LOUDSPEAKER ENCLOSURES

THEIR DESIGN AND USE
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The increasing demand for
component high fidelity
home music systems has
focused attention on loud-
speaker enclosures. The en-
closure is designed both for
appearance and as a com-
ponent of an acoustical sys-
tem. A properly designed
cabinet, however, cannot
make a poorly designed speaker operate satis-
factorily, nor can a well designed speaker per-
form efficiently when housed in an inferior en-
closure. The speaker and the enclosure must both
be of good design and work together as a unit.
When this is accomplished, response of the sys-
tem is uniform and the efficiency is good down
to very low bass, and up to or beyond the high-
est frequency the ear can hear.

The prime reason for an enclosure or baffle is to
separate the sound radiated from the rear of a
speaker diaphragm or cone so that it does not
interfere with the radiation generated by the
front of the cone. Since these two sound sources
differ by 180° in phase, cancellation takes place
when the wave length is long in comparison with
the diameter of the cone. If the distance between
the sources is increased, it will permit cancellation
to occur at a lower frequency. A baffle, then, is
a separator that increases the distance between
the sources of front and back of the diaphragm
to such dimensions that the wave length of the
lowest useful frequency is small in comparison
to the distance of separation.

RESEARCH AND DEVELOPMENT:

In the course of the development and design of
a loudspeaker and its enclosure, many tests are
essential to determine the exact performance
achieved. Though many substitute tests are used,
a large Anechoic Chamber is an essential acous-
tical tool. Other methods are poor substitutes at
best. Unfortunately, for the perfection of the art,
some producers of high fidelity components do
not have these test facilities within their own
laboratories and manufacturing plants and must,
therefore, rely on compromise testing or on pure
guess. ALTEC is fortunate in having one of the
largest Anechoic Chambers of any electronic
manufacturer and results of such tests are not
left to chance, but are “plotted” automatically
by a “servo” driven charting pen that qualifies
the engineer’s claims. Above is a photograph of
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the inside of one of the ALTEC Anechoic Cham-
bers located in our Anaheim laboratories.
To outline the present day speaker enclosure
types, it is first necessary to separate them into
four categories:

A. Enclosures that perform as infinite baffles.

B. Enclosures that provide extended bass.

C. Projector type Enclosures.

D. Combinations.

All of the above devices perform satisfactorily
within limits provided that good design pro-
cedures are carefully followed. The good and
bad features of each type will be discussed in
the following paragraphs.

INFINITE BAFFLES: — Category A:

(See Fig. 1.)

An infinite baffle in its original concept is a rigid
wall of great extent, through which the speaker
is mounted. Its purpose is to prevent the wave
from the rear side of the cone from “flowing”
around the speaker and cancelling the front
wave. It would be at least 15 feet square and
therefore impractical for home use. Obviously
much less bulky means must be used to prevent
cancellation of the front wave by the back wave.

An example of an infinite bafle arrangement is
a speaker mounted through a wall with the front
of the diaphragm radiating into the listening
room and the rear of the cone radiating into an-
other room separated by the wall.
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FIGURE 1.

A natural trend of thought would be to fold the
board into a large box that totally encloses the
_ rear radiation. Any volume of air entrapped in
such a box constitutes an added stiffness to the
cone’s suspension system. The stiffness must be
properly correlated with the suspension system.,
A box of at least 15 cubic feet would be required
to avoid restricted base response. However, the
soft compliance type of cone suspension has
made it possible to reach the lower cone stiffness
through a smaller volume of entrapped air. This
balance system permits smaller sized enclosures
without impairment to the reproduction of the
base or low frequencies.

Fig. 21 illustrates the design of an infinite en-
closure engineered by ALTEC to properly house
a single 8” loudspeaker, and Fig. 22 for two of
the same type units. In both systems a high fre-
quency unit is included for reproduction of
frequencies above 2,000 cycles. The dimensions
of the enclosures accommodate the various loud-
speakers recommended.

A rear enclosure having reflecting parallel walls
will create standing waves that seriously react
upon the loudspeaker impedance and response.
Under any condition it is recommended that the
inner surfaces be partially covered with some
sound absorbing material recommended for
cabinets. Under careful laboratory controls, how-
ever, it is sometimes possible to eliminate such
sound absorbing materials without impairment
of results obtained. Since in the preponderance
of cabinets acoustical absorbing material will
improve the reproduction of sound this ma-
terial should never be eliminated from your de-
sign requirements.

FIGURE 2.

BASS REFLEX BAFFLES: — Category B:
(See Fig. 2.)

