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Bass Response

Regardless of the principle employed in its design, a loudspeaker
system's bass response is controlled by the same laws of physics:

1. Bass response can normally be extended by use of a heavier
cone, because this lowers the resonance frequency of the
system (all other things being equal]. HowWwever, the
increased cone weight requires greater amplifier power
to move it, so that efficiency decreases.

2. Making the cabinet larger also lowers the system resonance
frequency, if the speaker remains unchanged. However, the
frequency response will gradually drop at low frequencies
because the stiffness of the air in the cabinet has been
reduced. Engineers say that the "Q" has decreased.

3. Increasing the size of the magnet in the loudspeaker, when
possible, is one way of increasing efficlency. However,
such a change also increases damping, lowering the "Q"
and therefore suppressing bass response at the lowest
frequencies.

The AR-11 woofer and cabinet combination }epresent an optimum
design. Examination of this system shows some of the problems of

creating a superior system.

Suppose we were to take two AR-11's and connect them in series;
we would get the same frequency response, sound pressure level
and "Q" at a given setting of the velume control as we get with

one AR-11 at that setting. However, the two systers would draw
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enly half as much power from the amplifier as the single AR-11.

(This is because of the changing values of acoustic and electrical
impedances involved.) Exaetly the same effect would he observed

i© we put both wonfers in a single cabinet twice the size of an AR-11.
hers would appear to be no advantage to such a system, in actual use,

over a single AR-11.

o |

If the two woofers were to be cnnneéted in parallel, instead of in
series, conditions would change. We would have the same "Q" and
frequency Tesponse curve, but now the sound pressure level will

Save doubled over a single speaker at the same volume control
setting. Twice as much power will alse be taken from the arplifier.
The main problem is that the impedance of the two woofers in parallel

will be dangerously low for most amplifiers.

By making the volume of the two-woofer cabinet larger, we can lower
the resonance frequency, but we will also lower the "Q*, actually

reducing bass output (see the illustration below].
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clearly, achieving extended bass response, even with AR's exceptional
low-frequency driver design, requires a new approach. In the AR-9,
the method chosen was to control the Y electrically as follows:
1. 1f a resistor is placed in series with the woofer, rthe Q"
is raised, while the acnustic output 1s reduced.
2. A woofer has its highest impedance at the system TEs0nance
frequency. Twa woofers in parallel could safely be used in
the frequency range near resonance, but not at other frequencies.
3. 1f a way can be found to put a resistor in series above and below

the resonance frequency, but out af the circuit at and near

resonance, the impedance, "Q" and output level might be
adjusted to give an jdeal systen combination.
This is exactly what has been done in the AR-9. At the resonance
frequency, the two woofers are in parallel, doubling sound pressure
level in that region. As the previous illustration shows, adding
& dB to the dashed curve in the vicinity af 28 Hr will take it
3 dB higher than the sclid line representing a standard enclosure.
Fine. But as we move up in frequency, we would like the level to
drop gradually to match tﬁf solid line curve. We also would like

to make the irpedance stay as high as possible in this range.

ising the network shown below, we can have both of these things.
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at and near the system resonance frequency, the choke and capaciter
are essentially a short-circuit; the presence of the resistor is
jrrelavant. As the signal frequency increases, the impedance of
the rasonant circuit also goes up--and the speaker system output
goes down! By selecting precise values for the components, and
using a choke coil with low jnternal resistance, "Q'' and impedance
are smoothly controlled to yield extended bass response with full

amplifier protection.
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Interaction With Room Reflections

The walls of a toen are excellent mirrors for low-frequency sound
waves. In foct, if we could see with such waves as we do with light
waves, we would notice images of our loudspeakers in the walls, floor

and ceiling just as we would in a hall of mirTors.

