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My invention relates to improvements in elec 
tro-magnetic transducers, and more specifical 
ly to electro-dynamic loud speakers, as of the 
moving coil of induction type, having a mag 
netic field structure energized by fluctuating or 
pulsating direct current. 

In electro-dynamic loudspeakers, in general 
use, audio frequency signal currents, as from the 
output of a radio receiving circuit, are trans 
lated into Sound Waves by the magnetic inter 
action between a moving or voice coil carrying 
said currents, attached to a sound producing dia 
phragm, and an intense magnetic field. Con 
siderable difficulty has been encountered from 
the introduction of disturbing fluctuations, or 
hum, into the moving coil and sound output. 
his has been caused by the use of fluctuating 

O 

(C. 179-115.5), 
and arranged in an inverse sense with respect 
to the source of hum disturbance with the 
purpose of obtaining a 180 degree phase differ 
ence, or exact phase opposition, for proper neu 
tralization. The difficulty has been that the 
desired phase opposition has not resulted, more 
particularly in the case of higher frequencies, 
such as the higher harmonics of sixty cycle pow 
er supply hum. For additional reasons, the ef 
fectiveness of the neutralizing coil has fallen 
off at the higher frequencies; in fact the neu 
tralizing coil has been found to actually intro 
duce hum disturbances, in the high frequency 
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current for energizing the field coil, as when 
uni-directional current has been derived, as by 
means of a thermionic rectifier, from alternat 
ing Current power Supply mains. In cases 
where the field has been energized from direct 
current mains, wherein alternating current in 
the Windings of a generator at the power house 
is rectified mechanically by a commutator, the 
resulting commutator ripples or pulsations have 
also caused problems of a somewhat different, 
although none the less serious, nature. 

Several Well known devices have been used in 
an attempt to eliminate the disturbances, but 
with incomplete success. One arrangement 
heretofore employed consisted in a massive 
damping or shading ring of low resistance non 
magnetic material, Such as copper, disposed 
about the center pole of an electro-dynamic 
speaker, between the field coil and the voice 
Coil. Space limitations and cost of material 
have, however, in practice dictated a ring of 
moderate dimensions for a given speaker de 
sign, but I have found that such a ring is in 
Sufficient to effect the required reduction of 
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fluctuation disturbances in the lower.-audio 
range. The shading ring, I have found, is quite 
effective in the reduction of the higher fre 
quency effects from commutator ripple in the . 
field magnet, a Serious disturbance being of the 

end of the range, that would not be there in the 
absence of the coil, as will be seen later. 

It is, accordingly, an object of my invention 
to provide an effective arrangement for elimi 
nating the disturbing effects of a fluctuating mag 
netic field in an electro-magnetic transducer, parr 
ticularly an electro-dynamic Speaker having a 
field winding energized by unidirectional current 
with a fluctuating component, in other words, an 
incompletely filtered current. 

It is a further object of my invention to pro 
vide an electro-dynamic speaker, having a field 
coil, with a new combination of elements making 
the speaker output substantially free from ob 
jectionable power hum disturbances, regardless 
of whether the field is energized from A. C. 
mains through a rectifier, or from D. C. mains, 
as in the case of a radio receiver known as the 
universal type, that is one adapted to be plugged 
at will into either A. C. or D. C. mains. 
In accordance with my invention I have found 

that the combination of different methods and 
means of hum suppression, having complemen 
tary characteristics over the audio frequency 
range in an electro-dynamic speaker, gives new 
and unexpected results in the way of elimina 
tion of fuctuating disturbances-of all frequen 
cies.--------- 
My invention will be readily understood from 

the following description in connection with 
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order of 1,000 cycles, as well as the effects from 
the higher harmonics of ordinary rectified al 
ternating current from house mains. 
Another arrangement. in quite general use has 

consisted in a neutralizing or hun-bucking cold 
50 

connected in circuit with the voice coil and dis-, 
posed around the center pole, between the voice 
coil and the field coil. The bucking coil has 

the figures of the accompanying drawing in 
which like reference characters represent like 
elements in the several figures. 

Figure 1 is a side elevational view, partly in 
section, of an electro-dynamic loudspeaker ins 
cluding features of my invention, 
...Fig. 2 is a schematic electrical diagram illus 
trating the manner of connection of the elec 
trical elements, in the speaker shown in Fig. 1, 

Figs. 3 and 4 show characteristics curves rep 
been connected in series with the voice coil 55 resenting an operating condition of an electro 



tuations or unfiltered pulsations. 
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dynamic loudspeaker, both with and without 
the features of my invention, and 

Figs. 5 and 6 are fragmentary side elevational 
views, partly in section, of modifications em 
bodying my invention. 

