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Sxisting mothods of observing ultraponic wive fields are
discussed and the likitations of esch pointed out, together
with sn indiosticn of why such meamurements sre of interest,
& now ethed i desorided which uses starch eoated plates in
4 d1lute agueocus solution of iodinms in a manner analogeus to
tiie use of photographic esmleions for the cbeervation of slectiro~
magnetic wave flields., The process deponds on the acceleration
of the starchwiodine resction under the aetion of ultresonics,
snd evidence is put forth te suggest thet the mechanism of the
acceleration is s transport phenomenon. Applicstions of the
pew teshnicue are indicated by several neswr~field diffraction
pattorns of cireuiar sources st differsmt lrequencies smd
distances, by zn edges diffraction patiers, snd by & scund shadow
pleture of & lead plate. Properties of the starch “emulsion®
aro described by a typleal B and [ auvwe &z is done photographicslly.
Two existing twchniques ~ the use of phosphors, snd the Fohlmen
¢cell ~ are examined in detail, amd it iz shown that the sterch
plate method is smuch mors flexuible and simple to use, and
produses good susllity pleturee,
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A New Method for the Visualigzation amd

Measurement of Ultragsonic Flields

INTRODUCTION
One of the important applications of ultrasoniocs lies

in thelr use for the investigation of wave behavior on a
laboratory scale, made possible by the short wave lengths
attainable, This same feature ¢of extremely short wave
length, however, introduces problems in measuring techniqueas,
For example, In the range of sudible frequemcies microphones
are used to detect and measuwre sound cheracteristics, and
the usuel rule of thumb 1s that the detecting device skould
be of dlmemsions less than one«tenth the wave length in
oprder that the measuring device ghould mot by its presemse
dietort and deatyroy the very effect to be measured. Quite
obviocusly at wave lengths of a millimeter or less, as will
be attained witkh sound frequencies in the megacycle range
produced in water, such deteoting devices are ruled out

by sheer size considerations. kven apart from these Aiff-
raction effects, for detalled studles of field patterns

it is apparent that an iastrument large compared with the
wave length would not be sulitable, since the mierophone
signal is determined by the average of the measured sound
characteristic over the sengitive srea. Further, such a

technique gives values for points, and a peint-by-point
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plot 48 necessary for the determination of the complete
field, Keck, Heller and Williaems (19) have developed a
method in which a pulsed source is rotated about its axis
and the signal produced by a stabtionary microphone is
displayed on a cathode ray oscilloscope, giving the
direcstivity pattern of the gource, The method 1is speciaelized
to this one type of measurement, cbviously. suéh consider~
ations as indicated above have lead to the development of
different techniques for the observation of uifraaanze
fields, taking edventage of effects peculiar to the high
frequency ange. In general, these methods give a pioture
of the entire field, im much the same sense that a photo-
graphic plate gives a picture of the electromagnetic wave
field, in which relative magnitudes are discernible readily,
end absolute magnitudes are usually somewhat diffieult to
obtain, Some of these methods will be discussed below,
claseified ss to the effect of the ultrasonic wave utilized,
and particular sttention will be given to the limitations
of each., The latter pert of the paper will desoribe a new
method feor such observabtions which avoids many of these
difficulties, and whick is spplicable for the visuslization
of ultrasoniec fields in liquide ~ im particulaer, water or

aqueous solutione.
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Optical Methods

Optical methods for the observation of ultrasoanie
fields have beon very extomsively developed, ome advantage
being that the measuring instrument « a light ray - most
certainly will have no perturbinmg imfluence on tke sound
wave. Ali’ﬁptical methods depend foi their operation on
the changes in the index of refrsetion of the medium resulting
from the varistions of demsity im the goumd wave. Perkaps
the aimplsst of the methods is the spark skadowgraph
arrangement, in which light from a short duration spsrk is
rendered parallel snd pesses tremsversely through the sound
wave., The 1ight is dé#iated from the regiona of low 1#&33.
and there results what appears to be an instantaneous shadow
pleture of the ultrasonic wave, Hubbard, Zartmenn and
Larkin (18) have used this techaique to study diffraction
in alr, and it is slso spplliceble to liquids. OUne of the
experimental difficulties lies irn the praduétien of a suff-
iciently intense, sufficlently short duration spark source.
The class of opticael methods known generally as schiiocren
techniques is subjeet to many variations experimentally,
but depends on the fact that the pericdie variations of
index of refraction in the sound wave constitute a phase
grating, and the light in the diffraction orders is a function
of the diffractor. For exsmple, in the case of a simple,
thin grating the light in the nth order represents the
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grating characteriastics in a manner peculiar to it, sad Aiff-
ereatly{than the other orders, such that if the diffracted
light be sllowed %o recombine, ome obtains an image of