These images of loudspeakers behave almost exactly like real loudspeakers.
Their radiation, when combined with the sound waves coming directly

from the "real™ loudspeakers, can produce interference patterns that

nake bass responsa uneven. The mest serious problem is that caused

by the image in the wall immediately behind the speaker systcm, because

this image is usually one of the closest--and loudest--to the listensar.

Looking at the drawing below, it can be seen that sound waves, moving
across the front and then toward the hack of the speaker cabinet, will
bounce off the wall and go out toward the listener a short time after
the direct sound from the loudspeaker. Because of this time difference,
the peaks and dips of sound pressure in the wave--like the peaks and
dips in a wave on the surface of water--will coincide at some frequencies

and cancel at onthers.
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If the distance from the speaker, around the cabinet

to the wall, and back to the front of the cabinet again, is exactly
cne-half the distance between wave peaks (one-half wave length), there
will be severe cancellation. This means a substantial drap in bass
output at that frequency. The result can be measured, and is visible
in the frequency respomse curve below, measured in a relatively typical
listening room. Although the dip in response varies semewhat with

s5ystem placement and exact cabinet dimensioms, it is never absent.
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How to remove this effect?

As it happens, when the distance hatueﬁn the loudspeaker driver unit
and the wall is reduced, the frequency at which the dip occurs goes up.
In the AR-9,the two woofers used for extended bass TesSponse WeTE
carefully mounted so as to be as close to the floor and rear wall

as possible,the best position for reduction of ipage intsrference.

The reason is that the woofers in the AR-9 operate only up to about

700 Hz. One-half wave length at this frequency is about 3 feet [l meter).
Since the sound path from the woofer to the wall and back again is only

a little more than one foot in the AR-9 {correspunding to a dip frequency

of about 600 Hz), the problem does not arise.

There is, however, an 8-inch driver unit mounted directly on the front
of the AR-5 cabinet. How is the same effect prevented in its range?

By using the'opposite solution {which actually pretty much takes care
of itself). The distance around the cabiner to the wall and back, in
this case, is so long that the corresponding frequency is too low to be

in the range of the 8-inch driver.

The resulting frequency response, shown in the accompanying set of room
curves, is exceptionally smooth and free of excessive variatien. Moreover,
the system frequency response is essentially the same almost anywhere
along the wall., Placement as close as ? ipches from a side wall causes

only a moderate and gradual risc below 200 Hz, to a maxizum of about & dB.
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Cabinet Damping

In a cabipet as tall as thes AR-9 enclosure, made necessary by the
vertical array design, conventienal acoustic absorbent material
(such as plass fiber wool) cannot prevent the occurrecnce of strong
standing waves. Normally, this would result in a loss in output
over most of the frequency range from 30 to 80 Hz. This effect has
been suppressed by an unconventional technique. The upper 32 inches
of the cabinet are filled with fairly dense polyester fiber wadding
to absorb frequencies which would otherwise be reflected up and
down inside the enclosure, as in an organ pipe. In order to keep
the system "Q" from being lowered by excess wadding, the bottom 18
inches of the cabinet are left unfilled. Because the woofers at
the bottom of the cabinet operate only at low frequencies (long
wavelengths], the side-to-side dimensions of the cabinet do not

introduce a comparable effect.

The Lower Midrange Unit

This is an B-inch driver mounted in its own acoustic suspension enclosure,
attached to the front panel of the AR-Elfrom behind. The crossover
frequency used is 200 Hz at the lower end of its Tange, and 1200 Hz

at the high end. The choice of low-frequency crossover relieves the
woofers of any need to reproduce very low and relatively high frequencies’
simultaneocusly; this could cause Deppler or intermodulation distorticn.
The problem arises because the low frequencies cause the woofer cone

to move up and back over substantial distances, at the same time as

higher frequencies are being radiated from the cone. The result iz
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a constant fluctuation in the apparent frequency of the higher tone,
caused by the same physical interaction that makes the horn of a passing
automobile seem to change pitch. Restricting the range of frequencies
aver which the woofers operate prevents any such effect, which might be

noticed due to the extended bass response in the AR-I.

