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Loudapesker Developoents by H.D. Hafwood, B.Sc, -

At low froquencies laudspeaker cozes behave us xdigid
pistons and mince the Tediation resistance of air is phown'in - -
plide 1 to ¥nry as the fregqueney squared: the cone should be:mase
controlled to give a uniforn axial response/frequency characteristic.
From this information we can dbduse twp, importent feotors, - These
are that the aemplituds of the cone variea inversely. as frequency ‘
aquared, i.e. the amplitude is large at low frequencids tut emall at
moddun end higher frequencics. - The second point is that; as can
be @oan from the figure, the radtation resistance st low frequencies

is, suxprdeingly, indgnendent qf the ares of ke piston -

.- *. FHow the maximum scund level which can bo radiated by a -
cone ig determined by the smplitude permissible bofore excassive -
distortitn gots ih dnd tHid-viadrd; ‘s we have meen -above, at low
frequencies, The usual procedure empleyed to overconme .this effect
ia o load the rear of the come accustlioally by resonating the air
stiffnasp;gf Ahe-londspesier oabinph-writh amacoustic inertance in
the form of a vent, thus fomming a Belmholtg resomator; ~The.
inatrucfions; glver ipgthe textbooks is that the.area of the :vent
ghould be equal to that of tho cone and- in order to obtain -the -
required value of inertance a tube has to be construoted inmide :
the cabinet. However we have seen that the ‘radiation resistancs is
independent of the piston, or vent, area and this fnstruction is
therefore false,  The vent cen be made quite small with two .~ .
proviscs. Firstly that the r.m.s. air velocity in the vent doss
not excéed. the 1imits for linearity, about 1 m/s, and sscondly
that the vent is not so mmall ‘that the Q of the inertance is=
seriounly affected. ' In practice & hole of about 6 in can ba
employed Successfully and ig of course chesper sud . eimpler to ' -
econotruct than the usual tube. o e L

- The next ‘point concerns the non-linearity csused by the
magnetic field. ‘hen the amplitude of the woice coll is great .
enough to exceed.the linesr porticn of the magnetic field eo that
it enters a much weaker portion of the field it might be expected
that clipping of the wavefomm would take place. In fact, however
we have seen that the meximum amplitude tekes place at low :
frequenciea and -it will be =ppreciated that at these frequencies the
potionel impedance is the predominating factor in deciding the
current in the voice ¢oil, Now when the coil movea into & region
whore the averasge flux density is half the Yeat value tha motional
impedance is reduced to ona quarter. From'a constant voltage
aocurce, four times the .current will flow in the voice coll and this
in a field of half ‘the intensity will give twice:ths driving force
that waa obtained in the centre field, - The amplitwde,far from



being clipped,is therefore exrpanded a3 the field is reduced, Of
courne it ahould be noted that this state of affairs only occurs
when the motional impedance is the predominating factor in decilding
the current flow. VWhen the £lux density is reduced so much that
‘this . ip not s0, clipping of the waveform does take place. Now it
may be thought that expansion ¢f the driving force is just as bad as
compression ‘from the point of view of distortion but this is rot se.
The stiffness. of the spider ie itself non-linear and Hncreases with
amplitude too.. This can be mede to. match the expansion of the-
driving force giving a linear displdcement over s much greater
‘amplitude than would otherwise be possible. In this way a
loudspesker has been dedlgned which, with an amplitude four times.
greater than the linear magnetic-field gtill has distortien p:roducta
almat 40 dB below the fu.nda.mental. :

Ue nert come to ‘the problenm of. directivity. If wa ueg
only one_‘unit to cover the-whole frequeney, range.it is found that
the radiation at high frequencies is highly dirvectional. The -
obvious next stage is to use two. unite, one for lovw and the other :
for high freguencies, However even this i not free from snags for
if the axlal fesponme is mede wniféTm the of f-axis response will be

- ag phown in slide 2, - Still further improvement can be obtained by
using three unite for low, middle and high frequeneies respectively
but the same mndamenhﬂ problem 'rama.ins.

) : ' The, directivity of tha low frequency units can ‘be improved

by placing e 8lit over the cone provided the resonance of the air in

the cons with the inertapce of the slit is placed sufficiently high

in frequency net to be troublesome. - The effect of the slit iz not

however as simple as would. anpear at First sight. For the .pirpose

of caleulating the directivity, a slit in front of a laudspeaker can

be likened either to a line source, or somevhere batween & piston in

an infinite baffle end on .the end of & cylinder. Now if we .

caleulpte the differonce botween the axial and 60° respgnses for |

these three cases we get the curves shown in the ‘slide. It is ' |

not surprising that for ratios of slit width to wavelength up to L |

0.7 the ihree curves are closely in agreement, and it would appear :

that if we take a velue of 3,ths off-sxis curves should approximate

¢losely to ‘the axial ones,.’ In fact this ie not the case, the

beasured results are given in curve d&. Now it is possible that |

the alit is not uniformly illuminated with ‘sound and if we calculate

4the ertreme case where &ll.the sound is econcentrated at the edges

of the elit we get curve s, This is JDbetter but still not in good

agreoment and in any ¢ese measuremenis of the sourd pressure show

it to beé almost uniform across the glit with a slight excess at the . |
|
|

centre, The next stage was to repaat the measured results, taking
the wildth of the cabinet as the slit width, see curve f, and it

will be seen that the agreement with the theoretical results is very
good up to a ratic of 0,7, It aprears then that the ratiation from
the slit flows nlong the front of the cabliet until it meeta the
discontinuity of -the sides and i1s then re-radisted from the corners.
This is confirmed in the next slide which shows that a slit ham no
effgot on the dirgetivity up to a frequency of sbout 700 Hz
corresponding torﬂ- of 0.7 in the previous alida Of course above -
this frequency it has a m.arked effect.

