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LOUDSPEAKER DESIGN AND APPLICATION

In spite of the fact that the most important part of a radio receiver, P. A.
system, electric phonograph, and similar sound reproducing systems is its
loud speaker, there has been a dearth of practical technical information on this
device. We have long felt that a simple, straight forward, factual exposition

of loud speakers would be of real value to the service engineer.
It was with this thought in mind that we asked the Jensen Radio Manufac-
turing Company, Chicago, Illinois, for technical data suitable for preparation

of a text on this subject. They generously responded by furnishing this com-

plete treatise, which we believe to be a real contribution to the technical litera-
ture of radio. We believe you will find this chapter to be both interesting

and valuable.

I. General Definitions, Physical
Characteristics

A loud speaker is a device for con-
verting audio-frequency electrical power
into acoustical power and radiating it
into a specific region. '

The most common .type of loud
speaker is the moving coil or “electro-
dynamic” type. This type of loud
speaker consists essentially of a radiator
or diaphragm to which is rigidly at-
tached a coil, which in turn is immersed
in a steady magnetic field. This dia-
phragm and coil assembly is suspended
by flexible supports allowing vibration
parallel to the axis of the coil. These
vibrations are the result of passing the
audio-frequency electric current through
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the coil. Figures 1 and 2 illustrate this
type of loud speaker.

Figures la, 1b, and lc illustrate- the

“direct-radiator” type. That is, the loud
speaker is designed in such a way that
when used in conjunction with a suit-
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able “baffle” the diaphragm radiates di-
rectly into the surrounding air. In con-
trast, Figure 2 illustrates the class in

- which the diaphragm is coupled by

means of a “sound chamber” to a “horn”
which in turn radiates into the air. This
latter class of loud speakers will be dis-
cussed in a later section.

Figure la illustrates a speaker in
which the magnetic field is supplied by
means of an electromagnet or field coil,
whereas Figures 1b and lc illustrate
those in which a permanent magnet ful-

fills this duty.

II. The Magnetic Circuit; Field
Coils and Permanent Magnets

The operation of the loud speaker
does not depend upon how the mag-
netic field is supplied, providing this
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field has the required strength. This
latter point should be especially noted
since all further explanation concerning
the action of the moving parts will be
general, that is, the required magnetic
field strength is assumed.

Permanent magnet loud speakers are
generally available having magnetic
field strengths identical to equivalent
models using field coils. This equality
is a result of relatively recent develop-
ments in magnetic alloys. No apprecia-
ble deterioration has been noted in
original samples of magnets made from
these alloys several years ago. Thus
misapprehensions with regard to the
efficiency and stability of permanent
‘magnet structures need no longer exist.

For a given magnetic structure the
field strength depends on the magnet
weight. However as the magnet weight
varies, the air gap (the region in which
the voice coil is situated) should be al-
tered to give best results. A figure of
merit including all these factors is a
good measure of the effectiveness of the
unit; one such measure is the magnetic
energy in the gap stated in millions of
ergs. Typical values are 0.19 for a
small inexpensive S5-inch permanent
magnet speaker, 1.36 for a good quality
10-inch speaker and 7.5 for a high
quality 12-inch speaker.

For an electromagnet magnetic struc-
ture the field strength depends on the
power dissipated in the coil. The manu-
facturer specifies the normal power to

be dissipated in the field coil. Table 1 -

shows the field current or voltage re-
quired to dissipate a given power in a
field coil of given resistance. As a rough
guide, field-coil power dissipation
should be approximately equal to the
maximum audio-frequency power-han-
dling capacity of the device.

In choosing a loud speaker for a
given application, the decision as to
permanent magnet or field coil mag-
netic structures depends on several fac-
tors (see section 9). Cost is in many
cases a vital factor. Very small perma-
nent magnet loud speakers cost from
the same to about 10% more than
equivalent field-coil units. Larger per-
manent magnet speakers used for public
address and large radio receivers cost
approximately 50% more than field
coil equivalents, while for very large
magnetic structures, such as used in
large public address installations, thea-
tre work, etc., the permanent magnet
speaker may cost more than twice as
much as the field coil unit.

III. Baflles, Cabinets and Acoustic
Loading Networks

Loud speakers of the direct-radiator
type are invariably mounted on some
form of auxiliary structure. This may
take the form of a cabinet (radio con-
sole), a flat plane surface with an open-

TABLE 1
Field Coil Excitation
Field
Power |Resistance; Field | Cyrrent
(watts) (ohms) | Voltage (ma)
3 500 38.8 77.5
3 1000 54.8 54.7
-3 1500 67.2 44.7
3 1800 3.6 40.8
3 2500 86.6 34.6
4 500 44.8 89.3
4 1000 63.3 63.1
4 1500 77.5 51.6
4 1800 85.0 47.0
4 2500 100 40
6 500 54.8 110
6 1000 77.5 71.5
6 1500 95 63.1
6 1800 | 103 58.2
6 2500 122 49.1
8 500 63.3 126
8 1000 89.5 89.4
8 1500 110 72.7
8 1800 120 66.6
8 2500 141 | 56.7
10 500 70.8 141
10 1000 100 100
10 1500 122 82
10 1800 134 74.6
10 2500 158 63.3
14 500 83.8 167
14 1000 118 119
14 1500 145 96.5
14 1800 159 81.7
14 2500 187 74.8
26 500 114 228
26 1000 161 162
26 1500 198 131
26 1800 216 120
26 2500 255 102