The bass reflex enclosure is an example of a
Helmholtz resonator. It consists of an enclosed
volume whose acoustical capacitance resonates
with the mass of air enclosed within the confines
of a port opening. By adjusting either volume
and/or the area of the port it is possible to tune
this resonator to a desired frequency. Because
of this ability to tune the bass frequency en-
closure, varied results may be obtained depend-
ing upon a number of design considerations. The
typical juke box has a bass frequency enclosure
tuned for the effective boom to be heard through
the chatter of a public gathering. In the field
of high fidelity, faithful reproduction is the de-
signing objective to extend the low frequency
response below the natural resonant point of the
loudspeaker without false accentuation.

The effect of the port in an 8 cubic foot ported
enclosure acting on the cone resonance is shown
in Fig. 3. . Curve A is an impedance response
of an ALTEC 605A speaker, having a resonance
at 25 cycles. Curve B represents the same speaker
in an enclosure having a port adjusted to produce
a dip at 25 cycles. The combined effect produces
a double peak which is much lower in amplitude.
To the listener, this means a more faithful repro-
duction of low frequencies. The transient re-
sponse of such a system is excellent which means
that shock excitation due to a complex wave is
damped. This permits the cone to follow a com-
plex wave shape without overshooting beyond
the instantaneous signal levels.
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The design considerations applicable to this type
of cabinet are more stringent and involved than
in the case of closed cabinets. The volume of the
cabinet and the size of the port opening must
be computed so that the resonance of the enclo-
sure occurs at substantially the same frequency
as the free air cone resonance, in order to effec-
tively damp the cone resonance by the loading
provided by the port. When the ratio is properly
chosen the result will improve the bass which

A very satisfactory result may be achieved by
careful application of the foregoing design data.
The choice of port size as shown by the chart in
Fig. 4, will depend on type and size of speaker
used in a system.

The following is a table listing:

Altec Duplex, Biflex and (low frequency) type
loudspeakers, their resonant frequencies, and
speaker opening diameters.
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RELATION BETWEEN VOLUME AND PORT AREA
IN BASS REFLEX ENCLOSURES

For enclosure sizes below or above the limits of
the chart infinite baffles are recommended, since
for a bass reflex type, the ports would be too
small to be effective or too large to allow the en-
closure to perform as a useful separator between
the front and back wave of the loudspeaker.

For best results the depth of the enclosure should
be no less than % the width, and height and width
no less than twice the diameter of the loudspeaker.
A corner cabinet has an advantage. It uses the
corner walls of the room as a crude horn which
further improves the bass resonance due to addi-
tional loading of the speaker cone. Fig. 27 shows
a design for an 8 cubic foot corner enclosure as
designed by the ALtECc Lansine laboratories.

The location of the port in reference to the loud-
speaker cone opening in an enclosure is not too
important, since the wave length of the frequen-
cies in which the port opening is effective are
much longer than the normal dimension of the
whole enclosure. Usually the port opening starts
about 2” from the rim of the loudspeaker. The
shape of the port also can be varied. Its aspect
ratio should not be higher than 5:1, otherwise
the port can be square, rectangular, or circular,
provided that the area is correctly computed
from the chart shown in Fig.4. In some in-
stances, it may be aesthectically wise to divide
the port into two areas, the sum of which is equal
to the total port area required for the enclosure.
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signals are by their very nature long, a horn to
reproduce the bass frequencies efficiently must
be quite long (over six feet), it is usually folded
to conserve space. These bends in the horn act
as low pass acoustical filters, and therefore,
attenuate frequencies above approximately 300
cycles, Fig. 7. Another example of the projector
type enclosure is the back loaded folded horn,
see Fig. 8. This type of enclosure serves two pur-
poses; it reinforces the bass by utilizing the back
radiation from the cone and projects it by the
means of a folded horn, and also permits the
front of the cone to radiate normally as it does
in an infinite baffle. The midrange and high fre-
quencies are reproduced by a wide range single
cone or a concentric speaker mechanism. Instead
of correcting the phase at only the crossover re-
gion, corrections have to be made along most of
the range up to the mid-frequencies. Since due
to folds in the horn, the distance from the listener
to the front and to the back of the cone is very
different, the phase will shift between the two
sources as the frequency is varied. To illustrate,
Fig. 8 shows this condition.

The back wave, whose path is D, must travel
that distance before it combines with the front
radiation of the cone. Since the two radiations
are 180° out of phase, the length of path D must
be one-half wave length greater for the two
radiations to be additive. If, however, the wave
length is equal to the distance D, complete can-
cellation takes place, because the two energies
are 180° out of phase. At some point, usually
between 200 and 500 cycles, a pronounced dip in



the response is observed. This dip is inherent in
this type of system because no crossover network
is present between the two sides of the cone.
The only way to eliminate this interference is to
provide an acoustical low-pass filter in the back
loaded horn. This filter would then attenuate
frequencies above, say, 150 cycles, so that the
intensity of the sound from the back of the cone,
amplified by the horn, would be negligible in
comparison with the direct cone radiation. The
acoustical filter may consist of a capacitive re-
actance in the form of a cavity behind the cone
and a fine mesh screen in the entrance of the
horn. This provides an acoustical RC circuit hav-
ing the property of a low-pass filter but with
only modest attenuation slope.

