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Both time averaEed and stroboscopic hologfaphy havg'been used
for the study of vibrating loudspeaker coﬁea. Or&inary strobﬁ-
sdoPic holégraﬁhy is made difficult by random creeping which
occurs in pﬁpér loudspeaker cones over a peribd:oflébout'ten
minutes, Uhfortunately a temperature and hLmidity controlleﬁ
'_environment.which may have corrected this was not nvailable
and so the setting of the correct strobogcopic phase with a
live hologrém-éventually became impossible. To Bveécome this
and other difficulties ,such as the effects of amplifier'hum
and uncertainties about the come rest position,the technique.

of scanned holography hae been used.

To take a scanned hologram a disc wi#ﬁ;a:ﬁumbefrdf
radial Blits‘is placed imnediately in front of fhe photographic
plate and both tﬁe reference and object beams pass through it
to fall in partial registration ‘on the plate. 1t one interslit .
distance is traced along the hologram by a g;ven slit durlng
one object cycle,and stationary and moving exposures arc
talkten, then on reconstructioﬁ fringes correspondihg to any

phase of a vibration cycle may be seen on looking through the

appropriate part of the hologrem. There is thefefore no‘longer i

any need for the strobe phase to have any definite angular
relation with the object, though it must remain‘phase locked
with it




The initial éystem still requires two axposures;;héwever, and
a second scanning method has been derived to overcome this, If
two slits of the disc trace one interslit distahqé'ﬁuring one
object cyclé,';n reconoctruction fringe systems ctrfésponding
to differences between any two object cycle phaaéafspaccd 180°

apart can be seen. Therefore the sensitivity is'doubled and

the need for:a'live hologram and a second exposure'is renoved.

An 1nterest1ng phenonenon was dlacovered with this
system: On moving the eye along the hologram the ordinary
speaker fringe systems were scen to wax and wain as with the
initial system, but also at certain object phases thicker ,
dark fringes unrelatod in pattern, vere geen to blank them out.
these hlanking fringe vwore phase relatcd to the object'

“vibrations as they too waxed and wained as the eye was moved

- along the hologram . 0dd or even harmonics uould nat cause
these fringes and neither would the presence of 11near motion
during the‘txposuro. Finite exposure time has beet shovm to |
cause amplitﬁde dependent chgnges-in the-brightnesé of the
reconstructiop,but these would follow the pattér#élforﬁtd'by
‘the ordinary frihget and to explain the effect tbtgtved the
.Gtroboscopic 'on time' would need to be much'lénger thanrthmt
which vas ﬁsed. |

Sutharmonics offer a possible explanation. It is
known that subharmonics exist in loudspeaker vibrations and
the fact that speaker vibratioen amplitudes quadruple for a
halving of the frequency for a given input allowa subharmonics
to show up in a hologram even if they do not contribute much
to the actuél sound radiation.Theory shows that the fringe
functioﬁ'deaqribing the subharmonic multiplies that due to the

fundanental and so the subharmonic fringes will blank out the

fundamental ones.If harmonics are showm to be‘pfesent with this




method it is pocosible to take a scanned hologram of the
subharmonicralone with a different scanning system. As in the
initial system one slit traces one interslit distance along
the-holonrqm*during one object cycle = but this fimo the
second expésure of the stationary object is not taken. There
is therefore no amplitude difference reaulting.frqm either
the fundamental or the (super)harmonics. The subharmonic
however is sampled twice in its cycle, and these sample voints
are 180° apart (for the fundamental these points are 360°
apart). Therefore the fringe systems scen for thg :zrot sub-
harmonic are similar to those seen for the fundamehtal-when
using the second scannlng system, Other scanning uystems can
be derived by beth alterlng the scanning rates and the

number of eiposures taken. For instance by sampling four times
in a fundaméniél cycle ,the first harmonic could ﬁe"regarded a8
the'fundamental'and the fundamental would take on the role of
the'first sﬁbharmonic'. This and other scanning systems have

not yet been investigated by‘the author,

The investigations of paper loudspeakef.cones have
chown that the fringe systems seen can be very complicated and
as a result bf this it can be quite difficult to obtain any
useful dataﬁfrom them. Occasionally the systems fegemble the
symmetrical fringe systems seen on vibrating discs and the
effects of lead—iﬁ wires have been well damonstrafed, but the
results on sandwich cones have had@ the greatest practical use
to date. The response curve of a typical sandwich bass unit
{rnnde of expanded polystyrene between two thin aluminium skins)
shows high Q high amplitude peaks in the break—ﬁp region which
is several octaves above the equivalenf region in peper cones,
Holography has shown that all the break-up modes of the sand-

wieh ¢oncs are aiisymmgtric in charaéter. This behaviour woﬁid




occur with ell speaker cones,if their physical properties were
uniform,since the conditions of excitation and éﬁpport allow
only for these modes to be excited. This is in féct.the case
with sandwich &ones whose physical properties va&y by a maximum
of 10 percent over the arca of the cone and it is'ﬁbt the case
with paper conés whose properties may vary by over 100 percent
from one small area of cone to another, Sin¢e holoeography has
shown that all'éandwich cones and modes have a comﬁon antinode .
at the surrouna and the voice c¢ocll we can take m?r§-bffective
steps to damp them out. By using a lossy couplihg_tﬁ attach a
seismic mass‘tq'the voice coil,damping is aﬁpliﬁd;in the most
effective location possible and in fact all the modes can be
damped out with only a slight sacrifice in sensitivity. In any
case weighting‘rings attached to voice coils have been nsed for
years ‘as a kind of'mechenical crose over system' and the lossy
's;ismic masé-may replace this , the overall effect then being

merely the removal of the unwanted recsonances.

The iﬁterpretation of louvdspeaker fringe. systems must
be carried out bearing in mind the location of the coincidence
eritical frequency for the material of the cone, For sandwich
cones this lies just below the first major break-up frequenoy
anﬁ.consequentl& this mode may radiate up to 12 db more than it
would if the'éritical freﬁuency fell ﬁbove it. This in part _
explains thc‘great height of the peaks in aaﬁ&wich‘speaker units
and the cmaller height of the peaks in paper unitd:where the
critical freqﬁency is supersonic. Experiments on brass plates
have confirmed this step in radiation efficiency, The break-up
modes of papef'coneé may indeéd only radiate at boundaries and
ﬁy Scatteringjat inhomogeneities and so if they could be more
uniformly made break-up nodes would have less of an effect og

their response curves,