ing through which the speaker radiates
(flat baffle), or some more complex
system of acoustic loading. All of these
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devices may be classed in general as
“baffles.” Their primary function is to
acoustically “load” the loud speaker to
allow it to radiate more efficiently. This
improved efficiency usually occurs in
the low frequency range. It is important
to remember that the more “adequate”
the “baflle” the more improved will be
the low-frequency response. It should
be emphasized at this point that a loud
speaker cannot be considered as an iso-
lated element because: (1) Any baflle is
definitely a part of the acoustical sys-
tem; (2) The loudspeaker may radiate
into a closed room which has its own
acoustic resonance characteristics re-
flected into the loud speaker; (3) The
accompanying audio-frequency electri-
cal circuits are definitely a part of the
composite system and must be consid-
ered when we discuss the operation of
a loud speaker system.

The simplest type of baffle is a large,
flat surface with an opening through
which the speaker radiates. However,
the simple flat baflle has the following
disadvantages: (1) Large size for ade-
quate low-frequency response; (2)
Very poor low-frequency response for

large angles from the speaker axis (that -

is, as we approach the plane of the
baflle) ; (3) Limited acoustical flexi-
bility (that is, limited opportunity for
modification of response characteris-
tics) . The open-back radio console cabi-
net has the same inherent disadvantages,
since it resembles a flat baffle. However,
here a new form of difficulty arises
known as “cabinet resonance.” Cabinet
resonance actually modifies the response
characteristics of the system due to a
standing wave pattern in the cabinet.
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This results in emphasis of the 150 to
250 cycle response.

The closed box is an improvement
in that it eliminates the back-side radi-
ation as such. In other words, if the

“cabinet is rigid, all the sound at the rear

of the cabinet is due entirely to radia-
tion from the front of the cone. There
is, of course, practically uniform radia-
tion in all directions at low frequen-
cies. See Figure 3. The back-side radi-
ation from the cone may be absorbed
by a heavy absorbent lining on the
interior of the box.
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The stiffness due to the compression
of the air in the closed box acts as if
the stiffness of the speaker suspension
itself were made greater. Cabinet reso-
nance may also occur and cause trouble
in the closed-box type of baflle if suffi-
cient absorbent material is not used or
if the enclosure is not sufficiently large.
The totally closed cabinet is sometimes
improperly called an “infinite baffle”
although the behavior of the system is
quite different

ing networks are in common use. In
one version a large volume is coupled

~ to the loud speaker and the acoustic

enclosure resonance is used to increase
low-frequency response. A modifica-
tion of this method is one in which a
column at the rear of the speaker is
lined with absorbent material so that
the column acts as a long acoustic
transmission line.

Figure 4 shows an especially effective
type of acoustic loading in which a sec-
ond opening or “port” in the otherwise
complete enclosure is adjacent to the
loud speaker diaphragm and is in effect
another radiator coupled to the loud
speaker diaphragm. This “secondary
radiator” (air in the mouth of the
port) moves with a given amplitude
and phase relative to that of the loud
speaker diaphragm in a manner de-
pending upon the speaker design and
dimensions of the enclosure and open-
ing. This is known as the “Bass Reflex”
principle and results in considerable
advantage over the whole low-frequency
end of the acoustic spectrum. Only a
relatively small amount of sound ab-
sorbing material should be placed in-
side the enclosure, the object being to
have a very small absorption at low
frequencies. A modification uses a
series of short tubes instead of the sim-
ple opening in the enclosure. :

It is to be emphasized at this point
that no effective equalization of the
electrical circuits in the driving ampli-
fiers can give the same results as ade-
quate acoustic loading and the subse-
quent high efficiency of the speaker
itself. This is true because: (1) the
poorly-baffled loud speaker has inher-
ently more distortion; (2) the highly
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equalized amplifier may very likely
have limited overload characteristics
thus introducing considerable ampli-
tude distortion.

IV. Horns and Horn Type
Loud Speakers

A horn is a device which is used to
couple a relatively small radiator effi-
ciently to the surrounding air. It is
essentially a tube of varying cross-
section, increasing in size from the loud
speaker unit to the open end. Relatively
high efficiencies are attained. Further-
more, the horn is relatively directional
at medium and high frequencies. (Con-
trary to popular opinion, horns are al-
most perfectly non-directional at low
frequencies.) The most common type
is the exponential horn in which the
area increases exponentially with dis-
tance along the horn. The lowest fre-
quency effectively radiated by a horn
depends, first, on its rate of change
of area, and second, upon its mouth
area; the low-frequency end of the

range is often called the horn “acous-
tic cutofl.”

The mouth diameter for a horn of
circular cross-section should be about
one-third of a wavelength at the lowest
frequency to be radiated. This relation
is shown in Figure 5.

