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Louder, flatter, lower! Knowing driver fs,
Qts, and Vas, reading some graphs, and
doing some simple algebra allows you to

design the right omega quarterwave reflex

eflex

Ipha transmission line and

omega quarterwave reflex :

are unique and separate from
prior quarterwave approaches

because you are able to design a very
good quarterwave system based solely

upon Thiele-Small parameters (TSPs).

Omega quarterwave reflex (QQR) is a
new type of pipe made by a few simple

modifications to alpha transmission line

(0«TL) design. It delivers about one oc-
tave deeper bass response and flatter

mid-bass performance. The size of the
omega quarterwave reflex pipe remains
very reasonable.

Figure 1 compares the response and
impedance of the two pipes using the

same driver I used in “Alpha Trans- f

. mission Lines” (aX August 2003), the |
Jordan JX92S. Notice the flattening
- between 80 and 400Hz. Low-end per-
- formance change is powerful. The flat
response continues into the upper 30s. :
The impedance curve of the QQR is
. smooth but not as smooth as the oTL. :
“Omega quarterwave reflex” is !
a new term. Its design falls between
. alpha transmission line and bass re-
flex systems, showing evidence of both
systems. I choose this term to recog-
. nize the two most apparent and critical
- characteristics of QQR pipes: length
: and aperture. Length defines quarter-
. wave resonance. Reduced aperture size
- provides the reflex for more power.
In my alpha transmission line article, '
. and deeper response. Figure 2 compares

FIGURE 1: Response and impedance comparison.

: mark the changes. QQR pipe adjust-
. ments suppress midrange output 4dB
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pipe for any driver.

By Rick Schultz

i T list specific transmission line proper-

ties. The first three are:
* Driver attached to the closed end of
the pipe
* Open end of the pipe is completely
open
* Internal stuffing fills the entire
length
Both oTL and QQR pipes have
straight parallel sides. This keeps con-
struction simple. Adjustments you can
make to transform a transmission line
into a quarterwave reflex are:
* Stuff two-thirds of the pipe
* Move the driver down the side of
the pipe
* Reduce the aperture area
Aperture output brings about flatter

the opening output of the oTL and the
aperture output of the QQR; arrows

FIGURE 2: Driver and aperture
response.
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between 180 and 280Hz. Another arrow
marks the 13dB improvement at 37Hz.
The oTL opening energy is broader and

higher than driver fs; the QQR aperture

energy is narrower and lower than fs.

OMEGA QUARTERWAVE BASICS

Omega quarterwave reflex systems are |
resonant pipes closed at one end and
open at the other. An unstuffed pipe’s |
fundamental resonates at the speed of
sound divided by [four times length], |
written c/4l. Unstuffed pipes suffer
from the problem of pipe harmonics

(Fig. 3).

All unstuffed quarterwave pipes
sound dreadful! In addition to the fun-
damental 0, which I want, unstuffed |
pipes have many other peaks in re-
sponse. They occur at odd multiples of
the fundamental, written nc/4l, where n '
is an odd number: 3*f0, 5*f@, 7*f0, and
so on. I identify these harmonics as 30, |

50, 70, and so on.

Figure 3 demonstrates the response
of the JX92S in an unstuffed TL. The |
upper line in Fig. 3 marks opening out- :
put. The tall peak near 140Hz is the 3Q

harmonic.

Notice how this pipe harmonic af- |
fects the rest of the performance. The
driver has a narrow null in response
also near 140Hz. This appears as the
sharp downward dip in the driver re-
sponse line directly below the peak in
the opening line. “Null” means a dra-
matic quieting of sound. The driver |
barely moves and makes little sound of
its own at a null. The electrical signal
to the voice coil produces sound mainly

through the opening at a null.

The bottom of the graph shows im- |
pedance. Notice the impedance spike
at the 30 harmonic frequency. Every
subsequent pipe harmonic displays the

same effects on driver and impedance.

