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POLARIZED ELECTROMAGNET COPERATOR 
WITH DAMPED COLARMATURE 

Joseph Lukacs, Astoria, N. Y., assignor, by mesne 
assignments, to Technicon Cardiograph Corpo 
ration, New York, N. Y. 

Original application December 4, 1946, Serial No. 
714,084. Divided and this application January 
14, 1947, Serial No. 721,971 

(C. 175-339) 5 Claims. 

This invention relates to a magneto-motive de 
vice intended primarily for actuating the pen 
or stylus of a direct-writing cardiograph. 
The primary object of the invention is to pro 

vide a magneto-motive device which is highly 
efficient and well adapted to actuate a pen. Ol' 
stylus of a direct-writing electrocardiograph. 
Another object is to provide a magneto-no 

tive device which includes movable means, in 
cluding a movable coil, for actuating the Stylus 
or pen, and which is provided with means to flat 
ten the response of said movable means for cor 
rection of amplitude variations thereof aS Ine 
chanical resonance is approached. 
The above and other objects of the invention 

will be fully understood from the following de 
scription in connection with the accompanying 
drawings which are to be considered as illustra 
tive of the invention but not in limitation there 
of. 

In the drawings: 
Fig. 1 is a perspective view of a magneto-mo 

tive device embodying the present invention; 
Fig. 2 is a sectional view thereof on the line 

2-2 of Fig. 1; 
Fig. 3 is a perspective view of the movable 

coil; 
Fig. 4 is a perspective view of the diaphragm 

on which the coil bobbin is mounted and which 
is connected to the pen-operating rod. 

Referring now to the drawings in detail, the 
magneto-motive device embodying the present in 
vention comprises a magnet structure having a 
permanent annular magnet 0, the end plates 2 
and 4, and the center-pole core 6, forming a 
magnetic circuit. As here shown, the magnet 
fo and the plates 2 and 4 are held together, 
mechanically and in magnetic-circuit relation, 
by a plurality of circumferentially spaced screws 
8 of brass or other non-magnetic metal. The 

center-pole core 6 is secured in plate 2 prefer 
ably by a press fitting in the opening 20 of said 
plate. Said core 6 is of circular cross section 
and has an end part 22 which together with the 
central circular part 24 forms an annular axial 
ly-extending air gap in which the coil 26 is mov 
able. 
The center-pole core 6 is of circular cross sec 

tion and has an axially-extending conical por-. 
tion 28 between the end cylindrical part 22 and 
the opposite end cylindrical portion 30 which is 
secured to plate f2, said portion 28 tapering to 
ward said part 22. The air gap-defining part 22 
of core 6 has an axial recess 32 which is conical 
or tapers inwardly, thereby providing the core 
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part 22 with an annular wall which is of decreas 
ing radial thickness in a direction extending 
axially of the core toward the outer end of plate 
4. Also, as shown plate 4 is of varying axial 

thickness, the thickness of said plate increasing to 
a maximum in the Central or gap-defining part 
24 thereof. By virtue of this construction of 
core 6 and of plate 4, magnetic leakage, which 
Would otherwise occur, is greatly reduced, and 
the magnetic flux is caused to pass across the air 
gap between parts 22 and 24 along substantially 
parallel lines radially of the central longitudinal 
axis of the magnet. Further it will be observed 
that the plate 2 is provided with a chamfered 
Outer edge 34 which aids in reducing magnetic 
leakage. Preferably the magnet O is formed of 
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Alnico, and the plates f2 and 4 and the core 
6 are preferably formed of hot rolled ingot iron 

