The Daline

by Robert Fris

A decoupled anti-resonant line loudspeaker

HE basic purameters affecting loud-
speakers intended for a domestic
enwvironment may be considered under three
peadings: (1) cafiner, its mounting position,
size, and the resulting height of sound image;
[2) performance, in lerms of maximum
woustic output, power handling capacity,
eficiency, frequency range, deviations in
amplitude response, distortion, and
ransient response; and (3) cosr,

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
| results,

s of the bass loading principles
revealed that the tuned pipe appeared 10

pifer the best low Trequency performar
potential. The manner in which it Is u
P iting the fundamental *anti-

pesonance .
This occurs in an open pipe at the

frequency whose acoustic wavelength is four
iimes the length of the pipe, ie.. 1= M4, The
drive-unit is coupled directly 1o one end of
the pipe, as shown in fig, 1. Taking the
instant when the cone tits peak negative
spl o comy ill be ([
into the pipe and transmitted along it to
seach the open end one quarter of a eycle
fater. Meanwhile, the cone has continued 1o
s position of zero displacement. The
compression is expelled into free air, sending
ararefaetion back along the pipe to the cone.
(n reaching the cone, another quarter of a
aele later, it finds the cone at its peak

sitive displacement and applies a sucking
force to it, tending 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
stub, which, when short-circuiled, presents a

The expelled pressure wave from the pipe
proceeds into this erminating impedance in
much the same way as current does from a
transmission line, producing power
issipation, 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 g true

N
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baflle or in a sealed enclosure, so that
rad 1 from the cone is not augmented
acoustically, will exhibit, for a fixed power
input, a varying amplitude with requency,
Al frequencies above that whose wavelength is
equal 1o the cone circumference, the cone is
louded by the radiation r nee 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 cone radiates as a 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 air is not a short-circuit and
mither is the pipe lossless. The air presents
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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. Swricily, these curves and those in

3 show cone vefoeity, not amplitude; but
they have been rationalised 1o give an
apparently constant amplitude over the
resistively 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
‘ith the result that the efficiency
becomes approximately praportional to the
aredt.

For the sake of maximum radiated
output, the cone should be as large as
possible; but, neglecting the problems due to
cone support, break-up modes, ele, the mass
would be so high as (o seriously disable h 2h
frequency output and, more important,

In contradiction, 1o
maintain 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” ba
unit is employed, the use of which i
supported 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

1his

Twao arguments that arise from
L the bulk of the encrgy contair
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
) but is a poor attempt at true
reproduction,

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

re thy

FIG.2 siMrLIFIED CONE AMPLITUDE/
FREQUENCY CURVES AT CONSTANT POWER
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ficiently high availahl
output power at low distortion. For high
power systems it is preferable to use several
small bass units rather than one large unit,

so 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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at low frequencies than a large one not so
Joated.

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

\muh! take the form ol a cavity as shown in
. 4. (Such an enclosure would behave like
I[dmlmlu resonator or rellex system il
lhc pipe were short compared with the
wavelength.) The fregu ol turnover, at
apacitance of the cavity
ns Lo -f||||u he acoustic resistance of the
pipe, will be dependent upon the size of the
cavity and of the orifice. At lreguencics
ahove the anti-resonanee the pipe offers a
high impedance o the cavity, the cavity

perween input power and low freq 'y

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

If & small bass unit is loaded by a tuned
pipe, i considerable improvement can be
efected by impeding the cone amplitude over
would be mechanically
werloaded at high I levels. By applying
g suituble choice and quantity of damping
materials, the cone amplitude’ curve can be
shown in fi

As the ‘amplitude’ is const ou.rllu_ range
f10 the ffu|llu\t.)‘ at which mechanical
Lmiting first occurs is shifted downward by
e same amount. The level portion intersects
the unmodified curve of the karger unit, so,
ection frequency, the
effective radiating area cquals and then
ewcecds the of the larger cone,