Referring to Fig. 1, the electro-dynamic loud 
Speaker comprises a magnetic field structure 
formed by a U-shape yoke of magnetically 
permeable material, such as iron or mild steel, 
an inner pole formed of similar material and in 
cluding a core base 3 and a separate pole piece 
or core end 5, also of similar material, the core 
3 and end 5 being fastened in place on the 
yoke as by means of a bolt T that extends 
axially through a bore in the core 3 and end 5. 
The parts are clamped in position by nut 8. 
An annular pole piece or yoke plate 9 is secured 
to the ends of yoke by suitable means such 
as resistance welding, shown at . The plate 
is provided with a circular opening 
forms with the inner pole piece 5 a magnetic 
air gap in which a voice coil 5 and form 2 se 
cured to the Small end of a frusto-conical dia 
phragm 6 are adapted to vibrate in an axial 
direction. A spacing or centering ring , of 
non-magnetic material, such as brass, is se 
cured to the yoke plate, as by Welding or other 
known method, and Serves to accurately space 
the pole piece 5 and yoke plate opening 3 to 
form a uniform magnetic gap. The yoke plate 
is attached to the yoke by means of the inter 
position of the small flange 9 of a diaphragm 
housing or dish-pan adapted to support the 
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base of the diaphragm 6, a portion only of 
which has been shown. 
A field coil 23 is shown around the inner pole . 

for supplying the operating flux for the magnetic 
circuit of the speaker. This coil consists of many 
turns of small wire through which flows a uni 
directional current derived ordinarily from a 
rectified alternating curent, and containing fluc 

This is par 
ticularly the case when the field is used as a filter 
choke in a power Supply as disclosed by Rice and 
Kellogg Patent 1,728,879. 
Referring to Fig. 1, a new method of assem 

bling the field magnet is shown. During manu 
facture the cone housing 9, yoke plate 9, and 
yoke are fastened together by a single opera 
tion resistance welding process: Projections 
which are embossed into the cone housing be 
tween adjacent surfaces of the yoke and yoke 
plate, melt and solidify in union with the tw 
magnet parts as a current and pressure is ap . 
plied between the yoke plate and yoke. The hur, 
neutralizing parts 27 and 29 are assembled over 
the outside of the core end centering ring 7; the 
field coil 23, core 3, and clamping washer 24 are 
pressed, as a single unit, into the yoke later 
ally from either open side of the yoke; the core 
end 5 is dropped into place, being centralized by 
the centering ring f to create a uniform air-gap 
with opening 3; the insertion of the core as 
sembly bolt 7 through a hole in the yoke and 
through the central bore in the two core por 
tions, and locking together with a nut 8, com 
pletes the magnet assembly. It will be noted 
that this process may be easily Feversed and the 
assembly repeated by the Service man if occasion 
arises where the field coil needs to be replaced. 
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A centering Spider 25 is attached to the Small end 
of the cone and extends to a bracket 26, as shown 
by way of example, on the cone housing 9 for 
centering the voice coil in the air gap. . 
A neutralizing coil 21, of about twenty-five 

turns, is connected in series with the voice coil 5 
of about fifty turns, on the center core, as shown 
schematically in the circuit diagram in Fig. 2, 
and the coils are arranged in phase opposing re 
lation for the purpose of bucking induced hum 
rising from the fluctuating or unfiltered currents 
in the field coil. This neutralizing coil, in ac 
cordance with prior practice, has a less number 
of turns than the voice coil, because of the fact 
that it is positioned nearer the source of hum, 
and is made of larger diameter of wire in order 
to reduce resistance in the voice coil circuit. 
In the design of a speaker, adjustment of the 

number of turns in the neutralizing coil is made 
so that the resultant hum voltage at 120 cycles 
is a minimum. To take care of variations in 
production it is desirable to have a Satisfactory 
factory adjustment on each Speaker. Accord 
ingly, a preferred method for production is to 
wind the coil with a number of turns greater 
than necessary for neutralization at 120 cycles; 
a wire of high specific resistance is then con 
nected to the terminals in shunt with the coil, 
and its effective length determined by any con 
Venient method to reduce the inductive react 
ance of the coil to the right amount for neu 
tralization. Referring to Fig. 2, as an example 
of one way of obtaining the desired adjustment, 
the ends of the resistance wire 28 may be sol 
dered to the terminals of the coil, an intermedi 
ate portion twisted to reduce the resistance to . 
the desired value, and the twisted part then sol 
dered to fix the resistance. This method gives 
more accurate results in hum reduction than 
merely adjusting the actual number of turns, 
and compensates for the production tolerances 
of the coils and more particularly, the variation 
of the location of the Voice coil in the air gap 
among various Speakers in production. 
According to my invention I have found that 

