The Daline

A decoupled anti-resonant line loudspeaker

by Robert Fris

frequency whose
iimes the length of the pipe, ie.. 1= M4, The
drive-unit
the pipe, a5 shown in fig, 1. Taking the
instant when the cone is

HE basic purameters affecting loud-
speakers intended for a domestic

enwvironment may be considered under three
peadings: (1) cafiiner, its mounting posi
size, and the resulting height of sound image;
[2) performance, in lerms of maximum

woustic output, power handling capaci
eificiency, frequency range, deviations in
amplitude response, distortion, and

¥e

rnsient response; and (3) casr,
The size of the cabinet determines the low

frequency performance almost directly, the
wpper Trequency range being unaffected, The
firs! consideration, then, is to optimise the
Jow frequency performance, and the
prdormance over the rest of the audio range
can be determined at a later stage depending
on the initial

ilts,
An analysis of the bass loading prin

ples

revealed that the tuned pipe appeared 10
pifer the best low Trequency perform

which it is u
miental “anti-

he manner
% the fung

This occurs in an open pipe at the
oustic wavelength is Four

coupled directly 10 one end of

tits peak negative
FRs ill be lled

compression is expelled into fre
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|||Eu the pipe and transmitted along it 1o
reach the open end one quarter of a eycle
fater. Meanwhile, the con

has comtinued 1o
ment. The
ir, sending

pl

ararefaetion back along the pipe to the cone.
(n reaching the cone, another quarter of a
ccle later, it finds the cone at its peak

ment and applies a sucking
ng to reduce its amplitude.
This action, which is of course continuous,

' reslts in a lower cone amplitude for a given
wput power and frequency, and augmented
pdiation from the open pipe.

An analogy is that of the quarter-wave
b, which, when short-circuiled, presents a

The expelled pressure wave from the pipe
proceeds i ng impedance in
much the sume way as current does from 3
transmission line, producing power
pation, and hence radiation, in the
resistive element.

The control over the cone amplitude is an
important factor, as a significant improvement
in low frequency power handling capacity
andfor distortion ean be obtained,

A drive-unit mounted on a true infinite

N
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baflle or in a sealed enclosure, so that
radiation from the cone is not augmented
acoustically, will exhibit, for a fixed power
input, a varying amplitude with fr quency,
Al frequencies above that whose wavelength is
equal 1o the cone circumference, the cone is
loaded by the radintion resistance which is
constant. Below that frequency, the cone is
loaded by the mass of air immediately in
front of and behind jt, the reactance of which
varies with frequency. 11 is over this range
that the conc radi i point source with
a theoretically hemi-spherical radiation
pattern, and cone velocily inversely
proportional to the frequency.

As the frequency at which the turnover
between mass and resistive loading is
dependent on the size (and shape) of the

eoretical open circuit 1o the - In
practice, the
peither is the

is not a short-circuit and
¢ lossless. The air presents

One-—t shape being circular—a
different amplitude will occur at a given
frequency for differing cone sizes. In addition,
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the radiation resistance is proportional 1o the
square of the cone area, so that if two
different size drive units are compared, the
cone amplitude curves will appear as shown
fig. 2. Stricily, these curves and those in

3 show cone vefoeity, not amplitude; but
they have been rationalised 1o give an
apparently constant amplitude over the
re: y loaded HF range (whose amplitude
is really already inversely proportional to
frequency), so that the effect of mass loading
(giving an inverse square-law to amplitude)
is more evident.

It can be seen that the smaller cone always
has a higher amplitude for a given frequency
and input power, putting heavier limitations
on power handling capacity,

The second factor relating to cone size is
the efliciency, which is proportional 1o the
square of the cone area bul also inversely
However, the
proportional
to the area, with the result that the effic ney
becomes approximately praportional to the
aredt.

For the sake of maximum radiated
output, the cone should be as large as

sible; but, neglecting the problems due to
cone support, break-up modes, ele, the mass
would be so high as (o seriously disable high
frequency output and, more important,
nt response. In contradiction, o
vin the transient response at an
acceptuble value, the cone should be as light
and, therefore, as small as possible.

In some loudspeakers, incidentally, 1o
obtain & onably efficient low frequency
performance, a very large cone “super’ bass-
it is employed, the use of which is
ported by the argument that a good
transient performance at low frequencics is
not necessary, the harmonics of the transient
being reproduced by the higher frequency
drive units. Two arguments that arise from

this are that the bulk of the energy contair
in ient is at the fund. I {ury
standing in front of a pedal drum), and that

the amplifier is not fully able o stop the
ensuing resonance. Sech an acoustic hammer
mayhe ideal for juke boxes (listen 10 the
bass!) but is a poor attempt at true
reproduction,

The first compromise, then, is with cone
size, one approach to its resolution be g to
employ as small a bass cone us possible

FIG.2 siMrLIFIED CONE AMPLITUDE/
FREQUENCY CURVES AT CONSTANT POWER
OH INFINITE BAFFLE
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arate with suffi Iy high
output power at low distortion. For high
power systems it is preferable to use several
small bass units rather than one large unit,
s0 that the mass per motor is minimised even
though the total moving mass is as high,
However, as will be seen later, one
surprisingly small bass unit, when acoustically
loaded to best advantage, can perform betier
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b e range at which it would |

1 doctored Lo appear a

¢ gand below the in

The Daline

at low frequencies than a large one not so
Joated.

Referring Lo fig. 2, it can be seen that, in
the mass-loaded n:g,lon maximum nput power
pefore overlond is dependent upon the
frequeney, such that a compromise exists

nn.|lur or n.l]c.\ systent il
the pipe were short compared with the
wavelength.) 'IJu_ frequency of turnover, at
which the g pacitance of the cavity
begins to shunt the acoustic resistance of the
pipe, will be dependent upon the size of the
cavity and of the orifice. At lrequen
ahove the anti-resonanee the pipe offers a
high impedance o the cavity, the cavity
presenting a lower i fance 1o the cone, so

perween input power and low freq y

- guension, the condition being progressively
k. worse for smaller bass units.

1f a small bass unit is loaded by a tuned
pipe, i considerable improvement can be
effected by impeding the cone amplitude over
nically
gerloaded at high I levels. By applying
g suituble choice and quantity of damping
materials, the cone amplitude’ curve can be
shown in fig. 3.