This is achieved neither at the expense of
ransient respor no mass is added o
(ke cone, nor low frequency output, as this is
ndiated from the pipe. As the impedance

resented 1o the cone is constant over thi
nee, it must follow that the pipe radiates
with an increasing amplitude 10 compensate
for the changing 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
frequencies because the anti is by
mture restrictive 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. 2

presenting a lower i fance 1o the cone, so
the rear radiation ¢ be contained in and
absorbed by the cavity, As the frequenc,

lowered, the cone is progr vely coupled to
the pipe. I the cavity’s Helmoltz type
resonance and | i nCe are

coincident the drive-unit will be m loaded
(hut stifiness constrained) by the cavity on
the upper side of its resonance and mass
loaded by the pipe on the lower side of its
anti-resonance,

Extra bass extension may be oblained by
tuning the pipe a linle below the cavity, in
which case, between the two centre frequencies
the mass el add
components cancel, maintaining consi
mass loading, Care must be exere
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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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
s with a taper of ¢ e and very careful
dense packing ol .IbL(Ji'lJLJ'Il materials. The
Jpading on the cone above the anti-resonance
is nearly constant and resistive, the value of
which is The efliciency is low, requiring
1 large bass umit to gain what is lost.
Unfortunately, problems associated with cone
ss, cone break-up, overall size and cost
nd, coloration due to
iaternal reflections is negligible, as rear
diation from the cone is absorbed in the
pipe exeept at the lowest frequencies,

However, the extra output emitted from the
pipe can create a rather bass-heavy
ion when the loudspeaker is placed
nst a wall, and extremely so when placed

ina carner. The TLS is ideal for studio and
galerior usie where ree-ficld positioning mokes
\he large size and low frequency oulput
wnobtrusive. A few compact TLS models are
sailable but these rather high cut-off
frequencies giving lintle improvement over
wiled enclosures of the same size,

Alternative to absorbing the mid-range
ndiztion in a heavily damped pipe, the pipe
muy be decoupled from the drive-unit above
\he anti-resonance range, A low-pass filler
imerted between the bass unit and the pipe

!
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Q factor, broaden the bandwidih, and slow
the speed of sound within them to g
apparent volume. Separating the centre
frequencies causes an electrical impedance
rise in the bass unit as the resistive loading
on the cone is reduced at the s.aujly resonance,
but so long 3
be caused by insulf y damping, no
disturbing effects should oceur.

The main advantage with this, the Daline
system (Decoupled Anti-resonant Line) is
that the midrange efliciency can be better
matched to the low frequenc ncy when
concentrated in f-sphere of space. The
midrange efficiency is higher than an
absorbe e would provide,
of the ability 1o vary the parnmeters of the
pipe without upsetting midrnge performance,
a good degree of control s | Ble.
wive taper has been imroduced
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 11 @ 1 reduction ratio in
area has been found satisfactory, but it is yet
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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
size bass unit, but offers the best results from
units of about 31 1o 5 ins. cone diameter,
becawse of the low mass of such cones. Owr
the ar sonance rnge the effective
adiating area increases 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 pa
binet dimensions, so the designer is not
mited 1o one ¢ lrequency for a
particulur drive-unit, but is free 1o establish
ver size cul-off compromise he wishes,
The best compromise appears to place the
cut-off frequency sround 0-7 of the frequency of
the drive unit's free-air resonance. For a
full-range system this means that a drive unit
with a free-air resonance of 30 Hz is required
1o obtain an output down to 20 Hz, The
majority of large loudspeakers have a cut-oll
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 have 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
spnny: should be cut into a dise 1o fit easily
in. lip of cone

pmtludlng. and fixed in with a linle light
glue. Allhnugh |.l1|s appcan 1o b‘_ 4 some-
what hit
improvement can h«. made .lnd further
experimenting can be undertaken by the
constructor if desired. The overall efficiency
when modified is aboul 1%, so with a power
handling capacity suitable for a 15 waut-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 arise over the condition of any joint
in this respect, it must be sealed with extra
e nurlerial, Panels should be

srable to have the
machine-sawn 1o ensu C
yrouble-free assembly. Plywood is preferred
nliness of sawn cdges,
ity. It is also
more expensive. The following is a
pecommended building sequence.

