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INTRODUCTICN

Ultrasonic waves are those sound waves which are
ebove the human audible range., Twenty kilocycles is
the approximate upper limit for the ear, thus, fre-
quencies above this value are called ultrasonics,
Since the frequency is inversely proportional to the
wave-length, the wave-length in the 2udible range will
be much longer than, for instance, that used in this
paper. Where middle C on the music~1l scale hecs a2 fre-
quencg of 256 cycles per second, which corresponds to
a wave-length of more than a meter in air, for a fre-
quency of 2 megacycles as used in this work, the
weve-length would be less than two-tenths of a milli-
meter in air. Of course, the velocity of sound in a
liquid exceeds that in air, therefore, the wave-
lengths obtained in this work will be greater then
this value,

There cre many advantages in using ultrasonie
waves for the determination of the choracteristics of
sound fields, First, the energy concentration in ul-
trasonic waves cun be very great., Bergmann () states
that sound intensities greater than 10 watts/cm? are
common, while in the sudible range intensities zre of

the order of 10710 watts/cm? Second, the size of the



cepparatus c:zn be greatly reduced, since the wave-
length of the sound is much less then in the =zudible
range, Thus, the visible field con be many wave-lengths
in size while the equipment remains smrall =nd easy to

handle.

PURPOSE OF RESEARCH

In audible sound fields, the wave-length is of
sufficient size thet detectors such as microphones zre
small in comp-rison, -nd there is negligible distorticn
of the field due to their presence, However; for ultra-
sonic fields, the problem is either to devise e micro-
phone or some other detecting spparctus which is small
enough not to distort the dound field, or to find some
means by which the field can be investig:ted without
plzcing = probe or detector in the actual field. A mi-
crophone sufficiently small to satisfy the first condi-
tion would be considerably less than a millimeter in dis-
meter, it present, no such instrument has been devisecd,
The purpose of this paper is then to discuss opticzal me-
thods of studying an ultrasonic sound field which ellow
one to m=ke meu.surements of the field from a point of

observation outside the field,



OPTICZ2L METHODS

At the present time there :re three m=jor methods
of mnking sound fields visible., In 1932, Debye =nd
Sears (8) and clso Iucas -nd Biqu rd ([a); working inde-
pendently, observed the diffraction of lisght incident upon
a sound field, Thus, the sound field is, in effect; an
optic:l grating, The fund=ment-1 laws for an optical
phase grating hold for the grating effect of a sound
field, and we get te equ tion

ain =R/ (1)

where o, is the angle of diffraction for the k-th order;
N is the wave-length of the incident light; and A is the
wave-length of the sound, Since the distance D from the
sound waves producing diffraction to the point of obser-
vation is large compared to 4 , the distance from the
central image to the k-th diffraction image; the value
sin o may be replaced by 4/D, giving the relationship

| d=ADrj (2)
Thus, the position of the diffraction image is directly
related to the acoustical wave-length and, therefore;
the image separation can be used to determine the velo-
city of the sound (6). This will be referred to as the
diffraction method.

B second important method of rendering sound fields
visible is called the Toepler Schlieren Method, In this
scheme the incident light from a point source is rendered
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parallel by a collimating lens and is subject to phase
changes due‘to the variations of opticel path in the
sound field, Therefore, the light passing through an
objective lens placed on the far side of the acoustic
trough consists of two parts: that which passes directly
through the sound field, and a component which is dif-
fracted by the phase grating charccteristics of the sound
field and travels from the tank in a diverging manner,
The parallel component is brought to a focus by the ob-
jective on a circular black spot placed on a glass plate
and is not allowed to reach the screen, The diverging
component becomes parallel after passing thru the objec-
tive and will not be removed by the stop, The intensity
variations observed in this diffracted light result from
differences in the index of refraction of the medium
containing the sound field,

The la2st method of importance for making sound
fields visible is the short-duration spark shadowgraph,
This method consists of producing a light source of such
short duration that the sound waves are effectively
*stopped', Such a source is an electric spark produced
by the discharge of a pair of co-axial cables across an
air-zap. The light from this point source is made para-
llel by an achromatic lense and passes through the sound
field. The differences in density of the medium in the
sound field produce variastions in the intensity of the
light passing through the field, In the more dense re-
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gions, the light is partially refracted, producing a
darkened area on the photographic plate placed in the
light path. Thus, there results an actual revroduction

of the sound field.