As the ‘amplitude’ is constant over the range
f10 the ffu|llu\t.)‘ at which mechanical
fmiting first occurs is shifted 1Iuw|1wm1 by
e same amount. The level portion intersects
the unmodified curve of the karger unit, so,
ection l'm[ut.m.y. the
effective radiating area cquals and then
ewcecds the of the larger cone,

This i ved neither at the expense of
ransient respor s nomass is added 1o
(ke cone, nor low frequency output, as this is
ndiated from the pipe. As the impedance

resented to the cone is constant over this
nee, it must follow that the pipe radiates
with an increasing amplitude 10 compensate
{or the ehanging air impedance. This can be
gmserved when holding a piece of light-weight
paper in front of the pipe’s open end.

Ringing in the pipe does not occur at these

ies because the anti is by
ictive of cone motion and
therefore limits its own source of energy, but
shove this range the pipe enters into a serics
of hurmonic resonanees, all of which should
be suppressed. o

the rear radiation ¢ be contained in
absorbed hy 1I1c [}
low

o

the upper side of its resonance and mass

loaded by the pipe on the lower side of its

ll”“‘r¢\0|]ﬂnLL
=

ension may be abi
litile below the cavity, in

which case, between the two centre f1 qumuu
the mass el 1l
componen! wncel, maintaining consi
mass loading, Care must be exercised not
allow the cavity resonance to coincide or

FIG.3 BASIC CURVES COMPARING SMALL
PIPE-LOADED BASS UNIT WITH
BAFFLE MOUNTED LARGER UNIT
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ANTI-RESOMANCE RANGE T

overlap the pipe fundamental resonance, so g
limit must be placed on the maximum ratio
of the two frequencies of about 14:1.
The cavity and pipe are damped by the
lusion of absorbent materials, 1o lower the

The ion line cr
ahis with a faper of ¢ e and H_‘I'\' careful
dense packing ol Jbsurln_m materials. The
Joading on the cone above the anti-resonance
is nearly constant and resistive, the value uj
which is . The efliciency is low,
1 large bass unit to gain what is los
Unfortunately, problems associated with cone
ss, cone break-up, overall size and cost
arise; on the other hand, coloration due to
internal reflections is negligible, as rear
rafiation from the cone is absorbed in the
pipe except at the lowest frequencies.

However, the extra output emitted from the
F,pg can create a rather bass- th’y

ion when the loudspeaker is placed
nst a wall, and extremely so when placed
ina corner. The TLS is ideal for studio and
eulerior use where free-ficld positioning mokes
\he large size and low frequency oulput
wnobtrusive. A few compact TLS models are
Iu:l' higi\ cut-off

ﬂl..d ulClDSiII\,s oI Iht. SAME S
Almmlm- o absorbing the rrnd -range
ndiztion in a heavily damped pipe, the pipe
may be decoupled from the drive-unit above
(he anti-resomance range, A low-pass filler
imerted between the bass unit and the pipe
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ctor, broaden the bandwidih, and slow
eed of sound within them to g
.mrj.m:nl volume. Separating the centre

fi n electrical impedance
tive loading

ed at the s.aujly resonance,
but so long as this is not excessive, as would
be caused by insulficient cavity tl.lmpml,. ne
disturbing effects should oceur.

The main advantage with this, the Daline
system (Decoupled Anti-resonant Line) is
that the midrange efficicncy can be better
matched to the low frequency efliciency when
concentrated in f-sphere of sps The
midrange efficiency is higher than an
absorbent line would provide, and because
of the ability 1o vary the parnmeters of the
pipe without upsetting midrnge performance,
a good degree of control is possible.

A mild negative taper has been introduced
Lo the pipe to aid the elimination of harmonic
resonances and broaden the response of the
anti-resonance. In such a lightly dumped
pipe the depth of taper must be limited to
prevent reflections from the pipe walls, A
negative taper with a 1} reduction ratio in
area has been found satisfactory, but it is yet

on the cone is redu

MNOVEMBER 1974

to be established what is the optimum, The

1y

minimum area of pipe is equal 1o the cone
, but it could probably be reduced 10
about hall the value without introducing any
noticeably detrimental effects,

The Daline system can be applied to any
-;m. bass unit, but ulkr-. I!n. ilw e ulls from

‘e
ng are 1505 by up 1o a factor of
v¢ or 50. This means that a 4 in. cone will
have a low frequency amplitude similar 10
that of a baflle loaded 10in. cone for the same
input power. Doppler distortion problems at
this frequency are then no worse than lor the
larger unit. The size of a sealed enclosure for
the larger unit to radiate such low frequencies
would be enormons, whereas the Daline
madel is quite small, occupying no more than
I-leu, fL. tinternal).

The cut-ofl frequency is determined by the
combination of drive-unit parameters and
inet dimensions, so the designer is not
Ireq n:m:y for a

ver size cut-off compromise he \ualh.s.
Ihq. best compromise appears to place the
Lt oi”lcqm_m.y around (07 of the l'qum.uLy of
the drive unit’s free-air resonance.
full-range system this means that a drive unit
with a free-uir resonance of 30 Hz
1o obtain an cutput down 1o 20 b
¥ of large loudspeakers have a cut-ofl
at about 40 or 50 Hz, and this is plainly
evident when listening 1o a pipe organ or bass
drum; but some compromise must be
accepted with any speaker of practical
dimensions,

Several loudspeaker systems Imn. been
constructed on the Daline principle and the
one that best exemplifies the advantages of
the system is described below. 1t employs

FIG.4 ADDING A LOW-PASS FILTER
ATy

PIPE

one twin-cone drive-unit of 61in. diameter
and 55 He free air resonance, and covers the
range from 35 Hz upwards. The quality is
certainly not high in the treble region, but is
perfectly adequate when one considers that a
pair of these costs under £20 to build (at the
time of writing).

