifurcated
pole pieces, said armature being interposed
between said pole pieces and yieldably sus-
pended so as to be oscillatorily movable bod-

ily in two opposite directions only from its -

normal non-actuated position and transverse-
Iy to the air gap between said pole pieces, an
actuating coil surrounding said armature and
seated in the racesses formed by the bifurca-

tion of said pole pieces, said armature being -

so formed that its mid-portion only is close-
1y adjacent to the pole-piece faces at one side
thereof while its end portions only are close-
1y adjacent to the pole-piece faces at the other

side thereof, said armature in its normal non- .

actuated position, overlapping in a length-
wise direction about one half the width of
each pole-projection formed by the bifurca-
tion of said pole-pieces the arrangement be-
ing such that when said armature is moved

in one direction from its normal position.

the overlap thereof with respect to two diag-
onally opposite ones of said pole-projections
increases while the overlap thereof with re-
spect to the ‘other two diagonally opposite
ones of said pole-projections concurrently de-
creases, the reverse effect occurring when said
armature is moved in the opposite direction
from its normal position, and a vibratory dia-
phragm connected to. said armature: and
adapted to be actuated thereby.

9. In a telephonic loud-speaker, a magnetic
field structure including a source of uni-di-
rectional magnetic flux and a system of mag-
netic pole-projections arranged. on either
side of an air-gap so that each is contraposed
to another of opposite polarity, an armature
of magnetic material yieldably suspended in
said air-gap and interposed between the faces
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‘of said pole-projections, said armature be-

ing. oscillatorily movable bodily transversely

_of said air-gap substantially in a straight line

and in two opposite directions only from its

. normal non-actuated position, said armature

being formed with laterally projecting por-

_tions having surfaces which overlap frac-

15

20

tional face areas of each of said pole-projec-
tions when said armature is in 1ts normal non-

. actuated position, the arrangement being

such that, when said armature moves length-

‘wise in either direction from its normal posi-

tion, the overlap of the armature with respect
to the faces of at least two of said pole-pro-

jections of unlike polarity increases while

" the overlap with respect to the faces of at

least two other of said pole-projections of
unlike polarity decreases, the arrangement

furthermore being such that the reluctances

of the magnetic paths between the faces of
contraposed pole-projections and through
said armature are substantially constant ir-

_ respective’ of the movements of said arma-
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ture, means for magnetically energizing said
armature in accordance with sound waves to
be reproduced, and a vibratory diaphragm
connected to said armature and adapted to be
actuated thereby.

10. In a telephonic loud-speaker, a mag-
netic field structure including a source of uni-
directional magnetic flux, and a system of
magnetic pole-projections ¢ rranged on either
side of an air-gap so that each is contraposed
to.another of opposite polarity, an armature
of magnetic material yieldably suspended in
said air-gap and interposed between the faces
of said pole-projections, said armature being
oscillatorily movable bodily transversely of
said air-gap substantially in a straight line
and in two opposite directions only frem its
normal non-actuated position, said armature
having a plurality of surfaces parallel to the
direction of movement thereof, said surfaces
(when said armature is in_ its normal non-
actuated position) overlapping about one-
half the face of each of siid pole-projections,
at least two of said pole-projection faces be-
ing overlapped inwardly and at least two out-
wardly, the magnetic paths across the air-gap

between :contraposed pole-projections being
> P L 2

of substantially constant reluctance irrespec-

-tive of the position of said armature, an actu-

ating coil system for magnetically energizing
said armature in accordance with sound

. waves to be reproduced, and a vibratory dia-

hragm connected to said armature and

adapted to be actuated thereby.

~11. Inatelephonicloud-speaker, a magnetic
field structure including a source of uni-di-
rectional magnetic flux, and a system of mag-
netic pole-projections arrayed on either side
of an air-gap so that each is contraposed tc
another of opposite polarity, an armature of
magnetic. material yieldably suspended in
said air-gap and interposed between the faces

1,782,644

of said pole-projections, said armature being
oscillatorily movable bodily transversely of
said air-gap substantially 1n a straight line
and in two opposite directions only from its

normal non-actuated position, the mid-por-;

tion of said armature being laterally offset

with respect to its end portions, said mid-por-

tion overlapping adjacent fractional face

areas of two of said pole-projections, said

end-portions overlapping non-adjacent frac--
tional face areas of another two of said pole-

projections, an actuating coil system for mag-

netically energizing said armature in accord-

ance with sound waves to be reproduced and a

vibratory diaphragm connected to said arma-
ture and adapted to be actuated thereby.

12. In a telephonic loud-speaker, a mag-
netic field structure comprising a permanent
magnet and a pair of bifurcated pole-pieces,
each including a pair of pole-projections.
formed as a result of the bifurcation of the
pole pieces, each of said pole-projections be-
ing contraposed to another of opposite polar-
ity, there being an air-gap interposed be-

tween, an armature of magnetic material.

vieldably suspended in said air-gaps and in-
terposed between the faces of said contra-
posed pole-projections; said armature being
oscillatorily movable bodily transversely of
said air-gaps substantially in a straight line:
and in two opposite directions only from its
normal non-actuated position, the mid-por-
tion of said armature being laterally offset
with respect to its end portions, said mid-
portion overlapping adjacent fractional face
areas of two of said pole-projections of like
polarity, said end portions overlapping non-
adjacent face areas of the pole-projections

‘of opposite polarity, an actuating coil system
having a magnetic circuit including said:.

armature and said pole-projections, and a vi-
bratory diaphragm connected to said arma-
ture and adapted to be actuated thereby.

13. In a telephonic loud-speaker, a mag-

netic field structure including a source of uni- -

directional magnetic flux, and a pair of poles
of opposite polarity, an armature of magnetic
material adjacent to both sald poles, said
armature being formed and arranged so that
in is normal non-actuated- position it over-
laps fractional face areas of both said poles,
said armature being yieldably suspended so
as to be movable bodily in a plane parallel to
the faces of said poles and in two opposite
directions only from its normal non-actuated
position, said armature, when moved in either
direction, increasing its overlap with respect
to one of said poles and decreasing its
overlap with respect to the other of said
poles, an actuating coil system operable to
energize said armature in accordance with
sound waves to be reproduced, said coil
system being so-arranged that the portions
of said armature adjacent to said pole-
projections are always- of like polarity
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irrespective of the momentary direction of
energizing current in said coil system, and a
vibratory diaphragm connected to said arma-
ture and adapted to be actuated thereby.

14. In a telephonic loud speaker, a mag-
netic field structure including a pair of pole-
projections of opposite magnetic polarity and
having parallel faces, an armature of mag-
netic material movable bodily in a plane

parallel to the faces of said pole-projections:
and in two opposite directions only from its:

normal non-actuated position, one end por-
tion of said armature being operatively asso-
ciated with both of said pole-projections and
arranged to overlap fractional face areas of
both said pole-projections in such a way that
upon movement of said armature in either
of its two directions of movement the over-
lap thereof with respect to one of said pole-
projections increases, while the overlap with
respect to the other of said pole-projections
simultaneously decreases, the reverse effect
occurring when said armature is moved in the
opposite direction, a magnetic coil system for
variably magnetizing said armature in ac-
cordance with sound waves to be reproduced
and a vibratory diaphragm connected to said
armature and adapted to be actuated thereby.

In testimony whereof I affix my signature.

CLAIR L. FARRAND.
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