The design of such a system is quite involved
which is evidenced by the fact that only rarely
has a system of this sort really been successful.
Even the best designed back loaded folded horn,
provided with a tweeter and network, is really
a three-way speaker system. For example, the
horn and the back of the cone may reproduce all
the extreme bass notes up to 150 cycles, the front
of the cone reproduce up to around 3,000 cycles,
and the tweeter may take over from 3,000 cycles
on up to the highest treble.

A further example of the projector type enclosure
is the front loaded horn. This type of horn system
is generally composed of a low frequency loud-
speaker with a large horn and one or more sep-
arate speakers to reproduce the midrange and
upper frequencies. As the spectrum is divided
into three sections a crossover network is re-
quired at each of the two crossover frequencies.
Phase relationship between the sound sources
in two-way loudspeaker systems is simplified
by positioning the driver units of both sound
sources on the same vertical plain. However,
in 3 and 4-way systems, because of the size and
configuration of components, perfect phasing be-
comes impossible.

The front loaded horn, like the rear loaded horn,
due to the physical length of the low frequency
path must be folded again creating a serious
phase shift because of the distance from the lis-
tener to the front and to the back of the loud-
speaker cone. This differential sound path is
illustrated in Fig. 7. ‘
At some point if that difference in distance is
equal to % wave length, cancellation occurs pro-
ducing a sharply pronounced dip in the response.
An obvious method to minimize this effect is to
design a crossover filter having very steep cross-
over slopes. This, however, is troublesome and
requires expensive electrical components. An-
other expedient, but one that makes it necessary
to greatly enlarge the high frequency horn and
therefore its cost, is to design the speaker system
having a low enough crossover point so that ac-
tual distance of separation between the high and
low frequency drivers is small in comparison to
% wave length at the crossover length. In prac-
tical applications this crossover frequency is
usually below 200 cycles.
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FIGURE 5.

COMBINATIONS: — Category D:(See Fig. 5.)
Combinations of the foregoing systems are a pos-
sibility and some have been manufactured for
many years and have proven of a superior quality
in reproduction. One of the best known speaker
systems of that type is ALTEC's Voice of the
Theatre line. The advantages of the extended
bass response of the bass reflex enclosure, coupled
to a short, direct radiating exponentially formed
front loaded horn without folds, further extends
the low bass range. This advantage together with
the improved distribution of sound as provided
by the direct radiating horn element, Fig. 6,
makes' this type of enclosure preferable for all
types of installations.

In this type of loudspeaker system the mid-range
and treble are reproduced by a smaller horn with
one or more high frequency driver units. The
efficiency of such systems is high providing fre-
quency down to the lowest bass note. Since the
distance of the high frequency and low frequency
drivers is the same along the projection axis, per-
fect phasing is possible throughout the crossover
region. For the transition of electrical energy to
acoustic energy and where extremely high effi-
ciency of a loudspeaker system is desired, no
better choice of enclosure than the “Voice of the
Theatre” can be made.



ALTEC BASS REFLEX EN-
CLOSURES—technically super-
ior for smooth extended base
response,

In a bass reflex enclosure the
back wave of the speaker cone
is used to reinforce the bass be-
low 150 cycles. The acoustic im-
pedance of the air in the enclo-
sure and the tuned port shifts
the phase of the back wave 180°
so that it radiates from the port
in phase with the front wave of
the speaker. The impedance of
the port blocks the back wave
above 150 cycles so that the front
wave can operate without phase
interference.

A front loaded horn operates
very well in the range below 400
cycles. Above this point the horn
serves as an acoustical filter and
the speaker becomes inoperative.
It is crossed-over to a high fre-
quency speaker at about 300
cycles, the extreme difference in
wave path length between the
bass and treble sections results
in phase cancellation whenever
the difference in wave path
length is equal to % of the wave
length of the frequency to be re-
produced. (The solid line indi-
cates the response of a front
loaded horn alone. The dotted
line shows the response with a
high frequency speaker crossing
over at 300 cycles.)