The treble range is reproduced rather
enthusiastically by the centre cone, and it has
been found that a worthwhile improvement
can be effected by inserting a picee of Jin.
thick sponge rubber in the centre of it. The
sponge should be cut into a dise 1o fit easily
nside the cone, leaving a fin, lip of cone
protruding, and fixed in with a linle light
glue. Al mugh |.l1|s appcan 03] bL E
what hit
improvement

an h«: made :lnd further
experimenting can be undertaken by the
constructor if desired. The overall efficiency
when modified is about 1%, so with a power
handling capacity suitable for a 15 watt-per-
channel amplifier, reasonable sound levels are
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shiainable in & moderate
Figs. 5, & and 7 show constructional
desails, Complete air-tightness is imperative: i
doubls over the condition of any Joint
in this respec
1

srable to have the

machine-sawn 10 ensu
rouble-free assembly. Plywood
1o chipbourd For ¢ |Iin|::ss of sawn edges,
strength and lon; ility. It is also
more expensive, The Jullm&m;. isa
mecommended building sequen

{1) Cut out and drill holes in FronT. The
drive unit hole is arranged to taper out from
$jin. on the inside 1o 6lin. on the outside of
the panel 1o prevent a column of air being
farmed in front of the cone. e st be
ken, however, not 1o interfere with the
mounting bolt holes, The best order of
approach is to cut out the main hole with
parallel edges, then drill the mounting bolt
hales, followed by chamifering of the sections
of the main hole between the mounting bolt
holes, avoiding the parts of the edge
immediately adjacent to them.
12) Glue and pin ToP, BOTTOM and sIDES, in
that order, to the FrRoNT, Ensure that all
panels are square to cach other when pinning,
() Leave while glue dries.
(4) Glue in PARTITION ensuring that it is
square with FroNT and s

(5) Glue in suprorTs and .|pp]}' dabs of
gue o the surfaces of the front section of the

pipe.

(6) Insert 1oz, of TERYLENE wooL, well
leased out, in the section of the pipe
and ensure that it is in contact with the glue

5.
sP?".rj{jluc in SECTION, ensuring that it is glued
all along the edges in contact with the sioes
and PARTITION,

(%1 Leave to set.

(9) Glue the BATTENS in position around
(he TOP, BOTTOM and SHES,

(10) Glue BRACING Onlo BACK.

{11} Leave 1o set.

(12) Insert Joz. of TERYLENE wooL, well
leased out, as before, in the rear section of
the pipe, held in by dabs of glue.

(13) Mount the drive unit onto the FronT
and wire up to the connector on the nack,
wuking care to connect the positive tag of the
drive-unit to the positive terminal of the
connEclor.

(14) Tease out and insert oz of TeryLENE
wooL in the cavity and ),Im, the sPoNGE
SHEET onto the
covers the BRACING but leaves a lin, gap all
raund the edge of the panel in order for it
not to interfere with the paTTENS,

(15) Screw BACK onto BATTENS with a strip of
Bostik SEALING STRIP in between,

(16) Connect the loudspeaker to an
amplifict fed by an oscillator set at 40Hz, or
by hum induced by a finger applied to a
wnsitive input, Listen around the joints of
ihe loudspeaker (still with the finger on the
amplifier!} 1o check that no whistling or
chuffing noises are present. The volume

BOTIOM

should be as high as possible without over- I it doesn”
er or loudspeaker, 1T between PARTITION and SIDES) or a gross
are heard, a leak must over-estimation of damping material quar
ied by applying more | has been mude,

loading the g
exlrneous noi
cxist and should be re

n internal leak must exist (i.e.

glue or sealing mate The speaker is now ready for final

Finally, hold a picce oFJu,ht ~weight paper embellishments and operation.
over the aperture and firmly aga the top Like the TLS, the Daline system exploits
edge of it. Check that the paper flaps the anti-resonance of the tuned pipe to the
vigorously at high volume of the test tone. same advantage, permitting truer reproduction
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| The Daline

____Audio Musical Crosswored

devised by Maurice Taggart

CLUES ACROSS

1&11 Sounds
6 A Tarm of di
T Mized sleren

11 See 1.

Fal

CLUES DOWN

@ for a hi-fi bonanza, (5-4)

g impesed on lape recerding enthusiasts. {7)

ses a poinl, embracing total abstinence to draw logether. (T)

9 Litlle Sidney, Vielet and | get togelher and arrange the strings for spatial efect. {6}
10 & 21 Opening Wallen number; drapon music, possibly? (8-7)

13 Valve or Metro in transatlantic guise. (4)

18 In some dis-array, Dida and | lollow the vohicle for a micrephone. (8)

19 Suk and Des get together to present an 18th=-19th century Czech composer/pianist, (6)
20 Popular Hungarian-bern conductor, now gone. (i)

22 R-K derived this from pleasant arlas. (5)

2 i's difficull to move when lan has muddied rite. (7)

3 Roaring 17th-18th century Nalian composer, mainly of ‘comic’ operas. (3)
4 Vesta goes aboul 1o provide musical framoework. (5)

5 Workers' organisation gets a point for all playing together, (8)

B & 16 Audio fan objocis strangly to this arrangement of his tapes. (4-4)

16 Sve s,

A £2 record taken will be awarded to each of the first five correct solutions pickod
fram those which amive before Nevember 5th.

in Camden Town hall. (4)

|2 SDi!SIdB music, with a heavy rhythm presumably. (4)
14 British composer who is non-alcoholic in the midst of brine somehow. (7)
15 Rush around and get the litlle advertisement in for Amy, (B)

17 Little Pamela is mized up with the loudspeaker initially, producing biblical music. (5]
20 You may press it or use it for a tonie. (3)

of any low frequency signal Gineluding
rumble) without the netorious boom that
characie large sealed enclosures and
paorly designed reflex systems.  But, unlike
the TLS, the Daline allows a small bass unit
to be employed in a s binet for a

MATERIALS FOR TWO CAEINETS
All dimensians in inches, unless otherwise stated.
4ol Mx6x+ plywoud or chipboard SIDES
Joff 11x6x% N TOP and BOTTOM

$off 11x33x4 " FRONT and BACK
2off11x2x4 - PARTITION
2ofl 11x16%} - SECTION
| 20fi33x1x1 deal BATTENS
| dofi9fx1x1 BATTENS 3 off 8 feet, with
| dofizpxtxt SUPPORTS | plenty to spare.
| ozoff1Zxixt BRACING

1 box 1 inch Panel Pins

1 pint Evo Resin W or ICI Dufix glue

30 off 14 inch no. 6 countersunk steel screws

1 pack Bostik Sealing Strip

g off 1% inch 2BA Bolts, Nuts and Washers

4 ounces Terylene Wool (available from Pet shops for fish tank water filters)
20fi 18"x 87 % 1" Closed Cell Sponge Sheet

2 ofil RS Components 61" Longthrow loudspeakers

Oficut of ° Closed Cell Sponge Sheet, for h.f. cone modificatian, if desired

Mote: RS Camponents do not supply direct ta the public, but the drive units can be
grdered through an appropriate retailer who can obtain them in a few days.