the diffractor, The sound wave is not a thim grating, and
furthermore it is mo#in;, 80 that the simple theory does

not apply; still it is represemted by the diffracted light.
Hiedemann and coworkers (15, 16, 17, 24) and at about the
same time Blr (1) have investigated asnd developed this

Vype of measurement extemsively, using a variety of techmiques,
The zeroth order nay be blosked out, the zeroth order only
may be used to form an image, single orders may be used to
view the field, or various combinations of orders, each arr-
angement resulting in a slightly different sspect of the
sound field, Hiedemann's “"method of isochromata" utilizes
white 1light and a single order to produce a colored imsge

of the field in which areas of the seme color correspond to
areas of constant amplitude, hence the name, The Mach-Zehnder
interferometer is used for the observation of shock waves,
and hag been uged by Timbrell (30) for the sbsolute meas-
urement of pressure in a plshe wave, but seems less well
adapted to the visuslization of the complete sound field.
These optical effects can be classified in terms of the
acoustical quantity operative - the interferometer measures
pressure directly, the schlieren method responds to

pregsure gradient, end the shadowgraph depends on the
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socond spaoe derivative of pressure,

All the above methods suffer from a common disadvantage=
namely, the light traverses the cell im a direction tramsverse
to the direction of the sound wave, smnd the region of
optical effect i3 one of considerable deptih, Hence if the
sound field 4is mot eompletely umiform laterally there is
serious question as to Just what the image represents. Since
the usuasl case corregponds spproximately to ax;al sysmetry,
these techniques cam be only inmdicative of the fleld
pattern, Hiedemamn and Osterhammel (16, 17, 24) have avoided
this situstion by use &f a quartsz aourézggi long end
narrow, coprespondimg to a elit souree, the field of whioch
was obhgerved by means of light travelling paraellel to the
long dimension of the quartsz bar. The same technique could,
of course, be applied to the other methods, but they do
rot represent gomeral procedures for obtaining field
patterns, Schaafs {(22) has used the schlierem metkod for
obgervation of the vibration of erystals, sending the lighkt
thraugh the quartz in the direction of the sound wave, but
the seme lack of homogemeity of index wvariation in the
direction of light travel remders this technique diffiecult
of intoerpretation in terms of the sound field.

Opbica11j3 diffraction patterns are obtaimed as the

transverse section of the besm, rather than as longitudinal



seotions, For this reason, ss well as the desirability of
of exgmination of shadows cast by obataeien, one is lead

to seek methoda for observiang the tramsverse section of the
sound field. Ultrasonic¢c waves have long beem known to
exhibit certain effects peculiar to the high frequenecy range
a8 well as the phonomena of gudible sound. among these are
4 dynamicel . or Rayleigh disk offect, the acceleration
or initistion of certain chemieal renctions, thermal effects
resulting from the high intensities readily attainable at
high froequencies or from the absorption of short wave leagth
sound, and certaln other effects whoso origims are dlfficuls
to cabtalogue. All of these types of effect have been used

to indicate ultrasonic wave field distributions.

The Rayleigh disk effect, long used for the sbsolute
measurement of sound intensities, is manifest as the prope
erty of a amall, flat disk to align itself normsl th the
direction of the sound wave, Poklman (26, 27, 28) has taken
advantage of this property in his image converter cell, a
thin cirsulsr c¢ell having a back of thin metal, a froat of
glass, and containing a suspension of fine aluminum flekes
in xylene, The cell is illuminated from the front, and
because of the random oriemtation of the Al flakes the light
13 reflected diffusely. If, now, a sound wave enters the

cell through the thim metal baok, the flakes in the field
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ere oriented normal to the direction of sound travel,

apd specular reflestion takes place. The sound field 1is
thus made visible, and the pattern appesring in the £ell
can be photographed, This method will be discussed im more
detail below, as it is one of the techniques scrutinized in
this worke.