STUFFING ADJUSTMENT

Many adjustments have been tried to
tame the wild and harsh harmonics
of a quarterwave pipe. For a pipe to
work properly, the 30 harmonic must
be reduced so it is at least 18dB below
driver output. If 30 is quieted to this
level, higher harmonics at 50, 70, and

beyond are usually quieted.

Recall that an oTL pipe uses stuffing
along the entire length to approach this
-18dB target. Unfortunately, over-stuff- :

FIGURE 3: Unstuffed quarterwave FIGURE 4: Pipe stuffed two-thirds
pipe. length.
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ing quiets the fundamental. Most trans-
mission line builders add or remove

ceptable balance between a helpful fun-

damental and quiet harmonics.
Stuffing near the opening inhibits

air movement and quiets the fundamen-

tal (f0). Clearing stuffing away from
- DRIVER ADJUSTMENT

the opening allows considerable air :

movement at the open end of an omega
quarterwave reflex.

Stuffing only two-thirds of the pipe
to move freely about the opening. Figure
4 compares a pipe stuffed two-thirds
its length to a pipe stuffed the entire

thirds stuffed pipe operates louder but

pipe.

proves noticeably by a very useful

crease awkwardly. Peaks average +7dB
compared to the pipe stuffed the entire

ment has its benefits and drawbacks.

FIGURE 5: Driver at one-third length.

¢ improves low frequency efficiency.
. This two-thirds stuffed pipe will be
stuffing by ear until they reach an ac-

| mine placement by trial-and-error.
unevenly compared to the fully stuffed : :
. picts the benchmark pipe output. The

Focusing on the two-thirds stuffed :
pipe, the fundamental near 60Hz im-
- one-third of length.
+9dB. Unfortunately, harmonics in-
.~ er response between 70 and 200Hz.
Driver performance dips 1 or 2dB at
length. This two-thirds stuffing adjust- '
. stuffed pipe, moving the driver down

The first significant pipe adjust- |
ment—stuffing two-thirds of the pipe— :

the benchmark, the point of reference

: remains strong. The fundamental also

dips only 1 or 2dB. Setting the driver

. at one-third is worthwhile but there are
- going forward (see Benchmark side- '
bar). Successive adjustments extend :
low end response and smooth the high-
. side ripples.

minor drawbacks.
Wondering what might happen by
setting the driver at a point where it

. does not interact with harmonics, I set

. the driver at the “golden ratio” point;

moved the driver down the side of the

one-ifth the distance. Still others deter-
In Fig. 6, the upper opening line de- :

second, lower opening line shows the
same pipe with the driver moved to

This driver adjustment flattens driv-

the low end below 60Hz. In this under-

one-third the length quieted the 30 har-
monic 9dB. Unfortunately, the 50 peak |

FIGURE 7: Driver at one-fifth length.
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FIGURE 6: Driver at golden ratio.

Driver at "golden ratio"

6

20 100

FIGURE 8: Aperture loaded pipe with
driver placed at closed end.
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© that is 0.618. I set the driver 1.0-0.62 or
. For decades, builders have placed the
. driver at the closed end of a straight
. quarterwave pipe. Eventually, they :
leaves the open end clear, allowing air
¢ pipe. Many suggest moving the driver
- down the pipe one-third of the length.
. A few suggest moving the driver only
length. Opening output from the two- :

0.38 length from the closed end. See Fig.
3 for the results.

The results are actually worse than
at one-third. The 30 harmonic quiets
only 7dB. The 5Q harmonic is not qui-
eted in the least. Higher harmonics
are barely affected. Low-frequency re-
sponse remains the same as in Fig. 6.

. This is heading in the wrong direction.

What about another spot? I set the
driver at one-fifth length to suppress
the 50 harmonic. I expected that the
pesky 30 wave would still be there,

: wouldn’t it? See Fig. 7 for results.

There is no low-end loss near 60Hz.

The 50 harmonic quiets -12dB com-

pared to the benchmark. Higher har-

: monics are never worse than the bench-

mark. This looks good. As a bonus,
even the 30 harmonic quiets -3dB. One-
fifth placement shows some promise.
Both one-third and one-fifth place-
ments have advantages. We’ll recon-
sider driver placement when all adjust-

. ments come together at the end of this
. article.

