
Subject: Re: Woofer directivity
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There is a formula to find the directivity of a direct radiating woofer but understand that it is just an
approximation.  You can expect a rigid flat piston radiator to generate a 90° pattern (-6dB) at the
frequency where diameter equals wavelength.  Chapter 3 of the JBL Sound System Design
Manual has a few polar plots of direct raditors that illustrates this.  It's a nice little reference guide
for sound system installs too.The reason this formula is an approximation is the woofer isn't a rigid
piston.  Not only is the surface not flat, but ripples appear across the surface at midrange and
higher frequencies.  So directivity is more complex than a single formula can describe.  The cone
shape (including dust cap) modifies directivity, and cone flex modifies directivity at high
frequencies too.Regardless, the approximation is useful to expect 90° radiating angle where
diameter equals wavelength.  This is radiating diameter, not advertised diameter, by the way.  The
radiating diameter is the moving part of the cone, and it is generally approximated as being the
midpoint of the surround.I've noticed a few of the new DI-matching converts forget that if summing
is constructive, horizontal directivity merges.  Provided on-axis summing is good, it remains
coherent to very wide horizontal angles, usually close to 150°-180° which is almost double the
useful pattern of a 90° horn.  In other words, the sound source with the widest radiation pattern
sets the overall pattern.  Say one is collapsing and the other is slightly wider.  Summing is
constructive horizontally off-axis so nulls don't form.  The woofer and tweeter add together where
both have strong patterns, and at larger angles where one may start to falloff, the one with slightly
higher directivity works alone.  This tends to soften the edge of the coverage pattern in the
horizontal plane through the crossover overlap band.This fact gives you some wiggle room in the
crossover point.  You're not nearly so concerned about matching the horizontal pattern exactly as
you are other things.  It is enough to match the horizontal angle approximately, and there is about
an octave wide range where they'll be close enough to give very uniform polar response.It is also
important when selecting the crossover point to consider the null angle in the vertical plane.  I like
to set it just outside the vertical angle of the HF horn at high frequencies.  This matches directivity
in the vertical as well as the horizontal.  Vertical directivity is much harder to get right than
horizontal, so my suggestion is to pay a lot of attention in this area.Don't just focus on the
(relatively easy) task of matching the horizontal pattern of a CD horn with a midwoofer at the
crossover point.  That's important, to be sure, you want uniform directivity in the horizontal plane
and uniform coverage throughout the room.  But energies directed at the ceiling are part of the
reverberent field too.  In fact, ceiling reflections are often a problem so vertical pattern control is
important.  It is good, in my opinion, to limit HF energy to small vertical angles and for the spectral
balance to be as uniform as possible.Other things that are obviously important are using
midwoofers that have well-behaved cone flex.  All midwoofers used to frequencies high enough to
match directivity to 90° HF horns are beginning to flex the cones.  They're not acing as rigid
pistons at the upper range of their bands.  So cone breakup must be well damped.  Another thing
to watch for is HF driver behavior at low frequencies.  The horn needs to have the right polars,
and it should also be capable of smooth amplitude response.  Sometimes, I've noticed lately, in
the zeal to match directivity, there is a tendency to forget the simple stuff.  If the amplitude
response of the horn has ripples on axis, then off-axis directivity is perhaps a secondary
concern.Some of this may have veered a little off-topic, but my point is there are other important
things to balance while matching horizontal directivity.  It is important, but this aspect must be
balanced with other competing priorities.  It isn't hard to do it right, but you have to watch some of
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these other issues too, so it is important that you not simply get out the calculator and pick the
frequency where advertised diameter equals wavelength.  There is some wiggle room that allows
optimization of other parameters and still uniform directivity in the horizontal plane.  Since the
wavefronts are in phase, the blend is smooth and the pattern is largely set by the source with
widest pattern.  It is probably at least as important to pay attention to what the horns are doing in
the vertical plane, and set the crossover point and vertical spacing where it will match the off-axis
nulls to the HF horn's vertical angle.
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