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I
f you saw part one of this project (au-
dioXpress, January 2005), you know 
that the KleinHorn is a big toy, and 
you can imagine that it’s hard to resist 

playing with it further. When Chris and 
Matt built the horns last year, they made 
different driver chambers and replaceable 
front baffles, so that it would be easy to 
try different loudspeaker drivers.

In this part we will first briefly ex-
plore some of the effects experienced 
with different amounts of absorbent 
stuffing in the horn as presented in 
Part 1. Then I will describe the effort to 
add scary deep bottom end by joining it 
with a previous project, El Pipe-O (au-
dioXpress, May 2003).

Last, I will try out the larger Lowther 
DX4 driver, extending its top end with 
the TAD PT-R9 ribbon tweeter, result-

ing in a loudspeaker that delivers even 
more efficiency and dynamic range 
and extends from 20Hz to as high as 
100kHz, retaining most of the essential 
charm of the full-range transducer.

STUFFING ISSUES
When we left off in Part 1, Polyfill was 
used to acoustically damp the chamber 
immediately behind the driver and also 
the first few feet after the throat. My in-
tention here was to remove some of the 
high frequencies that got past the initial 
low pass filter formed by the volume of 
the box and the inductance of the throat. 
As the sonic performance was thought 
good in this regard, I didn’t explore it 
further at that time, but I did note that we 
were getting more gain out of the horn 
than needed compared to the direct radi-

ation of the cone, and had some acoustic 
margin to explore more damping.

Later, with more time on my hands, 
I undertook the task of putting more 
absorbent material in the horn and tak-
ing a listen. My first effort was to try to 
lessen the parallel wall reflections from 
side to side in the mouth forming a half 
standing wave, which for 6′ would be at 
about 90Hz or so. I made a divider out 
of acoustic tile and used it to split the 
last 6′ back from the mouth into two 
sections of 3′ width so that resonant en-
ergy would be removed and also shifted 
up an octave for that part of the horn 
length.

This approach measurably reduced 
some resonance in that region, but in 
actual listening tests, it also took some 
of the life out of the sound. This was 
contrary to what I would have expected, 
but validated by other people’s ears. 
Since the shape of the panels fit nicely 
on the sides of the horn also, I tried 
them out there, but it didn’t help.

Persistence is a very large part of 
do-it-yourself audio design. I began the 
more arduous job of taking the top sec-
tion apart and increasing the amount of 
Polyfill from the first few feet to about 
two-thirds of the length from the throat. 
I didn’t care for the result at all. It took 
several more hours to remove the extra 
stuffing, during which I decided that 
perhaps I had gone in the wrong direc-
tion. I ended up taking out all the stuff-
ing except in the chamber before the 
throat.

The sonic result was considerably 
improved over that of Part 1. The sound 
was more dynamic and lively, and I 
found that my approach of removing 
delayed higher frequencies from the 
horn did not improve the tonal balance, 
coherence, or even the imaging. Think-
ing about it, the effect is similar to an 
open baffle operated about 10′ from the 
rear wall, and it sounds very spacious—
if you like that sort of thing. You may 
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described the sound as big? This was 
bigger.

To get more of a picture of the re-
sponse of the rear wave, I isolated the 
front wave with a moving blanket, 
placed a microphone behind the driver 
box, and sampled the output as shown 
in Fig. 1. Here we see that the output of 
the horn remains significant to several 
kilohertz. Considering that later I will 
be removing some of the low-frequency 
peak in this curve, we conclude that the 
output of the KleinHorn is relatively 
wideband. Coincidentally, when used 
with the Lowther DX55 drivers, the in-
creased output of the DX55 above 2 or 
3kHz nicely picks up the difference, and 
the result is a fairly flat response from 
about 300Hz on up with no equalization. 
You can see this in the curve of Fig. 2.

Because rear-loaded horns are often 
used with high-efficiency full-range 
drivers, this points to what must be 
a common effect—the mouths of these 
horns are putting out a lot of higher 
frequencies. Measurement of the port 

output of two samples of “Quarter Wave 
Tapered Pipes” shows a similar result, 
although with much less delay. It’s 
interesting that people don’t seem to 
complain about this characteristic, but 
there it is.