Marineseco, obﬁerving that the light semsitive Eder
reaction was equally well initisted by ultrasonic waves took
the loglcal step of studylng the action of ultrasomics o
photographie pletes, and found that a latemt, developable
image was produced, Ermat (9) and Bennett (2) have applied
this phenomenom to the observebtion of sound fields, Ernst
using the loagitudinal section and Bennett the transverse
section, The besic csusez for the ultresomic imsge prodnction
are not yet ecompletely understood, Pimoir and Pouraﬁier (e8)
aPe of the opinion that the exposure is due to the'guminescenae
of bubbles of dissolved gas, although this oplnion is neot
universally held, Marinesco originally attributed the effect
to the getivation of the silver atoms by collision, This
method requires sound waves of relatively kigh intemsity,
and long exposure times - of the order of am hour - are

precouttons
necensary, Further, the customary photographica must be
observel, The long exposure to the sound beam produces
thormal effects in the gelaetin, in some cases resulting in
an actual melting, end im the writer's opiniocsn kaving to
do with the formation of the image.
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Sehreiber and Degmer (30) and almost simultemecusly
Eekardt and Lindig (8) have used phospkors for the visualisetion
of the ultrasonlc wave, The technique 1s essentially ideantical
with that of infra-red pkoasphors « the phosphor ( e.g, ZnS
with Cu as activator) ie exolted with ultravioclet light sad
after a short decay period is subjected to the ultrasomie
beam, The acoustioc energy absorbed by the phosphor amd s
supporting film appears as heat and accelerates the phoaph-
orescent decay, sc that the areas upon whick the sound i
incident agppear bright against o less brilliant ground, If,
now, the sound be turmed off before the decay is complete,
the previously bright areas appear darker than thedr swrroundings
as a result of the "unloading"of the stored-up emergy. The
patterns may be photographed im the conventiongl msaner, oy
a contact "print" may be made om a piece of cut film epplied
directly sgainst tRe phosphor. This method will also be discussed
in more detall below. Ermst amd Hoffmann (10) have reported
the use of verious thermally semsitive substances for the
observation of amound flelds. For example, they kave used
pigments which chenge ¢olor at a given temperature, eto, as
well as phosphors. Moat of the changes are apparembly reve
ersible, so tkat photograph¥ is necessary to obtaim a permanent
rooord. Dognon and Simomot (5, 6, 7) have investigated
thermal effects, although nome of their results gppeer to
be directly applicable to the preseat problem.

Many direot chemical effects of ultrasomic waves have
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long been lmown ( see Bergmamm, ref, 3, chap. V ) and there
has been gontinued interest im the underlying principles
of guck astiomn., Typieal reactions are the production of
free lodine tyom KI, the liberation of 012 from ayueous
solutions of €Cl,, tke formation of MmO, from EMnO,, eto.
In every case the effect is as if the ultrasomic wave were
an oxidizing agent. Investigators agres that intemsities
of cavitation magnitudes are required, and the reactions
take place only whom cortain gases are preseant in sclution.
s Kling and R, King (20) khave shown the presemce of
hydrogen peroxide im previously pure, oxygen satursted
water after ultrasomie irradistion, and evidence of ozome,
If alir be the disgolved gas rather tham oxygem, ome obtains
oxygea~containing compounds of nitrogem, Grebar and
Prudkomme kave reported (12) similar resesrches with
similar results. Weissler, Cooper and sayder (33) have
inventigated the liberation from KI of free iodine in a
solution containing 001*. and conclude that the liberated
Iis primwrily sn indicator of the free ehlorime produced.
Prenkel (1)) has proposed 2 theory for the chemical actiom
of ultrasonic waves based on the electric charge that may
result whea a bubble is formed due to the statistlcal
fluctuabions in the distribution of ions. He concludes

that a suffieciently atrong eleetrie field may be produced
in the bubble to result im a dlsckharge through the vapor,
producing sctive radicals either directly, or indirectly
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through the action of the light accompanying the discharge.
The difference im bekavior of differemt dissolved geses
results, them, from the differemces im vapor pressure amd
and electrical properties of the vapor im the bubble.
Bresler (4) kas reported experiments which he feels confirm
completely the theody of Fremksl, Griffimg (13) om the
otker hand, kaes proposed a theory for the chemical actiomn
predicated on the very high temperatures possible in the
bubble, These temperatures, possibly of the order of several
hundred degrees Centigrade, give rise to large thermal
gradionts in the liquid in the immediate viecianity of the
bubble, thereby producing the chemioal reactiom. According
to this theory the action depends on the thermodynamical
properties of the gas, the temperature being determined by
the ratio of the specific heats through the term (y=l1)