{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
formed 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,

(3) Leave while glue dries.

(4) Glue in PARTITION ensuring that i
square with FroNT and s

(51 Glue in supporTs and apply dabs of
gue to the surfaces of the front section of the

pipe.

(6) Insert 1oz, of TERYLENE wooL, well
leased out, in the cction 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 SIaEs.

(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 1oz of TERYLENE
wooL in the cavity and glue the sPonaE
speer onto the inside of the nac
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
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BOTIOM

J

should be as high as possible without over
loading the g s If
extraneous noises are heard, a leak musi

exist and should be rectified by applying more

glue or s
Finally,

ling mate
hold & picce

of light-weight pap

cr

over the aperture and firmly against the top

edge of it. Check that the paper flaps
vigorously at high volume of the test tone.

IF it doesn’t, an internal leak must exist (i,
between parTITION and suses) or 3
over-estimation of damping material quantity
has been mude,

The speaker is now ready for final
embellishments and operation.

Like the TLS, the Daline system exploits
the anti-resonance of the tuned pipe to the
same advantage, permitting truer reproduction
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r | Audio Musical Crosswored

devised by Maurice Taggart

CLUES ACROSS

1&11 Sounds
6 A Tarm of di

@ for a hi-fi bonanza, (5-4)
g impesed on lape recerding enthusiasts. {7)
7 Mized slereo loses a point, embracing total abstinence to draw together. (7)
9 Litlle Sidney, Vielet and | get togelher and arrange the strings for spatial efect. {6}
:i‘l gz'! Opening Wallen number; dragon music, possibly? (8-7)
ee 1.
13 Valve or Metro in transatlantic guise. (4)
18 In some dis-array, Dide and | lollow the vehicle for a micrephone. (8)
19 Suk and Des get together to present an 18th=-19th century Czech composer/pianist, (6)
?‘1 Popular Hungarian-bern conductor, new gone. ({7}
22 R-K derived this from pleasant arlas. (5)

CLUES DOWN

2 N's dilficull to move when lan has muddied rite. (7)

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

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

B & 18 Audio fan objocts strongly to this arranpement of his tapes. (4-4)

a9 C i i ing in Camden Town hall. (4)

12 Seaside 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 litile advertisement in for Amy. (B)

16 See 8.

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)

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

| 'lThe Daline

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

lar efliciency and low frequency cut-off,
rrent with a significant improvement in
sient 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

MATERIALS FOR TWO CAEINETS
and cabinet, but from the lower number of

All dimensians in inches, unless atherwise stated. drive units and crossover components
40fl 34x6x+ plywoud or chipboard SIDES Altitough tie system design purameters are
doff MIxExF . TOP and BOTTOM not critical, it is not necessarily possible to

$off 11x3x§

FRONT and BACK

substitute the bass unil For another type in a
particular eabinet, so it is important to use

2off 11x2x4 m PARTITION the specitied drive unit in the model
20fl 11623 " SECTION deseribed, Two units may have the same
| d4ofi 33x1x1 deal BATTENS physical dimensions and even chassis
Cgofigixixt BATTENS 3 off 8 feet, with construction, but unless they have the same
! ' il Jofi 2ix1x1 SUPPORTS | plenty to spare. '}L‘I':‘L‘;: number they ¢ :: {;05 i ;JII ;
- | dyni & bet 1o
2oft12x1xt BRACING fit anp drive unit of 6kin, diameter,

The Daling system is not limited to use
with any particular size of drive unit, but
offers best resulls, Tor the reasons given
carlier, with as small a bass unit as possible,
the optimum so far established being 5
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 to perfection as possible, and as
development continues this aim is being
gradually approached. With the Daline
system the imperfections are at least
i ined in a smaller box.