- LOAD ADJUSTMENT

. My goals are to get as much useful
. low frequency air movement as pos-
. sible from the open end plus the flattest
. possible frequency response from the
. system. So far, the two-thirds stuffing
adjustment produces a system funda-
- mental near 60Hz. The low end does not
change much whether the driver is at

one-third or at one-fifth length.
The wide-open, unstuffed end of the
“under-stuffed” benchmark system

. does not play low enough. Since driver
fs of the Jordan JX92s is 45Hz, I hope
to go lower than 60Hz, which would
be a significant improvement over oTL
design.

The last adjustment “loads” the pipe.

. By reducing the size of the opening,
the driver does more work moving air
- back and forth through the opening.
As the pipe opening becomes smaller,
| it increases the load on the driver, as



though the air at the aperture has more

mass.

rience, I know the opening needs to
be reduced considerably to have the

desired effect. Using one-tenth seemed |

a reasonable start.

tion. Keeping the driver at the closed

of aperture-loading alone. The effect is
dramatic.

The pipes differ only by size of the
aperture, which shrinks to one-tenth

ed pipe has a 4.0 in? aperture.

/
BENCHMARK ————

It is important to have a point of
reference when considering pipe
adjustments. The benchmark pipe
for this article is a straight pipe
with the driver at the closed end.
The benchmark pipe and all ad-
justed pipes have the same length
and cross-section. They are stuffed
just two-thirds of pipe length.

The benchmark and adjusted
pipes are under-stuffed to demon-
strate the effects of pipe adjustments.
The benchmark and adjusted pipes
use just 0.25#/ft? of AcoustaStuf.

The benchmark is by no means
the best pipe. It is simply a reference
used to understand the effects of
pipe adjustments. The benchmark’s
performance appears in Figs. 4
through 10.

Benchmark Pipe

o under-stuffed (0.25#/ft?> AcoustaStuf)

o driver at closed end

o two-thirds of pipe stuffed

¢ open-end fully open

¢ 30 harmonic near 140Hz; 50

near 210Hz

e driven by the Jordan JX92s
Comparing frequency responses and im-
pedance curves to this benchmark offers
evidence of an adjustment’s value. H

N

Three very positive changes occur :
. with restricted aperture as seen in Fig.

Setting aperture at a fraction of
cross-section area changes perfor-
mance in a powerful way. From expe-

8. First, the fundamental shifts lower,
from 58 to 32, almost a one-octave shift!
The pipe resonates lower, even though

the driver makes use of length alone. In

down the side of the pipe. Shrinking
the aperture substantially quiets the

FIGURE 9: All adjustments with driv-
er at one-third (under-stuffed).

All together

. benchmark -14

-12 -12

T

B0 . : o A
All adjustments with driver at one-thir
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Line” as a constant and include it in the

i denominator of step 4. I further sim-
plify the calculation by changing the
- J(1+s*Qts) from oTL to just V(fs*Qts) in
. QQR. These two simplifications do not
the length is not changed. Pipe loading
. lowers the fundamental (f6).
This is a significant distinction be-
. tween oTL and QQR. In an oTL, recall
Figure 8 compares the benchmark
to an aperture-loaded system. Both
pipes have the same 40 in?® cross-sec-

compromise QR performance.
The beneficial adjustments evaluated
so far are stuffing two-thirds of the pipe,

. setting the driver at one-third or one-fifth,
. and reducing aperture to one-tenth of
an QQR, your driver takes advantage of :
both length and aperture to form this !
: new resonance at 32Hz.
end in both pipes exposes the effect

cross-section.
The last feature to discuss is length,

. which is simply read from Table 1. I mod-
Second, harmonics are significantly
- damped. 30 is down 14dB, or %s as
loud. All remaining harmonics are
down even more. This quieting is even
- more dramatic than moving the driver
cross-section. The opening of the bench-
mark is 40 in? while the aperture-load-

- awkward harmonics.
\ . improves. Notice the driver curve shows
- more low-end performance. There is a
. trade-off. It takes considerable energy
. to produce the 32Hz response. The 58Hz
- peak of the wide-open pipe becomes |
: shifted but also quieted by 4dB at 32Hz.
¢ This may appear to be a problem, but
overall frequency response of the sys-
.~ tem actually flattens with aperture load-
.~ ing. Mass-loading has a dramatic effect
- on the fundamental frequency but only a
. slight effect on harmonic frequencies.

