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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 field (no) and a reference sound

field ( Up). Although most applications havo been concerned within:
diffracted field yet in fact 53; the sound field infomtion is
stored at the detector. Assume the letter is a 'squere lsw' device

then the intensity (J) of the received radiation will be given by

J =UUI=UR up. +Uo “3 +33“: + vino _. (l) where I denotes
the complex conjugate. At the detector the sound interference

pattern is visualized end the resulting optic 1 die bution is

recorded on film as a distribution of the op amt icient of

the film. 0n illuminating the hologren trensparenq with coherent

light that reconstructions of the oriynel (true) wavefront
together with its com lex conjugate are produced through the toms

U’éfln End V3 13.9 of (15. the other two terms of which correspond to
the undiffracted part (cc) of the reconstructing wave which is
merely attenuated on passing through the transparency. Since phase

and amplitude are recorded the complete sound fieldis reconstructed
as a three-dimensional light distribution, so that the opportunity

is presented of storing complete sound fields on a single trans-

parency for detailed study in the reconstruction process. Since
,\5 >) AL , where Assad ALare respective wavelengths of the

sound and the reconstructing light waves then there is a signifi—

cant difference in the longitudinal (flu, and the lateral (nu)
msgtifics ions produced in the holographic process, given by flu

= 2 LA )2) where PL: "L/ . As a result in the reconstruc-
tion,seund fields of a few m pa h length become several metres

long. The scaling (factor m) of the hologram between detection end

reconstruction is common in acoustic hologreplv and besides reducing

the effective value of Hit improves, at low acoustic frequencies,
the diffracting efficiency of the hologram transparency. Consider-

ing the hologram as a complex Fresnel zone plate with e 'huilt in'
object its focal length (f’) is given approximately hy 'Ir’g
t (It - '2‘)“ where Z and 2c are respectively tin Izial die-
tenoee o the reconstructed image point and the reconstructing

source point from the plane of the hologram. Similarly for the
recording process the 'effeotiva' focal length (f) of the hologram
1s given by 'I; = '12, - '/2R (4). z, and 2,, being the m1
distance of an object point and of a reference source point.

respectively, from the recording plane of the hologram.

The focal lengths are related by the-apreaem {9 mail)‘ '(5)
which for parallel illumination gives i=1. rain}, since yth

[from (3)].  

  

 



 

low from the gametry of the recording system may be found and
with the knowledge of mend , the position (Z of the image point
is determinable. Consequen 1y 2may be found as a function of Z0

In this paper an account is given of the use d a specific
acoustical visualization device, called a Pohlnan cell, to study
the pattern or the sound field inside a hello: metal tube across
and along its axis. The cell depends for its action upon the
couple exerted by an acoustic field on a thin disc freely suspended
in a fluid (at Rayleigh disc) so that the disc tends to set
'broadside-on' to the incident radiation, the magiitude of the
effect being proportional to the square of the acoustic particle
valccity. In the present experiment the particles consisted of a
suspension of aluminium powder inwater with the addition of a
simple dispaaing agent. the thin cell being provided with a good
sound transmission window of Hylar film and an optical window. A
sound wave incident on the membrane will produce an orientation of
the reflected light which may be directly related to the intensity
distribution of the sound field.

The sound field was produced in a Inter tank lined with
dinpled matting of an alminium-loaded butyl rubber compound and a
conventional off-axis Fresnel holographic system was used. This
ensured that in the final reconstruction there would be an angular
separation of the true and conjugate images. A matched pair of
PZLI‘ ceramic transducers constituted the acoustic sources operating
at 0.963 H.112 and mounted to reduce the side-lobes in their for—
fields. The metal tube was suspended by light threads so as to be
coaxial horizontally with one of the sources and located in its
far-field, so that the plane sound waves may be assumed to be
incident.

The hologram as recorded by the Pohlman cell was photographed
using Kodak Tri-x film and the scaling factor (n) was about 0.05.
The film was developed in Hicrodnl-x to a high gamma (7 ), so as
to give sufficient contrast to produce a high diffraction effi-
ciency and hence a brighter reconstructed image. A Spectra
musics lie-Ne laser (AL: 6328A°) with an out t of about 12 as
(although 1 mid gave reasonable reconstruction was used as light
source. The reconstructed length of the 50 cm metal tube was
about 10 metres. At any point in the reconstructed image a photo—
graphic plate or film may be inserted and a permanent record made
of the light distribution. The transmission distribution (m) on
the film negative is related to the light intensity distribution
(I) in the image by the formula ‘1‘ = I ’2 By chmsingY: 1, the
transmission distribution assumes the form of the square root of
the light intensity distribution, and in turn this is proportional
to. the sound particle velocity and hence to the acoustic pressure
distribution within the tube. By scanning the film recording with
a micro-densitemeter and plotting the output on a pen recorder the
distribution is obtained of the acoustic pre'ssuro aaoes a diameter
within the tube.

The method of calculating theoretically the acoustic distri—
bution in the tube was as follows:— Firstly the exact three
dimensional equations of linear elasticity were utilized to repre—
sent the dynamic configu'ationsof the tube and the fluid. The
solutions of the equations of motion then gave the following
expression for the fluid pressure inside the tube:-

p; = Ai uh; JOL (u- qty/m (tomb/w] exfi—itwt—évj



 

where g and 3; are the outer and inner radii of the tube, k; and fi
are the pressure and volume density of fluid and a) and a are,
respectively, the circular frequency and axial propagation con-

stant,,}_ is the radial eo-ordinate and LOO is the Bessel function
of first kind and order zero. Cr andD are the normalized phase
velocity and frequency parameter respectively and are given by the

following expressions C}: = (“9! gal») 5 Q. : (ma‘cf)
when C; is the sound velocity in the fluid.

The characteristic equation was obtained by satisfying the
conditions of the continuity of stresses and displacements at tin

fluid—tube interface. For a particular freun parameter, the
characteristic equation gave onlyone real phase velocity less
than the sound velocity in the fluid. The phase velocities
higher then the sound velocities in the fluid were ccmplex and
were associated with the spatial): attenuated modes. For some of
the modes the attenuation was, however, very low. The details of
the analysis of the cheracteflstic equation am being published in
a separate paper.

At a frequency of 0.963 "Hz, the characteristic equation was

solved for the first five modes which were thensuperimposed to
obtain the resultant pressure distributioninside the tube. The
pressure was annualized with respect to the pressure atthe axis
of the tube. ‘

Figure 4 gives the experimental and the theoretical plots of
the normalized pnssure distribution at the middle plane of a
30" long brass tube with outer and inner almath 1,9 Miami
1.7 ms, respectively.
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