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JURJEN S. HIGH, OF WILKINSBURG, PENNSYLVANIA, ASSIGNOR TO WESTINGHOUSE
- ELECTRIC & MANUFACTURING COMPANY, A CORPORATION OF PENNSYLVANIA .

. TRANSLATING DEVICE

: Applicatioﬁ filed d’uné ‘;313,

My invention Trelates to- devices, such as
microphones and loud speakers, for:translat-
ing between - electrical energy. and ;sound
energy. - ‘ Lt

It is an object of my invention to produce
a translating device:in which the diaphragm
shall be provided; throughout its area, with

~means. for effecting “energy:: translation.
‘When:the deviceiis a-loud speaker, the force
10 exerted by the electro-dynamic forces ‘is ex-
erted .at many points’ distributed “over the
diaphragm. Likewise, when the device is
acting ‘as a microphoneé; the diaphragm be-
ing moved by the sound pressure, the resist-.
15 ance to the motion: presented by the electro-
dynamic forces is exerted at numerous points

distributed over the diaphragm. ... -5

" Inthat form of my invention in which the

diaphragm is free to move:as a whole; this

)

20 distribution results-in‘a plunger-like move- :

ment of the diaphragm.: On the other hand,
when the diaphragm is restrained along cer-
tain lines or at certain’points, the interven-
ing portions vibrate effectively, notwith-

28 standing such restraint, because of the dis-

tributed -forces.~ v e

It is a further object:of: my. invention to

provide a means for producing flux through .

the diaphragm over a very considerable area

“ 30 thereof without-causing the magnetic struc-
~ture tohinder the passage of sound to or from
the diaphragm.. woir s sy
Tt is a further object of my invention to
provide a_current-carrying conductor which

35 shall be the electrical equivalent of two flat
closely adjacent current sheets with their cur-

rents in opposite directions.
Tt.is a further object of my invention-to so:
distribute the magnetic flux that it shall co-

40 ‘operate with substantially the whole of each

of said current sheets.: CE e

T have found it desirable to space apart

_ the individual pole-members which collec-
tively constitute the means for.delivering the

45 flux to cooperate with said ‘current:sheets.
T have likewise found-it: desirable to space

- apart: the conductors which carry the cur-
-rent, heretofore described as current sheets.
< Tt is a further object of my invention toso .

50 locate the individual pole-membersthat near-

Fig. 2ok

larged scale; partly in section,

- Fig. 6

‘posite polarity.

1929." Serial No. 370,526.

ly-all of the flux will traverse the plane of
the double-current sheet in those parts of the
plane occupied-by the conductors and in such
direction:that the resultant mechanical force
will be effective. B ‘

‘It'is a- further. object of my invention.to
provide a-means whereby rattling noises will
be ‘prevented, ‘thereby: enabling paper, or
other sheet material liable to:produce such
noises; to serve acceptably as the body of the
diaphragm. ‘ :

A sheet of material of only slight stiffness,
such as thin paper, can remain in a vertical
position without buckling or: otherwise col-
lapsing, provided it is supported oneach
side against tipping or any large bending
movement. - 1t is another object of this in-

such sheet material. ‘
Details of .the structure and further ob-

- b5

60.

@5

-vention'to take advantage of this property of

70

jects of my invention will be readily under- °

stood from the following deseription and ‘the
accompanying drawings, in which
_Figure1is a perspective view showing the
device with parts broken away,
TFig. 21s a rear elevation of the apparatus
shown-in Fig.1, . RS ‘
Fig. 8 is a section on the line ITT—III of

view of:a support on an

sRig. 4 a en-

~Fig. 5 is a vertical section, on an enlarged
scale; thiough a portion of the diaphragm and
the adjacent individual pole-members, and
is‘a side elevational view of the dia-
phragm. = ARV TN :
“The device is housed in a casing 1 open at

‘the front 2 and back 3. A’ coil 4 surrounds

the central member 5 of the magnetic circuit.
The winding of the-coil 4is intended to carry
direct current, whereby all of the polar up-
1ights 6, at one side of the coil, are of the
same polarity, and all of the polar uprights
“7,-on the other side of the coil, are of the op-
~ Blocks or bars 8, preferably of non-mag-
netic material, space ‘the magnetic circuit

