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Operadio Manufacturing Co., St. Charles, III, 
a corporation of Illinois 
Application May 20, 1948, Serial No. 28,169 

(C. 179-119) 5 Claims. 

This invention relates to an electrical apparatus 
and particularly to a permanent magnet type of 
loud speaker. The invention has particular ap 
plication to dynamic speakers employing per 
manent magnets of such materials as Alnico 5 
or 6 or similar anisotropic material having a pre 
ferred axis of a magnetization. 
Permanent magnet types of dynamic speakers 

have generally provided a length of permanent 
magnet cooperating with a pot of the Open or 
closed type. The open type has generally con 
sisted simply of a U-shaped piece while the closed 
type of pot used a cylindrical pot. 
In order to render the use of permanent mag 

nets efficient in such Speaker structures, it is 
generally the practice to dispose the permanent 
magnet at the central core. In Some instances, 
the annular air gap within which a voice coil 
operates has been formed by One end of the 
permanent magnet and in other instances a pole 
piece has been used. The end of the permanent 
magnet remote from the voice coil has been dis 
posed in abutting relation to the pot or in an aper 
ture or recess in the pot bottom. 
Such conventional speakers have been designed 

So that the pot volume had a certain ratio to the 
volume of the magnet. In general, the ratio of 
volume defined by the entire magnetic structure, 
usually called motor volume, has been quite high 
in comparison to the volume defined by the 
permanent magnet surface exposed to free air 
or other non-magnetic material. This high ratio 
has resulted in the rim of the pot being located 
at Such a distance from the free end of the 
permanent magnet or pole piece as to require a 
gap plate. Such gap plate has been attached to 
the rim of the pot and the gap plate itself has 
generally defined the annular air gap within 
Which a voice coil operates. 
In certain types of prior art speakers, par 

ticularly where the end of the permanent mag 
net remote from the voice coil went into an aper 
ture in the pot, the ratio of volume of the entire 
magnetic structure called the motor volume, di 
vided by the volume of the entire permanent 
magnet may have been as low as 4. Conven 
tional Speakers have generally used ratios up to 
as high as 11. Where a volume ratio of 4 existed, 
this being with an apertured pot, the efficiency 
of the magnet was reduced when compared to 
the efficiency of a permanent magnet speaker 
where the pot had a solid bottom and the magnet 
abutted against the inner surface of the pot bot 
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2 
Was necessary to use larger permanent magnets to 
obtain the desired output. 

In the design of the magnetic structure of a 
Speaker both in the prior art and in the practice 
of the present invention, certain fundamental 
considerations apply. Thus a characteristic curve 
of the permanent magnet material must be avail 
able. This characteristic curve-usually two 
curves-consists of the so-called energy product 
curve and demagnetization curve. In both of 
these, the Y axis shows induction in kilogauss. 
The X axis for the energy product curve shows 
external energy consisting of the product of BdHa. 
In this curve Bd represents the flux density of the 
magnet corresponding to the operating point on 
the demagnetization curve while Hid represents 
the magnetizing force of the magnet correspond 
ing to the operating point on the demagnetization 
Curve. The X axis for the demagnetization curve 
shows demagnetizing force in a suitable unit as 
Oersteds. 

In the use of such curves, certain empirical 
formulae are relied upon. 

-BeLie L = i 
BaAs A = i 

It is assumed that Hg equals Bg in air. In the 
above formulae Lum is the magnet length in centi 
meters; Tig is the length in centimeters of the air 
gap parallel to flux line; Bg is flux density in gauss 
desired in the air gap; Ha is the nagnetizing 
force in oersteds of the magnet corresponding to 
the operating point on the demagnetization 
curve; Am is the area in Square centimeters of 
magnet perpendicular to direction of magnetiza 
tion; Agis the cross sectional area in square centi 
meters of the air gap perpendicular to the flux 
line; and Bd is the flux density in gauss of the 
magnet corresponding to the operating point on 
the demagnetization curve. 