In a rear loaded horn the back
wave is generated in a horn and
travels a long path compared to
the front wave. When this path
length is the same as the wave
length of the frequency to be re-
produced the front and back
waves are out of phase and can-
cel. This results in “holes” in the
mid-range frequency response.
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)
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HIGH FREQUENCY HORNS

Though this paper is concerned largely with en-
closures and the reproduction of low frequencies,
the importance of high frequency reproduction
merits a few words. ALTEC high frequency horns
are of the sectoral, multicellular and direct radi-
ator types. They provide a calculated flow path

which directs sound waves into the proper distri-
bution pattern without interfering with their
natural propagation in air. The performance ad-
vantages which are inherent in these horns are
compared graphically to some other high fre-
quency horns in Fig. 9, 10, 11 and 12.

A sectoral horn and the multicel-

lular horn have excellent proper-

Distribution Patterns of High Frequeacy Horns

ties. They are built to a size which
provides smooth effective distri-
bution control from beyond the
audible range to their designed

90° ALTEC SECTORAL AND
MurTiceLLuLAR Horn

low frequency limit.

—t

90 o at all frequencies

10,000 20,000 cps

FIGURE 9.

The Ring Radiator makes no at-
tempt to control high frequency
distribution and serves only to
load the driver. As a result its
distribution becomes progres-
sively more directional at higher
frequencies and at the highest
pitches it reproduces only a nar-
row beam. In addition, due to its
ring source it has regular phas-
ing holes in its distribution pat-
tern whenever the difference in
distance between the near and
far sides of the radiator equals 1000 epe
% of the wave length of the fre-
quency being reproduced.

RING RADIATOR

10, 000 cps

T

10, 000 20,000 cps

FIGURE 10.

The symmetrical Acoustic Lens
has, at least in theory, a smooth
spherical distribution pattern.
Unfortunately an equal vertical
and horizontal pattern is not de-
sirable since it “bounces” sound
off ceilings and floors. The fre-
quency response of an acoustic
lens is poor since the lens ele- /

ments act as an acoustic filter to
seriously limit high frequency
reproduction.

1000 10, 000

M
i ACOUSTIC LENS

/ﬁ:/ at all frequencies
o
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FIGURE 11.
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Like the Ring Radiator, a Dif-
raction Horn has no distribution
control and does nothing more
than serve as a device to load
the high frequency driver. The
sound waves are uncontrolled
and vary from an unusably wide
distribution at lower frequencies
to an extremely narrow beam of
sound at the higher pitches. 1000 cpa
Good listening quality can only

the horn.

< DIFFRACTION

be found directly in front of

1

10,000 cps

10, 000 20,000 cps

FIGURE 12.

TWO-WAY SPEAKER SYSTEM:

In a two-way system in which the woofer and
the tweeter are separate, the woofer is usually
enclosed in a bass reflex or infinite cabinet, and
the high frequency driver with its horn mounted
inside or on top of the enclosure. Suggested con-
struction details found in Figs. 21, 22, 23,
24, 25, 26 and 27 show the methods of mounting
Artec 3000B and 2000B High Frequency Speak-
ers, and the 804 HF Driver with either the 511
or 811 Horn within an enclosure.

It is essential to maintain proper phase relation-
ship between the low and high frequency units
at the region of crossover.

At crossover, they radiate with equal intensity,
and if their phase is not correctly controlled,
their outputs may cancel or combine in an un-
favorable manner. For optimum performance of
a dual speaker system, both the high and low
frequency units must be in phase at the cross-
over region. To insure proper phasing of ALTEC
loudspeakers, follow the appropriate wiring dia-
grams: Fig. 16 thru 20. These diagrams
show the electrical connections to the high fre-
quency and the low frequency units, and to the
dividing network. Fig.16 is the wiring diagram
of the Avtec 2000B. Fig. 17 illustrates the 3000B
HF Speakers, and N3000E Dividing Network.
These HF Speakers can be combined with 402
woofers and the 412 or 415 Biflex. When the
Artec 804 HF Driver with an 811 Horn and
N80OOE Network are used, Fig. 18 should be fol-
lowed. This combination should be used with
Avtec 415 or 803 in the low frequency section.
For a 500 cycle crossover system, the 804 with
a511B Horn and N500D Network should be used.
This system, Fig.19 incorporates an 803 either
singly or paired for even greater bass response.
In making connections shown in Figs.16 through
20, care must be taken to connect the proper
wires to the speaker terminals marked 1 and 2.
Further improvement in phasing may sometimes
be achieved by shifting the relative positions of
the high and low frequency units until maximum
smoothness at crossover is determined by meas-
urements or listening tests. For the 3000B HF

Speaker, the front of the horn should be in the
same vertical plane with the mounting rim of
the low frequency speaker. See Fig. 13, 14 and
15 for high frequency unit mounting.

When Artec high frequency drivers and horns
are used with woofers of other manufacture, it
is best to first connect them as shown in Figs,
16 thru 20 . Then, when the loudspeaker
system is in operation, the wires going to the
woofer should be reversed while listening to the
sound. One can then judge the proper phase
relationship by choosing the connection that pro-
duces the best musical quality.