-away from the floor of the.casing and provide

thereby sufficient room for: the coil 4. S
~_The upright pole-pieces 7 are provided

5
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with aligned grooves 9 traverse to the faces
of the pole-pieces 7, which are toward the

- pole-pieces 6, and the pole-pieces 6 are trav-

ersed by aligned grooves 10 on the faces
thereof toward the pole-pieces 7.  The
grooves 10 are: staggered relative to the
grooves 9. Individual pole-members 11, of

- sufficient length to extend across the whole

10

Py

collection of pole-pieces 7, are fitted in the
grooves 9 with a press fit. L

If preferred, the joints between the shelf-
like individual pole-pieces 11 and the pole-

pieces 7 may be welded, the junction being.
such as to present the smallest possible mag-
; netic reluctance in ‘the joints.
shelf:like extensions or' . individual pole:

Similarly,

pieces 12-are fitted in the grooves 10 in the
upright’ pole pieces 6 at the front of. the
apparatus. o e

Because the grooves 9 are staggered with
respect to the grooves 10, the'individual pole-
pieces 11 occupy horizontal planes midway
between the horizontal planes occupied by

~the individual polé-pieces 12, and the free

jasr
&t

- the seats of the several magnetid poles, are.

o

Bo

55

- sheet and ribbém;
5 whereby

edges of the-individual pole pieces, which are

instaggered relation, as:shown in Fig. 8, and
more clearly in Fig. 5.~

The diaphragm 15'is located between the
individual pole-pieces 11 ‘and  12: " It com-
prises a sheet 16 of drawing-paper or other

sheet -material upon which a ribbon 17, of

aluminum orother conductive ‘material is
wound." The ribbon 17 extends the full length

“gs of the sheet 16 and, at the edge, is folded, as

shown at 18, to-extend in"the Teverse direc-
tion the full length of.the other side of the
sheet. : i

~Adjacent to the fold 18, the ribbon is de-
flected laterally, as shown at 19, and a similar

deflection occtrs on the other face of the
sheet; as shown at 20. The combined effect -

of the-two deflections is sufficient to locate
each length of ribbon upon the reverse side
of the sheet, midway between $wo adjacent
lengths of ribbon upon the obverse side of
the sheet. Thus;the length 22 on the obverse
side of ‘the sheet, as shown in Fig. 6, is mid-
way between two lengths 28 upon the reverse
side of the sheet. - Preferably, the width of
the ribbon is approximately equal to the width

of the space between each length <and the.

neighboring length on the opposite. face of
the sheet. i o .
Any desired way of securing the ribbon to

~the 'sheet may beé employed: = Tt may be ce-

mented ; the metal may be forced into the in-
terstices between the fibres of the sheet by

‘pressure; the combined surface of ribbon and

sheet may bée varnished, or any other way of
insuring that the sheet and ribbon will move
as g unitary structure may be employed.

- Preferably, the dssemblage, comprising
1s subjected to pressure,
tire paper-is stightly deformed into

- of the digphragny,

1,815,564

a zigzag-shape, as illustrated at 24 in Fig. 5.

Asa consequence of this deformation, the suc-

cessive lengths of ribbon are nearly in one -

plane.. - ‘ : ,

Upon each side of the diaphragm, a layer
26 of light fibrous material is provided.” This
material may be oriental silk crepe or loosely
woven crinkly silk, but any fabrie, the fibres
of which are capable of a large amount of