ULTRASONIC WAVES

TRAVLLING WAVES
Let us first consider the trevelins sound wave

which moves out from the source with a plane wzve front.
1he displacement f of this w=ve will be siven by the
relation

f=Yain (0f —Ax-¢) (3)
where Y is the amplitude, w is the sngular frequency,
t is the time, x is the position coordinate, € 1is the
phase constent, -nd k is ~iven by

4 =2n/7 (4)
where /A is the wzve-length of the sound. Then the
excess pressure for the plane harmonic w=ve will be

P=-1c X (5)
where J§, is the mean density of the medium, ¢ is the
velocity of sound in the medium, andafﬁax is the space
rate of chancge of disvlzcement (5). Now the index of

refraction/u for a liguid is given by the expression

(u'-1)

-1 ! _
(/U‘-#E) 7—-)? (6)



where n is & constant determined &t the known values
of density and index of refraction of the liquid (13).
For methyl-alcohol, the medium used in this experiment,

these constants are ziven in the litercture (9)

/L(
%

Thus, the constant n is given by

1.3311 at 14.5°C

0.79609 tm/cms at 15°C

n = 0.2570 cm3/em.
Now, f is the density at conditions of 2 constant tem-
perature and ovressure throuchout the medium. However,
the introduction of & sound field causes variations in
the pressure of the liquid, 2s seen in equstion (5).
Since the density is directly related to the pressure;
the density at sny voint in the medium containine =
sound field will be

Y: i-;—(( ¥ (7)
Whereéj’is the chuonge in density due to the sound field
or

§r=dJdPe (&)
In this expression JP is the chunee in pressure due to
the sound field, while ¢ is the velocity of the sound (5).

Combining equations (7) and (8) and placing them in

equation (6) gives

(#=1) _ p BSP )



where, for simplicity,

A=n§ (10)
and

B- % (11)
Then

2_ [(1+24)+ 2BSP |
[(1-A) = BSP]

Factoring (1< 24) from the expression in the numerator

(12)

and (1= A) in the denominator gives

(2A+/)[/+ £A+I ] (13)
G —A)[r - BIE]
I =A

Taking the first two terms of the bino mizl expansion for

3 .
(1t x)°, (x<€1), the index of refraction will be
BJSP
4= (ZA*/) [/+ 2557
’ 1-A/ [/ - B4gP
2(1-A)
The higher order terms in the binomial expansion can be

(14)

neglected, for

2

A =//:,:;_ (15)

is alwsys less than one, since/uzis alweys a positive
number, From equation (11), B is alweys a small positive

number, therefore, this expression msy be written

l+2A /z[ 3BSP. ]

2 +A) (16)

where again the higher order terms huve been neglected,
Thus, there 1s a linear relation existing between the

-7 -



iniex of refraction :rd the excess nressure, TFor the
are~s of condensztior in t e sound field, the index of
refruction will incresase, while there is & decrease in
/“ for arers in which the pressure is a minimum, There-
fore, on the photcgrarvhs ~hich cppecr in this paper, the
brignt arces correspond to re=icns c¢f condensstion.

/e h=ave assumed the cxist-nce of plane waves in the
theoretical treatment. To produce such sound w_.ves, it
is necessary to use a source which vibratzs in a viston-
like fashion, Although there »re many vpossiblc methods
of producing ultrasonic fields, the method most common 1is
the utilizotion of the piezoelectric effect, In 1880, the
brothers Curie found that electric ch r=es could be de-
tected on the surf.ces of certain crvstels when t-iese
crystals were subjected to mechanical pressures or ten-
sions, and th:t the charce wos directly proportional to
the pressure, Shortly thereafter, it was shown that this
piezoelectric cffect was reversible and stroug mechunical
oscillations could be produced when these crystals were
placed in an alternating electric field., However, there
cre definite polar axes within the crystal, It wes found
that the maximum charge produced by a mechanical stress on
the crystal appeared at the ends of these polar axes (6).