similar efliciency and low frequency cut-off,
concurrent with a significant improvement in
t enit response resulting from the lower
cone mass, and considerable reduction in
complexity and cost. Two uselul products
of this are that the smaller bass unit may

be 1 10 a0 higher freg L reducing
the number of drive units required for a high
quality system, and the subsequent cost
saving, not anly from the smaller bass unit
and cabinet, but from the lower number of
drive units and crossover components,
Adinough tite sysiem design g

ass Lnit fo -mollu.r ype in a
cablmt, 50 it is important to use
ified drive unit in the model

. Two units may have the same
physical dimensions and even chassis
construction, but unless they have the same
maddel number they n..m pow:a:. quite different
fe bet o

ted 1o use
rticular size of drive unit, but
J'ur the reasons

giving reproduction down to below 30Hz
from a cabinet the same size as the one
gescribed (but with a completely different
internal construction),

The whole aim of loudspeaker design is to
produce a system that renders reproduction
as close o perfection as pm\ibk, nd as
development continues this aim is being
gradually approached. With the Daline
system the imperfections are at least
i ined in a smaller box.
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SOLLOWING the deseription of a low
I‘ cost*Daline” loudspeaker in the Movember
perest has been expressed in o
wstem for use with the KEF 3110 five inch
:ﬁ:s.‘midr age uni

Two vl ng the BL1D have heen
Jeveloped. T hey are identical in 5
performanc . while onc has a KEF T27
wecter which is the usual companion for the
110, and the other has the benefit of & Coies
401G super-lwecter taking over the upper
sreble from o KEF T15 or Peetless KO 10 DT
weeter, (Though K EF are no longer producing
the TIS tweeter, some are still available
jrom the trade. However, the Peerle:
K10 DT s a very suil ble substitute requiring
anly one change in the crossover network—

E

-

by Robert Fris

in place of the 22 (1} serics
r—and a balfle cut-o
1 of the 3} in.
required for the T15). As would

be expected, the performance ol the thr
unit version is smoother and “crisper” above
1 kHz and it is intended 1o be used with the
higher gquality sysiems, with the two-unit
version filling the gap between this and the
low cost Daline.

A pair ol bass-only loudspeakers can be
used to supplement the usually lacking bass
output from small enclosures or 1o clean up
the bass end of boomy ones. Alernatively,
any tweeter that will do j the quality
of the B110 can be used, so long as the
crossover and relutive elfici

FIG.A

ALL DIMENSIENS W INCEES.

1L PUNLLS EXERT BATILE AR Yy THICK 3

[t AFERINEE

Ik
B

SELTIEN-Y

WAlL - AFERTCRL W TREAT PANLL 15
BISHLALED TOWED THE LI
SIBE 9F THE CabaLl,

| —— % —

= 11
Faca WIEW - BAFFUE 100 THENT REWEYLD.

b | il
SECICNAL VIEW FROM LIFY SI2E.
EAFFLE AND FREND 170D,
(GRNE UNITS Wl SHEWE]

PRl ilM wITE BAFFLE AXD FRONI BARIL FIETED

Alternative versions of a popular design

are taken imo account. The tweeters used
in the prototypes were considered the best
suited, but personal choice, experience or
convenience may dictate an altermative, 1n
which case the responsibility for the d
of the crossover circuit must rest with t
constructor!

No altermtive bass unit can be used.

The bass loading system is a decoupled
onant line (Daline). Since this was
hed in detail in Movember, a briel
explanation lollows to refresh the memory,

An acoustic line (pipe) is connected through
a cavily to the bass unit, At low frequencies,

the cavity couples the pipe directly 1o the

cone so that the fundamental anti-resonance

ol the pipe can be exploiled to impede the

FIG. 2 CAB®ET, LESS BAFFLE AND FRONT

vy
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cone MOVEme
(he cone radia 5
pimes the power handling of the bass unit at

ellic

Above this range of frequencics, the cavity
decouples the pipe from the cone by
absorbing all the cane rear rav
pipe is nol then excited into spurious
resonances and anti-resonances which serve
anly 1o
ather method 1o suppress these harmonics
is by carefully controlled absorption ol the
sound wirve:
which results
eapLins i

The
entire range of aperation. Sine
1o stiffness loading occurs, the system is
non-resonant, or aperiodic, in the warking
ige from 20 Hz upwards. A resonance
does oeeur, in fact, at about 5 to 10 Hz
result of the air in the pipe behaving as a
~golid* mass on the cone at these frequencies
and causing
suspension stif
audio range,
performance.

“The system is best applied to small-cone
buss units, such
Jower cut-off frequency to be obtained from

JENSIENT TESPOnsS
It is often stated that only the harmonies
i i |

e lieme sugment
ALY

e at the

frequencics and nainkuns a gooud
ey down Lo the ut-olt frequency.

wion, The

nece. The only

inder the perforom

s they pass down the pipe,
cient and Tairly
loudspeaker system.

-ong is mass/resistance loaded over the

pance with the conc
sess. Being well out of the
has no etfect on the

5 the BILO, allowing a

er than is generally
. with greatly improved
and low coloration.

this is not the case for aeceraie reprodu
teansient. The argument against this
is used 1o explain away the use of heavy

1 o rey ¢ il ut

—_—
FIG.3 PENCIL LINES O INSIDE SURFACE OF
BACK. [TO avOD CONFUSION, CONSTRUCT LINES

1M HUMERICAL ORDER)

e

1y g —

4

o gty —]

L]
M1 (RTINS W O

";I([(S RECESSED HILE FOR TEA FUR
f- 1 —-1 ITI'IEIrRiWE HI\iI\IIE TRISSIVER BIARD.

S —

(it i
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FIG. 4 W

{a) ‘3-UNIT BAFFLE
HOTE: g PLYWOQD,

FOR STEREQ PAIR, CUT CUT ONE
IN REVERSE LAYOUT.

DRILL HOLES FOR MOUNTING
BOLTS FOR BIIO AND T15

DRILL 10 HOLES AROUND BAFFLE
PERIMETER %3 FROM EDGE,

5" APART ALONG SHORT EDGES,
4" APART QH LONG EDGES FOR
No.6 SCREWS.

NOTE: IF USING THE PEER-
LESS KO 10 0T TWEETER, THE
BAFFLE CUT OUT SHOULD BE
3" DIAM. WITH CLEARANCE
FOR THE TERMINALS AT THE
REAR.

{h) 2-UMNIT BAFFLE

KOTE : 33" PLYWOOD.