and the thermal gradiemt im the liquid depending om tke
thermal comduetivity of thoe vapor. Welssler (32) has pointed
out, however, that certalm effects are mot explained by
this theory, and suggests that the rate of collepse of the
bubbles has some imfluence., To the writer's lkmowledge, such
direct, irreversible chemical changes have not beem spplied
Por the observation of ultrasonie field patterns, although
the liberation of free iodine sounds interesting begcause

of 1ts positive effect on starch. Haul, Studt and Rust(l4)
have used a plate carrylag a grid in which wes imbedded
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stareh fof the measurement of the quentity 8f iodime
1iberated, asd have investigated the actiom i various
soluhiona;

An uihraposxe wave of losg than cavitation imntenmsity
may influemce the rate of readtion, as has beem known for
the starch-iodine reaction, whick is accelerated in the
pvesoneew§£ the sound wave, This effect immedistely suggested
1tself in the search for am acoustic amalogue to the photow
graphio process, and 1t is with the techniques and results
of the development of such an amslogy using the starche
jodine reaction that this report will be comncermed. Comp~
arisoas will be msde with other methods, specifically the
Pohlmen ogell and the pkodphor technique, from the stamde
point of esse of obtaining results, possibilities, and
quality of records, The technique te be described will be
showa to be much simpler and flexible im mamipulation than
either of the methods memtlomed, and to result im pletures
as good as or better thaen the phosphor technique at gomew
what lower sound intensitiea, The near-field, or Fresael,
diffraction patteras of trensducers will be used as a hasis
of comperisom, anmd certain other applications will be
indicated.



12

THY 8TARCH PLATE TECHNIQUE

Appaxatus

Ba?ium titanate ceremic disks were used for this work,.
These tranaducers are commereially available imr several
rrequeéeies and sizes with electrodes and 1sad§ attached.
Tﬂis type of tramsducer 1ig of low electrical impedsnce, has
a rather broad resonence, and the electromechanical coupling
fagtor is higher than for most plezoelectrie materials. For
these reasons the ceramie transducer is somewhat simpler to
handle cireuitwise, and makes avallable higher acoustie
intensities tham a quartz sourte operated from the same
eireulit, The transducer was drivem by a orystal controlled
ogoillator using a type 804 pemtode tube, The nominal
output power of this eireult is about 50 watts., Am assortment
of sontrol orystals and tanrk 00ils makes avallable frequencies
in the raange 0.5 = 9 megecycsles per aecond., The ecircuit
diagram 18 shown inm Fig. ). The transducer proper is coupled
to the tamk circuit of the oscillator by mears of a limk
coupling and appropriate mateking circuit. A high impedance
transducer suck as quarts must be comnected in parallel
witk a resonant circult termimeting the link, while the
barium titenste requires only a parallel capacitance Ain
place of the seecnd tumed cireuit. The very high Q of quartsg
requires a very careful match between control crystal amd

transducer with respect to resorant frequencies, while the
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resonsnce curve for the titanate ceramic is sufficieantly
bragd that this cereful mateh is not required, Coramics
used here were of mominal frequemcies 1, 2.5, and 5 moy/see,
end were dpivem at 1,073, 2.390, and 4.970 mey/sec. resp-
ectively, representing the fraquencies of conirol orystals
olosest to the mominal tramsducer frequencies. _
Since tﬁ% work was Lo De done in water, end simce it
i desireble to havVe as muchk of the acocustic energy as
possible in o single beam, the transducers were mounted so
that one face was in contact wiﬁh the water, and the other
with air, Because the scoustie Aimpedance of the water is
much closer te that of barium titanste tham is the case
for eir, by far the grestest part of the energy goes into
the liquid., Fige. 2 shows the details of the transduecer
mouating, The transducer disk proper was cemented into the
recesas provided with Amphenol liquid polystyreme coil dope,
which, of the various methods trised, proved to be simple
and satisfactory. The brass shell snd the waber serve as
the ground comnection, snd the high poteatial lead is breught
in to the rear face of the disk througk the stem, whick is
gealed with red wex or other material.
The transducer unit was mounted in a holder as showam
in Fig. 5, which also provided a kholder for the plate whichk
eould eontinuo&gigiggtJdlatanees from leass than one cemntimeter

to about 40 centimeters from the tramsducer. The complete



Fig. 2
TRANSDUCER ASSEMBLY
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mounting was adjusted outside, them immersed im a tamk
ocktalning about five gallomns of water for the exposure..