FRANKENSTEIN  
MEETS THE WOLFMAN
Or more accurately, KleinHorn meets 
El Pipe-O. You may recall from Part 1 
that the response of the DX55 made it 
down pretty flat to 50Hz. You would 
think that such a big piece of hardware 
would go lower, but horn sizes are in-
versely proportional to the wavelength, 
and the physics are merciless. With 
30ft2 of mouth per side, we must be 
content with the efficiency gains within 
the bandpass of the horn and look else-
where for infrasonics.

Of course, it just so happened that I 
had a nice set of El Pipe-Os left over (for 
some reason I was unable to give them 
away), so I hauled them out of storage, 
painted them a nice spiffy black, and 
set them between the horns. Photo 1, 

which displays the 
system with the 
DX4 drivers and 
TAD PR-R9 ribbon 
tweeters described 
later, was taken on 
an occasion of un-
usual neatness in 
the sound room.

El Pipe-O is 
basically two big 
lengths of 24″ di-
ameter Sonotube 
with 21″ woofers 
at the bottoms 
and damped with 
Dacron or Poly-
fill. They easily 
go down to 20Hz, 
but their transient 
characteristic is 
not as good up 
around 100Hz, so 
you can imagine 
them as an ideal 
match. Any room 
that  can hold 
KleinHorns can 
find some space 
for El Pipe-O, and 
the over-the-top 
approach tends to 

FIGURE 1: OUTPUT CONTRIBUTION FROM HORN. DX55 IN KLEINHORN 
FRONT DIRECT CONTRIBUTION REMOVED. 5KHZ BANDWIDTH CURRENT 
SOURCE DRIVEN, NO EQUALIZATION.
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FIGURE 2: DX55 IN KLEINHORN AT 6′ WITH 180HZ TWO-POLE HIGH-
PASS CURRENT SOURCE AMP, NO LOADING, ¹³ OCTAVE SMOOTHING, < 
500HZ = 5KHZ BANDWIDTH, > 500HZ = 25KHZ BANDWIDTH.
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appeal to the same builder. The big trick 
is to work up a crossover that seam-
lessly blends El Pipe-O with the DX55s 
in the horns. 

This turned out not to be a trivial job. 
Using an XVR1 crossover, I tried vari-
ous high- and low-pass filter settings 
and amplifiers, measuring and listen-
ing with mostly unsatisfactory results. 
There was usually either a large peak 
or dip in the crossover region and a 
couple of settings that measured fairly 
flat but which didn’t sound right at all.

Once again, invention is 90% perspira-
tion, and an XVR1 is capable of a gazil-
lion filter settings, so I kept trying things 
in the belief that something would give 
me a “sweet spot.” Ultimately I concluded 
that El Pipe-O did not like to be mated 
with a current source amplifier, as it 
needed the damping factor to have ade-
quate control, but that the DX55 was hap-
pier with a current source. This was just 
the beginning.

REVERSE THE 
POLARITY, 
IGOR
While I always 
start with drivers 
operated electrical-
ly in phase, there 
was no setting I 
tried which gave 
me a flat response, 
so I ended up in-
verting the phase 
to El Pipe-O.

More experi-
mentation provid-
ed me filter values 
that produced the 
best response, 
and one turned 
out to be a 2-pole 
high-pass filter 
at 180Hz, which 
gave the DX55 re-
sponse in Fig. 2. 
Here you see flat 
response in the 
horns down to 
just below 100Hz, 
with the 180Hz fil-
ter removing the 
elevated response 
around 100Hz 
and dramatically 
reducing cone 

excursion in the DX55. This reduction 
of excursion will give much more dy-
namic range in the system, as the DX55 
doesn’t have much available travel in 
the first place, and is easily driven to 
distortion at low frequencies and high 
levels.

The optimal high-pass filter for El 
Pipe-O worked out to be 2-pole (12dB 
per octave) at 60Hz, and the two blend-
ed happily as seen in Fig. 3. Note in Fig. 
3 that ¹₃ octave smoothing has been ap-
plied and that two different sampling 
bandwidths are used5kHz for the 
range below 500Hz, and 25kHz band-
width above 500Hz.