~movement among themselves and are of rela-

tively small.density, will serve the purpose.
Very soft loose cotton felt may serve. The
silk or other fabric 26 may be supported in
place by being folded across the upper edge
of the diaphragm, as shown at 30 in Fig. 4.
Any other suitable- means for supporting the
fabric in place may be.used, but the fabric
neédnot be cemented to:the faces of the dia-
phragm. . , po :
“In one form of my-invention,a part only
of the space between the diaphragm and the
ends of the individual pole-members is oceu-
pied by the uncompressed volume of the silk:-
The unoccupied portion of the space between
the diaphragm:and the ends of the magnetic
structure isiintended to be sufficient to accom-
modate the normal movements of .the ‘dia-

this form of the invention except when ex-

70

80

5

90

~phragm. The silk will not be compressed be-
~tween the diaphragm and the pole-piece in ,
8-

traordinary’ excursions of ‘the diaphragm

oceur: o : . : _ o
In an alternative form, the fabric is made
to- fill ‘loosely the space between the dia-

phragm 15 and the edges of the pole-mem- -

bers 11 and 12. Motion of the: diaphragm
in this' form is largely restricted to-the pox-
tions between pole pieces. o
~The upper edge of the diaphragm, togeth-
er with the folded edge of the silk, is thrust
between two pieces of soft felt 81, the upper

‘portion of the adjacent faces of which are

150

165

glued together. The joined pieces of felt -

may form & frame extending about the whole
periphery of the diaphragmi or felt may be !
used only at certain points, for example, at
the corners thereof. At 82 in Fig. 1, several
separated portions of the felt are shown and
in Fig: 2, the complete frame of felt iz illus-

trated.” At the top of the diaphragm, the 1

felt, by loosely engaging the top plate 83 of
the casing; permits transverse displacement

At the bottom of the diaphragm, similar
contact between the felt and a plate 84 of

~brass or other nonmagnetic' sheet material
‘Permits

transverse - movement: of ‘the dia-
phragm: ' : ST
The plate -84 supports the diaphragm,

while the ends of the pole-members prevent 12
1t from falling by tipping or buckling. - The

top plate 33, of the casing, being fastened to
the ‘upright pole pieces 6 and 7, talkes the
thrust set up by the magnetic attraction be-
tween pole members 11 and 12. S

1o

120

f
7
-

130 -



10

20

25

38

.40

45

50

99298 downward and to the right.

1, 815 564

The dlaphra,cm structure 1ncludes bes1de

the sheet 16 and the winding thereon, an ex-
tension at each end-of the ‘drawing- paper.
Thls extension is shown at 35 in FlU 2. Tt
is joined to the diaphragm proper bv a ce-
mented joint, indicated af 36.

In the operation:of the device. current is
supplied to the coil 8 to produce unidirec-

: ‘tional flux between ‘the 1nc11v1duwl pole~

pieces, as indicated 'in Fig. 5
The terminals of the rlbbon 17, shown ex-
tending toward the left in Fig. 6 are’ Con-

‘nected to- a source of ‘audio- frequency eur-

rent, in the case of aloud speaker, or to de-

‘hver the current produced when the device

is acting as a microphone.
In the loud- speaker action, current flows
in-the aluminum - ribbon. . Considering the

: moment at which the direction of the cur:
rent is into the paper in the lower length 23
of the conductor, as 1llu<;trated in Fig. 5 the

“direction’of the current is up from the nqper‘

1n the lenfrth 22 of the conductor in Fig: 5

- Tt the r1crht hand - individual pole pieces  in
Fig:5 b regarded’ as north poles the left-:

hand ones w1ll be regarded. as south poles.
The resulting thrust upon the length 23 of
the conductor shown at the bottom of Fig. 5

will be upward ‘and to the: right. At this

moment, the force exerted on the conductor
The stiff-
ness of the diaphragm- structure is sufficient

to ‘prevent the upward component of ‘the

force. upon the lower length 23 of the-con.
ductor and the downward component of the
force upon the -adjacent conductor 22 from
producing any. result; but the-two compo-

Tents of these two- forces toward the right -
cause a movement of the dlaphr'wm in that ‘

direction.

upon each length-of the conductor will show

that, over the whole surface covered by the
 winding, there is, at the moment under con-
:sideration, a urnformlyr distributed force- to-
ward the right. . This force is unlformly dis-
tributed: in the sense that it is’equal-over .’