1box 1 inch Panel Pins
‘ 1 pint Eve Resin W or ICI Dufix glue

30 off 14 inch no. 6 countersunk steel screws

1 pack Bostik Sealing Strip

1| goff 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
I grdered through an appropriate retailer who can obtain them in a few days.
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“(‘)[,1.0\\'ING the description of a low
I cost *Daline” loudspeaker in the Movember
1974 issue, interest been expressed in
Lystem Tor use with KEF B0 five inch
assfmidrange wnit

Two versions using the BLID have been
Jjeveloped. They are identical in
;udormanc . while one has
wweeter which is the usual companion for the

if
the

by Robert Fris

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

be expected, the performance of the three
unit version is smoother and “crisper” above
1 kHz and it is intended 1o be used with the
higher gquality sysiems, with the two-u
version filling the gap between this and the

r) -
pi10, and the other has the benefit of & Coies  low cost Daline.
401G super-lwecter taking over the upper A pair of bass-only loudspeakers can be
weble from o KEF T15 or Peerless KO 10 DT used to supplement the usually lacking buss
weeter, (Though KEF are no longer producing — output from small enclosures or 1o clean up
the TIS tweeter, some are still available the bass end of boomy Alernatively,
jrom the trade. However, the Peerle any tweeter that will do j ¢ 1o the guality
K10 DT s avery su ble substitute requiting  of the B110 can be used, so Jong as the
anly ane change in the crossover network— crossover fi and relutive elfici
FIGA L1 DEMENSIENS 0 ENDKLS. 4L PINILS EXCERT BATFLE AR Yy THEE
i o
- - L
g 7 O
= =
=
why
oy 1 HE
bl
» {3 g
E W30 : AFERTERL 1 THENT PANLL 15
= BISPLACED TOWE] THE LA
$1BE 9F T4E LAY,
N S . F1 9
; P —] E———
g ‘SELNEARL VIEW FROM LLFT SIE. FRonl viiM wiTE EAFFLE ARD FRONT PASEL FITED.
EAFFLE anD FIAT 1111€D.

— 1
Faca WIEW - BAFFUE 100 THENT REWEYLD.

(GRNE UNITS Wl SHEWE]

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 design
of the crossover circuit must rest with the
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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Lene MOVEme! e st the same time augment
(he cone radia . This increases many

pimes the power handling of the bass unit at
these Trequencics and m intains a good
efticieney down to the ut-off frequency

Above this range of f squencivs, the cavity
decouples the pipe from the cone by
shsorbing all the cone rear radiation. The
pipe is nol then excited into spurious
resonances and anti-resonanc which serve
anly to hinder the perfarmance, The only
ather method 1o suppress these harmonics
is by carefully controlled absorption of the
sound waves as they pass down the pipe,
which results in an inelficient and Tairly
eapensi loudspeaker system.

The cone is mass/resistunce loaded over the
entire Tange of operation, Since no transition
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 o resopance with the conc
suspension stiffness. Being well out of the
audio range, it has no effect on the
performance.

“The system is best applied to small-cone
bass units, such as the BILO, allowing a
Jower cut-off frequency to be obtained from
u cabinet much smaller than generally
fhought possible, with greatly improved
ransient response and low coloration.

1t is often stated that enly the harmonics
are required to reproduce a icnt, but
this is not the case for aeceraie reprodu

of 4 transient. The argument against this
is used to explain away the vse of heavy
ETETE £ I
FIG.3 PENCIL LIMES ON INSIDE SURFACE OF Yo RECESS  RECESSED WOLE FOR 34 FOR FIG. 4
BACK. (10 AvOD CONFUSIOH, CONSTRUCT LINES f=- 1 —-JI n‘rIElrnin HOINTING CRISSIVER BIARD. &
i

{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.

1N HUMERICAL ORDERL

e

—_—
|.__3‘f—-—r-—-»--

WSS )

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.

=

5% =]

{h) 2-UMNIT BAFFLE

KOTE : 33" PLYWOOD.

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

DRILL HOLES FOR MOUNTING

BOLTS FOR BIO.