. PIPE SIZE :
For QQR design step 4 (see section en-
titled “Let’s Build One”), I simplify the
math for finding cross-section (Sx) com-
. pared to “Alpha Transmission Lines” (aX
August '01) at step 9. I do this because :
cross-section is the least important pipe '
. characteristic.
. I treat Z from “Alpha Transmission

eled many pipe lengths keeping stuffing,

. aperture ratio, and driver placement the
same. Mr. Augspurger’s software allowed
: me to find the best length using a num-

ber of drivers. Once I determined the best

- length, I compared them to driver TSPs
- and found a clear relationship between
- length and fs divided by Qts (fs/Qts).

As a final bonus, the driver efficiency

- ALL TOGETHER

To summarize each adjustment’s benefits:
* Stuffing two-thirds makes low end
response louder.
* Driver placement quiets harmonics
for flatter midrange response.
* Loading the aperture shifts the low
end response lower plus quiets har-

FIGURE 10: All adjustments with
driver at one-fifth (under-stuffed).

/3
L Al adjustments with driver atp
10 i

20 100
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FIGURE 1: Fully adjusted pipe with
recommended stuffing.
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TABLE 1: Diverse drivers and their QQR pipe characteristics using AcoustaStuf. These drivers represent many sizes, manufacturers,
and a wide range of TSPs. They are sorted by Qts. Pipe characteristics are calculated using AcoustaStuf. These pipe adjustments
are used to generate Figures QR1 through QR11. The small circle on each frequency response indicates driver fs.
Make Model Figure Qts Vas fs length driver stuff to Sx Sa density amount
in3 Hz in in in in? in? #/ft3 0z
AL 515E QR1 0.22 35800 25 65 14 43 700 70 08 17
Audax HM100C0 0R2 0.26 350 65 28 6 19 31 3.1 13 04
Vifa P21W0 0R3 0.33 5190 33 72 15 48 190 19 0.7 43
Adire Tumult QR4 0.36 9760 19 7 25 78 160 16 05 6.9
Jordan JX92s A 0.40 930 45 65 14 43 59 6 0.8 21
Audax HM 17020 QOR5 040 2740 40 72 15 48 150 15 0.7 36
Peerless CSX176H QR6 043 1690 38 80 7 53 87 8.7 0.7 2.3
JBL LEST OR7 0.46 2140 45 73 15 49 150 15 0.7 32
Madisound 10208 QOR8 0.54 8840 24 132 28 88 250 25 05 1
Morel MW166 0R9 0.64 720 48 91 19 60 64 6.4 0.6 17
Fostex FW800N QR10 0.68 195000 18 185 39 123 4100 410 04 23
selenium 8PW3 QR 0.81 1740 72 79 17 53 320 32 0.7 22
monics. Keep in mind that the benchmark : rangers or subwoofers. oTL may be the

Figure 9 shows the results of all ad-
justments: two-thirds stuffed, aperture
¢ This last pipe could use some more
and proper length. Driver response is a :

reduced to 4.0 in2, driver at one-third,

little smoother between 50 and 150Hz.

The 30 harmonic shows only 2dB quiet- :
ing compared to the aperture-loaded :

pipe in Fig. 8.
Figure 10 shows the driver moved to

just one-fifth. The performance is strik- :

ing. The 30 harmonic is at the same
level as the system in Fig. 8. The real
benefit is above 30. The 50 harmonic
quiets 9dB more than Fig. 8 while the

and comparison pipes in Figs. 3 through
10 are lightly stuffed with AcoustaStuf.

pipe with the recommended stuffing

amount.

needs to be.

rest of the harmonics continue to drop
off. 50 and 70 harmonics are so quiet

compared to the driver (-22dB or 1/160
and -19dB or 1/80, respectively) that

their interaction with driver sound be-

comes inaudible.