It is assumed that for speaker purposes, a sim 
ple magnet shape will be used. The curves and 
formulae for designing a magnet for a speaker 
may be found in many hand-books and adver 
tising circulars of companies manufacturing and 
Selling permanent magnet materials. In addi 
tion, reference is made to circular number C448 
of the National Bureau of Standards issued Au 
gust 10, 1944. 
In prior art permanent magnet speakers, the 

air gap has generally been made as Small as pos 
tom. To compensate for this loss of efficiency it 55 sible and will vary with the size and rating of 
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the speaker. In such prior art Speakers the mag 
net volume was selected on the basis of Supplying 
the proper flux lines at the air gap. Such a mag 
net requires, of course, iron for completing the 
magnetic circuit. It is in connection. With Suich 
additional iron that the ratio of motor volume 
to magnet volume has been utilized, this a SSun 
ing arbitrary distribution of magnetic losses 
throughout the magnetic circuit. As a result, in 
such prior art structures, the motor had a cer 
tain volume for a particular Speaker rating and 
the volume in general was substantial and ren 
dered such speakers bulky as well as expensive. 
The general objective in designing most Speak 

ers using expensive magnet materials has been to 
use the magnet at its highest efficiency. Thus, 
the magnetic efficiency of a speaker may be de 
fined as the magnetic energy in the air gap 
times 100 divided by the magnetic energy Within 
the magnet proper. The energy in the gap is 

BALs 
87t 

The energy in the magnetis 
Ba Ha V 

87 

where Wm is the volume of the magnet. 
The magnetic efficiency of standard type Speak 

ers having volume ratios up to 11 generally ranges 
from about 43% to about 48%. Such Speakers 
have the permanent magnet provided with a Soft 
iron pole piece at the air gap and have the other 
end of the permanent magnet abut the pot Sur 
face. In those instances where the permanent 
magnet itself extended into the air gap and the 
other end extended into a recess in the pot (the 
volume ratio being about 4) the efficiency went 
down to 35% or even less. By eliminating the 
recess in the pot the efficiency was improved to 
40% or leSS. 
I have discovered that it is possible to provide 

a permanent magnet type of speaker of the dy 
namic type having a motor volume Substantially 
lowel than What has hitherto been considered 
necessary as compared to prior art Speakers of 
equal rating. In a Speaker embodying my in 
vention, it is frequently possible to use a smaller 
magnet volume than what has hitherto been 
considered necessary for Speakers Of comparable 
rating. I have discovered that a permanent mag 
net dynamic type of Speaker having a motor Vol 
ume to magnet volume of the order of about 4 
and particularly 3 or 3% is possible, providing the 
following structural details are present. One Such 
detail is the provision of a soft iron pole piece 
at the voice coil end of a permanent magnet being 
magnetically anisotropic. The other detail is the 
provision of the permanent magnet abutting 
against the inside Surface of the pot and in no 
case extending into any recess or aperture made 
of Soft iron, in the pot. 
As the result of such a low ratio, the inside 

Surface of the pot side is spaced at such a short 
distance from the opposing magnet surface as 
to eliminate the necessity for a gap plate. It 
will be evident that the pole piece for the mag 
net must be larger than the diameter of the mag 
net So as to extend beyond the magnet side. Thus 
an annular air gap will be defined by the oppos 
ing pole piece and the inner pot surface. 
In the utilization of this invention in a speaker 

it is first necessary that the permanent magnet 
have magnetic directivity of the order of that of 
Alnico 5 or 6. Secondly, in the design of a speaker 
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4. 
utilizing this invention, the design formulae pre 
viously indicated will be used in conventional 
manner to obtain maximum magnet eficiency. 
It will therefore be possible to design a Speaker 
utilizing the present invention, which Speaker 
will have at least as great and generally greater 
magnetic efficiency than a prior art Speaker of 
equal rating with the additional advantage that 
the improved speaker will have a far lower motor 
volume and will thus have less weight, less metal 
and will be more compact than prior art Speak 
ers of equal rating, 
By virtue of the invention herein, the efficiency 

of a speaker may be made at least equal to the 
efficiency of the best designed prior art Speak 
e's and have a range of 43 to 48% and in many 
instances may be made greater, While at the same 
time reducing the amount of magnetic material 
and iron and over-all speaker size. 
This low ratio of volumes and close disposition 

of pot side and permanent magnet Surface re 
sults in a substantially different distribution of 
losses in the magnet circuit than is true for con 
ventional speaker structures. However, the total 
of all the magnetic losses of a speaker embody 
ing the present invention is no more and may be 
substantially less than the Sum total of all loSSeS 
in the magnetic circuit of a conventional perma 
nent magnet speaker of equal rating. In a 
speaker embodying the present invention, the 
reluctance of the air leakage paths is reduced as 
compared to the corresponding paths in a con 
ventional speaker structure. However, I have 
found that the reluctance of the ferromagnetic 
circuit is also reduced in my improved Speaker 
as compared to a conventional Speaker with the 
result that the leakage factor is not adversely 
affected and is generally improved. 
A speaker embodying the present invention 