FOR ALL OTHER RELEVANT

DIMEHNSIONS REFER TO FIG. 4a.

1'»,1
TR R P
MU DOTRSHAS W OMES _J
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s unils 1o secure a low cut-oll
1 the expense of the inability of

cone b
frequency
jhe cone 1o respond suddenly o changs
"he bulk of the power of i tr
wlamental Mregueney—From
ped al bass drum
like 10 1o 30 He, This is con
wib-audio by many, mai
cunvenie Bt il is the power at these
r5 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
amental 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 energy hsorbed into the
resomiling components, the cone mass el
the suspension and cabinet o stillnesses, st
an eaponential rate. And an even longer time
will elapse during the decay while the
energy is dissipated into the radiation
resistance and frictional los

X0

The applied transicnt is then disintegrated
inta esse pially two parts; the result of
1g the system resonanee and lhc

reproduction of some harmonics by the
midrange cone, The result is 1 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 applicd
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 the: ems will not radiate any
frequency appreciably below the system
FESOnANCE.

e stated cut-off frequency of these
[aline versions is 20 Hz, which is the lowest
frequency thiat can be reproduced at Tull
power. The cone will reproduce frequencies
down to below 1 Ll but with grad
shing assistance from the pipe. This
the pipe, by presenting a mass load
o lht cone below the peak of the anti-
FESONANCE, (Ner 5 the 1otal moving mass,
thus *pulling down* the cone resonance to
between 5 and 10 Hz, High powers at these
frequencies will overload the drive unit
pecause, in effieet, it is unloaded acoustically.
When the resonance of o loudspeaker
system is climinated, the transient respons
at low frequencies is limited only by the size
of the magnel and total moving mass of the
bass unit. Consequently, the larger the
magnet, Lo praduce @ greater motive foree
nd the smaller, henee lighter,
ker it will react 1o sudden
o betler in

change, or

response.
The B0 vses a M

greater than that used i

density in m ;,.:p
wany 12in, bass

e B T DS T EVIEAA AN 1074

uhviuu: that the cone is
So the BEIO has far
A |l\|| 5 Uan its larger

Better tramsient c
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 for a |]1|rd or fourth
drive unit where,
olten Tound that the b
above 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 n.pl'mlm.lng enthusiastic
classical music. The peak of the transients
must therefore have been several decibels in
excess of the indicated figure. Thus one can
safely gather that the s 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 deliver -d 50
wattts per channel into 8 ohms. This is the
highest rating that the loudspeakers will
tolerate under the ve.iety of normal use,
NLVﬂIlILIcS\. the speakers are adequate
nt 1o make plenty of noise fed by a

rin i softly

I8 FOd,

'J‘hu input impu ance does not fall below
8% ohms at any frequency. Amplifiers designed

iency product

the T15 reproduces the 1 kHz 1o 3 kHz band
steidd of the BIIO and the Coles 40016 is
hetter than the T27, the difference in
Transient response throughout the audio
ange s quile noticeable when listening to
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 frequenci i
wise large cone displacements. A
being good exercise for the cone suspensic
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, ul catses
unees: power dissipati {
simple expedient for cur
if it ceeurs, is 1o make use of the rumble
filter.

Because the acouw 25 little
space, the cabinet is 1l 1o
raise the guestion: should it be arranged as
bookshelf or free standing? As a bookshell
cubinet, it could be rather large, but, on the
floor, considerable advantage can be gained
because it would be guite unablrusive, Most
loudspeakers, whether they are imended 1o

ic system req
aficiently s

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

for & ahms loading minimum will not be
ibarrassed by really low impedances at low
1 i i Iy uscd lient for
produ er bass response,
The freguency ranges of the two ve
are very much the same. 1n the three unit
version, the cros Trequenci 2 kHz
and 7 kHz) were selected 1o ¢
considered the best part of
s range in order o0 maintain a wide
on angle the need for
octoring”. The two unit ve
:pt some compromise in this

resp
3 kHz
sulfers se in the frequency
1 kHz Alse, the T27 output was found 1o
die o little earlier than hoped. A step
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

nd it was Tound that the BI1O

sponse ahove

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

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

As a resull, the floor consumed
minimal 1226 in, Consegquently four
Tor 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
over a Tairly large lateral angle, Preferably
Nt i Or ACT0sS § COINer Since corner
positioning strengthens room resonances
which swamp the good bass pn.rlorm'mt.\. of
the loudspeaker. Placing the cabinets a foot
or twao away from the corners (but s
against one wall) is satisfactor