To produce mechanical oscillations, it 1s necess=ry
to apoly a potential difference to the faces of a slab of
quartz., If the crystal is cut such that the X axis is
perpendicular to the face of the crystsal, a
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charge on this fece and an opposite chafge on the back
surface will cause the crystal to expand or contract in
a piston-fashion as the charges zre reversed,

A crystal-controlled pentode oscillator was used to
drive the acoustic crystal. This oscillator contained
an RK-20A tube which operated with a positive direct
current potential of 1000 volts on the plate, 300 volts
on the screen grid, =nd 45 volts on the suppressor grid,
The power supply for the oscillstor was a full wave
rectifier circuit conteining two 866 mercury vapor
diodes. The tank circuit of the oscillator wess connected
to a similar exterior tank circuit by me=zns of a link
coupling (4), These tank circuits contained a tuning
condensor and coil in prrallel with a crystal, and care
was taken to match their impedences. The control and
acoustic crystal were rated at 1806 kilocycles per se-
cond, A 0-1 emp., radio frequency ammeter was connected
in series with the acoustic crystel, With freshly dis-
tilled alcohol, it wes possible to pass as high as .4
emperes of current through the external crystal when
the circuit was tuned to resonance (the natural frequency
of the crystal),

As previously mentioned, the vibrating crystal
produces a great deal of power. Thus, if the boundaries
of the medium zre relatively close to the crystal, very
pronounced standing wave patterns are produced, It

-9 -



wes necessery to remove these standing weve forms as
completely =8 possible 1in order to study the traveling
wzves, This was accomplished by pl-eing layers of
cotton cloth at the reflecting boundaries., Surgicsl
gouze was used, since it left very little lint to con-
teaminate the alcohcl., Due to its low conductivity;
methyl alcohol was used =zs the medium., This was pl=zced
in a trough 6x7x15 cm, so constructel thst its two
glass slides were as nearly parallel s possible to re-
duce the reflections between them, These sides were
made of plzte glass of high optical quality so that the
optics1l defects found in ordinary glsss would not be
present, The acoustic cryst:z1l was suspended at the end
of the tank by & bzkelite holder on which w2s mounted a
plcte of brass., This brass plate served cs a backing
for the crystal, 2nd wss used as cne electrode, The
acoustic crystzl was held in pl:ce against this backing
by a fork-shaped brass spring which served as the other
electrode, A thin layer of gold was evaporated on the
two fzces of the crystal to ensure a uniform distribu-
tion of churge.,

To obtain instantaneous sp:rk-shadowgraph pictures
of traveling sound waves, it was necess:'ry to develop
g circuit which would produce an intense light source

of extremely short duration. The velocity of sound in

alcohol is given in the literature (6) as 1130 meters per
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second ~t 23.8°C., and at a frequency of 1806 kcy/sec.;
the wave-length is approximwtely ,6 mm, Therefore; the
time required for the wave to move one wave-length is
sbout 5xldd’seconds. Thus, to obtain cle:rly defined
instantaneous photographs of the traveling sound wave;
it was necessazry to expose the film for about one tenth
of this time, or 5x10.‘ seconds., Beams, et 2l. (3),
describe a cifcuit which meets these requirements, In
this circuit, shown in Fig.I, two coexial cablcs -re
disch rged across e spark gap. .t the moment of arcing;
a signal will travel down the transmission line, be
reflected from the open end, and return to the gap with-
out a change of phuse to 'c¢t zs a damping force on the
zrc, To obtzin a spark of 5X10-83econds duration, it

is necessary to use a cable which is, at most; 25 fecet
in length., Two 9 foot lengths of transmission line

were connected in p-rallel with the spark gap. A re-
sistor of 52 ohms corresponding to the ch. racteristic
impedence of the line w: s pluced in each line in secries
with the spark gap to completely attenu:.te the wave,

The lines were connected in parallel to increase the
totzl charge without changing the time for the quenching
signz1 to return to the svark gap., The transmissicn
lines were charged with a half-wave rectifier consisting
of an 8016 diode, a 12,000 volt transformer, and a 3
megohm resistor to limit the current to less than 4