FOR STEREQ PAIR,CUT CUT ONE
1M REVERSE LAYOUT.

DRILL HOLES FOR MOUNTING
BOLTS FOR BIO.

FOR ALL OTHER RELEVANT
DIMEHNSIONS REFER TO FIG. 4a.
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s units to secure a low cut-olf
1 the expense of the inability of

cone by
frequuncy
the cone 1o respond suddenty o ¢l
The bulk of the power of a tr

ang

position.
is at the Tundamental Trequeney—Ffrom
pedal or orchestral biss dr at something

like 10 10 30 He, Jlir\ is considered
aib-audio by many, mainly, it seems, for
cunvenie but it is lhu power il these
frequencics thal carrics the “weight ™ and
character of such instruments,

All loudspeakers with a cut-off freguency
determined by a resonanee much above
20 Hz cannot, even by any twiddling of the
pess control, properly repraduce such
instruments. The sudden application of,

20 ignal to a loudspeaker with a
pental resonance at 60 He has the
salient effect of exciling the resonunce of the
system, This will take a finite time 1o build
up, because ' absorbed into the

t

MY
g components, the cone mass and
the suspension sand cabinet air stlfnesses,
an exponential i
will elapse duri
energy is dissi
resistance and frictional losses,

The applicd transient is then di
inte essentially two parts; the re
eiting the system resonance and the
reproduction of some harmonics by the
midrange cone, The result is that all signals
of lower frequency than the resonance, which
in musie are transient, are stripped ol their
attack and character by emerging fron the
loudspeaker as tha (literully) monotonous
“boom” that is often described as *full rich
bass™.

In additian, the rate of cut-ofl of sealed
enclosures is 12 dB per octave, and of vented
enclosures, rellex or AR ems is 18 dl
per aclave, so any tone that is applied
continuously below the resonance frequency
will have its harmonscs emphasise
accordingly. 1T, as 15 usual, the bass unit
distorts at a high volume, the harmonie
generation will be added o, So the
Pundaiientud i as good as last, 1t s fuir 1o
say that these systems will not radiate any
frequency appreciably below the system
FESOnANCE.
he ed cut-off frequency of these
[aline versions is 20 Hz, which is the lowest
frequency that can be reproduced at full
power. The cone will reproduce freque vies
down 1o below 10 He but with gradu,
imi g assistance from the pipe. This
Ilu: pi| pr nlmg o miss load

5 |I!c loml NOVINE Muss,
thus *pulling down* the cone resonance to
between 5 and 10 Hz, High powers at these
5 will overload the drive unit
in effeet, it is unloaded acoustically.
When the resonance of a loudspeaker
system is climinated, the transient respons
at low fregquen i nited only by ihe size
of the magnet and total moving mass of the
bass unit. Consequently, the larger the
magnet, o produce a greater moltive force
1o the cone, and the smaller, hence lighter,
he cone, the quicker it will react 10 sudden
change, or attack, giving a betler tr
response.

The B0 vses a M
greater than that used in many 12

density in m ;,.:p
. bass

L o mamrvn T R AT AV 1074

obvious that the cone is
hter, So the BLUIO has Bar

Better tramsient capabilities than its larger
colleagues
As well as having a low free air resonance

1300 Hz), the BUIO is guite happy s 2
midrange unit up Lo abo Kbz This
climinates the need Tor a thivd or fourth
drive unit where, in high quality systems, it is
olten found that the bass unit cannol cape
hove about 300 He.
The power handling/
enables realistic sound levels 1o be obtained.
97 4B s.pd. was registered on u sound level
meter held four metres away from one
loudspeaker reproducing enthusiastic
classical music. The peak of the transicnts
5 { ve been several decibels in
excess of the indicated figure. Thus one can
safely gather that the peaks were well over
100 dB, which level scems o be the criterion
for “eoncert hall loudness™ s never mind
the neighbours,
The power amplifier used delivered 50
wattts per channel into 8 ohms. This is the
highest rating that the loudspeakers will
tolerate under the ve.iety of normal use,
NLY{.‘II[ILl(.’SS. the speakers are adequately
efficient 10 make plenty of noise fed by a
15 watts per channel amplifier in a softly
furnished 25 = 14 . living room,

The input impedance does not fall below
8% ohms at any frequency. Amplifiers designed

ney product

the T15 reproduces the 1 kHz 1o 3 kHz band
adl of the B11O and the Coles 40016 is
better than the T27, the difference in
Transient response throughout the audio
range is quile noticeble w hen listening o
music rom 2 high gquality sourc

Rumble is not normally associated with
loudspeakers. Unlartunately, the penalty for
having a low cut-ofT frequency manifests
itsell in the better reproduction of rumble.
The Daline will repraduce all but the bottom
frequencics without mugh effort. Bug, at
high volume, these lower frequencies wi
cause large cone displacements. Apa
being good exercise for the cone suspens:
it does ot help the outpul capabilities of the
unit, since there is not much *room” left
for bass frequencies to move the cone
further. Mol only does this occur in the
loudspeaker, it hinders the output stages of
the amplifier for the same reasan, uluu\u
Unneees: power dissipati
simple expedient for cur
if it ceeurs, is 1o make use of the rumble
filter.

sle

space, the cabinet is 5
raise the guestion: should it be
bookshelf or free standing? As a bookshell
eabinet, it could be rath ‘ge, but, on the
floor, considerable advantage can be gained

because it would be guite unablrusive, Most
loudspeakers, whether they are imended 1o

' ™
FIG. 5 I —
FRONT a—
¥
]
|
i -i—l i
\ - J

for & ahms loading minimum will not be

ibarrassed by really low impedances at low
i i I lient for

bilss response.

¥ used

are very mul
version, the cros
and 7 kHz) were selected 1o ¢
considered the best part of
s range in order o0 maintain a wide
dispersion angle the need for
octoring”. The two unit ve
coept some compromise in this
singe the crossover frequency
nd it was found that the BI1O

st in the frequency response above
Also, the T27 output was found 10
die » little earlier than hoped. A
response filter in the bass crossover circuit
elimi 5 the hardness of sound cavsed by
the hump, and o high pass filter in the
tweeter cireuit boosts the frequencies above
10 kH# to sweeten up the 1op end.

The smoothness of the three-unit version
rendily apparent from side-hy
comparison with the two unit version. Since

or not, seen 1o end up on the loor anyway.
1 I.u.hln:! 1En: “.tlu!!

led appes
¢ units to be mounted at listener's
| without the need Tor elevating the

As a resull, the floor consumed
imal 12 6 in. Consequently four
10| guadraphony is not such a frightening
thought.

