Rectilinear Xi

A LOW-COST BOOKSHELF SPEAKER
SYSTEM FOR CRITICAL LISTENING

Design Goals

The Rectilinear XI was designed to make
available to critical listeners o budget-
priced bookshelf speaker of genuinely ac-
curate response and very low distortion,
including low fime delay distortion. The
utmaost simplicity of design was sought in
order to eliminate unessential parts and
keep labor costs down, as long as no
compromise in performance would result.
Particular emphasis was placed on high
efficiency without loss of bass response, as
well as on relatively constant impedance
across the frequency spectrum. These
characteristics were considered necessary
to moke the speaker compatible with re-
ceivers and amplifiers of moderate price
and therefore of modest power output.
The subjective listening quality of the
Rectilinear Xl was to be judged by the same
standards as that of higher-priced speakers
in the Rectilinear line.

Basic Configuration

The Rectilinear Xl is o two-way speaker
system utilizing an extended-range woofer
and an extended-range tweeter, both of
the moving-coil principle. The cabinet is
of normal bookshelf size but somewhaot
unconventional in that it is o tube-vented
bass reflex enclosure instead of being
completely enclosed.

Woofer

The most sophisticated woofer ever used
in a low-priced speaker system is the heart
of the Rectilinear X|. lts digmeter is 10
inches, which is optimum size for a two-
way bookshelf speaker. The butylized
cloth surround, in combination with the
spider and voice coil construction used,
permits unusually large cone excursions
without distortion.

Since the operating range of the woofer
is from 45 to 1800 Hz, provision must be
made for unimpaired response far up into
the midrange. This cannot be accomplished
with a small-diometer voice coil driving
o large diaphragm; therefore a large voice
coil of 2-inch diameter is used. It is remark-

able that this massive bass driver ap-
proaches the lighter and maore specialized
midrange speakers used in three-way sys-
tems as far as lack of coloration and low
time delay are concerned.

Since high efficiency is essential to the
design concept of the Rectilinear Xl, the
wooler requires an unusually efficient mag-
net structure, The 1-lb. Alnico V slug used
is probably the largest found on any 10-
inch speaker. (Not to be confused with
heavier but less powerful ceramic magnets,)
An extra-long magnetic path is provided
so that maximum electrical damping is ap-
plied to the moving mechanism. This results
in unusually low distortion at high output
levels, which is not an easy feat in a bass
reflex design.

The response of the woofer begins to
roll off naturally {i. e. mechanically) at
2000 Hz. This facilitates steep attenuation
by means of an extremely simple crossover
network.

Tweeter

This is a 3-inch unit that covers the range
from 1800 to 17,000 Hz, o span of mora
than three octaves. To aveid breakup at
the bottom of this range requires a rela-
tively large voice coil with a 9/16-in.
diometer. Llow moving maoss is ossured,
however, by the special paper used in fab-
ricating the cone and by the charocteristics
of the surround material. The resulting re-
sponse is exceptionally flat, smooth and
free from distortion. Total magnet weight
is 8 oz. lincluding a 3-oz. ferrite slug).

FIGURE 1.
Rectilinear X1 in oiled walnut.




Crossover Network

The wooter and tweeter of the Rectilinear
Xl are crossed over ot 1800 Hz, which is o
highly expesed part of the audio range,
not far from the point of maximum sensitiv-
ity of the average ear. This is unavoidable
when no separate midrange driver can be
vsed; however, the crossover network is
so simple and so precisely tailored to the
specific characteristics of the drivers that
no discontinuity in response is audible.

The network elements consist of an air-
gapped iron-core choke in series with the
woofter and o capaocitor in series with the
tweeter. This makes it a quarter-section
network with an electrical attenuvation
slope of & dB per octave in each direction.
Actual attenuation, though, is not far from
18 dB per octave below the crossover
point, since the latter waos selected to coin-
cide with the notural roll-off point of each
driver. This is o case of eating your cake
and having it, too: a sharp-cutott crossover
with a minimal network.

A wide-range tweeter level control is pro-
vided, accessible on a recessed panel in
back of the speaker, so that the high-fre-
gquency output may be adjusted to suit the
acoustic environment.

Cabinet

The outside dimensions of the Rectilinear
Xl are 23" by 127 by 10%" deep. The
cabinet is of extremely rigid one-piece
construction, in %-inch stock, with heavily
damped walls. It is filled with sound-ab-
sorbent material and the drivers are
mounted from the front with silicone rubber
{the same as used in the window seals of
space capsules). The cabinet edge is only
V4-inch deep to eliminate diffraction ef-
fects. The finish is oiled walnut.

The enclosure is tuned for optimum baoss
response by means of tube venting, in a
sophisticated application of the bass reflex
principle. Bass reflex cabinets are seldom
used in bookshelf speaker systems, but in
the case of an unusually efficient speaker
like the Rectilinear Xl, this is the best tech-
nique for maintaining efficiency down into
the low bass without roll-off. {In o com-
pletely enclosed cobinet, response would
drop & dB from 120 Hz to the fundamental

FIGURE 2:
Rectilinear XI with grill cloth remeved,

resonance of 60 Hz. Or, alternately, mid-
bass efficiency would have to be sacrificed.)

Impedance and Efficiency

The nominal impedance of the Rectilinear
Xl is 8 ohms. As the curve in Figure 3 indi-
cates, impedance never drops below 7.5
ohms, assuring thot the speaker cannot
overload solid-stote amplifiers of limited
power capability. Maximum impedance is
at 65 Hz, where the wooler and tube-
vented cabinet show a single impedance
peak of 29.4 ohms. This relatively low fig-
ure is an indication of the excellent doamp-
ing (low Q) of the bass reflex design used.

Efficiency is close to the ultimate achiev-
able in a low-cost bookshelf system. Any
amplifier capable of about 10 clean watts
per channel will drive the speaker to win-
dow-rattling levels.

Frequency Response

Although Rectilinear engineers strongly
believe that there are more important
speaker specifications than pressure ampli-
tude response (the conventionally cited
“frequency response’’), the curve of the
Rectilinear X| happens to be spectacularly
flat. Figure 4 shows the results of a single
uninterrupted frequency run taken from o
single microphone position, rather than o
misleading composite of the separate re-
sponse curves of the woofer and tweeter.
As can be seen, the slight rise in bass re-
sponse is the only departure from almost
amplitier-like linearity.

Dispersion

The superior design of the tweeter and
the shallow edge of the enclosure assure
an excellent radiation pattern right up to
the highest frequencies. Dispersion is wide
enough to make high-frequency, fransients
fully audible off axis, without loss of quality.
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