Now we come to the question of cone material, "In the
vaat the customary cone materisl has been paper pulp, This has
the advantage of being cheap once the expensive tools have been
paid for, but the reproducibility is pocr and the sound quality is.
marked by middle frequency colouration. Some attompts have been
-made to use expanded polystyrens, with and without reinforcing
metal gkins, with varying degrees of success, The difficulty with
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this material is that it has & high internal Q and is thus difficult
to damp or terminete mechanically. ¥ore recently use has been msade
of a solid polystyrene material whose internal damning has been
increased by the addition &f a synthetie rubber, Wave motion in

- the cone is thus relatively well damped but to eliminate ptanding
“wave effects it is still recessary to provide the correct mechanical
ternination for the ¢one. The mechanical impedance of the cone is
different for redial and ¢ircumferential waves and the surTound must
act as a correct termination for both, and that in a distance which
is small-cotipared with & wavelength,” At the same time the surround
mast permit ap reciable amplitudes and must not resonate itself,
Resonance of the surround c¢an-often result in irregularities of

10 4B in the middle frequency range, with corresvonding -colouration.
A-successful design is sahowm in the slide 5 where it will be seen
thateffactivaly an EC element is placed. in geries with the LCR
components ‘of the surround proper.

. - During the design of a high grade monitoring loudaneaker a
small middle frequenoy. unit was mdde usirg the thermoplastic materist
mentioned above. It had & very smooth axial response frequency
curve but.on. listaning was found to have marked colouration in the

.1 kHz to 1,5 kHz range. Bxsminatlon with chopped tone showed that
there were three remonances close together but thé maximum valus.of

“the decay was 40 dB below the steady state; they did however have a
Q of about 500, It should be noted that if these reaonances were
in phase with the remainder of the output the effect on the eteady

" state response would only be 0.1 dB whilst if at oo they would have
even less effect. As they ceaused sufficient colouration to cause
the loudspeaker to be rejected the impmortance of thim source of
trouble is underlined., In fect it was possible to cause the
subjective effect to disappear almost completely by damping the
cone with a layer of a p.v.a. compound, -

In the light of this, cther cones in use were tested for
eolouration by driving them with pink noise in the. free field room
and recording the output of the measuring microphone, They weére
) then oainted with the same damping compound end -pink noise again

Tecorded, The two recordinge were then played consecutively and
any effect of the additional damping wos immediately apparent.

A complete loudsneaker has been produced using a 12" unit
with a plastic.cone for the frequency range up to 400 Hz, an 8" unit
agein with a plastic cone for the middle fre uencies from 400 Hz to
- 3 kHEz and & smell nressure type unit about 13" diameter. with a
plastiec impregnated cone for the remminder of the frequency range,
The -fwo larger units have 10 cm slits in front to improve the
" directivity and in common with all BEC designs over the last twenty
years the crossover networks incorporate frequency correction

. networks to produce the required axial responsa/fraquoncy charocter—

istic, The differeat units are connected to the taps of an aute-

- transformer to permit adjustment of the levels exactly. The spread
in response/frequency characteristics at various angles in the
horizontal plane is shown in slide No. % and will be sesn to be very
small. The range in oxial response/frequency characteriatics for
8ix specimens ia shown in slide lio. 7 and will be seen to be within
41 dB.  This hes been fixed as the vermissible range for production’
models and should be compared with & range of § 4B for middle and
high frequencies for high grade capacitor microphones and 7 4B at
the bass. Leudspeaksrs have no longer the widest spread in
response, :
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. Slide No. 8 shows the mean spherical response of this.
loudspeaker and alse the directivity as a funetion of frequency.
Thia varies quite smocthly with frequency. )

The haymonic distortion measured at a sound rressure of

1 N‘,“"m2 at a distance of 1.5 m in the free field rovom is shown in

8lide No. 9. . Por thome unaccustomed to assessing such curves

two pointa should be mentioned. - Firstly, coonared with the ‘

- fundamental curve note the extrece irregularity of the other curves,
particularly at the higher orders of distortion, ‘even at low. "
frequencies.” For example st 82 Hz the ‘level of the eighth harmonic
13 10 4B ebove that of the sixth, but at 85 Hg the elghth is 28 4B |
below the sixth, & difference -of .38 dB in 3 Hg! It i3 olearly’ .
esgential therefore to measure distortion as e contimoua function

"of frequency rather than at a few spot frequencies as with electronic
equipment, - L . .

- Tha se‘co.nd point is that these levels of distortion are
quite inasudible, - . I o : .
- .. Tha éorrésp'tmding intermodulation distortion curves are
shown 1n slide No. 0. - - ‘ : " )
Finally this loudspesker i8 not ohly_high’l'y"reproduca;abla

but also ie remarkably free from colouration and representa s
major step forward in the art of 19udapeakex- 'design.. .
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