Prepaeration of Plates

In the firat attempgs to make stareh plates it was
thought necessary or desirable to provide a cerrier for the
staroh, For this resson a gelatin solution was prepared,
to which was added the dissolved starech, Many different
combinations of proportions were tried, with no particular
differences in results, Skortly it was foumd that the
golatin was mot mecegsary, the cooked starch forming a
satisfeotory "emulsion® itself., As a matter of fact the
golatin showed a strong tendemey to dry out hard and brittle,
oracking and peeling off the gless plate. The starch originally
used waes reageat grade, obtained from the Chemistry Depart-
ment, and made very satisfactory plates, This partioculer
bottle was exhausted, and the mext starch obtained, although
meating the same gomeral speeitiaatious, was found to Dbe
unsatisfactory, In almost every case the stareh layer &1d
not adhere to the glass, and cracked, Many varieties of
gtarches were tried « resgent grade, cora starch, household
laundry sterch, commereial laundry sterch having a fat
additive for smootkness, end household liquid stereh & and
none formed g satisfactory plate. The liquid starch did not
orack on drying, but formed large grains. The final mixture
adopted uses a 1little of the liquid sterch together with
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the cooked starch to take advantage of the preservative
in the liquid starch, and the combination produces very
satisfactory plates. It was found thet if the starch mixture
were irradiated with ultrasomiecs before heating the entraimed
alr was driven out, and the starch more fimely dispersed,
regulting in smooth, unifiorm plates.

While there seems t0 be nothing coribical sbout the kind
of starch, proportions, or treatment, curreat practice is
a8 follows: 10 g. of sterch (dry) is mixed into 200ml of
water te which is added 1lOml of liquid starch; the mixture
18 irradiated with 5 mey/see, ultrasonics for about four
minutes, after which the mixture is heated over kot water
to 78°C; the hot solution is poured onto clean glass plates
and allowed to ¢ool, after which the plates are resdy for
use. Lantern slide eover glass platea were used, and of
course they must be kept level until the storch has hardened.

Prepsration of Solution

A stock solution of iodine was prepared by dissolving
20g. of iodine crystals in methyl alcockol to make one liter,
and appropriate gmounts of this solution added to the five
gallong of water normally used in thke tank, For most of
the work reported 100ml of lodine aaluéggnjrﬁlthough again
the amount is mot eriticel. The more iodine im the tamk,
the more the plate as a whole darkens. Except for the extreme

case where the whole plate derkems completely, there seems
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to be little variatiom in comtrast with the quantity of
10dine uged,

Gemeral Discussion of Techalque
The mounting showm in Fig. 3 was designed to facilitsate

pletures of the transverse gection of the sound field, Im
typleal operation the whole mounting was removed from the
tank, the necessary adjustmemts made, the plate inserted
in the plate holder, amd the complete system replaé;d in
the tamk, The tramsducer is energiged for the proper lemgth
of time -« usually of the order of one to three minutes «~
the mounting removed and the plate extracted. The omly
treatment of the plate required is that it bDe wasked off
and allowed to dry.

Plates made and exposed in the manner described show
a temdendy to fade im time. It has not been possible to
correlate the time of fading with ony other variable, slthough
on the whole the more intemse the darkening the longer
the plate lasts, In general the plates are usable for e
matter of weeks sfter eXposure, aslthough some lightly
exposed plates have faded in a day, For most purposes the
time is sufficient, but a truly permaneat record can be
easily made by comtact printing onto photogrsphiec paper.
8ince the starch plates show somewhat less comntrast therm

photographic emulsions, it is frequeantly desirable to use
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#4 or #5 paper for the prints. These first prints cam
then be used in tdre for second prints, wkick are then
positives with respeot to the origimsl plate, Of course, a
certaln amount of detail is lost in the reproduction
progess, so0 that quantitstive measurements should be mede
on the atarch plate, Fig. 4 shows the three types of
record phetographed together, It should be pointed out
that the loss of detall in the secomd primt is usually
not a8 severe as indicated here -~ in this csgse the copy
work was dome to brimg out detail in the origimasl plate.
Suceeoding Pigures show positive prints of the sound field
uader wvarious coaditions, with pertinent information

given for cach. Fig 64 1s the second print used for the
phrotograph of Fig. 4.

