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PlutPlutPlutPlutoooo    2.1+2.1+2.1+2.1+    

One of the things that make me return to the Plutos again and 

again after excursions to other designs is the utter airiness that 

they master and their small foot-print. In my ears music does not 

emanate from the speakers, but is acutely present in midair.  This 

is, of course, due to their sonic qualities, but I also suspect that it 

is due to the fact that they easily disappear from one’s field of 

vision. You simply don’t notice them! The Plutos are the most 

self-effacing speakers I know of. Perhaps paradoxically for an 

audioholic, but this is the ultimate praise. No other speakers I 

have heard possess this quality to the same extent, not even the 

Orions (- perhaps bar an experience I had more than 40 years ago 

when I heard a small Carlsson speaker). However, the Plutos  

have some limitations in the low end of the spectrum, a 

shortcoming which apparently was more severe in Pluto 1.0 than 

in ver. 2.1. Siegfried Linkwitz tried to overcome this by adding 

subwoofers to         

Pluto 1.0, but concluded that they were not needed with Pluto 2.1. I do see the point, but I thought that it 

would be worth a try to see if a subwoofer could reduce the shortcomings of Pluto 2.1. I also hoped for a 

small improvement in detail, clarity and phantom imaging by relieving the small 5½” driver of the very low 

frequencies, thus reducing the movement of the cone. All in all: Enough promises to warrant a try! 

The subwoofer. 

In the course of the last couple of years I have put a wee bit of time, attention and hard cash into audio 

experiments. Very enjoyable, but I felt that enough was enough on the cash account. Consequently I 

wanted to do this as cheaply as possible: Using components ready at hand. (For other experiments I had 

bought virtually hundreds of capacitors to match odd values.) The drivers themselves would have to be 

secondhand ones. I was lucky enough to get an offer of a set of used Vifa 10” (Vifa M25WO-39-6) drivers at 

a very reasonable price – which meant that I was up and running. 

I also wanted very small woofers because one of the attractions of the Pluto is, as mentioned, its small 

footprint. Moreover, I feared that the cost of a constant flow of flowers to soothe my better half might 

undermine the decision to do it cheaply. (It is an age old – even contrite  – trick, but it hardly ever fails.) 

Without thinking too much I relied on Linkwitz’ Biquad equalizer to do the brunt of the work and just built 

two small boxes for the driver (30x30x20 cm external dimensions). Downfiring, so that an occasional flower 

could be placed on top of them. 

The box/driver combination turned out to be a far cry from ideal: An Fo around 85 Hz and a Qo = 2.3 (sic!). 

In order for the Biquad equalizer to be realizable I had to settle for an Fp=20 and a Qp=0.6. The component 

values were easily calculated and the compensation network constructed on a piece of perf-board. 
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The Pluto modification. 

In order to realize a true 4th order roll-off the response of the Pluto needs to be shaped by utilizing another 

Biquad compensation network. Because of the limitations of the Peerless driver used in Pluto 1.0, Linkwitz 

had to cross over between the main system and the subwoofer at 100 Hz, but looking at the response of 

Pluto 2.1 I decided to lower the cut-off frequency to around 80 Hz. It would perhaps be possible to lower it 

even further, but I did not want to push my luck and decided to stay with a crossover frequency around 80 

Hz (the actual components gave c. 78 Hz). 

 

In theory this lower crossover frequency ought, indeed, to 

be a good thing. The fundamental of the low E1 of the 

doublebas, for example, will be played solely by the 

subwoofer. The second harmonic (c. 80 Hz) shared almost 

equally by the sub and the main system, but already the 3rd 

harmonic (c. 120 Hz) will be played almost exclusively by the 

mains speakers – and yet a lot of cone movement otherwise 

performed by the small Seas driver will be spared. Also 

directivity at 120 Hz is considerable. This ought to warrant 

even better integration between the subs and the Plutos. 

When I built the Plutos originally I made sure that their Fo and Q were exactly the values that Linkwitz’ 

prototype had, but to make sure I checked the values again, and to my great relief the values were still spot 

on, so no experimentation with the box-equalizing spreadsheet were necessary apart from changing the Fp 

and Qp to 80 (78) Hz and 0.7 respectively  (See http://www.linkwitzlab.com/Pluto/subwoofer.htm and 

especially http://www.linkwitzlab.com/Pluto/box-eq-pluto.xls ). 

Apart from these changes – mandated by the lower cut-off frequency –  I stuck to the same topology as the 

one Linkwitz suggests for Pluto 1.0+, but (to save money) I decided to do it on a piece of perf-board instead 

of a proper PCB. If it turned out well I could always transplant it. 

Was it worth it? 