- 1] =
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Tiz.II Optical .rrangement for Spark Shadowsranh
.. Sound absorber
M. Perforated mica
B. Adjustable electrode
S. Point source electrode
C. Collimating lens
X. Acoustic crystcl

P, Photosrzvhic pl-te



millicmperes, The two .0l mfd., condensors connected in
series were used to increase the time lapse between
discharges, but during each discheorze they were effec-
tively isolated from the spark gap by dischargine them
through the two 5000 ohm resistors., The time lapse be=-
twecen discharges was less th-n one second for a separ=-
tion of the spark gap electrodes of 4 mm,; therefore,

e key was necessary to control the circuit,

The electrodes were prraboloidcl in sh:ope, and
one wi:s hollow with a small hole drilled through the
end which =zcted as a point source of light, A gre t
deal of difficulty was encountered in obtsini-g suffi-
cient light intensity to expose the photogrepnic plates
nd still kesp the length of cxposure to the value re-
quirei, It was found that arcing would occur at various
points on the parabolic surf . ces of the electrodes;
hence, to ensure that the light was nvailable at the
hole in the one electrode, a sheet of miéa containing
a small perforation wos placed between the electrodes,
which allowe: arcing only at the peint source,

The schematic represent.tion of the optical system
used to cbtain spark-sh-dowesra~h pictures is shown in
Fig.II., The achromatic lens rendered the light from the
point source par:llel as it passed through the acoustic
trough., A photorraoxniic pl:ote wus pl ced «t ths far side
of the field to m:litce a permanent record of tho field,

- 12 -



Care w-s toien that the f.ce of the _coustic cryst=l
w8 =8 ne.rly parallel to the lizht berm &s wnossible.
Trom equ=tion (5), the pressure varies with the nosition
coordinate, and from equation (16}, it is sceen that the

-

index of

o
o)
H

efracvion is a function of the vnressure,
therefore; t:e bright bands on t:e vositive correcswvonrd
to areas of condensaticn, For s traveling wave, t:e light
is diminished at points opposite a rarified region in

the sound Tield. This is plainly cvident in Tig., 1.

Q

v

It will «lso be ndced in Fig.l th=zt the field is
not plane in nature, Turther study of tils vhotograph
showed thet whot might be interpreted as two distinct
beams inclined at a slight angle tcwards each other were
emanating from the fuce of tiae crystal., The product of
resonant frequency in kiloeyclzs per sscond ond cryvstal
thickness in millimcters wes found to be 1655 indicating
an A,T.-cut (7). This particular cut vibrates in a
shear mode, giving rise to tﬁe unusual character of the
field, In Fig.2 an absorber wam placed in the sound
trough to remove the standing weves, The lines of inter-
ference of the two beems transmitted by the crystal are
evident in this picture,

Fig.3 is a photograph taken by the Schlieren method.
The optical arrengement is shown in Fig.III. The lisht
from a two watt concentrated arc lamp designed as a
point source was rendered parallel by an achromatic lens,

- 13 -
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and after passing through the sound trough, was broucht
to focus on the edge of an aperture cut in a sheet of
brass., The central image was removed in this manner;
and a dark field was observed st the screen, How; when
a sound field was introduced into the path of the light;
this parallel light was 'bent'! by the erating effect of
the field. While the central imsge w=s renoved by the
edce of the aperture, the higher diffr=cted orders were
allowed to pass through the ovening and fell on the
screen, Thus, the small averture acted as a pinhole
cammera, o mention of this metiiod has been found in the
literature, In the common method, ¢s previously des-
cribed, the centrsl image is removed by a smell cir-
cular spot, and the higher diffrected orders present
at the edge of tanz spot ere brought to focus on the
screen by another lense., Since the sound tenk w=s quite
small, many reflections from the boundaries of the medium
were present which spre=d out the centrsl imege, There-
fore, this method proved very unsatisfactory., It must
be stated, however, thzt if a circular eperture is used,
extreme caution must be exercised in meking the edges of
the aperture as smooth as possible to ensure th=t the
centrzl imzge does not pass through to the screen, for its
high intensity will render the hicher orders invisible,
Figure 4 is a Schlieren photosraph of the sound
field with an absorber pleced in the trough. XAgain the
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possible existance of two inclined sound berms is
evident. This photograph was taken of the field at

a distance of three centimeters in front of the acoustic
crystal, Here, the convergence of these besms is even
more apparent than in the sperk-shadowgraph victures,
However, since the schlieren method shows only the
interference present in the field, the structure of the
field is absent.