a neutralizing coil alone is more effective for 
- the suppression of the effect of the low frequency 
disturbances on the Voice coil, while the shading 
ring, considered alone, is more effective than the 
neutralizing coil for the suppression of higher 
frequency disturbances. I have found that new 
and highly desirable over-all results are obtained 
by combining these two means, that have com 
plementary characteristics, so as to effectively 
reduce both low frequency and high frequency 
disturbances. Furthermore, I found that an un 
usual result additionally occurred that would not 
be expected from the combination of the two 
means, namely, that the presence of the shading 
ring improved the action of the neutralizing coil 
in performing its own function better. These 
new and unobvious results may be more clearly 
understood from an insection of the curves 
shown in Figs. 3 and 4. 
More specifically in accordance with my in 

vention, a small flat shading ring 29 of proper 
dimensions and of low resistance material, such 
as copper, is positioned between the field coil of 
the electro-dynamic speaker and the neutraliz 
ing coil. The shading ring is of non-magnetic 
material and, therefore, does not reduce the 
Steady uni-directional flux lines in the air gap 
in any way whatsoever. The leakage flux in the 
magnet is not increased and the working flux in 
the air-gap is not decreased, as would happen if 
the shading ring were made of magnetic mate 
rial. The copper ring reduces the coupling be 
tween the field coil and the voice coil and neu 

75 
tralizing coil and, furthermore, maintains the 
coil voltage Ev approximately equal to the neu 
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tralizing voltage En as the frequency is varied. 
Also, the copper ring reduces the phase angle 
between Ev and En; consequently, the resultant 
hum voltage Eh is greatly reduced at 120 cycles, 
as a result of improved neutralization, and is 
kept constant, or decreases with frequency. In 
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this combination, the copper ring is Smaller in 
volume than is ordinarily the case, being only 
one-sixteenth inch thick and about two inches 
in diameter in the present case, with the result 
that its cost is low and its effect on the reduction 
of the impedance of the field coil is negligible. 

Referring to Fig. 3 a series of curves are shown 
plotted between frequency, in cycles per second, 
and decibels corresponding to hum or fluctuat 
ing current disturbances. The horizontal line 
at zero decibels corresponds to the hum in the 
speaker voice coil without any hum reducing 
means. Curve A shows the hum characteristic 
using a damping ring alone, it being noted that 
the reduction in hum increases as the frequency 
increases. Curve B shows the hum character 
istic using a neutralizing coil alone, it being ob 
served that the hum increases with frequency; 
it will be seen from curve B that the hum in the 
higher audio range, where it crosses the Zero line, 
is actually greater than if no neutralizing coil 
were used. Curve C shows a resultant effect 
that might be expected from the sum of the 
curves of my new use of the two hum reducing 
means. Curve D shows the actual hum char 
acteristic using both the damping ring and the 
neutralizing coil in accordance with my inven 
tion, it being observed that the reduction in hum 
is substantially for low and high and interme 
diate frequencies throughout a wide range. The 
difference between curves C and D illustrates 
the beneficial effect of the shading ring on the 
neutralizing coil in causing better neutralization, 

- per Se. - 
Referring to Fig. 4, a series of curves are plotted 

between frequency in cycles per second and phase 
angle in degrees as well as voltage of certain of 
the elements. Curve F shows how the hum volt 
age induced in the voice coil varies with fre 
quency, using the neutralizing coil only. Curve 
H shows how the hum voltage induced in the 
neutralizing coil varies with frequency using 
the neutralizing coil only. Curve K. represents 
the resultant hum voltage Eh, using the neutraliz 
ing coil only. Curve L. represents the hum volt 