The positioning is not critical, only that
the loudspeakers were designed 1o give the
correct bass respanse when placed against a
wall. The pood transient response makes the
various resonances of o room guite noticeable,

cabinet

11



The lhmc 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

uency performance that result from the
dline system are cerlainly not insignifi

mstruetion
The basic cabinets should be constructed

d consequently the most expensive
pless @ tight budgen dictates oths
¢ exterior ply since it saws and n!nlh
chipboard and, 10 a lesser
imterior ply tend 1o crumble,

pecially at the corners. There appears to

o subjective difference in performance

yen comparing lowdspeakers bui these
The important aspect is that the
binets st be built with no leaks externally
internally. Even a slight leak can have a
vastating effect on the performance.

lernal leaks can be impossible to rectify,
nply because they would be inaccessible.
ghtening b 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 them—unless they
re too proud to admit it! 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
jile the glue dries, Ba are not

quired on these joints since the glues
ecified have more than adequate sirength
- the purpos
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, any

nt panel styling is acceptable,

t:hc L.ﬂ'l:cl on lhc slcrco

5 whn.n two dm:
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
Tigh up on the buck 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 comprehens possible so that no
ablems should We all suffer a
wlency to ignore instructions and have a
at sorling it out alone at times, which in
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kFIG, & PARTITION

(. ™
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
8. The components are mounted on the
wiring boards sccording to the layouls in
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 mdlm[e{l on the board
layout to the resistor terming
The two unit crossover is more

i

conventional as the resistors are all eylindrical
typres undd the board is screwed onio th
baffle with spacers between 1o keep the

Mone of the
rolytic. prone o
introducing dis re unpred
in yuality. Polyester capacitors are used
throughou these are good quality
compone: Do not substitute any other
ype of capacitor,

Likewise, the coils have been carefully
selected since the quality from different
sources varies enormously, The supplier
mamed in the materials list stocks well
bonded adeguately sized coils which l|U not
appear to saturate at high power le
Steer clear of coils held down by sticky
e only.

So long as they are adeqgu

pecitied is

ly rated,
(I hu[ (ln not

were de: |,m_d [ |1|_ Iundt.d IJy Ilu. I{JI.II
I\Md presented 1o them by the attenu
resistors and voice coil impedances
loads are changed, the filters could resonaie
or wrn-over at a different frequency. (These
matching impedances are not § ohms.)

bly: Figs. | and 2

Have all the panels machine sawn for
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.

-

A

~
FIG. B crossover ciRcuits
13
4
115
(35 il
(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
MyFER B Tl B2 ™
Tn,.r
(b} 2-UNIT VERSION B0, T27 = 3kHz
J

83

I




1 Draw pencil lines Nos. 110 4 on cach
see fig. 3
s, one for

each cabinel, ensuring
SECTIONS in

3 Using the n lig. 4
for the twar or three unit version, mark up sl
cut out the holes i the BAFFLES, Cut om
the recesses for the BUIO and T27 in the
front of the ballle and for the T15 in the
rear. The recess For the BIID has been
shown sguare i er 1o cut than
the shape of the BEIO mounting Mange,
which should really be followed.