In two-way systems it is advantageous for the
listener to be able to adjust the volume level of
the components in reference to each other. Pro-
vision is made to do this on Avrtec loudspeaker
systems by a step switch or potentiometer on the
dividing network which allows the user to shelve
or attenuate the high frequency driver for estab-
lishing the best balance to fit individual room
acoustics. As an example, the shelving control of
the Artec N500D Dividing Network has a four-
position 1%db per-step switch. The ALtec N3000B
Network incorporates a shelving potentiometer
which enables the user to continuously attenuate
high frequencies to a maximum of 10 db.

Room acoustics vary with the amount and place-
ment of furniture, drapes, carpets, etc. Heavy
absorption of sound waves at high frequencies
takes place in a room which is heavily furnished.
The absorption has the effect of deadening
sound; hence, the room is “dead” acoustically.
Conversely, high frequency sound waves may
bounce too freely in a room which is sparsely
furnished and has many exposed wall and glass
surfaces. This room is “live” and may cause ex-
cessive high frequencies for good reproduction.
The shelving control on an Avtec dividing net-
work enables the user to compensate for acousti-
cal properties of the room. Critical listening with
the control at various positions will enable the
user to determine the most pleasing degree of
balance.
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CONSTRUCTION DETAILS

In designing and building an enclosure in any
category, it is important to adhere to general
rules that will decide the success of the product.
Any panel or baffle that is part of an acoustical
system should be rigid. This is accomplished by
using sufficiently thick wood panels (at least %
inch) and reinforcing them with wooden stripes,
such as 1” x 2” glued and nailed on edge. This
will prevent drumming and resonances in the
structure which would otherwise alter the re-
sponse of the acoustical system. As an example,
any surface that is more than 3 square feet in
area should be divided into two smaller areas by
a reinforcing strip. The strip should be glued
diagonally from corner to corner if the dimen-
sion of the surface is approximately a square.
If the aspect ratio is less than 3:4, the strip should
be glued across the smaller dimension, thus di-
viding the larger dimension in two equal areas.
As mentioned before one of the most offending
factors in the design of the loudspeaker enclo-
sure is the formation of standing waves between
parallel walls. As the wave leaves the rear of
the cone of the loudspeaker, it will reflect from
one wall and bounce to the other. If the other
wall is parallel, “bouncing” back and forth will
take place and will result in serious irregularities
in the frequency response. It is, therefore, very
important to line one or both of any parallel
walls with a sound absorbing material such as
three inch thick Owens-Corning OC3 Fiberglass
board having a weight of about 3 pounds per
cubic foot (available at hardware and insulation
supply stores).

The layer of Fiberglass should, for the best per-
formance, extend from all edges of the parallel
wall so that no hard surface is exposed. It is easy
to apply by using any of the commercial adhe-
sives available on the market today, and insur-
ing the permanence by reinforcing the Fiberglass
layer with nails and fairly large washers tacking
the Fiberglass to the wood. It is unnecessary to
line all the walls of an enclosure, since sound is
absorbed if any one of the two parallel walls is
lined with sound absorbing material. In the case
of a closet or an unused room into which a loud-
speaker is backed, some means of sound absorp-
tion should be provided to prevent standing
waves. If for instance a closet is used, the normal
hanging of clothing is sufficient to break up
standing wave patterns. In rooms larger than a
closet, ordinary drapery and carpeting is usually
sufficient to prevent serious disturbances due to
standing waves.

Only acoustically transparent grille cloth should
be used in front of the speaker. The transmission
of high frequency radiation is greatly attenuated
through dense materials, such as drapery cloth
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or other closely woven fabrics. Decorative grilles
should be chosen that are coarsely woven and
have a rough, clean surface without a fuzzy tex-
ture and that are as transparent to light as can
be tolerated.

NOTES:

Cabinets, Fig. 23, and Fig. 24, are shown with
mounting diameters for 15” speakers. When 12
speakers are used, make mounting hole 104" in
diameter.

Cabinet, Fig. 22 is for an 8 woofer and high
frequency unit. The 5” x 34” cut out directly
above the speaker mounting holes permit instal-
lation of the 3000B High Frequency Speaker for
a compact two-way system. It is suggested, that
even it the HF Speaker is not used in the initial
installation, the cut out be made and solidly re-
plugged to permit easy adidtion of this unit at
a later date.

“STEREO” LOUDSPEAKER PLACEMENT:

There has never been any problem in the proper
positioning of loudspeakers as used for mono-
phonic reproduction, but care should be
exercised in speaker placement for stereo repro-
duction. Audience perspective is important and
can be best accomplished by following a few
simple, yet necessary, rules in the selection and
placement of loudspeakers.