FIGURE 12: Omega Quarterwave Reflex design graph
using polyester or AcoustaStuf.

Higher harmonics are about -24dB '
(1/256) compared to the driver, notice- |
_ ably better than the goal. Pipe har- |
monics are very quiet and peaks are

smoothed over.

QQR can get low extension from full-

better design for midrange and wide-
range drivers. oTL remains worthwhile
when you desire smooth impedance
stuffing. Figure 11 compares the under-
- stuffed QQR from Fig. 10 to the same
- LET'S BUILD ONE

¢ Follow these steps to design an omega
. Stuffing this pipe to 0.75#/ft3 pro- quarterwave reflex for your driver.
- duces four more decibels of harmonic
quieting. At 140Hz aperture response
: is -18dB (1/64) compared to the driver.
: One goal is to quiet the 3@ harmonic
¢ by 18dB. This pipe is exactly where it

and little extra mid-range presence.

1. If you use polyester or AcoustaStuf
stuffing, refer to Fig. 12. With fiber-
glass stuffing, use Fig. 13.

2. Divide driver fs by Qts and read
the upper curve for your material
from Fig. 12 or 13. This is your pipe
length.

3. For the same fs/Qts, read the lower
curve in Fig. 12 or 13 for your mate-
rial. This is your driver placement.
Place the center of the driver at this
point.

FIGURE 13: Omega Quarterwave Reflex design graph

using fiberglass.
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190 [ [ 1]
150\ T
170 1 fo6
stuffing
160 \ density | _|
150 _
_lao density (09 2 2140\ \ o5 3
g 130 N P 1 8 3 130 S
S 120 08 S 120 3
5 g2 £3
< 110 £3 < 110 04 B3
£ 100 > 0725 £ 100 = g
£ T2 = il 3
5 90 2 £ 90 = g
2 3 5
80 pipe length 06 5 80 < 03§
70 & 70 = ‘[ pipe length
™~ N~
60 = 0.5 60 - ~
50 ™~ I 50 02
] S| L T~
40 driver . L= L 0.4 40 —F= =] 1
30 river placement ] 30 driver placement — | Tt~
20 N I 03 20 o , o1
T N O ®OYTNO®RVOTNO®DWOVT NO®L TN IH2IBINSBEBEITRIRBIAIBEBRE G S
N M FTWHDONOOENOAANANMMTHVOONLOCONTS & | A A A A A A A A ~
AHor oA H A A A A A fs/Qts
fe/Qts B-2564-12 B-2564-13

audioXpress October 2005 17



FIGURE 14: Schematic diagram of the Omega Quarter-
wave Reflex with Jordan JX92S.
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4. a. Poly, AS: Pipe cross-

fs*Vas*sqrt(fs*Qts)/4500.
b. Fiberglass: Pipe cross-

fs*Vas*sqrt(fs*Qts)/3500.
c. Vas must be in cubic

inches.

one-tenth cross-section
area. Sa = 0.10*Sx.

12 or 13.

7. Amount of mate-%
rial needed equals :
0.67*length*cross-

section*density.

8. One last detail: stuff
only two thirds of the |

pipe from the closed end.

These steps determine
cross-section, aperture,
length, driver place- i
ment, and stuffing. Figure
14, the schematic of the
omega quarterwave re-

. flex, shows where everything is located
section area (Sx) equals :

in and on the pipe.
I will, for consistency, use the same

. Jordan JX92S used in “Alpha Transmis-
section area (Sx) equals
- JX92S TSPs: fs is 45, Qts is 0.40, and
. Vas is 15.3 liters, or 932 in3. Since writ-
ing “Alpha Transmission Line,” I was
5. Aperture is always

sion Lines” as my example here. The

contacted by Larry Sharp of Mahogany

Sound, who offered some of his Acousta-
Stuf product that I will use for this pipe.
6. Using fs/Qts again,
read stuffing density line
for your material on Fig. |

1. T am using AcoustaStuf stuffing and
Fig. 12.

2. Driver fs/Qts is 45/0.40=112. From
the upper curve at 112 in Fig. 12,
pipe length is 65",

3. For the same fs/Qts, the reading
from the lower curve at 112 in Fig.
12 is 52", This is the location of the
center of the driver.