many points systematlcelly distributed in a

- uniform- fashion over: the area of ‘the dia-

phragm. It is not meant to assert-that the

- force between two adjacent lenigths of con-

55

60

‘R’i

ductor is- equal to that at the conductors
‘themselves ‘

In the form of the dev1ce in Wthh there is
sufficient spice provided between: the dia-
phragm and the " pole-members,'the "dia-
phragm moves: laterally without flexing. = It

produces a- plunger-like: actlon fzuthfully“
~ representing the wave-form of the current
delivered to the winding,.
~vibration by flexing

- Any tendency for

tling noise; is: prevented by the’ damplncr ac-
{ion of the silk.
In the alternative form i in which the edcres

of the pole-members are close to the silk, lat-

32
rounding the ‘diaphragm, which has much
the same result as a baflle-board.- This frame

tion. of the flux.

W1th a: consequent rTat-

3

s

eral movement of the correspondlng parts of

~the diaphragm is prevented or:partially pre-
‘vented and the diaphragm vibrates in a sys-

tem of long marrow strips each of which
tends to ‘become arched transverse to -its
lenfrth during each cycle.. This zonal vibra-
tiom i superposed upon the plunger-like
movement but the silk still prevents rattling

sounds.

“‘The sound radlated “from one face of the

diaphragm is prevented -from interfering

with that from the other face by the side-
wall and top 83 of the casing and the plate
Together, these constitute a frame sur-

must not be too deep or a' banel-like eﬂect
will result.

When the device'is acting as a microphone;
the sound pressure causes the diaphragm to
‘move with a’plunger-like motion. = Each con-

ductor léength moves across its respective flux

at the! same ~angle “and  the electromotive
forces ‘induced in each add, with the result

that the " electromotive force produced at -

the termmals of the Wlndmg 17,1s of a useful
amount.-

Both in the loud-speaker action of the de-

‘vice and in ity microphone action, it will be

seen ‘that the sound reaches the dlaphramn
through openings provided by expanding the
metallic structure of the magnetic circuit into
2 lattice work, = It will also be seen that, in

‘both cases, the movement of the conductors

igatan ancrle approximately. 45° to-the direc-
This is an advantageous
angle that can be obtained with a flat surface
and a distributed pole-piece structure.
Many variations of the details of the con-

‘ ~struction will readily occur to those skilled
A similar examination of the forces actmg ‘

intheart. " The omission eof any specific men-

‘tion of such variations is not-intended as a

limitation. The" only intended. limitations

‘are those required by the pI‘lOI‘ art and ex-
“pressed in the claims.

I claim as'my invention: P
1o Ina translating device for electrlc and
acoustic energy,a sheet a winding distributed

‘over both faces of said sheet and ﬁu\—produc-

Ing’means COOpeI"ltIIl‘“ with. said ‘winding
throughout the major part thereof.
2. In a translating device for electric and

“acoustlc eNnergy, a. sheet a winding. distrib-
uted: over:both. faces of sald sheet and means

located -on:both sides of said sheet for pro-

‘ducing flux. through said sheet to coopelate

with sald W1nd1n0
3. Ina translatmo device for electrlc and

‘acoustic energy; a mavnetlc circuit compris-.:
-ing oppositely locmted pole-pieces, each pole -
‘piece having a plurality of parallel'project-

ing: pole- merbers spaced from one another
and the pole-members: on one pole-piece being
opposite the  spaces ‘between the pole-mem-
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bers on the other pole-piece, whereby the pole-
members are in staggered relation. .

4. In a translating device for electric and-

acoustic energy, a magnetic circuit compris-
ing a pair of sets of pole-pieces, the sets being
located in opposed relation and the members
of each set being spaced apart, an open work
of magnetic material extending from one set
of pole-pieces toward the other, a similar open
work extending from.the-other- set of pole
pieces toward the first, whereby the adjacent
extremitios of the open work are on opposite
sides of an air gap. , e

5. In a translating device for electric and
acoustic energy, a magnetic circuit compris-
ing -a pair of sets of pole-pieces, the sets