To realize the optimum performance from your
stereo system, it is important that the loud speak-
ers be placed at definite locations within the
listening area.

Two separate channels, that originate from a
dual amplifier, are fed to the speakers, provide
the phase and amplitude difference that gives
the spatial quality to “stereo.” If the speakers are
too closely spaced, as in a single enclosure which
houses two speakers only a few feet apart, the
time and intensity difference is so small that
spatial quality is severely limited. Except in a
very small room, eight feet is considered mini-
mum spacing between speakers for good stereo.
In a two-channel system, good stereo listening
begins a distance in front of the speakers equal
to their separation, and continues for twice this
distance. For example, if the speakers are placed
8 feet apart, the best listening area extends from
8 to 16 feet in front of the speakers. In three-
channel systems the center speaker should be
located as near midway between the two side
speakers as possible and ideally in line. The use
of the third speaker allows wider spacing of the
side speakers and a correspondingly broader lis-
tening area.

Most high quality “stereo” home music power
amplifiers, like the Avtec 353A, provide for con-
necting a center or third channel speaker.



In operation, the center speaker reproduces the
signal existing in both side speakers. The sound
that originated from the center of the recording
stage, as in recording a soloist, will actually ra-
diate from all three speakers but will appear to
be confined to the center channel. With two
speakers not too widely separated this effect is
preserved without the center speaker; but the
third speaker will permit a much wider separa-
tion of speakers and spread of sound source with-
out an undesirable “hole in the middle” effect.
A large spread between speakers is permissible
if the listening area is moved back proportion-
ately. Listening too close to two widely separated
speakers creates a “hole in the center” which
gives the impression of two distinctly separate
sound sources rather than the desired broad front
of sound. In a three-speaker system, the hole in
the middle is much less likely to occur, but ex-
treme separationr will lead to “holes” between
speakers or a loss of source width apparent in
parts of the listening area. If speakers are sub-
stantially separated, it is generally best practice
to “angle” the side speakers toward the center
of the listening area.

METHOD OF PHASING LOUDSPEAKER
SYSTEMS IN STEREO INSTALLATIONS:

The relative phasing of the right and left hand
loudspeaker units in a Stereo Home Music Sys-
tem is essential, so that sound meant to come
from the center appear to emanate from a point
midway between the two speakers. Many elab-
orate methods for determining the correct phase
are available but by using a constant amplitude
frequency record, available from any High Fidel-
ity Record Dealer, it becomes a simple matter.
The 100 cycle frequency band is recommended
for this purpose.

STEPS FOR PHASING STEREO SPEAKERS:

Maintain consistant polarity in wiring of your

loudspeakers, carefully following the instructions

furnished with your loudspeaker.

1) Listen to your system by standing directly
between the right and left speakers, about
eight feet in front.

2) Reverse the polarity of either the left or right
loudspeaker and if the volume “goes down”
your speakers are out of phase; if the volume
“goes up” they are in phase. They should be
left connecte({in the loud position.

CHANNEL BALANCE FOR STEREO
LISTENING:

The Balance or “spatial” control is used to com-
pensate for slight differences between the two
channels in a stereo system. These differences
may be mismatches in the pickup cartridge,
speakers, tape heads, the recording itself, etc.
Since faithful reproduction of the stereo effect
demands that the two channels be identical, the
Balance control should be adjusted until the
sound centers properly. With channel unbalance,
the sound appears to originate in either the right
or left speaker. When the adjustment is nearly

correct the stereo effect will be noticeable but
not centered. With the correct adjustment the
full stereo effect is obtained — orchestral music
is distributed by instruments, uniformly across
the space between the speakers, and a soloist is
usually on center.

A constant tone frequency record fed into both
channels will suffice. By proper setting of the
balance or “spatial” control or of the individual
volume controls on each channel, the sound
emanating from both left and right loudspeakers
will be the same. When these signals are of the
same level, your system is in balance and best
reproduction from vour system is assured.
GENERAL:

Avtec enclosures are designed to fully comple-
ment ALTeEC loudspeakers. To prevent future dis-
appointment, if loudspeakers other than Avrtec
are to be used in these enclosures, it is suggested
that their manufacturer be contacted for advice
on efficiency, resonance, impedance matching,
and phasing since no enclosure can improve the
performance of a poorly constructed, low effi-
ciency speaker.

Loudspeaker efficiency is so vital to performance
that it should not be overlooked. The formula

DB = 10 longgv may be used to illustrate the

1
effects of low efficiency. The exceptional perform-
ance of ALTEC loudspeaker systems is due in part
to the very high efficiency of the loudspeakers.