or SAE 10-10 annealed steel. 
The winding of the movable coil 26 is carried 

by a bobbin 36 which is strong and of light weight. 
Said bobbin 36 is preferably formed by molding 
the same of nylon, but can be formed of “bake 
lite' or of any other suitable material. As shown, 
said bobbin is provided with a flange 38 by which 
it is secured to the central ring 40 of the flexible 
diaphragm 42. The outer ring 44 of said dia 
phragm is clamped between a spacer ring 46 and 
a retaining ring 48. As here shown, a plurality 
of Screws 50 are utilized for securing diaphragm 
42 between rings 46 and 48 and for securing the 
assembly of said rings and diaphragms and the 
Coil which is carried by said diaphragm to plate 
4. Rings 46 and 48 are formed of aluminum or 
other non-magnetic material. Diaphragm 42 is 
formed of thin flexible Sheet metal Such as 
bronze, and has a plurality of webs 52 which ex 
tend between the outer clamped ring 44 and the 
inner ring 40 to which the bobbin is secured. 
Thus, Said diaphragm is secured in fixed relation 
to the magnet structure and is mounted for 
vibratory movement normal to the plane of the 
diaphragm and axially of the air gap of the mag 
net. A cap 54 of bronze or other suitable mate 
rial is secured to the inner ring 40 of diaphragm 
42, and a rod 56 is connected to said cap at the 
center point thereof So as to project axially of 
the winding of the coil 26. Rod 56 may be con 
nected in any Suitable way for example, as shown 
in my application Ser. No. 714,084, filed December 
4, 1946, to a pen or stylus for actuating the latter 
to record the oscillations of coil 26 on a paper 
web, for example, the paper web or chart of a 
direct Writing electrocardiograph, thus the cap 
54 and the rod 56 together constitute the actuat 
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ing or operating mechanism for the Stylus. It 
will be understood that the coil 26 is connected 
to the output circuit of an amplifier of Small volt 
ages, such as those involved for example in the 
operation of an electrocardiograph. 
The device of the present invention is provided 

With means for flattening the response of the 
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movable unit of the device for correction of am-- - 
plitude variations thereof as mechanical reso 
nance of said movable unit or assembly is ap 
proached. For this purpose an endless metal 
ring 58, preferably of copper, is mounted on bob 
bin 36 in position centrally of the coil Winding 
in insulated relation thereto. Said ring 58 pro 
vides Short-circuited current-conductive means 
for damping vibrations or oscillations of the mov 
able coil unit for providing correction for the 
natural change in amplitude of oscillations of 
the movable coil unit as mechanical resonance 
is approached, thus flattening the response aid : 
preventing over excursion of the pen or stylus 
in the operation of the latter for forming the 
trace on the paper Web. . . . . . 
This application is a division of my application 

for Electrical Recording Instruments for Electro 
cardiographs, filed on or about December 4, 1946, 
Ser. No. 714,084. 

It will be understood that various changes in 
the details of construction and in the arrange 
ment of parts may be made without departing 
from the underlying idea or principles of this 
invention within the scope of the appended 
claims. 

Having thus described my invention, what I 
claim and desire to secure by Letter's Patent is: 

1. In combination with a ragnetic circuit com 
prising an annular magnet, an annular magnetic 
member coaxially disposed at One eind of Said mag 
net in magnetic-circuit relation therewith, and a 
center-pole core for said magnet coaxially dis 
posed within Said magnet, and said member, said 
Core being provided with an annular Wall of de 
Creasing radial thickness in a direction extending 
axially of said core, said wall being spaced from 
Said member to define an air gap across which 
magnetic leakage is Substantially reduced; a flex 
ible diaphragm, a coil disposed for rectilinear os 
Cillatory movement within said gap for driving 
Said diaphragm, coil nolanting means carried at 
one Side of Said diaphragra 33d actuating means , 
carried at the other side of Saii diaphragin and 
driven thereby in response to said movement of 
the coil, Said diaphragm constituting the sole 
Support for said coil and said actuating means, 
Said coil being provided with a short-circuit, cur- i. 
rent conductive means mounted thereon for bodily 
movement thereby and electrically insulated from 
Said coil, Said means being free of eingagement 
With Said diaphragm and being disposed in co 
axial relation about said annular wall whereby 
it is disposed within an area of maximum flux 
linkage for damping the movement of said coil as 
mechanical resonance thereof is approached. 

2. In combination with a magnetic circuit com 
prising an annular magnet, an annular magnetic 
member coaxially disposed at one end of said mag 
net in magnetic-circuit relation therewith, said 
member varying in axial thickness from a mini 
nun at its perimeter to a maximum in the cent. 
tral part thereof, and a center-poie core for said 
magnet coaxially disposed within said magnet 
and Said member, said core being provided with 
an annular Wall of decreasing radial thickness in 
a direction extending axially of said core, said 
Wall being Spaced from the central part of said 
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4. 
member to define an air gap acroSS which mag 
netic leakage is substantially reduced; a flexible 
diaphragm, a coil disposed for rectilinear oscil 
latory movement within said gap for driving Said 
diaphragm, coil mounting means carried at One 
side of said diaphragm and actuating means cal 
ried at the other side of said diaphragm and 
driven thereby in response to said movement of 
the coil, said diaphragm constituting the Sole 
support for said coil and said actuating means, 
said coil being provided with a short-circuit cur 
rent conductive means mounted between adjacent 
windings thereof for bodily movement thereby 
and electrically insulated from Said coil, Said 

5 means being free of engagement with said dia 
phragm and being in coaxial disposition between 
said annular wall and the central part of Said 
member whereby it is disposed within an area. 
of maximum flux linkage for damping the move 
ment of Said coil aS mechanical resonance there 
of is approached. 

