approximately 16 Hz. which is the lower audible limit of
human hearing, this frequency was selected as the design
target of the LFR. Many experiments and considerable re-
search determined the optimum relationship among cabinet
volume, the orifice area, and the weight and rigidity of the
closed-cell foam-plastic panels. The flexible airtight sealing
strips were made as compliant as practical with available
[oam-rubber compounds of the necessary strength and dura-
bility. The wood rib-inserts in the panels are not for appear-
ance alone; they prevent unwanted Hlexing of the panels. The
particular hardwood used for inserts was selected for the best
stiffness-to-weight ratio.

The compliance of the enclosed air can be modified in
loudspeaker enclosures by the addition of sound-absorbent
linings or fill. Absorbents also effect considerable attenuation
of higher-frequency energy available to the orifice or port.
Ten 3-inch cross-ulternated layers of fiberglass fill are neces-
sary for the LFR to achieve the desired characteristics.

Drivers and Crossovers

Good response curves were obtained with each of several
15-inch drivers, and tolerable results with one of the 12-inch
units from the previous experiment installed in this enclo-
sure. A high-efficiency unit with a lightweight and very rigid
cone, with a long-throw voice coil and with a very low free-
air resonance frequency is recommended. Drivers with added
mass in their moving systems are unnecessary.

There scems to be less tendency for voice-coil rubbing
with the vertical voice-coil motion utilized here, so clearance
between voice coil and pole pieces could be safely reduced
somewhat for incveased efficiency. The free-air resonance of
the driver designed for this enclosure should be made very
low by making the suspension more compliant, rather than
by mass added to the cone or voice-coil former. This lighter,
more compliant moving system would not only further in-
crease efficiency, but would increase the electrical damping
available to the driver used with the system.

We were successful in locating a manufacturer to produce

100-watt continuous-power-rated 18-inch driver that met
the above criteria. This unit has a free-air resonance of 15 Hz,
a 3-inch voice-coil diameter, and 5% Ib ceramic ring magnet
with total Hux of 283,000 maxwells.

An 18-dB/octave crossover slope is the minimum that
should be used with the LFR. A 64-Hz crossover frequency
is used and all frequencies below this value from both stereo
channels are combined and applied to a single LFR unit.
Higher frequencies are fed separately to two spaced satellite
speaker systems.

Although LC crossover networks can be used, the more
sophisticated approach is to use electronic crossovers ahead
of multiple driving amplifiers. With this approach, the high
damping factor of the modern solid-state amplifier can be
utilized to best advantage to keep the driver cone under con-
trol at all frequencies. The same crossover frequency is used
with electronic crossovers as with thegnare g ional
networks. = —
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Low-frequency reproducer shown in proper corner placement.

the crossover network. A few decibels one way or the other
is inaudible.

We have tried several pairs of good-quality two-way and
three-way speaker systems of the sealed-enclosure type, on
the floor, on shelves, and hanging from the walls of our living
room. We have also tried two full-range electrostatic types
coupled to our low-frequency reproducer. Together with the
LFR, any two of these units can reproduce sound in our
living room more like the original in frequency response,
intensity, and dynamic range—and with less noticeable dis-
tortion or coloration from speaker or amplifier.

How does this enclosed unit compare with the standurd?
They are almost identical in sound. although the LFR re-
quired approximately four times the low-frequency power
for the same output. Ten watts was adequate for the standard
woofer. The LFR enclosure with 15-inch driver and two
satellites needs 50 watts per channel, or 100 watts total input
—and this power should be available at the lowest frequency.
The 18-inch unit needs 100 watts for the LFR alone.

What is its size? The prototype enclosure is 20317 X 2034”
across the top; it stands 37" high over- -all. Tts uleal poxltlon is
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