has highly desirable characteristics such as a 
more compact, and Smaller magnetic motor Struc 
ture as compared to a conventional Speaker. My 
improved speaker requires no gap plates and thus 
reduces the manufacturing and assembly prob 
lems which have arisen in connection. With the 
use of a gap plate and the necessity for main 
taining the gap plate rigidly in position. It must 
be remembered that in a conventional Speakel' 
structure, the annular air gap within which the 
voice coil operates is defined by the gap plate 
and the free end of the permanent magnet or 
pole piece. Numerous difficulties have arisen in 
connection with maintaining these gap defining 
parts rigidly in position so that the voice coil will 
at all times be properly positioned. By elimina 
tion of a gap plate and utilization of the pot as 
one portion for defining an annular air gap it has 
been found that substantial manufacturing econ 
onies are possible. Such economies in manu 
facturing economies are possible. Such eco 
nomies are possible. Such economies in manu 
facture and reduction in the number of steps in 
the manufacture of a speaker are of Substantial 
importance. In addition to the saving resulting 
from the simple reduction of manufacturing 
steps and in the amount of magnet and iron used, 
there is also a saving due to the reduced possi 
bility of dirt and metal particles being lodged in 
the air gap. In conventional Speakers, after 
the gap plate has been positioned on the pot, it 
is difficult to remove dirt and foreign mattel' 
lodging inside of the motor structure. In a 
speaker embodying the present invention, the 
region within the pot is more accessible even 
though Smaller as compared to a conventional 
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speaker structure. A substantial advantage ac 
cruing from the use of this invention is the in 
creased magnetic efficiency arising from the elim 
ination of the magnetic discontinity between 
the gap plate and pot side of a conventional 
structure. As is well known, even accurately 
ground metal surfaces provide a magnetic dis 
continuity which may be expressed in terms of an 
equivalent air gap. Hence the elimination of 
such joints is beneficial. 
A saving in material is accompanied by a sav 

ing in processing due to the fact that Smaller 
magnets and pots may be utilized in a Speaker 
embodying my invention as compared to a Con 
ventional speaker of equal rating. 
By virtue of my invention, it becomes possible 

to construct speakers having Smaller axial dimen 
sion and in particular it becomes possible to 
provide a compact speaker wherein the motor 
lies within the volume defined by the conical 
diaphragm. Other advantages Will become ap 
parent to those skilled in the art as the inven 
tion is described. 

Referring therefore to the drawings, Figure 1. 
shows a sectional elevation of one form of Speak 
er embodying the present invention. Figure 2 
is a back plan view of the structure shown in Fig 
ure 1. Figure 3 is a sectional elevation of a 
modified speaker embodying the present inven 
tion. 

Referring first to Figures 1 and 2, basket 
of conventional form is provided. Basket C is 
usually of sheet metal and has rim Support 
ing the large end 2 of conical diaphragm 3. 
Basket 0 is rigidly attached in any suitable man 
ner to motor pot 5. Basket 40 has attached 
thereto as at 6 corrugated flat washer f7 of 
flexible material. Washer f is attached at its 
inside edge to Small end 9 of the conical dia 
phragm. 
Attached at 9 is bobbin. 2 of suitable mate 

rial. Bobbin 2 is in the form of a thin cylin 
der and carries thereon voice coil 22. Voice 
Coil 22 consists of a number of turns of Wire 
generally On the outside of the bobbin. Leads 
from voice coil 22, are disposed on washer and 
carried to Suitable terminals for connection to 
a Source of audio frequencies. The structure 
thus far is conventional except for pot, 5. 

Pot 5 is preferably of the so-called closed type 
having side 25 and bottom 26. Side 25 has in 
Side Surface 2. The upper portion of surface 
27 defines annular air gap 28 in which voice 
coil 22 operates. 