Discussion of Kesults

The photosensitive properties of photographic emulsions

gre deseribed by Burter and Driffield curves, in which

the demsity is plotted as a fumction of the logarithm of

the expogure, Exposure is defined as the product of light
intensity and exposure time, and density 1s defined as bthe
logerithm of the ratio of the imeident light intemsity to
the light intemsity tramsmitied by the emulsion, I» each
cnse the logarithm to the base ten is used, The resulting
typically sigmoidal curves indicate the range of exposure
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for the emulsion by the positiom of the steeply ascemding
portion, snd the slope of the approximatég;z;{zzgnﬁho
contrast index, or "gamma". Marineseo and coworkers used
a large aperture densitometer in their work witk photographie
emulaions in the sound field, snd showed that the average
densilties so obtained exhibited the same gemeral relatiom-
ship %o ultrasonie exposure ag to light exposure whem a
dilute golution of developer was used as the sound trang-
mission mediug in whick the plate was ifmmersed., They evem
obsorved the phenomenon of reversasl, or solarigzatiom, for
very long exposured.

It seemed obvious, them, to investigate the character-
i1stics of the starch plates 1n the same faskion, In the
abgsence of precise information ss to the sound intemsities
the exposure was taken as the produet of transducer curreant
and exposure time, Under wsimilay conditicns of positiom
and tramadnaar current plates were exposed for varying
times, and the density of each read on the Ansco~Sucet densi-
tometer at some convenient common positlon, usually tke
eontral dark spot. In each case an average or typical Dack-
ground density was determined asnd subtracted from the value
for the poimt inm question. 3uch readings were made on
plates of different batches, on the same plates over em
extonded time to determine the effeet of fading, for
different tramsducers, and for different tramsducer curremts.

While the position of the curves slong the abcissa varied
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for each set of comditions becsuse the sound intengities
were Aot kmown quantitatively, all curves showed about the
8 ame ahape, and all gave a gamha of sdout two, No cwrve was
carried so far as to show the shoulder, since the sterech
"emulsion" showed a héadenay‘to bresk up under prolonged
exposure. One would certainly expeet a ssturation effect.
to exlat, and perhaps if higher intemsities were available,
alldw;nc ox 8 large expogure at short times, this part of
the curve sould be shown. Fig. 5 gives a typicsl curve for
starch plates,

Figs, Ga-6h show a variety of near~field or Fresmel
diffraction patteras for different transducers and frequemcies.
It is not to be expected that these patterns be interpretable
in terma of o piston source, since no attempt was mede in
the design of the transducer shell to obtaim such behavior,
The patterms 4o, however, look like what might be sexpected
for a cireular source, It should be noted that these figures
represent fields muoh cloger to the souree than are possible
optically - in certaim o0ases the pietures were made at
distances of 6«7 wave lengths, The theory of such very near
field patterns is ourrently of interest, amd such pletures
a8 shown here should be of assistance in verifylng such

ealenlations,
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Bocause of the sgmall diameter of the maim beams
prodused by the sources used the obaervation of such
phonomena ss diffraction by obstacles and apertures is
somewhat 41ffioult. Fig. 7 shows sm edge diffrastion
pattern, where a lead plate about 2mm, thick served as
the diffractor. Fig. 8 shows the image of a similar lead
plate with holes of differemt diameters drilled im it. To
avoid both the mear~field diffrsetion emd 4iffraction at
the hhlu, and because the sound heam was not extemsive
enough to irradiate the whole plate, the tramsducer was
moved ahout behimd the lead sheét, whioh was plased olose
to the starch plate. This gives, them, essomtially a
shadow pieture of the sample, Obviously, im order to get
the proper exposure time of, mey, two mimutes om a givem
portion o»z" the plate the total exposure time must be mush
longer, depending on the relative size of beam and sample.