After an enjoyable weekend (or two) in my wood working shed and my electronics lab a preliminary 

listening test was on the agenda. So how did it do? Taking into consideration that one’s own children will 

always be the prettiest and the smartest children on earth, I do venture the claim that I got way more than 

I had ever hoped for. The basic airiness of the Pluto 2.1 is almost the same – but a fraction lighter, and a 

fraction more precise. Thus the imaging is a fraction better, and sometimes – especially in very complex 

passages – upper bas and midrange details stand out even more convincingly. And the over-all tonal 

contrasts and differentiation between for example the same guitar notes played on different strings of the 

instrument stand out a bit clearer.  

Integration between the subwoofers and the main system is no problem. This is probably due to the exact 

matching of the roll-off slopes (high and low pass respectively). One of my test tracks in this respect is Niels 

Henning Ørsted Pedersen and Lisa Nielson’s “Those Who Were”. NHØP uses the full register of the bass on 

this track, and if it stays solidly a little to the left of the centre of the stage, the integration is not too bad. It 

does! 
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As a matter of fact I think this precise matching is mandatory in any event – something that commercial 

manufacturers of so-called surround systems never take into consideration and thus introduce the sort of 

distortion which has earned the ordinary subwoofer the nickname of a “boombox”. (Or as my daughter 

(then aged 10) called my early experiments with a subwoofer: Dad’s “boomspeaker”.)  

Under normal circumstances the subwoofer cones do precious little work. Though their excursion is 

somewhat limited I have only heard them bottoming during extremely loud organ passages. (It may also 

have been clipping/powerlimiting noise from the 50 W LM3886 Gainclone power amplifiers I use to feed 

them, though.) 

All in all: Notwithstanding the truth of Siegfried Linkwitz’ contention that Pluto 2.1 is a complete speaker in 

its own right (and I lived happily with it for a year), I think that the addition of these mini subwoofers is a 

worthwhile effort. They are still unable to render an earthquake at realistic levels, but bas notes are 

actually played instead of suggested, and the improved imaging is in itself worth the whole effort. A very 

interesting observation in this context is the fact that also very low frequency ambient information (noise) 

add greatly to the sense of “being there”. For example, on a recording of one of Fernando Sor’s guitar 

sonatas the guitarist’s tapping of his foot is just about audible – but even this slight suggestion of foot-

tapping makes it possible to imagine the room in which he is playing better. I have had the same experience 

with the Orions, so low frequency information even at very low levels seems extremely important for the 

ear-brain combination’s phantom imaging. 

Some lessons learned 

One lesson that one may get out of this quick and dirty approach is that since the subwoofers under normal 

listening conditions do so little work even fairly un-ideal subwoofers may work if one is able to live with the 

limitation that only massive amounts of organs, earthquakes and tutti fortissimo passages of late 

Romanticist Mahler and Wagner symphonies and operas cause distortion and limiting noises. On these 

premises sonic improvements of almost the entire register can be achieved at a fairly affordable price.  

Another lesson, which is hardly surprising but worth stressing too: The Biquad equalization networks work 

wonders even under less than ideal conditions. The third lesson: the correct shaping of the roll-off slopes of 

the main and subsystems is crucial. None of this is very surprising, of course, but especially the last point is 

more often than not entirely overlooked by commercial producers. 

Postscript. 

After having enjoyed the tiny woofers for a while I found it intellectually difficult to live with the limitations 

of the subwoofers fitted with the Vifa units. It did bottom out from time to time, and the max SPL in 

general was limited – but the most important nag was the knowledge that I had committed serious 

compromises. In the long run there was no other way than revising it. Again I had a bit of luck in that I 

found two 10” Peerless units (the same as those used in the Orion 3) – and managed to sell the Vifas! The 

Xmax of the Peerless drivers is much bigger and thus the distortion at ordinary listening levels much lower. 

The new drivers also fitted the small cabinet much better: A Qo of 0.46 and Fo of 54Hz made it possible to 

choose a final Q of 0.5 and Fo of 20 Hz. 

In practice: listening to them now is much easier – mostly because I know that some compromises have 

been remedied. A clean scientific conscience! So far I haven’t been able to make them bottom out, and the 

lower register is marginally cleaner. A slight improvement over the Vifa version, but clearly noticeable. So 
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noticeable in fact that I decided to finish the project: Fitting the woofers with their own power amplifiers 

and installing the added electronics into the base of the Plutos. I also decided to place the Bi-quads for the 

subwoofers in their boxes but leave the crossover circuit with the Pluto electronics in case I’d need the subs 

in other combinations. If the Plutos are going to be used with other subwoofers the cross-over network 

needs to be the same anyway.  