For best performance, the loudspeakers
should be placed flat against a wall—no need
1o angle them towards each other as the
drive units are practically omnidirectional
owver a Tuirly large lieral angle. Terably
Nt i Or ACT0sS § COINer Since corner
positioning strengthens room resonances
which swamp the good bass pn.rlorm'mm. of
the loudspeaker. Placing the u foot
OF 1Wo from the corners (but = l“
against one wall) ls satisfactor

The positioni , only that
the loudspeakers were designed 1o give the
correct bass response when placed against a

wall. The pood transient response makes the
various resonances of o room guite noticeable,

1]



il is probably best w experiment with
fferent loudspeaker positions before
iling on a final kyo
The three unit version is the highest

ality Daline lowdspeaker developed so far,
th the two unit version following as o

we second. In both cases, not only do they
psume much less space than conventional
Jdspeakers, the improvements in low
quency performance that result from the
dline system are cerlainly not insignifi

mstruetion
The basic cabinets should be constructed
th either } in. chipboard or
ickness of plywooad, Exterior ply is best
d consequently the most expensive,
pless @ tight budger dictates otherwise,
¢ exterior ply since it swws and drills

nly \\llt.l'\.< chipboard and, 10 a lesser
tent, interior ply tend o erumble,
pecially at the corners. There appears to
o subjective difference in performance
wen comparing lowdspeakers buill of these
The important asp bt the
s must be buill with no leaks externally
internally. Even a slight leak can have a
vastating effect on the performanc
lernal leaks can be impossible to rectify,
nply because they would be inaccessible.
phtening this may seem, but there is
lly no need for worry, Several cabinets
ve been built 10 date by various
lleagues with no trouble having been
perienced by any of the anless they
re too proud to admit So long as the
embly instructions are followed no
oblems should ari
The cabinet joints are just glued, with
el 5 inserted to hold them together
ile plue dris
quired on these joints since the glues
ecified have more than adequate sirength
- the purpose.
To ensure maximum rigidity and
tightness, the only removable panel is
: baffle. Assembly is starled around the
ck panel and the damping materials are
jerted during assembly.
Siyling of 1he cabiner is, of Course, ilic
crogative of the constructor. So long as
re 15 taken over the choice of grille cloth
weap ones mask the treble and impede the
-movement in front of the aperture) and
large projections are introduced,
nt panel styling is acceptable,
In order to minimise the effect on the stereo
age of interference patterns thal arise at
e crossover freguencies when two drive
ils are radiating together, the drive units
: mounted so that the horizontal shift at
sover is minimal (zero in the two unit
rsion) without undue vertical spread of the
und source.
Th nals on the models so far built
: high up on the back panel. Apart from
ing helpful when the speakers are being
wed, it enables the internal wiring to be
pt minimal.
The instructions for assembling the
I.!ds]!t..lkl.‘l} follow. They may .4|)pr:-|r
ther formidable, but they are fed to

as comprehensi s possible so that no
oblems should arise. We all suffer a
wlency to ignore instructions and have a
it out alone at times, which in
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kFIG, & PARTITION
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HTH, FIG.7 1
PENCIL LINES
Y
[
. PANEL .’IISJ

this case, you are just as welcome 1o do.
But be it an your own head!

Crossover Assenbly
The crossover gire wre shown in
fig. 8. The components are mowunted on the
wiring boards sccording to the layouls
fig. 9. The lead-out wires are used 1o farm
the wiring on the underside of the board,
The three unil crossover is mounted on the
baltle by a 2BA stud which also serves 1o
mount three power resistors on the board.
Connections to these resistors are taken by
wires from the points indicated on the board
layout to the resistor terminals
The two unit crossover is more

conventional as the resistors are all eylindrical

typres undd the board is screwed onio th
baffle with spacers between 1o keep the
wiring ¢lear of the baffle,

Mone of the capacitors specificd is
electrolytic, since these prone o
introducing distortion and are unprediciable
in yuality. Polyester capacitors are used
throughout as these are good quality
compone: Do not substitute any other
ype of capacitor,

Likewise, the coils have been carefully
selected .\IIK‘L the quality from different
sources varies cnormously, The supplicr
mamed in the materials list stocks well
bonded adeguately sized coils which l|U not
appear 1o saturate at high power le
Steer clear of coils held down by sticky
tape only.

50 long as they are adequately rated,
alternative resistors may be used, but do not
change the values. The crossover filters
were designed to be loaded by the tonal
I\Md presented 1o them by the attenuating
resistors and voice coil impedances, 17 these
loads are changed, the filters could resonate
or wrn-over at a different frequency.
mlching impedances are not § ohms.)

Cubinet Assembly: Figs. | and 2

Have all the panels machine sawn for
Lcct Check that the SECTIONS for
each cabinet are all exactly the same widih
and plane them down if necessary.

A mirror image pair for stereo is made
just by cutting one baflle in reverse, Do not
attempt o reverse the construction of one
cabinet.

~
( FIG. B crossover ciRcuits
13
4
115
s o
(a) 3-UNIT VERSION  BYIQ, T15, 40016 ~1-2kHz, ThHz
4 l
Jnff 50 T3
L 15
o Ik
A
L)
o 0 + I [E N
T ImH n2 T
Tn,.r
(b} 2-UNIT VERSION B0, T27 = 3kHz
. J

(These

83
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1 Draw pencil lines Nos. 110 4 on cach
BACK. See fig. 3.
le two stacks of panels, one for
each cabinel, ensuring that 1II the

e alrawing in lig. 4
for th- o or llu'un.' unit versiens, mark up sl
cut out the holes i the BAFFLES, Cut om

the recesses For the B0 and T27 in the
front of the ballle and for the T1S in the
rear. The s for the BEIO has been

shown square, which is casier 10 cut than
the shape of the BEIO mounting Mange,
which should really be followed.

4 Cut out the argas rom the FRONTS
and I’-\RTIT](J]\‘) shown in figs, 5 and 6.
out the hale in the BACKS for the
aker connector chosen. DI
wth.l\ were used in the models
photographed.  The position is not importan
But is best where 1t is accessible Trom the
cavity and will not imerfere with the
BRACE.