Rather simple experiments imdicate that the acceleration
of the starck-todime resction, and the mechanics of image
formation as used here, is a tramsport phencmemon, the
sound field serving to oarry frash iodine to the plate and
thus maintain the process., For example, a sereen of sound
transpareant material was placed in fromt of the plate to
skhield 4t from the umidirectiomal liquid flow associated
with the sound wave, The action on the starch was much less
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marked than without the sereom, amd 4f the solutionm were
stirred relatively geatly by hand dusring the oxpéawo the
whole plate darkemed and the srea of sound imoidemse could
R0t be distisguished. Without the sercem amd im a stromger
sound field, stirring 4id mot obliterate the patterm, bus
the plate was darkemed sad the limes of the pattera toaded
o be smeared out,

All of the evidemce imdisates that the teshmique
deseribed, using starch plates in a wenk solution of Lodine,
provides a mew, comvenieat, and valuable methed for the
study of ul‘ﬁ-auémie field patterms im the laboratory. For
purposes of sompariscn with other methods similarly spplie-
sble, tho phosphor techmique and the Pokimen cell were
investigated, as deseribed below,

THE PHOSPHOR TECENIQUE

Experimental Arramgoment

The procedure followed was &hasemtially that desoribed
by Eekardt emd Limdig (8). Alimcugh ekreiber amd Degmer
(30) exhibited somewkat better pistures, their deseriptioa
of experimental detalls is scanty; however, it appears
that the methkods of the two groups were similar. Ia this
work, the phosphor in the dry form was mixed with a sulte-
able sarrier and laid down om a thin diasphragn to form gy,

sonosensitive element. Duco sement thimmned proved very



22,

satisfactary as the carrier, and thia phodphor broaze

was used s She beoking. The htal appareatly served as
wal). as fho photographio film base originally used, amd
had the ad'nntuo of not softening udor the action of
tha amtou. 'mm phouphorouont soreen formed a boundary
 of the liquid soatainer, or was plased at the surfase of
tho water in thol).ar;o tank, 80 that the phesphor was
cutermost and the sound was inoident on the backing. The
phoaphov was irradisted with the unfiltered light from a
!.aheratew high pressure mrowr are, sllowed to desay
tor 2030 auondl. and the sound turmed om, It a fow
ueondl the areas of sound ineidence were made appareat
by the Aimerease in brightmess as the release of the stored
up onergy was accelerated by the heating effesct of the
sound vave, If the sound is removed before the decay is
somplete, those areas which were Tright sppesr darker them
their surroundings singe their emergy kas been depleted.
In principle the pattorms san be photographed im the usual
way, or contast "priats" can be mede by application of a
plece of out film direstly to the phosphor. The writer

was unable to obtaim photographs with the modified Poleroid-
Send camera used because of the very low light intensities.
The samera modification comsisted of the attachuent of an
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auxiliary lems for oloser work than sllowed for om the
camars alaﬁ-
Disgussion of Results

ru. 9 shows ronrdu abtainod by the cmtaﬂ process.
| Those wo similar to thou w’bunlud by Eeksrdt aad Lindig,
no ntmnmt )»!.u -ppmut- Wuab-r aad Danor omut
"nm.n similar bub safersor to those of Fig. 6 by the
ntanh Plate method, lmt cuo no udzcata.o: or the sound
uﬂmltzn mqu:waa. Eﬁkardt and Lindig ropoﬁ the use
.or vo wabts h\mt. mm M a 1&%10 higher thu. \uod hore.
It u&sht be promd that at thimtly high i.nt.niuu
the sesondary lobes wuuld uhw wpe The writer has also
observed at times a "growth" ot the pattern, as might be
anticipated for a thermal effest. For Lalirly high beam
energies a self«roversal of the patteran has slso beea
produced.

It has been the writerts experience that the time of
irradiation by the ultraviolet light iz met at all oritiecal,
but that the lomger the phosphorescemse is allowed to deeay
‘boforo application of the sound the better is the comtrast.
Several somuerciaslly available pkosphors were tried, the
only ones suitable from the stemdpoint of decay time and
intensity of effect being the green and yellow luminescing
sulphides of zime, activated with copper end manganese



(a) <>

Phosphor Technique

1073 kc/see.

