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ABSTRACT
"Using optical diffraction, we have measured the phase velocities
of various ultrasonic modes in waﬁer filmsvof different thicknesses.

sandwiched between two glasskplates. The results agree well with theory.

+On leave at-the Miller Institute of University of California.



‘Acoustié wave propagation in layered médiavhas.been studied éuite
'exténsively.l In particular,. sound propagation in‘fIUid sandwichedl
 between two solid plates has attracted much attention because of i#s-
applicétions in delay lineZ and in coupling of surface waves between
separate surfaces.B' Two kinds of modes exiét in the fluid film: the 
waveguide modés and the surfacé—like modes;l So far? only the group
velbcifies of the ﬁaveguide modes have been meaSured.2 The phase velocity,
howeﬁer; is a more fundamental quantity.. We present hefé what we believe
t§ be the»first direct phase'veiocity measurements of both the waveguide
and the surface-like modes in fluid films bé;weeﬁ solid plafes. Our results
are in gdod agreement with theoretical calcuiatioﬁ..‘ | |

| .Figufe 1 shows our experimental arrangement. We have studied water
films of various thicknessés sandwiched between glass plates. An ultrasonic

Rayleigh wave at 12.3 MHz was'first'generated on a Y-cut X-oriented quartz



plate by an interdigital surface wave transducer and then transferred
through a water coupler3 onto one of the glass plates binding the film.
The thickness of the film was uniformly controlled to * 2 um by mylar
or Ai spacers. The inner surface of one of the glass plates was coated
with a thin (~ 500A) Al film so that the propagating soﬁnd waves would
corrugate the film into a reflective grating. A 1.5 mW laser beam of 5 mm
in diameter was’used to probe the corrugation which caused a diffraction
of the reflected 1ight,4 .The diffractéd beam was focused by a lens'
onto a foéal plane as shown in Fig. 1. it was then detected and anaiyzed
by -a photomultiplier bghind a .2 mm X 2 ﬁm slit sitting on a_rail. The
position of the slit on the rail was read by a potentiometer whose output
was fed to the x-terminal of an x-y recorder. With this setup, the .
diffraction peaks could be easily separated from the central reflection
peak. In order to improve the signal—to—noisé ratio, we modulated the
acoustic wave amplitude and used the phase-sensitive sqheme to detect
the diffracted beém. The output from the.lock-in unit ﬁés sent to the
y-terminal of the recorder. :

A typical.diffraction pattern is shown in Fig. 2. 1In this case,
- corresponding to 182 um film thickness, five sets of diffraétion peaks can
be distinguished. They resulted from five different acoustic modes in
the film as we will discuss later. The peak height is proportional to
the square of the lateral aﬁplitude of the corresponding acoustic
mode at the Al film. The phase velocity of these modes éan be deduced
from the position of the diffraction peaks. We used a thick (~ 1 mm)
water film, for which the outermost diffraction peak was due to an acoustic
.mode with essentially the bulk wave velocity (~1.485 km/sec),5 to calibrate

the phase velocity measurements. As a check, we measured the Rayleigh
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.wave.velocity onYQuartz to .be 3.14t0.03 km)sec, in good.agreement with the
value in Ref. 4. We also found the Rayleigh wave velocity on glass to

be 3. 11*0 03 km/sec in agreement with a calculated value of 3.09 km/sec
deduced from the measured bulk sound velocities in glass. We have
measured the phase velocities of all the ecoustic modee in the sandwiched
water film as functions of film thickness. Our results are shown in

- Fig. 3. |

- Theoretically, the acoustic modes in a fluid film are described

by2
| c. 4 (c/e )2 -1 172 1/2 1/2
tD =1 wn-Y n-SY
1 - (c/cl) ) ¢ _ t
1/2
- [2 - ( ) ] } tan{kh[( ) ‘1] } for odd modes
e | (1)
9 1/2
= - cot{kh[(ﬁL) - 11 } for even modes

£

‘where o'is the mass density ratio of fluid to solid, ¢ and k are the
phase velocity and wave vector of the acoustic mode respectively,

c, is the sound velocity in fluid and ¢ andbct are respectively the

f 1

longitudinal and transverse sound velocities in solid. The solid

boondary planes are at z = *h. We can have c >'cf or'c < cf._ The

modes wich c > cg are the waveguide modes which could be envisaged as

“bulk longitudinal sound waves bouncing back aod forth betveen the two
solid planes. They reduce to the free Rayleigh wave on solid.in the
absence of che fluid. The modes with ¢ < cp are the surface-like modes. |
In the case of a singlebsolid—fluid interface they reduce to.the so-called

Stonely niode6 which decays exponentially on both eides of the interface.
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We measured cl:and . in glass plates to be 5.69 km/sec and
3.38 km/sec respectively. The mass density of the glass plates was.

2.45 gr/cm3m Then, with ¢, = 1.49 km/sec and p = 2.45, we.solved

f
Eq. (1) numerically; The result is shown in Fig. 3 as solid curves.
- Note that there is(no adjustable parameter in the‘calculation.‘ The agree-
ment is quite good.. The small discrepancy is presumably due to the
fact that in derivi?g Eq. (1), we hévé neglected the boundary layer
in the fluid where visco-elasticity is importanti The odd surfage-like
mode is absent in Fig. 3 because the cutoff thickness for this modeAis
about 450 um.

The relative inteﬁsities of the various modes depend of course on
the boundary conditions at the fgeding edge and should vary with the
film thickness. As the thickness was increased, the fastest guided mode
" grew in amplitude at the expense of the slower modgs until a new and
even faster mode set in. In this manner, most of the acoustic power
was in the mode with a phase velocity close (but not necessarily closest)
to the free Rayleigh wave velocity. This behavior. is reasonable
considering the large acoustic impedance mismatch of the slower modes
with the free Rayleigh wave at the feeding edge; |

We wish to thank Drs. Ed. Fisher and J. B. Ketterson for measuring
the bulk sound velocities in the glass plates.

This work was supported by the U.S. Energy Research and Development

Administration.
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FIGURE CAPTIONS

Block diagram Qf'the'eiperiment;

Typical diffraction pattern from acoustic ﬁaves in a 182 ﬂm
water film held between glass plates:. The peak separations
indicated are inversely proportional to the phase velocities of
the acoustic modes. |

Thickness dependence of the phase.velocities of various acoustic
modes in water films between glass plates: WE: even waveguide
modes, WO: odd waveguide modes, and SE: even surface-1iké mode.
Dots are experimental data and solid curves are calculated

from Eq. (1).
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LEGAL NOTICE

This report was prepared as an account of work spbnsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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