The Upper Midrange Umit

This is a fully sealed 1%-inch diameter dome unit with special energy-
absorbent diaph:ugm; The frequency range coversd is from 1200 to 7000
Hz; the upper portion of the frequency range is maintained in level by
use of a "semi-horn' surrounding the dome, providing better acoustic
loading. Below 3000 Hz the semi-horn has no effect, and the unit

is esseptially a simpls dome radiator.

To incTease its power-handling capacity, the coil is snrrounded by
(and completely immersed in) a specially-developed high-temperature
magnetic fluid. This was made necessary because conventional magnetic
fluid, as used in units designed to operate at lower power levels,
literally boiled away at the levels at which the AR-9 is designed to
work. In addition, heavy tinsel lead-out wire and high-temperature

adhesives are psed in this unit.

The Tweeter

This unit is a fully-sealed 3/4-inch unit with energy-absorbent dome.
It covers the frequency range from 7000 to beyénd 20,000 Hz. Like the
uppet midrange, the veice coil of the tweeter is surrounded by magnetic
fluid. It is constructed with cyano-methacrylate adhesives for high-

temperature, high power handling operation.
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Acoustic "Blanket"

On a conventional loudspeaker cablnet, sound waves from the tweeter
and mid-range units move acress the front panel and are reflected from
sbstructions such as mounting screws, moldings, decorative patts, and
even fron the cavities formed by other driver units. When the sound

waves reach the cabinet edges, they are reflected again.

The direct and reflected sound waves interfere with each other in a
way that varies with frequency, blurring the stereo image and making

frequency Tesponse uneven.

These effects are suppressed in the AR-9 by an acoustic “blanket™, a
layer of absorbent material on the front panel surrounding the mid-
and high-frequency drivers (patent applied for). The "Zhlanket' keeps
sound from spreading te, and being reflected by the cabinet edges and
the cavity formed by the 8-inch driver. The absence of the usual
interference effects caused by such reflections,when coupled with

the vertical drive unit placement described in the next paragraph,
gives the AR-2 exceptional sterco localization and very smooth

frecuency resoonse.

WEAYE-EROMT AEFLECTAD
wianh=-NRoNTE
CONYENTIMAL LOUSPEAER LOUDEPEALFR SYSTRM WITH
LYETEM SHOWHNG AERLECTED *ACOUETIC WLANKETY SHOWING
WAVES PROMW CARIMNET EDGES, ARSEWCE OF REFLRCTED WhVES.
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Drive Unit Flacement

Whenever twe driver uniis operate in the came frequency range. as is

the case just abowe and below the crossever frequencies of a system,
there is danper of interference patterns affecting freguency Tesponse

and sterec placement at the lisecener's pasition. If the drivers are
pounted side by side, the usual result is that the sound in the crossover
region is radiated as & seriers of heams spread out horizomtally.

Even small head movements ¢an shift the listener's ears in and out

of the heams, changing the level for each ear at various frequencies

in a quite unpredictable way. When this happens--and it is net at

all uncommon--the musical instruments in the program seeo to juap

and slide across the room as the notes go up and down the sgale.

In a stereo paizx,the effect is 2 commlete blurring of ifmage,as the
harizontal beams produced hy each system will not be the same as
each other at the listening position.Unfortunately,Tegardless of
how mich affart has gone into designing mid-range and tweeter units
with perfect dispersion,incorrect moumting can largely negate such

effore.

The best soiution, chosen for the AR-9, is te mount the mid-Tange

and high-frequency drivers in a single vertical array. This makes
horizontal distTibutian of sound much more uniform at all frequencies,
matching the horizontal alignment of the ears of the buman listener.
In addition,both speaker systems of a stereo énir are now 2lse
automatically aligned with each other,providing 2n extremely precise

stereg image.
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