() and (b) are exposures made after the sound field vaa turned
off, and the bean is indicated by the dark areas* (e) and (d) are
exposures made during sound irradiation, and the bean is indicated

by the light areas* Kastaan Super-Panchro press type B film was

placed in immediate contact with the luminescent screen

figure 9
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respectively.

| This method requires that the phosphorescent soreea
be optically ascesaible from outside the tamk, requires
initial exoitation of the phosphor, amd photographic teeh-
niques muast be used at the time of observation for the
production of a permanent record. The method kas mot been
showa to produce results of guality somperable to those
ohtained with the stareck plates, and epparently somewhat

higher intemsities are required for asy semblamee of a
pattoern,

THE POHLMAN IMAGE-CONVERTER CELL

Experimental Arramgement

As noted in the introduction, Pohlmam (28, 27, 28)
Ras developed a method for the ¥isuslisastion of sound
fields consisting essontially of a great many minute Rayleigh
disks, so that imcident light is regularly reflected in
the areas where the disks are oriented by the sound bim.
and Aiffusely reflected im other areas. Using this device
together with acoustic lonses, he has comstrusted acoustiecal
analogues of optical devices, and im particular has devel~
oped ﬁ method for flaw detectiom in solid objects. While
his desoription of the aotual ®ell is sketchy, the following
information is givem: thin metal foil (thiokness given as
0,01 ma) forms the back of the cell, and glass the fromt; ia
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the 0ell is a'suspemsiom of alumimum flakes in xyleme, The
flakos are deseribed as beimg of abeut 20 mioroms diameteyr,
and about 1.5 mioroms thick, there being sbout 4 x 10%/emd
Pohlmen shows that the contraest is greatest for low sound
intensities, and csloulates that the pattera visibility
threskhold sorresponds to sbout 3 x 10"7w/em% souna intemsity,
Which is very mach lower tham is required for most of the
other methods,

Several cells answeringthe gemeral deseription wers
built, the one finally used being 12 em, im dismeter, ebout
2 mm, thiek, with a back of 0,08 wm, phosphor bronse amd
the fromnt of 1/8" lucite. The aluminua flekes used wers
the powder sold eommercislly for use im alwuninum paint, and
xylene was used for the suspemsion. s'kwoogrepisse ieioottu
mieroseope studies inmdicate that these flskes range inm sige
dowa from about 30 mieroms, and that they are thinner than
this, altheugh thickmess measurements were not feasible.
The writer is indebted to Dr., H, Bendler for these data
from the elestron microscopes The cell is shown in Fig. 10,
end was supported horigontally in the large tank so that
4% could be viewed or photogrsphed from the top. Because
the suspemsion settles out, the oill. mast be periodiecally
agitated to obtain a reasomably uniform suspemsiom. The
modified Polaroid-Land caemers was used to produce the perm-

anent record.



Fig. 10

POHLMANN CELL
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Digoussion of Results

The tyge of picture obtaimed is shown im Pig. 11,
where it is geen that the patterns resemble those obtained
with the starch pletes, These patterns are abéut twoe
thirds aetusl size, The original pioture from the camera
was used to maeke contact prints, and 4t is these prints
which are shown in Pig. 11, so that the black portions
repregent the sound besm. Fig. 1lb is of particulsd interest
in that the cell was deliberstely placed off center with
respect to the beam, snd structure is apparemt whieh is
more nearly conscentric with the cell thon with the sound
beam, This would imply that the ¢ell Boundaries have an
influence which would have to be taken into acecount in
the interpretation of the patterm. Suek effects ere to be
expectod since the suspemsior is agitated by the sound
wave, snd flow regults. It would be expected that at very
small intensities this diffieulty would be minimiged,
Pohlmen has publisked no resulits in the way of near-field
patterns, but has concentrated on geometrical ascousties.
The writer has beem umpble to produce pictures of the nearw
field using the Pohlman cell of quality comparable to that
obtained with the starch platess

T™is method agaln requires optisal accessibility,
photographie procedures, and the ¢ell must be periodically
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agitated in order to maintain the homogemeity of the
SUSpORsion.

CONCLUSIONS

The use of starch plates in a dilute solutiom of
fodime provides a msthod for the visualigation and meas=
‘ureflent of ultrasoaic fields which apﬁaara %o be superioy
to existing methods from the stendpoint of guality of
resord, esise of obtaining the resord, and simplioity of
experimental arrengements. Because of these adventages hhe
method should prove valuable in the study of source patteras,
diffraation effects, and other investigations where sm
acoustical amalogue to photography #&suld be desirabdles
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