4. AS: Pipe cross-section area (Sx)
equals 45%932*\(45*0.40)/4500=40
in2.

5. Aperture is always one-tenth Sx. Sa
=0.10*40=4.0 in®.

6. Reading the stuffing line at 112 on
Fig. 12, stuffing density is between

/

Beyond Q2QR

0.7 and 0.8 pounds per ft3.

The intent of this article is to demonstrate a simple de-
sign. Here are some additional adjustments you may wish
to try.

First, a special note concerning D’Appolito and other
dual driver arrangements. If you plan to use a dual driver
setup in an Omega Quarterwave Reflex, you can take ad-
vantage of both drivers’ locations. Keep driver spacing as
recommended by the designer. Set your properly spaced
pair of woofers as close to the one-third and one-fifth points
as you reasonably can. This placement should have the com-
bined benefits seen in Figs. 5 and 7.

Next, George Augspurger reviewed an early version of
this article. He brought to my attention his concern about
the relatively small apertures of some pipes. This is a valid
concern. There could be “chuffing,” which is the sound of
turbulent air rushing through a small aperture.

Speaker building is always an art. You are encouraged
to vary your aperture to experience the results. Mr. Augs-
purger suggests two alternatives that should reduce chuff-
ing. You may simply enlarge the aperture. Start by expand-
ing the aperture by about 25%. You can continue to enlarge
the aperture until the chuffing stops. The sacrifice may be
slightly decreased low frequency extension.

The other option is adding a short duct—probably about
Qm pipe length and a little larger than the recommended

aperture area Sa. Adding a duct is not discussed in the
main text, because it adds complexity to the structure. My
focus has been simplicity.

I am not aware of any program that models a length-
wise slot or triangular aperture. Some builders suggest
that a lengthwise slot breaks up the harmonics and reduc-
es the peaks. Some recommend an aperture wider at the
end of the pipe that draws to a point.

My impression is that the slot should be no more than
one-sixth length. A triangular aperture may work up to
one-sixth length, but to be safe, you may want to keep
them to one-tenth length before trying a taller slot or trian-
gle. I suggest starting with Sa as described in this article
and enlarging if needed.

Finally, throughout oTL and QQR I have relied on fluffy
stuffing to control harmonics. The combined pipe adjust-
ments in Fig. 10 are fairly good on their own. I hope lining
alone and not stuffing the QQR will produce good results.
An effective and easy lining is fiberglass acoustical ceil-
ing tile. One manufacturer says their 1” thick ceiling tile
reduces reflected sound over 95%. I suspect lining a pipe
with this material will sufficiently quiet harmonics and
may actually improve the fundamental slightly.

I have not tried these variations (yet) and leave it to the
most bold among you! W
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7. Amount of material needed equals !
0.67*65"40/1728*0.75=1.3 pounds, |

or 21 oz.

8. From the closed end, stuff 44" of the
pipe using 21 oz. of AcoustaStuf.
The open end of the pipe is clear of

stuffing.

Figure 14 includes measurements for
this JX92s omega quarterwave reflex

pipe.

of thumb.

Some QQR adjustments need to be
followed carefully, while others are
more forgiving. Adjustments from
most rigid to most flexible are: driver
placement, length, Sa:Sx ratio, stuff- :
ing amount, and cross-section. As you
design your pipe, you may need to
compromise. My advice is to get driver
placement, Sa:Sx ratio, and length with-
in 10%; and stuffing amount and cross-

section within 25%.

Figure 15 compares oTL, bass reflex, |
and QQR impedance curves. QQR im- |
pedance seems to be a blend of the
other two. QQR impedance runs in
between the oTL and bass reflex. The
QQR curve looks like an average of the

the oTL. aX

FIGURE 15: Impedance comparison

of bass reflex, transmission line, and
quarterwave reflex.