& Apply glue o the short edpe Tarthest
from the pencil lines of one BACK and Tay
the panel, pen nes upy, ona lat clean
surface

T Fix the TOP 10 the glued edge of BACK,
as shown below, Ensure that the TOP is
square to the BACK and that the edges are
hen drive twa or thre through the
TOP into the edge of the BACK 1o hold the
joint.

# Apply glue to the other short edge of the
BACK and repeat 7 for the BOTTOM,

9 Apply glue along one long cdge of the
BACK, continuing along the adjacent
edges of the TOP and BOTTOM, Moum one
SIDE onto the glued edges. Ensure that the
[mnh are all square o one another and that
wl edges are Nush where they
pins through the SIDE into the
urlur thiee panels.

10 Repeat Y for the other side.

610 10 for the second eabinet
1o allow the glue o dry on the first ane.

12 Return 1o cabinet Mo, 1. The
PARTITION is installed next. To ensure a
guud joint between the PARTITION and

FRONT, shi 5 ust .-I,uL
:.mu,ln. olf the di
the PARTITION and the BOT I'()M \\|lJ|
jhe length of the FRONT, Lay the FRONT
in the parl assembled box as though i
were being fitted, but because there is no
support for it lay one long edge on the
BACK and rest the ather on 1ap edge of
one SIDE, so that the FRONT is at an angle
with the BACK. The PARTITION can be
installed by pressing it firmly against the top
edge of the ONT. Apply glue to the two
short edges and the inerrupted long edge
of the PARTITION and install in I

above with the cu- out to the re,

1hi
nd BACK and insert
inta the edges of the
ONT, taking
I,

sguare 1o the SIDES
ough the SIDE
- Remove the
care nol to disturb the PAR

13 Apply glu; 1 one surf,
BRACE and pres:

conneclar.
14 Apply glue to one surface of one

HI-FI NEWS & RECORD REVIEW MAY 1475

Fix the BATTEN to the
SIDE so that o § in
atten and the from edge

LONG BATTEN,
inside surface of on
is lefl between the
of the SIDE,

15 Repeint for the other LONG BATTEN
sl the other side of the cabinet.

16 Apply glue 1w one surfice of cach
SHORT BATTEN and fix the battens 10 the
other two walls of the cavity w form a
continuous ledge around the cavity.

The four * IONS ‘.lm\ d now be
installed as \I\m\n in fig, 2, as follows,

17 Liberally apply glue 1o ong fong and
ane short edge of SECTION |, Mount the
S‘l'(‘l'!()'\l with its glued long edge o

ACK and the glued short ed.
w uh the PARTIT The surlace of the
SECTION facing the right hand side of the
cabinet must be line Mo, 1,
Ensure that the SECTION is perpendicular
1o the BACK.

18 Apply glue o one long and one -.erl
ege of SECTION 2.

SECTION is [\LI[’\LI]"ILII' ar to the BACK.
19 Liberally apply glue 10 one long and
twa short edges of SECTION 3. Mount
the TION with the side facing the
PARTITION in contact
one glued edge butted against SECTION |,

sap

Ensure that the SECTION is perpendicular

to the BACK and that SECTION | has not
been disturbed.
20 Simil;

Iy apply glue 1o one long edpe
CTION 4. Mount the SECTION
vne end of the side
in contact with the

e plued edge of SE
same side runs along pencil line Mo, 4. Ensu
that the & 10N is perpendicular to the
BACK.

21 Finally, check that a
are correctly installed, square m l|'||. BACK
and well bedded down, Do not remove
surplus glue, except that which would
interflere \\I!h the fit of the FRONT.

o dey and repeat

12 10 21 lor the ihiner.

23 I’an.ln for each cabinel six lumps of
“NE WOOL of ane quaeter of an

The best

h up the

TIONS

. This 15 guite er

w1 o piﬂ'us. alivid
into two pieces each, (] oz then
these into three equal amounts of § oz, cach.
h‘o Iung as [J\ dunn. c.m.lull) th. -Ju,ht

s of the
X se out and insert one piece of
TERYLENE WOOL in each section of the

Pyl

(" FIG.9 crossover CIRCUIT GOARDS

0,700 A0 1SR ™

STACKED [ 2B STUD

B0
+

WEW OF BIARD FALM
WIRING S0E < LOIKING
THRINGA BIARD
A1 CEMPEAENIS.

&IinH COLS
S1A4D D4 END.

ADMPLAENT SIDE
OF B04RD,

NOTE: IF USING THE
PEERLESS KO 10 OT
TWEETER, THE 2301
RESISTOR |5 AEPLACED
BY 3302

V%

MO
AARANGEMENT

(a) 3-UNIT CROSSOVER

ny

Lttt o S,

ViEW OF BOAAD FRIM
WIRIG 520E - L01KING
THAOULY BOARD
Al CIMPINENIS

T MILNTIME SCHEW BOLE

HOUNT X BAFELE WITH Twb
SCAEWS AND USE SPALERS
T0 KEEP THE widngG $10F
GF THE G14RD

CLEAA 0 T4 BAFFLE.

e i) 2 =UNIT CROSSOVER

10N 3 and the

re
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sine. The piece in the fourth section follows
e pipe around the corner 1o the short
section which forms the aperture. There
should now b s continuous length of
rerylene wool all along the pipe, with no
jumps or bald patches. :
35 Return to the tirst cabinet. Roll on
o “worms” af LING STRIP ol [ i
giameter approximately, and Lay them with
oo gaps along all the top edges ol the
SECTIONS 1o form o gaskel between the
e’ wd the FRONT,
Ny apply glue w all four edges of
bt not around the aperture
cul-oul, e FRONT vnto the
FIONS with the aperture wwards

wefig. 1. With a block of wood interposed
for protection, hammer down the FRONT
il it is Aush with the from edges of the
SIDES. Inserl pins through the 51D
the edies of the FRON

27 Repeat 25 and 26 for the second
cabinet.

turn o first cabinel, Mount the
rerminal el or socket on the BACK and,
after connecting the wires plug up any saps
10 the *outside” with ling Strip.

20 Insert into the cavity one picce of
SPONGE SHEET 10 lie against the BACK
and over the BRACE. 11 has not been
found necessary Lo glue in the sponge, but
s can be done by applying only a little
glue to each corner. Bring the wire from the
socket oul around the edge of the sponge.