A loudspeaker only 3 db less efficient than ALTECs
requires twice the power to obtain the same
sound level in a room. A speaker 6 db less effi-
cient requires 4 times the power, 9 db requires
8 times the power, and a speaker system 12 db
less efficient actually requires 16 times the am-
plifier power output to achieve the same sound
level. For the 8 watts required by an eflicient
AvLtec system to faithfully reproduce dynamic
peaks in music, some low efliciency speakers re-
quire a peak power amplifier output in excess
of 120 watts to obtain concert listening level. The
problem of supplying the speaker with such an
amount of power does not end in the imprac-
ticability of installing and ventilating a huge
power amplifier. A residential loudspeaker is
simply incapable of handling a power input of
this magnitude and must distort or compress the
dynamic peaks in the music.

A high fidelity system is only as good as its weak-
est component. The superior Aurec loudspeaker
will perform well even under unfavorable con-
ditions of poor source and amplification, however,
when starting a new hi fi system or improving
the old one, it is worthwhile to investigate the
entire line of Avrtec high fidelity components.
There is an ALTEC tuner, power amplifier, control
preamplifier, amplifier-preamplifier combination,
and microphone to suit any system and budget.
ArTeEC components are matched and balanced as
vour assurance of faithful reproduction that is
truly high fidelity. Complete information on
Avtec High Fidelity may be obtained by writing
for the ALTEC catalog.
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LOCATIONS FOR X |
MTG. SPEAKERS d

FIGURE 21.

Small infinite enclosure recommended for Altec 402 or
755 series speakers with Altec 2000B high frequenc

“tweeter.” (If

3000B high frequency speaker is used,

horn opening should be in accordance with Figure 22.)
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Small infinite enclosure recommended for Altec 402 or

755 series speakers with Altec

3000B high frequency

unit. (If 2000B high frequency speaker is used, speaker
opening should be in accordance with Figure 21.
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HOLE SHOWN FOR PASSAGE 133"
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FIGURE 23.

Note. Dimensions shown are for typical bass reflex en-
closure for use with Altec 803 low frequency speaker
and Altec 804A high frequency driver and 811B horn
(and N8OOE Altec network ). If 15” duplex speaker Altec
602 or 605, or 12” 601 is used, horn opening will con-
tinue to serve as bass reflex port but size of opening
should be in accordance with Figure 4.
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FIGURE 24.

Note. Dimensions shown are for typical bass reflex en-
closure for use with Altec 803 low frequency speaker
and Altec 804A high frequency driver and 811B horn
(and N8SOOE Altec network ). If 15” duplex speaker Altec
602 or 605, or 12” 601 is used, horn opening will con-
tinue to serve as bass reflex port but size of opening
should be in accordance with Figure 4.
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FIGURE 25.

Note. Dimensions shown are for typical bass reflex en-
closure for use of two Altec 803 low frequency speakers
and Altec 804A high frequency driver and 511B hom
(and N500D Altec network). Port opening is open area
around 511B horn. Area of port is same for two low
frequency speakers as for one, as cone resonance
cubic volume of enclosure determine port area.
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The above illustrations show recommended loud-
speaker placement for stereo listening.
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ALTEC LANSING CORPORATION

Since 1937 the name ALTEC has been a
symbol of supremacy in the field of elec-
tronics. Originally organized for the pur-
pose of taking over one of the functidns of
a Western Electric Company Subsidiary,
The Electrical Research Products, Inc., then
engaged in the theatre sound service and
maintenance business, this activity has con-
tinually expanded to all types of electronic
and electroacoustic equipment.

ALTEC manufactures high quality sound
equipment for home high fidelity systems,
commercial and industrial paging, and en-
tertainment systems. ALTEC products in-
clude the finest in audio contro? equipment
for broadcasting, telecasting and recording
studios, and for sound systems. The com-
pany is a pioneer in the field of high in-
tensity sound equipment for the test of
missiles, airplanes, and other airborne com-
ponents and products. Extensive research
work has been done by ALTEC scientists
in equipment for observing and recording
of heart sounds for medical purposes.

One of the ALTEC Divisions is Peerless
Electrical Products Company, manufactur-
ers of a full range of high quality transform-
ers, reactors and related devices.

The executive offices and manufacturing
operations of ALTEC are located at 1515
South Manchester Avenue, Anaheim, Cali-
fornia; on a 14 acre tract adjoining Disney-
land, 30 miles from Los Angeles. This plant
includes one of the finest acoustic lagora-
tories, an engineering—research department
and manufacturing facilities producing the
products that have given ALTEC leader-

ship in the field of electronic and acous-
tic devices.

The Peerless Division of Altec Lansing is
also located at Anaheim. Here again many
products are manufactured not only for the
high fidelity and public address field but
such items as high altitude power supplies,
special reactors, chokes and transformers
that are important in the electronic field.