There are three common variations
of horns, depending upon their particu-
lar function. The most common form
is the simple trumpet, or projector-type

O
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THROAT DIA. .7 IN.
MOUTH DIA. 12 IN.
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horn, which has a straight axis with the
area expanding according to a definite
formula. Figure 6 illustrates this type.
A modification is the case in which the
complete horn is “coiled” or folded to
conserve space.

A second form of horn is known as
the multicell in which the area is
broken up into a number of sub-areas
each expanding individually—that is, a
group of individual cells forming an
array. These individual cells may be
formed by inserting partitions in a
simple or trumpet horn or they may be
completely separate sub-horns assem-
bled in an array. Figure 7 shows an
example of the latter type.

LOUPSPEAKER UNIY

Fig. 7

MurticeLLuLAR Horw
Throat Area = 1.718 in2
Mouth Area — 960 in2
Cutoff Freq. = 200 Cycles

The third form is known as the
folded or re-entrant type horn in which
the axis along which the area expands
is no longer a simple straight or curved
line. Figure 8 shows one type in which

RE—ENTRANT HORN
Fig.8

the area expands as a simple horn for
a short distance and then becomes an
annular area expanding back along the
exterior of the first simple horn sec-
tion. This type of folding may be car-
ried on even further. Figure 9 shows
a type commonly used with large dia-
phragm loud speakers in which the
area expands along two channels each

11
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folded upon itself. Folded and re-en-
trant horns are used where economy of
space is essential.

Horns are often used with direct
radiator speakers, the throat area being
approximately the same size as the
diaphragm, and are sometimes referred
to as “directional baffles.” Below the
horn “cutoff” the loud speaker merely
radiates essentially as it would on a flat
baffle of the same area as the horn sur-
face. Thus small “flares” used in this
way add nothing to the low-frequency
response although they may enhance
the speech-frequency range.

V. Power-Handling Capacity

Power-handling capacity of a given
loud speaker unit is generally deter-
mined by the amount of power that can
be handled by the speaker before an
appreciable amount of distortion is
introduced or by the physical ability of
the voice coil to dissipate a given
amount of power. In most cases, espe-
cially where the speaker or speaker sys-
tem is the high-fidelity type, objection-
able distortion will be introduced be-
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fore the temperature of the voice coil
has risen to a point where permanent
damage will occur. However, with the
standard-fidelity type speaker, i.e., one
whose high-frequency response is lim-
ited to frequencies below approxi-
mately 5,000 cycles, the distortion will
not -be as noticeable as in the high-
fidelity type and it is often possible to
damage the voice coil before distortion
is noticeable. One important fact to
remember is that most manufacturers
rate their speakers as to the amount of
musical or voice power that can be
delivered to the speaker and not the
amount of power at a single frequency.
In the case of a metal diaphragm type
speaker, when used with a horn de-
signed for the speaker, the power-
handling capacity of the unit will vary
with the frequency. At the lower fre-
quencies where the excursion of the
diaphragm increases as the frequency
decreases (for constant power input)
the limiting factor is the distance that
the diaphragm can move before strik-
ing the walls of the sound chamber.
Thus, a unit that will handle 20 watts
at 400 cycles will handle only approxi-

mately 10 watts at 200 cycles or only
approximately 5 watts at 100 cycles.

In general, for cone type speakers,
the size of the diaphragm and the voice
coil will determine the physical ability
of the unit to handle power. The power-
handling capacity of the voice coil is
limited by its operating temperature
rise. Therefore a permanent magnet
speaker of a given cone, voice-coil and
magnet size, having no field coil to
contribute heat, is capable of dissipat-
ing more power in the voice coil than
the equivalent field-coil design. See Fig-
ure 10. Since no universally recognized
standard method of rating power-han-
dling capacity has been set up, some
manufacturers’ ratings are highly over-
optimistic, while other manufacturers
are ultra-conservative and their ratings
may oftentimes be exceeded by as much
as 100% before the speaker will fail for
physical reasons.

One common misunderstanding is
the belief that a speaker rated at, for
example, 25 watts power-handling ca-
pacity and using a large cone, of say 15
to 18 inches diameter, cannot be driven
by a small amplifier satisfactorily. On
the contrary, the more efficient a speak-

- er, regardless of its size, the more sound

output will be delivered by that speaker
for any given electrical input power. If
an amplifier is normally used with a
12" speaker having an efficiency of ap-
proximately 5%, it can also be used
with an 18” speaker having power-
handling capacity of 25 watts or more
and an efficiency of 20%, and what is
more, the sound output from the larger
speaker will be approximately four
times (an increase of 6 db) that ob-
tained from the 12” speaker. In other
words a highly efficient speaker re-
quires less power to drive it to a given
acoustical output than a small inefficient
speaker.

Where a speaker system is used in
conjunction with an amplifier having
response-equalization or volume-expan-
sion circuits, it is of the utmost impor-
tance that the speaker be capable of
handling the maximum power that may
be delivered by the amplifier. For ex-
ample, even though the unit may be op-
erated on the average with only 2 watts
of power input, it must be capable of
handling 20 watts or more if the peak
power is increased by 10 db due to ex-
pansion or equalization.



























