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In an acoustical holographic system both the phase and ampli-
tude of a sound field are preserved by recording the interference
pattern produced by the diffracted fisld (Vo) and a reference sound
fi01d { Ug). Although most applications have been concerned withihe
diffracted field yet in fact all the sound fleld information is
stored at the detector. Assume the latter is a ‘equare law' device
then the intensity (T ) of the received radiantion will be given by
J=U0R=Tg I +TUo B + TR U8 + UE Uy __. (1) whore m demotes
the complex canjugate. At the detector the sound interferemce
pattorn 15 visuaslized end the resulting optical disr bution is
recorded on f£ilm as a distribution of the optiZY ToUTicient of
the film., On flluminating the hologrsm transparency with coherent
light them recomstructions of the original (trus) wavefront
together with its complex conjugete are produced through the terms
U5 Uy and Uy 0% of (13. the other two terms of which correspond to
the undiffmacted part (Ug) of the reconstructing wave which is
merely attenuated on passing through the transparency. Since phase
and amplitude are recorded the complete sound field is recoustrugted
as a three—dimensional light distritution, so that the opportunity
is presented of storing caomplete sound fields on e single trata-
parency for detailed study in the reconstruction process. Since

Ag ¥ AL » where A, and A are respective wavelengths of the
sound and the reconstructing light waves, then there is a gignifi-
cant difference in the longitudinal (u,_,,S and the lateral (My,)
magnifivations produced in the holographic process, given by Mo
=% tA J2) where fi=ALfA.. As a result in the Teconstruo~
tlon sound fielde of a few cm path length become several meires
long. The scaling (factor @) of the hologram between detection and
recomstruotion 1s common in acoustie holograrhy and besides reducing
the offective value of M it improves, at low acoustic frequencies,
the diffracting efficiency of the hologram transparency. Consider-
ing the hologram as a complex Fresnel zome plate with a 'built int
object its fooal length (') is given approzimately by /g’

+ (,g - Yz) {3 where Z and Z, are respectively the axial dis-
tances of the reconstructed image point end the reconstructing
source point from the plane of the hologram. Similarly for the
Tecording procese the 'effective! focal length (F ) of the helogram
is given by gz = Yz, — 'fzq (4). Z, and Zp being the axial
distance of an objoet point and of a reference source peint,
respectively, from the recording plane of the hologram.

The focal lengtha are related by the '@preaaicn ;,= 'ﬂzﬁﬂ' «5)
vhich for perallel illumination gives -+ f‘“l » since Stz

[ frem (2].



How from the geametry of the recording aysta? -fnay be found and
Z

with the Imowledge of mand m, the peaition of the image point
1s determinable. Consequently Z may be found as a function of 3,

In this paper an account is given of the use of a specific
‘acoustleal visualization device, called a Pohlman cell, to study '
the pattern of the sound field inside a hollow metal tube acroas
and along ita axia, The cell depends for its action upon the
couple exerted by an acoustic field on a thin disc fresly suspended
in a fluid {(cf Rayleigh disc) so that the disc temds to set
'broadside-cn' to the incident radiation, the magnitude of the
effect being properticnal to the sguare of the acoustic particle
velocity. In the present experiment ths particles conglated of a
suspension of aluminjum powder in water with the addition of a
gimple dispepsing agent, the thin cell being provided with a good
pound tranemission window of Mylaer film and an optical window. A
sound wave incildent on the membrene will produce an orientation of
the reflected light which may be directly related to the intensity
digtribution of the sound field.

The sound field was produced in a water tank lined with
dimpled matting of an aluminium-loaded butyl rubber cempound snd a
conventionsl off-axls Fremmel holographic system was used. This
engured that in the finsl reconstruction there wounld be an angular
geparation of the {rue and conjugate images, A matched pair of
PAT ceramlc transducers constituted the acoustic sourcea operating
at 0,963 MEz and mounted to reduce the side-lobes in their far-
fields. The metal tube wag suspended by light threads so as to be
coaxinl horizmtally with ome of the scurces and located in its
far-field, so that the plana sound waves may be assumed to be
incident.

The hologram as recorded by the Pohlman cell was photographed
using Eodak Tri-X film and the sceling factor (w} was about 0.05.
The film was developed in Microdpl-X to a high gamma (¥ ), se as
to give sufficient contrast to produce a high diffraction effi-
clency and hence a brighter recomstructed image. A Spectra
Physics He-Ne laser (A = 63280°) with an output of about 12 mW
{although 1 o¥ gave reescnable reconstructionguwas used as light
source, The reconstructed length of the 30 cm metal tube was
about 10 metres, At any point in the recomstructed image a photo-
graphic plate or film may be inserted snd a permanent record made
of the light distribution. The transmission distribution (T) on
the film negative is related to the light intensity distribution
(I) in the image by the formula T = I¥2, By choosing y= 1, the
tranamisaion distribution assumes the form of the square root of
the light intensity distribution, and in twrn this is proportional
to, the sound particle velecity and hence to the acoustic pressure
distribution within the tube. By scenning the film recording with
a micro-densitometer and plotting the cutput om a pen recorder the
distribution is cbtained of the acoustic pressure across a dismster
within the tube.

The method of calculating theoretically the scoustic distri-
bution in the tube was as follows:- Firstly the exact three
dimenaional equations of linear elssticity were utilized to repre-
gent the dynamic configurations of the tube and the fluid. The
solutions of the equations of motiom then gave the following
expression for the fluid pressure inside the tube;-

b = Ayl Gy [ (1= 1 )™ L (40 (b)) exp {i k=52



whare g and b are the outer end inner radii of the tube, p¢ and fj_
are the pressure and volume density of fluid and w and § are,
respectively, the circular frequency and axial propagation con—
atant,t is the radial co—ordinete and d,(%) is the Bessel funotion
of first kind and order zere. Cp and { are the normaliced phase
velocity and frequency parameter respectively and are givem by the
following expressions Cp = (W[4§G) 5 L) = (waCy)

where C; is the sound welocity in the fluid,

The characteristic equation was obtained by satisfying the
conditions of the continuity of stresses and displacementis at the
fluid-tube interface. For a particular frequency parameter, the
characteristic equation gave only cne real phase velocliiy leas
then the socund velocity in the fluid. The phase velocities
higher than the sound velocities in the fluid were complex and
wore associated with the spatially attemuated modes, For agome of
the modes the attenuation waa, however, very low, The detalls of
the analysis of the characteristic equation are being published in
a separate papeT.

At a frequency of 0.96% MHz, the characteristic equation waa
solved for the first five modes which were then superimposed to
obtain the resultant pressure distributien inside the tube. The
pressure was normalized with respect to the pressure at the sxie
of the tube. ‘

Figure 4§ gives the experimental and the theoretical plots of
the normalized pressure distribution at the middls plane of =
20" long brass tube with cuter and inner Qd4ameterses 1,9 cms and
1.7 cma respectively.
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FIG. 4 NORMALIZED PRESSURE AMPLITUDE
ALONG TUBE -RADIUS FOR (b/a):0.895