stage Eh under the condition where both the . 
neutralizing coil and the shading ring are used. 
Curve G shows the variation in hum voltage in 
-the voice coil when using both the neutralizing 
coil and shading ring. Curve J shows the varie 
tion of hum voltage in the neutralizing coil, us 
ing both the neutralizing coil and the shading 
ring. Curve Mshows the variation in phase angle 
between the hum voltage Ev in the voice coil and 
the hum voltage En in the neutralizing coil using 
the neutralizing coil only. Curve N shows the 
variation of the phase angle between the voltage 
Ev in the voice coil and the voltage En in the neu 
tralizing coil under the condition of use of the 
neutralizing cpil in combination with the 
shading ring. It will be seen, therefore, that 
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across the air gap containing the voice coil and 
it thus links both the voice coil and the neutral 
izing coil. The other part passes from the pole 
piece 5 to the annular yoke piece 9 through the 
air space between the two. This second part, the 
leakage flux, does not link with the voice coil 
but it does link with the neutralizing coil. The 
hum voltage induced in the voice coil is pro 
duced by the first part of the flux. The counter 
hum voltage in the neutralizing coil, however, is 
produced by both the first and second parts of 
the flux. This might not be so pbjectionable if 
the relative strengths of the two fluxes Were con 
stant and had the same wave form over the hum 
frequency range, but this is not the case. There 
is a wide variation with the frequency of the fluc 
tuating field current. Therefore the hum re 
duction by the neutralizing coil, when used alone, 
varies widely over the hum frequency range. . 
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When my copper ring is placed against the neu 
tralizing coil as shown, however, any leakage flux 
linking with the neutralizing coil must also link 
with the ring. Currents thereby induced in the 
ring act to oppose fluctuation of the leakage flux 
linking with both the ring and coil; in other. 
words, the ring shields or shades the coil from 
leakage flux fluctuations. 
By constructing the shading ring so that it is 

at least coextensive with the neutralizing coil, is 
adjacent thereto and is located between it and 
the field coil, as shown in Figure 1, the disturbing 
leakage flux is substantially eliminated and the 
hum reduction does not materially vary over the 
frequency range. If the shading ring. were of 
smaller diameter and did not cover the entire side 
of the neutralizing coil facing the field Coil, Some 
of the second part of the flux would cut the neu 
tralizing coil without cutting the shading ring 
and a disturbing voltage would be induced in the 

40. neutralizing coil and the desired balance over 
the frequency range would not be obtained. 

Referring to Fig. 5, I have shown a modified 
form of my invention wherein, for more Com 
plete neutralization, the neutralizing coil 2 is 

5 positioned closer to the air gap. Whereas in Fig. 
1 the brass spacing ring is interposed between 
the gap and the neutralizing coil for manufac 
turing reasons. In Fig. 5 I have shown the coil 27 
between the centering ring 8 and the gap. While 
a shading ring similar to that in Fig. 1, may be 
employed below the usual centering ring, for 
simplification of parts I have chosen to so design 
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the combination of the shading ring with the . 
neutralizing coil improves the phase relation be 
tween the voltages Ev and En. 

My, theory of the action in my improvement 
is as follows: - 
The flux produced by the fluctuating field cur 

rent may be considered as comprising two parts. 
one part of the fux, the useful flux, passes 
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a spacing ring as to function effectively as a 
shading ring. For this purpose it is, made of low 
resistance material, with sufficient cross section, 
such as phosphor bronze or Copper. 
While I have above illustrated my invention in 

connection with the moving coil type of speaker 
wherein the signaling currents are fed directly 
to the voice coil, I desire it to be understood that 
the invention may be applied to other types, such 
as the induction type as shown, for example, in 
the pattents to Field 540,969, and Arkell 1743,749, 
and Nordenswan, 1,644,789. I have illustrated 
one form of this type in Fig. 6, wherein the sig 
nal currents are supplied to a stationary coil 20 
mounted on the field structure, and transferred 
by induction to a closed conductor 4 disposed 
in the airgap. T desire to employ the term arma 
ture to broadly refer to the moving element 14 
and 2 connected to the diaphragm, which in this 
case includes the closed conductor and in the 
other cases the ordinary voice coil. In Fig. 6 
the stationary coil may be termed the voice coil 
and the armature conductor may be classed as a 



4. 
moving coil in harmony with the terminology in 
the other forms. 
By electro-magnetic transducer I mean a de 

vice for translating electrical sound representing 
currents into Sound waves, or vice versa, as well 
as a device, such as a phonograph pickup, for 
translating mechanical vibrations, corresponding 
to Sound waves, into electrical sound repre 
Senting Currents. 
While I have shown as a preferred embodiment 

2,286,123 
being so poled that the voltages induced therein 
by the first part of said flux are in opposition, 
and a low resistance metal ring for shielding said 
neutralizing coil from said other part of the flux 