Impedance comparison

bass reflex

B-2564-15

Pipe adjustments described here are
not new or original (“Rhinos,” Speaker
Builder 5/99). Others have advocated
shorter or aperture-loaded or partially
stuffed pipes before now. QQR harness-
es to all the most useful pipe adjust-
ments into one reliable design system.
QQR design significantly improves
pipe making because pipe dimensions
arise exclusively from driver TSPs.
QQR design is more reliable than rules

This article and design is subject
to full copyright and patent protec-
tion. The combination of shorter pipe
length, aperture loading associated
with TSPs and “pulse” impedance
curve (Fig. 15) are unique QQR prop-
erties subject to full intellectual
property protection. Private individu-
als may, of course, make an QQR for
their own pleasure. The (proprietary)
mathematical equations for the lines
in Figs. 12 and 13:

Poly length = (1200/(fs/Qts))-48,

inches
Poly driver = length*0.21, inches
Poly density = (.004*fs/Qts)+0.3,
pounds per ft3

fgl length = (1170/V(fs/Qts))-50,
inches

fgl driver = length*0.21, inches

fgl density = (.002*fs/Qts)+0.15,
pounds per ft3

Alpha transmission line is elegant
in its simplicity. Omega quarterwave
reflex is striking in its power. Both
are simple to build. I investigated
and evaluated many claims before
settling on the pipe adjustments
used for omega quarterwave reflex
design. Moving from alpha to omega
has taken some consideration outside
the lines. W
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MUSICAP
HOVLAND

Madisound is pleased to offer Hovland

by

MusiCap, film and foil polypropylene ca-
pacitors, for the speaker builder who can
settle for nothing but the best in sound repro-
duction. MusiCaps have quickly become

the the standard for extremely high end au-
dio systems, allowing speakers to achieve

th

eir ultimate level of performance.

MusiCaps provide a dramatic improvement

in

clarity, focus and dynamics. Hovland

MusiCaps are the component of choice
when musical realism is your goal.

FEATURES

Separate layers of polypropylene

film & conductive foil, deliver
superior clarity of reproduction
Custom stranded 16 gauge
silver-plated copper leads - no
copper oxidation to ever degrade
the sound
Tight + 5% tolerances
Extremely low DA, DF and ESR
A single capacitor = a singular
sound; no time smear from multiple
sections
Value Dlﬂrgfzsi?]ns Price Each
Couplina Caps. *1600V & **600V
0.01 ufd* 0.39x1.17 $8.55
0.1 ufd** 0.50x 1.75 $10.05
Soeaker Caps. 100V. Stranded Leads
1.0 ufd 0.55x2.00 $15.00
1.5 ufd 0.70x 2.00 $18.30
2.0 ufd 0.70x2.25 $20.75
2.2 ufd 0.75x2.25 $21.30
2.7 ufd 0.80x2.25 $21.75
3.0 ufd 0.75x2.88 $22.30
3.3 ufd 0.82x2.88 $§22.70
4.0 ufd 0.85x2.88 $26.00
4.7 ufd 0.95x2.88 §27.20
5.0 ufd 0.95x2.88 $28.00
6.0 ufd 0.94x2.88 $31.20
7.0 ufd 1.05x3.25 $34.30
8.0 ufd 1.10x 3.25 $37.35
9.0 ufd 1.20x 3.25 $40.65
10.0 ufd 1.35x3.25 $43.85

What the reviewers say...

“If you want see-thru, high definition, de-

tail and listenability, try the MusiCaps."

Joe Roberts, Editor, SOUND PRACTICES, Issue 6

(| MADISOUND SPEAKER COMPONENTS
8608 UNIVERSITY GREEN L
P.0. BOX 44283 |l
— MADISON, WI 53744-4283 U.S.A. —
TEL: 608-831-3433 FAX: 608-831-3771
e-mail: info@madisound.com
Web Page: http:/www.madisound.com
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