Figure 5 is a picture of the field with & felt
absorber placed over one half of the fsce of the crystal,
It is seen that only a small portion of the intecrference
lines of a beam moving downward from the crystal are
present, This further substantiates the existznce of a
shear vibrational mode in the crystal,

4 very simple mbéthod of mzking velocity measure-
ments of ultrasonic fields is avcileble in the diffrce-
tion arrcnsement shown in Fig,IV. As in the previous
methods, a parallel beam of lizht is passed throusgh the
sound field, and the areas of condensation and rarifcc-
tion combine to =ct as an optical greting, However,
this method differs from those previously discussed
in thst the point source is now revlzced by & narrow
slit, and the centrzl image as well as the diffracted
orders are viewed =t the screen, In equations (1) and
(2) it is seen that the wave-length of the incident
lizht must be known to celculate the velocity of the
sound. To this end, a green filter was plsced between
the ribbon-filament, white light source and the col-
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limating lens. The light passing through the tenk

was then brought to focus on a screen, where the lines
of diffraction could be seen, Vhen an absorber is
placed in the sound trouzh, the traveling wrve acts as
a grating which moves scross the light beam with the
velocity of the sound, In Fig.6 the diffrsction pro-
duced by a traveling weve c#n be seen, In this pic-
ture the centr=1 imege and the first order on eilther
side are visible, To obtain the meXimum nimber of lines
and the correct spzcing of these lines, the positions
of the tank and the lenscs are very critical., The
objective wes a spectacle lens whose foczl length wes
accurately known to be 200cm, This lens was placei ot
its focal distance frmm the screen, @nd then the colli-
mator w=s adjusted to obtain the sharpest focus possi-
ble. Therefore, the light passing through the sound
trough was as parallel as possible, VWith the sound
field on, it wes found that a very slight rotation of
the tenk had a merked influence on the number of dif-
fracted orders which could be observed, The maximum

number of orders were desired in esach cese,
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REFLLCTED WAVES

From equztion (3) it is seen that the dispace-
ment§cﬂ‘the plane wcve is a function of the phase con-
stant €, 4t a rigid boundary the net displ:cement of
incident =nd reflected woves must be equal to zero.
Therefore, there cmn be no change in ph-se between these
two waves, -nd the smplitudes will add, #n analogy can
be drmwn between the ultrasonic field incident on a
rcflector »nd a vibrating air column in a2 closed pipe,
For certain poéitions of the reflector sprced 3 wave-
length ap-rt, the displacement cnd the enerzy of the
sound field is a maximum, For other positions of the
reflector, the stznding wave will be of smzller ampli-
tude resulting in s decreese in the intensity of the
diffr=cted light.  Thus, for sharply defined pictures of
standing wave patterns, the position of the source and
reflector was very critical, and since the wave-length
was less than a millimeter, fine adjustments were
difficult to mcke,

If a long duration spsrk shzdowgreph is taken of
a sound field incident on & reflector (see Fig.7), the
recions of condensation (=2ppesring &s bright lines on
the print) occur at hulf wave-length intervals, However,
the instsnteneous vpictures of the sound field will re-
cord the wave in the vosition sssumed et the moment
the picture is tsken, Therefore, a full wave-lenath
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separation will be seen on the photoesravh, ¢s in
Fig.2. By merely taking e long duration =znd then zn
instentaneous exposure of the field, the traveling
waves can be distinguished from the st-nding waves
by compzrison of thec two pictures,