0 
of my invention an electro-dynamic moving coil 
loud speaker, I wish it to be understood that my 
invention may be employed in connection with 
other electrical transducers, such as dynamic microphones, phonograph pickups, etc. As an 
example of such a microphone I may refer to 
Hanna Patent 1,828,284; as an example of a 
phonograph pickup I refer to patent application 
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Serial No. 47,658, Sinnett et al., fled October 
31, 1935, and issued as No. 2,105,167, same as 
signee, showing a hum neutralizing coil for neu- . 
tralizing hum pickup. by the pickup structure 
from an external source such as a motor. While 
I have shown a particular type of neutralization 
means in a loudspeaker, I desire it to be under 
stood that the invention may readily be applied 
to other arrangements, e.g., wherein a neutral 
ization coil is mounted externally of the speaker 
and coupled to a coil in series with the field coil, 
as shown in Fig. 3 of Pridham, et al., 1,105,924. 
This method may be simplified by providing an 
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located between said field coil and said neutral 
izing coil, said ring being at least coextensive with 
said neutralizing coil and positioned closely ad 
jacent thereto and said ring covering the entire 
area of the neutralizing coil facing said field 
winding, whereby the opposing action of the neu 
tralizing coil is obtained without the induction 
of disturbing voltages therein by the second part 
of said flux. 

2. In a Sound transducer, a magnetic structure 
including a central pole piece, an apertured pole 
piece forming with one end of said central pole 
piece an annular air gap, a yoke member form 
ing a magnetic path from the other end of said 
central pole piece to said apertured pole piece, 
an armature coil in said air gap, an annular neu 
tralizing coil connected with the armature coil 
and having an inner diameter greater than the 
outer diameter of the armature coil, said neutral 
izing coil being disposed around the central pole 
piece adjacent the apertured pole piece, a field 
coil on said central pole piece adapted to be 
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extra winding on the usual output transformer 
to the voice coil, and connecting this winding 
with the field coil to thereby introduce an oppos 
ing E. M. F. into the voice' coil circuit. ' 
Although I have shown and described certain. 

Specific constructions, I Want it understood that 
my invention is not limited to the details set 
forth. It is expected that changes and modifica 
tions will occur to those skilled in the art, without 
departing from the scope of the invention as de 
fined in the appended claims. 

I claim as my invention: 
1. In a sound transducer, a magnetic structure 

including a central pole piece, an apertured pole 
piece forming with one end of said central pole. 
piece an annular air gap, a yoke member form 
ing a magnetic path from the other end of said 
central pole piece to said apertured pole piece, 
an armature coil in said air gap, an annular 
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energized by fluctuating direct current which 
sets up fluctuating flux, comprising two parts, 
One part linking both the armature coil and the 
neutralizing coil and the other part not linking 
the armature coil but tending to link the neu 
tralizing coil, the relative strengths of said parts 
varying with the frequency of the fluctuations of 
said flux, said armature and neutralizing coils 
being so poled that the voltages induced therein 
by the first part of said flux are in opposition, 
and a low resistance metal ring for shielding said 
neutralizing coil from said other part of the flux 
located between said field coil and said neutral 
izing coil, said ring being at least coextensive 
with said neutralizing coil and positioned closely 
adjacent thereto, and said ring covering the en 
tire area of the neutralizing coil facing said field 
winding, whereby the opposing action of the neu 
tralizing coil is obtained without induction of 
disturbing voltages therein by the second part of 
Said flux. 

3. In a sound transducer, a magnetic structure 
including a yoke, an annular pole piece and a 
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neutralizing coil connected in series with the 
armature coil and disposed around. the central 
pole piece adjacent the apertured pole piece, a 
field coil on said central pole piece adapted to 
be energized by fluctuating direct current which 
sets up fluctuating flux, comprising two parts, 
One part linking both the armature coil and the 
neutralizing coil and the other part not linking 
the armature coil but tending to link the neutral 
izing coil, the relative strength of said parts 
varying with the frequency of the fluctuations 
of said flux, said armature and neutralizing coils 
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central pole piece forming an airgap therewith, 
a source of fluctuating magnetic flux for said . 
structure, a movable armature coil operatively 
disposed in said gap, a spacing ring of non-mag 
netic material secured to said annular pole piece 
and engaging said central pole piece for deter 
mining and maintaining said airgap, a neutral 
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izing coil connected in series opposing relation 
With said armature coil and disposed around said 
central pole piece, and means of non-magnetic 
low resistance material comprising an eddy cur 
rent ring disposed between said neutralizing coil 

, and said Source of fluctuating magnetic flux. 
WILLIAM. F. STEERS. 