30 Roll up one piece of BONDED
ACETATE FIBRE (BAT) of 24 12in,
into a solid eylinder 12 in. long and about
§in. dinmeler, Alter having established
which cabinet will have the bass unit
displaced 10 which side, lay the BAF along a
ity diagonal so that it will clear the
BI0 magnet,

11 After cutling up suflicient lengths of
3} in. wide strips of BAF, line ides of
the cavity between the BATTE nd 1he
PACK. DO NOT cover the entrance to

32 Teasc oul lwo more lumps off
TERYLENE WOOL and instaii one enci
sile of the BAF roll

33 Lay the unassembled BAFFLE on the
BATTENS to ensure that it fits.

34 Repeat 28 1o 33 for the second cabinet,

35 Mount the drive units on the
BAFFLES in accordance with the
manufacturers’ instructions.  For the Coles
201G, muke 3@ ket of Sealing Strip, and
also carefully plug the hale in the back of
{he unit where the voice coil wires pass
jhrough. This must be done, otherwise the
ed in the
he hole and vibrate
se the voice

tion does no harm to the twe
nor does it affect performance.

36 Mount the crassover boards on the
BAFFLES and wire up the drive units.
When making connections te the T27 or
001G, solder the wires 1o the vacant end of
the solder tags; do not solder over the voice
coil lead-out wires.

37 It is wise to check at this stage that the
clectrical side is working correctly. So,
before 2 the baflles 1o the cabinets,
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connect the crossover board input 1o an
amplilier with a musi h the bass
and volume controls set al minimun,
Advanee the valume comrol so that

the right part of the
drive unit. The best way 1o exceute o tweeler
is 1o conneet it Lo the bass output of the
Crossover.

3% Roll out some more | i
ing Strip and lay the
around the BA
et the cabin

Tworms” of
i conlinuous

Ty
39 Con
VSSOVE

5 connecied Lo ©pos

il the batlle into the cavi

sure that the eylinder of BAF is clear of the

conneclor wire 1o
ring that “positive’

Materials & Components List

B0 magnet. Gently press the ballle down
o lightly compress the Sealing Swip. Do
not serew the ballle down yet,

41 Connect the speakers 1o an amplifier,
Apply a 20 Hz tone at high level or organ
buss notes from a record and listen carefully
1w no whistling or chufling noises

Hold a piece of tisswe paper
o that it covers the pipe
Teck that the paper aps
vigorously and it moves much further
than the 13110 cone, 17 all is v and aller
all, it should be, serew the baflle down.

The loudspeakers are now ready for
embellishment to the choice of the
uctor or his wife and Tor sitting back

For lwo loudspeakers; all di in inches.

-4 IERES plywood or chipboard SIDES

4 1 x6xy plywood or chipboard TOP and BOTTOM
2 Mxbix i plywood or chipboard PARTITION

2 asfxnxy plywood or chipboard BACK

2 2011} plywood or chipboard FRONT

2 1Tex5x plywood or chipboard SECTION 1

2 15x5xF plywood or chipboard SECTION 2

2 Stxbxy plywood or chipboard SECTION 3

2 153 %51 plywoad or chipboard SECTION 4

2 13x11x3 plywoad only BAFFLE

6 13x1x1 deal LONG BATTENS and BRACE
4 11 deal SHORT BATTENS

Where "x'=11 in. minus twice the exact width of the wood used. This simple calculation is
necessary as the planed size of 1 in. timber can vary from § 1o § in. and it is essential lo
have no gaps belween the battens when they are fitted in the cavity of the cabinet.

{ pint Glue Eva Resin W or ICI Dufix
1 box 1in. panel pins, bronze

1 packet Bostik Sealing Strip—do not use pulty or any other setling compaund

40 in. % 24 in, Bonded Acetate Fibre
3 ounces Terylene Woal

2 off 13x 111 Plastic Foam Sheet—cellular upholstery type (nol ‘Dunlopille’)

20 off 14 in. No. 6 countersunk steel screws
3 Unit Versions only

B110

Ti50r KO 10 DT

40016

3 mH inductar

025 mH inductor

6-8 uF capacitor, polyester
2:2 pF capacitor, polyester
713, 0:7 A resistor

1042, 10W r lor

2E 1), &7 A Tesisier (115 oniy)
3312, 0-7 A resistor (KO 10 DT only)
175 4, 07 A rasistor R:

Falcon Electrenics, 26 Station Road,
Bexhill-on-Sea, Sussex

or

Badger Sound Services, 10 Central Drive,

Ansdell, Lytham, Lancs.

RS Components

RS Components

RS Components

RS Components

A5 Componesiis + S
RS Components Stock No. 154-422

S Components Stock No. 154-365

Stock No. 113-617

Stock Mo. 113-594

Stock Mo. 154-315

Stack No. 10 W WW Res 10 ohms
54.387

Siluck No.

3 mH inductar

1 mH inductar

10 uF capacitor, polyester

22 uF capacilor, polyester

022 F capacilor, polyester

10 L4, 10 W resistor

50 L}, 5 W resistor

15 0k, 5 W resistor

25 (1, 5 W resistor
oemmon to both Versions

Matrix Board

MKy RO RO RO RS RO B RS R RS PSS R) SR RS RS RS RO S RS Ch b B B 111D

[ from RS C. be

4in. 2BA studding, nuts and washers

}in. round-head No. 4 screws—i
Unit Version only

Bl110

Te?

RS Components
RS Components
RS Compaonents
RS Componenis
RS Components
RS Compaonents
RS Compaonents

RS Components
Connectors for fitting in rear of cabinet
d through a radio or hi-fi shap or by mail order from

ting 40016 tweeters

Falcan or Badger,
details as above

Stock No. 113-623
Stock No. 113-594
Stock Nao, 113-055
Stock No. 10 W W'W Res 10 0}
Stock Ne. 5§ W WW Res 50 i1
Stock No. 5 W WW Res 1511
Stoch No. 5 W WW Res 25 ()

Stock No. 433-602

may
Doram Electronics Lid,, PO Box TRE, Wollington Road Industrial Estate, Wellington Bridge, Leeds

LS12 2UF. Tel.: 0532 34222

. RS Compenents themselves do not supply e the public,

Altarnatively, resislers and capaciiors can be abtained from either Bapder or Falcon, who will supply
ad T

for those

boards layouls may have to ba alterod, though,

suitable

he
Complete assombled crossover boards are also supplied by Falcon and Badper. Alhough the

construction is diflerent from the drawings, the same circuits and

are used.

The price of the Coles 4001G tweeler at the time of writing is £5-83-++ VAT, This figure may be confirmad
by telephoning Mr.W. Elliston of Coles Englnearing on 09924 GG5ES.
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