Among the ALTEC products described in
this brochure are loudspeakers ranging in
size from small 8 inch units to huge speaker
systems used out of doors and in the largest
theatres, auditoriums and sports arenas.
The cabinetry furnished with ALTEC
Speaker Systems is first carefully engineered
and then styled by professional designers
to develop a finish and final appearance for
the system that will adapt it to surround-
ings in which it will be used.

The Voice of the Theatre speaker systems,
which were introduced immediately follow-
ing World War II are standard equipment
in a majority of motion picture houses. They
are also used extensively in public address
and sound systems where high quality
sound is required. These same Voice of the
Theatre speaker systems are demanded by
people who assemble their own high fidelity
systems and who value the finest compo-
nents available to them.

Other ALTEC speakers and speaker sys-
tems of equal prominence and perform-
ance are the Duplex, Biflex, Capistrano, The
Monterey series, Lido, Carmel, Avalon and
the “Voice of the Theatre.”



While ALTEC is best known to the general
public as a manufacturer of highest quality
amplifiers, tuners and speakers for use in
the home, a major portion of our manufac-
ture is of professional and scientific elec-
tronic and acoustical equipment, principally
microphones, speakers and amplifiers for
use in commercial and industrial sound,
paging, music distribution and announcing
systems—in radio, television and recording
studios and in many scientific applications.

The size and design of a loudspeaker dic-
tates the type and size of a speaker enclo-
sure. Enclosure designs are discussed in the
accompanying article.

The best of scientific and engineering talent
coupled with the most advanced production
facilities and techniques, are necessary in
the building of any good high fidelity loud-
speaker. ALTEC research and development,
being cognizant of this requirement, is con-
stantly working to further improve the
“finest” in loudspeakers, speaker systems
and enclosures.

Care must be exercised in the selection of
the design factors of the enclosure to be
built, based on the type of loudspeaker to
be used and the size and style of the en-
closure. Undoubtedly, lack of acoustical
laboratory facilities for making accurate
measurements is the major contributor to
the number of poor commercial enclosures
on the market. Frequency response checks
constantly being made by ALTEC’s acous-
tic laboratory on the many types of com-
merical enclosures, clearly illustrate the su-
periority of the bass reflex and infinite

baffle designs over all other designs
and types.

The primary purpose of a speaker enclosure
is to make possible the reproduction of bass
tones. Unfortunately, in an effort to achieve

ood bass response, many designers over-
Fook the troubles created by the enclosure
in the mid-frequency region. Response in
this region is actually much more important
than extremely low frequency response, and
ALTEC maintains that no cabinet should
be constructed where good bass response is
attained at the cost of good mid-frequency
response.

Establishing the correct phase relationship
between sound sources over the region of
crossover is one of the major technical prob-
lems in designing a system. Proper phase
relations are difficult to establish in a two-
way (woofer and tweeter) speaker system
and are practically impossibﬁ: with three-
or four-way systems. Improper phase re-
lationship can cause sound cancellation
between speakers with resulting irregulari-
ties in frequency response. For this reason
two-way ALTEC speaker systems, which
cover ti;e entire audible frequency range,
are preferred over three or four-way loud-
speaker systems.

This brochure contains complete construc-
tion details for several cabinets that have
been carefully engineered for use with
ALTEC speakers. Appropriate use of these
designs will insure excellent results. If local
problems require substantial changes from
these designs, the instructions and charts
given herein should be carefully followed.

ALTEC LANSING CORPORATION
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Advanced engineering and manufacturing
facilities make true sound reproduction.
Performance of hi fidelity products, next to
basic design, is most strongly affected by
the degree and nature of quality control
used in its manufacture.

At Altec, quality control begins early in the
design stages when the engineer selects and
specifies the most reliable materials for the
job. When the units are judged acceptable
for production, strict laboratory perform-
ance standards are established. Each pro-
duction-line unit must meet or exceed this
starrdard before it is shipped.

Rigid quality control conditions are insti-
tuted at key production points. One-hun-
dred percent inspection of parts and sub-

assemblies, high grade tooling, precision
instrumentation and test equipment, and a
constant emphasis on quality are just a few
of these conditions. When dealing with ma-
chined tolerances of 1/10,000 of an inch or
parts so small they must be assembled under
a microscope, quality control of workman-
ship becomes critically important. Qualita-
tive procedures are developed to promote
reliability of workmanship and to lessen the
possibility of human error.

The final objective of quality control is a
built-in resistance to failure under specified
environmental and operational conditions.
And, of course, in true sound reproduction
for you. Be sure to experience the true sound
of music at your Altec dealer’s soon.
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