In Fig.8 & vpicture was teken of the ctystzl os-
cilleting in the sound trough with no asbsorber present,
This was a lcng duration exposure, and the standing
wave patterns visible in the sound field :=re due to
reflections from the boundiries of the tsnk, Since
the distance from the source to the vcrious bounduries
was not a constant, the intensity of the diffracted
light is seen to vary ot different points across the
field. Figures 9 and 10 show the s=me field ¢s
Fiz.8, but an absorber w-s introduced into the sound
field, In Fiz,.9 the long durction exposure w:s used,
while in Fig.1l0 the picture w:s teken with the instan-
taneous light source, It is seen that the absorber
removes the stinding weve patterns, and the instent-n-
eous source renders the traveling wave structure visi-
ble,

When a schlieren picture is taken of » field in
which the sound beam is incident upon a reflector, the
stending wave structure is visible (as in Fig.ll), since
the parallel light incident on the sound field is 4dif-
frzcted 2s & result of the variztions of presgsure,

For a traveling wave, these zreas of condensction and
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rarifaction move zcross the field of view much like a
moving optic:=1 greting, =s previously described, Ilow=-
ever, for a standing wave, the "reas of condensation
recur =t the s me positions in the field civing rise
to muximum diffraction of the light from points in the
field one helf wave-length ap:rt =t zlternste half
cycles, Thus, during the rel-tively long interval

of time in which the schlieren picture is tecken, these
regicns of condenscetion sppear to remzin at the same
position in the field, The diffracted light from the
standing waves will appecr =s bright #nd d=rk bands
with the interference effects of the traveling waves
in the background, This is clearly evident in Fig.ll.
A schlieren picture of the field produced with no eb-
sorber in the tank =2g2in shows the st:inding wave
structure resulting between the source 2nd the bound-
aries of the tank, (See Fig.8) The interference lines
produced by the tr:.veling w-ve are evident in the back-
ground, It should be notea that in each of these pic-
tures the structure of the interference lines of the
traveling waves ere about what one would expect from
two acoustical sources inclined a2t & slight angle to
each other, Here, agoin, it might be postul=ted thzt
the field of this crystal consists of two besms moving

out from the face of the cryst-l,
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In studying the scund field by the sp: rk shadow-
graph :nd schlieren methcds, efforts were m-de to re-
move the stunding wive forms, However, in meking ve-
locity messurements with the diffracticn method, it is
desirable to heve strong standing vw:ve potterns present
in the field, This is =2dvisable since the stationcry
waves exhibit better groting qualities than the tra-
veling wcve field due to the hicher sound energies
existing in the stending waves, and therefore, higher
diffrccted orders can be observed on the vhotogr=phic
plete, Since more lines :tre present, a higher degree
of accuracy can be obtzined in the measurement of the
separaticn of the orders, TIrom equation (2), knowing
the distance of the k-th diffraction image from the
central im=2ge, and hzving predetermined the distance
from the photogravhic plate to the grating producing
diffraction- in this cese the sound field- it is posci-
ble to determine the velocity ¢ of the sound in the
liquid, since

c=A) (17)
where ) is the frequency of the sound, TFor Fig.l2
the velccity of sound im methyl alcohol wes found to
be
c = 1223 m/sec,
This value is slightly greater than the velue published
in Bergmann (6), but since time did not permit, no
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ettempt was made to reproduce the conditions under
which the value given by Bergmenn w: s obtained, Some
error would be cxpectedl since the wave-length range of
the white light source was nnly limited by a green
filter. However, this value does lie in the proper
region to be close to the values obtained by other
means, If precautions were taken to limit the weve-
length of the incident light, end the variztions in
velocity due to changes in tempersture were taken into
account, more accurate values should be obtsined, It
might be mentioned that since this crystsl does not
vibrste in such a manner as to produce plane waves,

erroneous values of velocity might be obtained,
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FPig.,l. Short-duratis-n sp rk shadowcreph of travel-
ing sound field, The ultrasonic field is produced by an
1806 kilocyele, AT-cut crystal (at riznt) vibrating in

av

methyl-=1lcchol,

e e Y s Py SO Y —

Fig,2., Spark shedowsr2ph of traveling ultrasonic

woves incident on a sound sbsorber, Crystal cource-is at

ricsht,

e e



Fig 3. Schliceren photoegraph of sound field in
medium of msthyl -alcohol, Note the standinz wave struct-