3. In combination with a magnetic circuit com 
prising an annular magnet, an annular magnetic 
member coaxially disposed at one end of Said 
magnet in magnetic-circuit relation therewith, 
and a center-pole core for said magnet coaxially 
disposed within said magnet and said member, 
said core being provided with an annular wall 
of decreasing radial thickness in a direction ex 
tending axially of Said core, said wall being spaced 
from Said member to define an air gap across 
which magnetic leakage is substantially reduced; 
a flexible diaphragm, a coil disposed for rectilinear 
OScillatory movement within said gap for driv 
ing said diaphragm, coil mounting means carried 
at One side of said diaphragm and actuating 
means carried at the other side of said diaphragmi 
and driven thereby in response to said movement 
of the coil, Said diaphragm constituting the sole 
Support for said coil and said actuating means, 
Said coil being provided with a short-circuit cur 
rent conductive means carried between adjacent 
Windings thereof and electrically insulated from 
said coil, Said means being free of engagement, 
With Said diaphragm and being disposed in co 
axial relation about said annular wa) whereby 
it is disposed within an area of maximum flux 
linkage for damping the movement of said coil 
as mechanical resonance thereof is approached, 
Said flexible diaphragm being mounted in fixed 
relation to said magnet. 

4. In combination with a magnetic circuit com 
prising an annular magnet, an annular magnetic 
member coaxially disposed at one end of said 
magnet in magnetic-circuit relation therewith, 
Said member varying in axial thickness from a 
mininnum at its perimeter to a maximum in the 
central part thereof, and a center-pole core for 
Said magnet coaxially disposed within said mag 
net and Said member, said core being provided 
With an annular wall of decreasing radial thick 
neSS in a direction extending axially of said core, 
Said Wall being Spaced from the central part of 
Said member to define an air gap across which 
magnetic leakage is substantially reduced; a non 
conductive member mounted for rectilinear move 
ment in Said gap, a flexible diaphragm having 
One Side thereof in engagement, with said mem 
ber, a coil carried by said non-conductive mem 
ber for effecting Said rectilinear movement there 
of to drive Said diaphragm, actuating means car 
ried at the other side of said diaphragm and 
driven thereby in response to said movement of 
the inon-conductive member, said diaphragm 
constituting the sole support for said non-con 
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ductive member and said actuating means, and 
a short-circuit current-conductive means carried 
by Said non-conductive member for bodily nove 
ment thereWith in Said gap for damping the OScil 
lations of said diaphragm, Said means being elec 
trically insulated from said coil and being in 
coaxial disposition between said annular Wall 
and the central part of Said magnetic member 
whereby it is disposed within an area of maximum 
flux linkage for damping the movement of said 
coil aS mechanical resonance thereof is ap 
proached, said flexible diaphragm being mounted 
in fixed relation to said magnet. 

5. A magneto-motive device comprising an an 
nular magnet, end plates and a center-pole core 
forming a magnetic circuit having an annular 
air gap, a flexible diaphragm mounted in fixed 
relation to Said magnet for Vibratory movement 
normal to the plane of the diaphragm and axially 
of Said magnet, a coil carried at one side of said 
diaphragm for vibrating the latter, said coil be 
ing mounted for rectilinear Oscillatory movement 
in Said gap, and actuating means carried at the 
other side of Said diaphragm and driven thereby 
in response to said movement of the coil, said 
diaphragm constituting the Sole Support for said 
Coil and Said actuating means short-circuited 
Current-conductive means carried by said coil for 
bodily movement thereby in said gap for damping 
the vibrations of said diaphragm and coil as 
Sembly as mechanical resonance thereof is ap 
proached, said short-circuited means being elec 

6 
trically insulated from said coil and free of en 
gagement with said diaphragm, said core having 
a wall portion Spaced from one of said end plates 
for defining said air gap therewith, said wall por 

5 tion being of decreasing radial thickness in a 
direction extending axially of said core for sub 
stantially reducing magnetic leakage across said 
gap whereby said short-circuited current con 
ductive means is disposed within a maximum flux 

0 linkage area of said device for providing optimum 
damping of said vibrations as said mechanical 
resonance is approached. 

JOSEPH LUKACS. 
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