Note also that the measurements for 
KleinHorns are taken on-axis at 6′, not 
at the usual 1m. This is because the 
wave at the mouth at the low end is 
sufficiently large that you find yourself 
seeing no bottom endat 1m you are 
in the region of the horn still defined 
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FIGURE 3: DX55 IN KLEINHORN WITH EL PIPE-O AT 6′. EL PIPE-O LOW-
PASS FILTER AT 60HZ, TWO-POLE, PHASE INVERTED VOLTAGE SOURCE. DX55 
HIGH-PASS FILTER AT 180HZ TWO-POLE, CURRENT SOURCE WITH NO LOADING.
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FIGURE 4: OUTPUT OF EL PIPE-O DRIVEN BY VOLTAGE SOURCE, LOW-
PASS FILTER = 18HZ WITH THREE POLES.
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as high displacement and low pres-
sure. To get a more accurate picture 
you must back off at least a quarter 
wavelength.

From a listening perspective, this 
configuration gave the best results yet. 
The removal of the horn stuffing, some 
much-needed high-pass filtering for the 
DX55s, and the addition of El Pipe-O 
on the bottom gave much greater dy-
namic range and liveliness to a system 
that was already a show-stopper. Now I 
can listen to “Pirates of the Caribbean” 
much too loudly, and yet it holds its 
own on critical, delicate material such 
as string quartets and simple vocals. 
It would be immodest to tell you how 
good it is.

But are we done here then? Of course 
notwe always want more.

Among the many toys on the shelf 
were the larger 16Ω Lowther DX4 driv-
ers, and a nice set of baffles already cut 
to size. There was also a beautiful pair 
of TAD PT-R9 ribbon tweeters, rumored 
to go beyond 100kHz.

SOMETIMES MORE IS MORE
The DX4 is similar to its smaller sib-
ling the DX55 and relates closely to pre-
vious 8″ Lowther drivers such as the 
PM2Athe biggest difference being the 
neodymium magnet structure. Many 
Lowther lovers retain their affection for 
the PM2A with the alnico magnet, but 
having played with both I must say that 
I prefer the DX4 as having a slightly 
smoother and more extended top end. 
Either should work well in this design. 
Photo 2 shows the DX4 mounted in the 
KleinHorn.

By virtue of a larger radiating sur-

face, the DX4 will 
deliver more air 
volume and goes 
into the bass re-
gion with more 
authority than the 
DX55, but it pays 
the price at the 
high end, where 
a 10kHz peak is 
followed by de-
clining response. 
If you don’t mind 
adding a super 
tweeter to the sys-
tem, this is easily 
remedied.

Starting from the bottom end, and 
after much experimentation, I mated 
the DX4 to El Pipe-O with a different set 
of filters than used with the DX55. This 
time the two driver systems worked 
well electrically in phase, and given the 
more robust low-frequency response of 
the DX4, I was able to lower the frequen-
cy of the low-pass filter for El Pipe-O to 
the curve of Fig. 4.

However, treating the crossover and 
equalization of the DX4 turned out to 

FIGURE 5: DX4 IN KLEINHORN WITH AND WITHOUT EL PIPE-O, WITH 
AND WITHOUT TAD PT-R9 RIBBON TWEETER. EL PIPE-O LOW-PASS = 
18DB/OCT AT 22HZ. DX4 BANDPASS = 6DB AT 75HZ, 6DB AT 4.8KHZ. 
SEE TEXT FOR CURRENT SOURCE LOADING NETWORK ON DX4.
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be a bigger task than that of the DX55. 
Where the DX55 only required some 
fussing with the electronic crossover 
values, the DX4 required the addition of 
passive components loaded in parallel 
with the output of the current source 
amplifier I used. These passive load-
ing elements are along the lines of the 
networks described in “Current Source 
Amplifiers and Sensitive/Full-Range 
Drivers” (audioXpress, October 2004). 
I won’t bore you with the long saga of 
trial and error that resulted in the net-
work of Fig. 7, but suffice it to say that 
it was much repetitive fooling around, 
critical listening, and measuring.

SUBJECTIVIST PHILOSOPHER 
MEETS THE METER READER
Much of DIY audio is like thatthe best 
results come from the willingness to try 
many different things and then knowing 
what you like when you hear it. Measure-
ment tools are a big help, but they won’t 
do your listening for you. It’s important 
know ing what 
you want (lots of 
people don’t) and 
preferentially I do 
my listening be-
fore I measure to 
help avoid being 
unduly influenced 
by the meters. If 
you design for the 
enjoyment of other 
listeners as well, 
it’s a big help to 
have good taste. 
I can’t help you 
there, but like the 
man said, “If you 
want to be an art 
critic, go look at a 
million paintings.”