4 Cut out the arcas Trom the FRONTS
and PARTITIONS shown in figs, 5 and 6.

5 Cut out the hole in the BACKS for the
loudspeaker connector chosen. DIN
sockets 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, penci s upy, on o at clean
surface

T Fix the TOP 10 the glued edge of BACK,
as shown below, En that the TOP is
l that the edpes are
ns through the
TOP into the edge of the BACK to 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
SI[)I' mlln the t,luc\[ edges.

all &

el

square to the JJALL

[Iu.}
1 the SIDE into the

pins througl
urlur thiee pancls.
10 Repeat Y for the other side.
11 Repeat 6 1o 10 For the s
1o allow the glue te dry on the
12 Retwrn 1o cabinet Mo, | The
PARTITION is installed next. To ensure a
guudjmnl between the !‘)‘\R [ITIoN
FRONT, sin S
:.mu,ln. olf the di
the PARTITION and the BOT I'()M \\|lJ|
the length of the FRONT, Lay the FRONT
in the part assembled box as though it
were being fitted, but because there is no
support for it lay one long edge on the
BACK and rest the ather on the 1op edge of
one SIDE, so that the FRONT is at an angle
with the BACK. The PA 10N can be
nstalled by p it firmly against the top
edge of the Apply glue to the two
short edges and the inerrupted long edge
of the PARTITION and install in I

L one.

- 1
square 1o the SIDES and BACK and insert
pins through the SIDES into the edges of the
PARTITION. Remove the FRONMT, taking
care nol to disturb the PAR I,
13 t\l.‘ply I,Iu; 1 one surf

BACK 10 one -.ul.. ol
cavity. It does not w
s0 long as i
connector.,

14 Apply glue to one surface of one
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LONG BATTEN. Fix the BATTEN to the
inside ce of one SIDE so that a § in, gap
is left between the batten and the from edge

of the SIDE,

1 for the other LONG BATTEN

sl the other side of the cabinet.
lue 1o one sur aof cach

LN fix the batens 1o the

other two walls of the cavity w form a

continuous ledge around the cavity.

The four ¢ FIONS should now be
installed as shown in fig, 2, as follows,

17 Liberally apply glue 1o one long and
one short edge of SECTION 1. Mount the
S‘l'(‘l'!()'\l with its glued long ed the

ACK and the glued ‘.]wrl wd,

w uh the PARTITION
SECTION facing (h
cahinet must be
Ensure that the $
1o the BACK.
1% r\|‘|’!|\ elue o one long and one -.erl
rs TION 2. Mount the SEC
e SECTION | along
- 2and the glued short edge
with the BOTTOM, Ensure that
SECTION is perpendicular to the Iia‘\("l\

19 Liberally apply glue 10 one long and
twa short edges of SECT 10N 3. Mount
the SECTION with the
PARTITION in contact
one glued edge butted g

FTOMN s perpendicular

Ensure that the SECTION is perpendicular
to the BACK and that SECTION | has not
been disturbed.

20 Similarly apply glue 1o one long edge
only of SECTION 4. Mount the SECTION
onte the BACK so that one end of the side
facing SECTION 2 65 in contact with the
remaining glued edge of SECTION 3 and the
sime side s along pencil line Mo, 4. Ensure
that the & 10N is perpendicular to the

all the SECTIONS
L sguare to the BACK
and well bedded down, Do not remove
surplus glue, except that which would
interlere with the fit of the FRON
22 Leave this cabinet to dry and repeat

12 10 21 Tor the ol cabinet.

[ net six Illl“l’“‘ of

1 oe. picces, dividing these
into two pieces each, (] o) then each of
these into three equal amounts of § oz, cach.
S0 long as th done carefully, the slight
variation i final amounts will be 1|1.5|I|,|b|l.
24 Apply dabs of glue ;
long each of the three
pipe. se out and insert one piece of
TERYLENE WOOL in each section of the

(" FIG.9

CROSSOVER CIRCUIT BDARDS

0,700 A0 1SR ™

STACKED [ 2B STUD

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 2211
RESISTOR 15 REPLACED
BY 3302