- being located .in opposed relation and the

members of each set being spaced apart, an

~open work of magnetic material ‘extending

20

30

85

~ area comprising an open-work of magnetic

¥ ;1

from one set of pole-pieces toward the other; a

similar open work extending from the other
-set-of pole pieces toward the first, whereby

the -adjacent extremities of the open work
are on opposite sides of an air gap and the
individual pole-members of one open work
are opposite the open spaces of the other,
whereby the terminals of the magnetic cir-
cuit are in staggered relation. - . -

6. In a translating device for electric and
agoustic energy, a diaphragm and-a magnetic
circult including portions adjacent to said
diaphragm on.opposite sides thereof, said
portions being of lattice work whereby sound
may readily pass therethrough. o

7. A structure for conveying flux. to an

material extending over substantially all of
said area and. affording passageextending
from the exterior of said structure to Tegions
distributed over substantially all of said area.

8..In a translating device for electric and

“acoustic energy, a sheet, a plurality of con-

ductors secured: on said sheet and means for
producing a magnetic flux across each of said
conductors at an oblique angle to said sheet.

9. In a translating device for electric and
acoustic energy, a plurality of magnetic pole-

~members located on opposite sides of a plane,

a_winding. and means for supporting the
winding approximately in said plane, .

10. In a translating device for electric and
acoustic “energy, a . plurality of magnetic
pole-members located in staggered relation

on opposite sides of a plane, those on ¢ne side.
‘being all' of one polarity and those on the
other side being all of the opposite polarity,

—a winding and means for supporting the

: ‘40

winding approximately in said plane;-
- 11. In atranslating device for electric and
acoustic energy, a plurality of magnetic pole-

. members located in staggered relation on op-

posite sides of a plane, those on one side being -
-all of one polarity and those on the other side

being all of the opposite polarity, a winding =~
~and. means for supporting the winding ap-

“between the

1,815,564

pfoximately n sa‘id plane with -the individ-

between successive unlike poles. ‘ i

12. In a translating device for electric and
acoustic energy, & diaphragm, a magnetic cir-
cuit cooperating with said diaphragm and

- ual turns  thereof approximately midway

70

including pole-struetures extending over a

major portion of the area of the diaphragm
on each side thereof and damping material
pole-structure and the " dia-
phragm. .

13. In a translating device for electric and
acoustic energy, ‘a magnetic circuit connect-
ing the sides of an air gap and &' diaphragm

in said air gap, the mid portion of said mag-

netic circuit being concentrated and the pole

75

80

portions being of open work whereby the .

cross-sectional area effective to carry the flux
carried by the mid portion is distributed at

the pole portions over an area approximately

that of the diaphragm. - : -

14. In'a translating device for electric and
acoustic energy, a diaphragm, means for ex-
erting force transverse to the diaphragm at
places distributed. over a major part of the

0

¥

area thereof and damping means covering

substantially all of said part.

15: In a translating device for electric and

acoustic energy, a diaphragm, means for ex--

erting a force transverse to the diaphragm at
places distributed over a major part of the

%

area thereof and a connected sheet of maté. .

rial lighter than the material of said dia-

. phragm extending over substantially all of

said part. s ‘

16, In a translating device for electric and
acoustic energy, a diaphragm, means for ex-
erting force transverse to the diaphragm at
places. distributed over a major part of the
area thereof and a connected sheet of material
lighter than the material of said diaphragm

extending over substantially all of said part’

and-free to move relative thereto. :
*17.-In a translating device for electric and
acoustic energy, a magnetic cireuit having an

air gap in the form of a erevice, a-diaphragm:

in said gap supported only. at parts thereof
extending beyond the gap: and of sufficient
stiffness to maintain itself in position within
the gap.. .~ , e

18 A diaphragm comprising a supporting
sheet and a ribbon of conductive material
wound flat on both faces of said sheet.

19. A-diaphragm comprising a supporting
sheet' and a ribbon of conductive material
wound flat on both faces of said sheet and
forming therewith a structire of sufficient

stiffness ‘to support itself against buckling

when placed in-a vertical plane.

- In testimony whereof, I have hereunto sub:

scribed my name this 81st day of May, 1929.
Sl - JURJEN 8. HIGH.
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