Disposed against the inside surface of bottom 
26 is permanent magnet 30. This magnet is 
preferably of Alnico 5 or similar anisotropic ma 
terial having the same order of magnetic direc 
tivity. In the case of Alnico 5, it is customary 
to heat the alloy, orient the molecules of the 
alloy in a powerful magnetic field along a de 
Sired magnetic axis and permit the alloy to cool 
While in this condition. Permanent magnet 3G 
preferably has a circular cross section. Magnet 
38 has pole face 3 f against pole piece 32 of soft 
iron. Pole piece 32 has a thickness suitable for 
the purpose and has Outer cylindrical Surface 33 
defining the inner boundary of annular air gap 
28. 
Warious means for maintaining pole piece 32 

and magnet 30 rigidly in position with respect 
to the pot may be used. The simplest way is to 
Solder the pole piece and magnet in position. 
Thus Solder, glue or other Suitable material may 
be provided at 34 for maintaining the magnet 
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6 
in position. It is understood that the pot Sur 
face defining the annular air gap will be accurate 
for the required purpose. 
In accordance with this invention, the pot 

volume is so selected With reference to the mag 
net Volume as to provide for a ratio of the order 
of 3 or 4 and preferably about 3 or 3%. By 
virtue of this ratio, annular region 28 within 
the pot between the oppositely disposed pot and 
magnet Surfaces becomes Small and relatively 
short along the axis of the permanent magnet. 

It Will be noted that in Order to utilize this 
low volume ratio, it is necessary that permanent 
magnet 30 have its end abut against bottom 26 
of the pot and have the other end thereof pro 
vided with a pole piece of suitable dimension. 
This pole piece must be thick enough to provide 
sufficient iron along the axis of the permanent 
magnet as to permit the lines of force from the 
end of the magnet to curve around within the 
pole piece. 

Referring now to Fig. 3, a modified structure 
is shown with corresponding parts carrying like 
primed numbers. In this construction, basket 
10' is disposed in substantially the same relation 
to diaphragm 3' as in Fig. 1. Small end 9 
of the diaphragm is coupled to disc 7" and voice 
coil bobbin 2' in generally the same manner as 
shown in Fig. 1 except that the voice coil and 
bobbin extends into the space enclosed by the 
large diaphragm. Stepped portion 6' of the 
basket is riveted to Stud 36 of Steel or soft iron. 
Stud. 36' has cylindrical portion 37 extending 
toward the voice coil and carries at the end 
thereof pole piece 38 of soft iron. Pole piece 38 
and portion 37 of the stud are preferably shaped 
in any desired manner as with an annular step 
so that the pole piece may be accurately and 
rigidly positioned upon the stud. Bolt 39 passing 
through a suitable bore in Stud 36' engages 
threads tapped in pole piece 38 to maintain this 
assembly tightly in position. 
Magnet 30' is suitably Soldered or rigidly at 

tached to pole piece 38. Magnet 30' and pot f S' 
are rigidly maintained in predetermined relative 
position by solder 34’ or other material such as 
glue. 

Felt ring 40 is provided to function as a dust 
cap and is cemented or glued between the dia 
phragm and pot. Excepting for the relative pro 
portions of permanent magnet and the remainder 
of the motor consisting of the volume defined by 
the pot, this being 5’ in Fig. 3, the construc 
tion shown in Fig. 3 is quite Conventional. 
In general, it is possible to utilize the magnetic 

structure disclosed herein in various types of per 
manent magnet dynamic speakers or other 
devices of the permanent magnet dynamic type 
wherein a member moves in an annular gap. 

In the practical design of a speaker using the 
present invention it is aSSumed that the designer 
will provide Sufficient iron in the pot and pole 
piece at the voice coil end of the magnet so that 
the iron as a whole does not operate generally at 
excessive flux densities. In particular, it is unde 
sirable to Saturate any substantial amount of iron 
Since that increases leakage. The permanent 
magnet itself will generally have a circular cross 
Section. 
With anisotropic magnet materials, such as 

Alnico 5, while the magnetic directivity is great, 
it is not great enough to reduce the clearance 
between the magnet side and inside surface of the 
pot to the Order of the usual dimensions for a 
voice coil gap. In the design of a speaker in 
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Wolving the present invention it is found that 
gradually reducing the clearance between the 
magnet Side and opposed inside surface of a pot 
results in little increase in magnetic leakage until 
a critical clearance is reached. A further reduc 
tion in the clearance below this critical point 
generally results in a sharp increase in leakage 
flux and thus results in a sharp drop in Overall 
magnet efficiency. 
Thus as an example, a 4 oz. Alnico 5 magnet 