V%

MO
AARANGEMENT

(a) 3-UNIT CROSSOVER

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




. ———— — —n gt T

-

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 “worins” ol SEALING STRIP of | in.
Jiameter approximately, an them with
oo gaps along all the top edg
SECTIONS 10 form i gask
i ONS and the FRONT,
26 Libe
the FIRONT but not around the aperture
aout, Lay the FRONT onto the
SECTIONS with the aperture toward
jop and displaced 10 the left of the
wefig. 1. With a block of wood interposed
fur protection, Tammer down the FRONT
antil it s Mush with the front edges ol the
SIDES. Tnserl pins through the SIDES inlo
the edges of the FRONT,

27 Repeat 25 and 26 for the second
cabinet.

i Lo fiest cabinel, Mount the
rerminal el or socket on the BACK and,
after connecting the wires plug up any saps
10 the *outside” with Se 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
(his can be done by applying only a lintle
glue o each corner. Bring the wire from the
socket out around the edge of the sponge.

30 Roll up o iece of BONDED
ACETATE FIBRE (BAT) of 24 12in,
into a solid eylinder 12 in. long and about
$in. dizmeter, After having e ished
which cabinet will have the ba
displaced 10 which side, lay the BAF along a
cavity 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 ndd the
PACK. DO NOT cover the entrance to

3 Tease out two more lumps off
TERYLENE WOOL and instaii one enci
sille 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,
1he drive units on the
n accordance with the
5" instructions.  For the Coles
ket of Sealing Surip, 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
nd vibrate
: the voice

v
coil lead-out wires o break, This

on does no harm o the tweeter
nor does it affect performance.

36 Mount the crassover boards on the
BAFFLES and wire up the drive units.
When making connections to 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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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 lis arelully
to check 1 i
Bene . Hold a piece ol tissue paper
al one point so that it covers the pipe

re. Check that the paper [Laps
1 it moves much further
an the B0 cone. [F all is v and aller
all, it should be, serew the baflle down.
are now ready Tor
hoice of 1
and Tor sitting back

connect the crossover board input 1o an
amplifier witl th the bass
and volume controls set al minimun,
Advanee the valume comrol so that

s can just be heard, then cheek that
the right part of the ra tted by each
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 | in, “worms” of
Sealing Strip and lay them in o continuous i
loop around the BATTENS. th
39 Connect 1he cabinet connector wire 1o
ring that “positive’

T

5 connected Lo " positive
the batle into the making
1t the cylinder of BAF is clear of the

Materials & Components List

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

-] *1x1 deal LONG BATTENS and BRACE
4 E A 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 Falcon Electronics, 26 Station Road,

Ti50r KO 10 DT Bexhill-on-Sea, Sussex

40016 or

Badger Sound Services, 10 Central Drive,
Ansdell, Lytham, Lancs.

RS Components Stock Mo. 113-617

2:2 pF capacitor, polyester RS Components Stock Mo. 113-584

7L, 07 A resistor RS Components Stock No. 154-315

1042, 10W r tor RS Components Stock Mo, 10 W 'WW Res 10 ohms
BE 1y, o1 A registor (115 oniy) [ Components Sieck No. ) 38-387

33101, 0-7 A resistor (KO 10 DT only) RS Componenis Stock MNo. 154-422

175 4, 07 A rasistor RS Components Stock No. 154-365

3 mH inductar
025 mH inductor
6-8 uF capacitor, polyester

4in. 2BA studding, nuts and washers

$in. round-head No. 4 screws—¥ ting 40016 tweeters
Unit Version only

Bl110

T27 Falcan or Badger,

3 mH inductar details as above
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 (1, § W resistor
25 41, 5 W resistor
ommeon to both Versions
Matrix Board RS Components
Connectors for fitting in rear of cabinet
[ from RS C. may be d through a radio or hi-fi shap or by mail order from
Doram Electronics Lid., PO Box TRE, Wallington Road Industrial Estate, Wellingion 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
suitable substitules for those specified. The crossover boards layouls may have to be altered, theugh,
Complete assombled crossover boards are also supplied by Falcon and Badper. Alhough the
construction is diflerent from the drawings, the same circuits and I
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.

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 ()

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

Stock No. 433-602

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