ure present between the source and the tank sides,

Fig, e Inter-ference 1i...3 of an ult--~sonic beam

rendered visible by Schlieren method. Source is at richt

and sound absorbzsr is =2t left,

Fig. 5. Schlie-en photozriph of sound field pro-
duced with the lower hzlf of the cerystzl covered by a
mzsk, This is a picture of the field thre= centimsters

to the risht of the crystal,



Fig.6. Diffraction picture of traveling sound weves,

L2 sound absorb<or has removed the standinz wove structure,

Fig.7. Reflection of ultrasonic berm from brass plate
one centimeter from crysial face. This is a2 long durstion

®park-sh.dowgraph,

Fig. 8. Standing wsvcs cxistines between the crystal
face and the boundariszs of the medium,
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Pig.9., Long duration spark sh.dowgraph of ultrcsonice
field in zccustic t-nk cont=zinin~z scund absorber., Notice
th t 211 but a very sm:11 portion cf the standinz wave

n removed,

D

structure his be

Fig.10., Travelinz sound field in a tank containing

a sound absorbing mcterizl. Exposure time is less thean



n

Fig.ll, Schlieren photo~r:ph of ultrasonic b=cm
incident on & brass reflector, Note strong st..nding wave
patterns superimposed on the interference lines, The

erystel is loe>ted to the left,. the reflector to the right.

p— = Fig 12, Diffraction picture of sound field normal

to & brrss reflector,



CONCLUSION

The problem of obtaining e sp:-rk source of suffi-
ciently short duration to 'stop!' the traveling wave
presentedi a major obstacle in tihls study. However,
with its solution, it wrs possible to obtain photo-
grcphs showing the sound field in gre:-t detail, These
photogrophs show cleerly the structure of the field;
but cre of little value in determining the intensity
distribution of the sound, Schlieren pictures p-esent
little of the structure, but give some indicetion of
the intensity distribution in the field, 1In each cese;
however, these pictures show a two dimensionsl view
of a three dimensional field, This, together with the
difficulty encountered in going backward from the
picture obtained on a photographic plate to the actual
field, makes it difficult to obtain = quantitative
interpretation of the true nature of the field,

It hes been shown thmt the field produced by an
A,T.-cut cryscal is quite difficult to znalyze, but
since this wes the only cryst=sl aveilable Tor this
study,_an attempt has been mede to show the properties
exhibited by the field of this crystal, This szme
crystal was used by Xurtz (11) to measure the veloci-
ties of several salts in aqueous solution, and he states,
"Tn adjusting the reflector it was pbssible to get a
good standing wave when the top was one or two wave-
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lengths chead or behind the bzse."™ This would tend
to further estzblisix the existance of two distinct
beams leaving the face of the crystel slightly in-
clined, The field choracteristics of this crystal
can be compared with the plane wozve field of an
X-cut crystal by referring to Barnes and Belliiger (1),
Hubbard, et al(l0), Barnes =nd Burton (2), end meny
other authors who have written on plene scund fields,
However, the scund fields of eny crystal vibreting in
a fluid medium cen be studied by the cpticel methods
outlined in this paper. By employing these three
methods one can gain insight into the modes of vibra-
tion of the crystal :nd conceivably pcstulate these
modes, The optical methods discusseti in this peaper
heve far-reaching epplication in the study of the dif-
freoction effects of sound wevcs incident on elges and
aperatures. These methods ~1lso oven a field of study
of the interference phencmens produceil by crystazls
inclined st vaerious ungles to each other,

Perheps the nost import:snt sinzle conclusion
can be drcwn from the diffrcction data, This method
in no way describes the field, the patter s obtzined
depending only on the wave-le gth of the sound., It
has been long known thct this method giv:es equzlly

good results vhether traveling or standing pl-ne waves
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are prcduced in the sound cell, but this work
indicetes thet such mezsuremeants can alsQ be ob-
toined for more conplicatved sound fields., The
data cre insufficlent to perwit a st-tement as

to accuracy for this last cease.
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