If you design 
only for your own 
amusement, then 
of  course you 
can do whatever 
pleases you. Per-
sonally, I like that 
approach better.

The active band-
pass filter values 
for the DX4 that 
worked best were 
single-pole (6dB/oc-
tave) at 75Hz and 

4.8kHz. Nice and simple, but achieved by 
also tailoring the response with a some-
what complex loading network.

The result is the response curve in 
Fig. 5. On the bottom you see the DX4 
response with and without El Pipe-O at-
tached. On the top you see the response 
with and without the TAD PT-R9 ribbon 
tweeter. Taken 6′ on-axis with the horn, 
we see the bottom end is flat to 20Hz. 
What you don’t see is that it starts fall-
ing off below 20Hz. 

On the top end you see the tweeter 
flat to 20kHz. What you don’t see is it 
extending out to somewhere around 
100kHz. Since my microphone only goes 
to 50kHz and my ears to maybe 20kHz 
(then again, maybe not), I trust other 
authorities on that figure. The dashed 
line at the top end shows the response 
of the DX4 without the tweeter, where 
you can just make out a hint of the peak 
at 9kHz that has been taken out by the 
4.8kHz low-pass filter and the passive 
loading network.

FIGURE 6: DX4 IN KLEINHORN WITH EL PIPE-O AND TAD PT-R9 RIB-
BON TWEETER DRIVEN BY CURRENT SOURCE AND HIGH-PASS FILTERED 
WITH 12DB/OCT AT 10KHZ. ALL DRIVERS IN PHASE. DOTTED LINE 
SHOWS TWEETER RESPONSE.

B-2493-6

PHOTO 2: DX4 MOUNTED IN THE KLEINHORN.
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Nevertheless, we have achieved a 
good measured response for this sys-
tem, certainly about as flat as we can 
expect without hauling out a lot of 
equalization. I have tried parametric 
and ¹₃ octave active equalization with 
both of these speakers to see whether 
I could improve upon them, and cer-
tainly I have been able to achieve much 
flatter response, but I haven’t managed 
to make them actually sound better. 
In fact, I haven’t found that I like the 
results as much. This has been the ob-
servation of other critical listeners with 
this system, and the phrase “sucks the 
life out of the music” has been heard 
more than once.

Is it the surfeit of op amps in these 
equalizers or maybe cheap capacitors 
or even the sharp phase shifts inherent 
in high Q filters? I don’t know, but it is 
certainly worth some future exploration.

Figure 6 shows the same curve, but 
isolates the ribbon tweeter, which is 
driven by a current source and actively 
crossed over at 12dB/octave at 10kHz. 
Notice that it doesn’t actually go away 
until down around 6kHz, a typical ex-
ample of why you don’t want to take 
textbook crossover values too seriously 
with real-world drivers.

THE ENVELOPE, PLEASE.
So then, how does the more complex 
three-way DX4 system stack up against 
the two-way DX55? Well, I would have 
to say it’s better. Crossing over the DX4 
and El Pipe-0 at a lower frequency seems 
to improve the resolution on the bottom 
end, and the extension provided by the 
ribbon tweeter is very, very nice. Cer-

tainly the system plays 
louder yet, if that can 
be considered a virtue. 
Having said that, not 
owning the DX4s, I ul-
timately went back to 
the DX55s and for the 
time being continue to 
like them very much 
on a day-to-day basis.

I still have a num-
ber of pre-cut baffles 
for dif ferent driv-
ers, and intend to 
play with the Fostex 
FE166E and FE206E, 
the TAD 1201 carbon 
composite cones with 

the TAD 4001 compression drivers and 
Emlar horns, and finally the Tannoy 
HPD 385s with the coaxial horn tweet-
er. No doubt all of these will be fun to 
try, but I am not contemplating a fol-
low-up article.

After that, this thing being as large 
as it is, I’m hoping to get an e-mail from 
an Argentinian cattle baron asking to 
trade the system for a Lola GT. He can 
reach me at nelson@passlabs.com. aX

FIGURE 7: R0 = 8.0Ω L0 = 3.5MH
     R1 = 6.8Ω C1 = 22µF
     R2 = 2.2Ω C2 = 1.5µF L1 = 0.2MH.
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