having a length of about 2' and a diameter of 
about Az' was designed with a spacing of .090'. 
A larger magnet of 1.5 oz.S. of the same material 
having a length of .6’’ and a diameter of about.8'' 
could be used with the same clearance between 
the pot and magnet side. 
In the above examples, the clearance of .090' 

was about three or four times that required for 
an average voice coil. Thus in general the 
clearance at the magnet side while larger than at 
the pole piece is still in the same order. The pole 
piece at the voice coil end of the magnet had 
a diameter large enough to reduce the clearance 
With the inside of the pot to about .025' or the 
like. 
In the event that a magnet material is devel 

oped having substantially greater anisotropic 
properties than Alnico 5, it may be possible to 
reduce the clearance between the magnet Side 
and pot side to about that required for a voice 
coil. However, this would require accurate 
grinding of the magnet surface in order to pre 
vent excessive magnetic losses. The clearance 
of .090' given as an example is large enough So 
that substantial tolerances are possible in the 
magnetic surface without impairing efficiency. 
The length of the pole piece at the voice coil 

end in general will be determined by the axial 
length of the voice coil gap. It is understood 
that the above dimensions and the minimum 
clearances and voice coil gaps are merely by Way 
of example. Thus there may be special types of 
voice coils requiring either larger or smaller gaps 
than customary. In addition, Variations in mag 
net size and dimensions as well as variations in 
magnetization of a magnet will have Substantial 
effect upon the permissible minimum clearance. 
In general, this permissible minimum clearance 
may be obtained by simple experimentation and 
is part of the design procedure in engineering a 
Speaker. 

It is possible that in certain exceptional cases 
where reduction in weight is of paramount im 
portance, such as for example in aircraft, and 
efficiency is secondary, that the clearance be 
tween magnet side and pot side may be reduced 
Somewhat below the desirable border line limit. 
In Such a case, a Small and light Weight Speakei 
having substantial power will result, such speaker 
of course having an eficiency somewhat below 
the optimum value. 
What is claimed is: 
1. In a permanent magnet dynamic type 

Speaker, a Solid cylindrical permanent magnet 
having a preferred axis of magnetization along 
the cylinder axis of the order of that of Alnico 5, 
said magnet having both ends smooth, a soft iron 
pot Whose volume is not more than about 4 times 
the magnet Volume, Said magnet being disposed 
to form a central core for the pot and having one 
pole face abutting against the pot bottom, said 
pot bottom being flat and free of any recess for 
the magnet So that Said magnet contacts the pot 
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only at the one pole face thereof, a soft iron pole 
piece for the other magnet pole face contacting 
the magnet only at the pole face and not over 
hanging the magnet sides and extending beyond 
the magnet side, the pole piece and opposing 
inside pot surface adjacent the pot rim defining 
an annular air gap for voice coil operation, Said 
pot and magnet and pole piece being designed for 
efficient use of the magnet whereby a compact, 
light weight speaker having an efficiency in ex 
ceSS of 48% results. 

2. The Speaker according to claim 1 wherein 
a conical diaphragn is provided and Wherein the 
pot lies substantially within the volume defined 
by the diaphragm Cone. 

3. The speaker according to claim 1 wherein 
the ratio of pot volume to magnet volume is in 
the range of 3 to 3%. 

4. In a permanent magnet dynamic Speakel, 
a straight solid permanent magnet having 
Smooth ends and being of a material having a 
preferred axis of magnetization of the order of 
Alnico 5 and a Soft iron pole piece at one end of 
the magnet contacting the magnet only at the 
pole face and not overhanging the magnet sides, 
a Soft iron pot abutting the other end of the 
magnet, Said pot having Straight Sides, the inside 
surface of the pot side being sufficiently close to 
the Sides of the pole piece So that an annular 
air gap betwee: the inside surface of the pot 
near the rim is formed with said pole piece and 
said pot bottom being flat and free of any recess 
for the magnet, said construction being free of 
magnetic discontinuities other than the ends of 
the permanent magnet, the Spacing between the 
Sides of the permanent magnet and inside Sur 
face of the pot being sufficiently close to pro 
vide for a ratio of volume of motor to magnet 
of the order of about 4 or less and the magnetic 
circuit as a whole having an efficiency of more 
than 48%. 

5. The structure according to claim 4 where 
in the clearance between magnet side and op 
posed pot Surface is of the order of the annular 
gap formed at the side of the pole piece, where 
by a gap plate between the edge of the pot and 
pole piece is rendered unnecessary. 

JOHN F. MARQUIS. 
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