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TEEIR APPLICATIOR

S. Ya. Sokolov

From: .{':l."_!_’-; tekhnicheskoy fiziki [Journzl of Technmical Physics],
X .

Jol XX1, No 8, 1951,

of azttention has been paid in the USSR during
few yezrs to the study of ultrasonics, The upper hmt |
range hzs been considerably increased and has
of 10° cycles [1]. Obtaining ultrasonmic high
up new possibilities for studying a whole sexfieé
£ pbysico-chexicel processes, Ways have been discovered of make -

zn plirasonic microscape,

nomogenzous elastic medium, as in monocrystals, the
ultrasonic frequencies is siight, and is determined,

only by the coefficient of viscosity and of heat cone

—-_—

Suziion. IT the medium is nol homogeneous, as in polycrystals,
coefficieni of ulirasonic absorption is considerably imcreased

increases grezily in proportion to the lack of homogeneity,

use of the small attennation in monocrystals, there is
psated reflection of ultrascnic freguencies from its
T-g ourber of tnese reflections is very greai, several
they mzy even go up intc the hundreds. For studﬁné
the exwent of uwltrasomic oscillations, ulirasonic impalses a
microsecornt in dnrziion were used, These, being emitied in a
lecied repeatedly from its facets, were registetéd

When the repeated reflections ape -
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screen cf the oscillograph, there were seen .a series

of regniaz-, equaily spaced impulses,

iz ressarch on guariz moroerystals, which have internal
bomogeneity, ultrssonic impulses having a2 freguency of f = 108
miited in quartz, were reflected from two of its
seversl dozen itimes, If the quariz crystal pose
heverogeneity in the form of twiming, the osci'_l-;‘

rbed much more, and fewer impulses were réflected,

at unegual distances from each other,

oscillaticns with =z frequency of £ = 10° cycles
Znduced in quaris monocrystals. In Figure la
shown ulirasonic impulses with a frequency of f = 108 cycles,

frequency £ = 109 cycles in

The Anisotropic Character of the Propagation of Ultrae.

somic Waves in a Piezoelectric Quartz~Crystal (1)-

In studying the propagation of ultrasonic oscillations in
Quariz in the direction of the optic and electricai axes, aniso=
wroric abscrpuion of ihe ultrascnie waves was devected., The coe

fficient ¢f witrasound absorption had different values for these
L minimmw absorpiion of ultrasonic waves was noticed
&irection of the opiic axis, A mayisum absorptien w#s 7

ciion of the electrical axis, Figure la shows. ="

ated reflaciion of impulses in a quarbz sample

Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000200130001-5



Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP2-00039R000200130001-5

dirsciion of The optic axis; Figure 2 - in the direction of .
‘ectrical exis. These illusiraztions clearly show a great difm . L
in the coefficient of ultrasonic absorption in the direce .

mumber of quartz crystals were tested in

znd iIn svery case, znisotropic absorption of the ultrae

ently thes conclusion must be made that the coefficien‘b‘
&issipation of an ultrasonic wave in piezoelectric crystais with
aniscirecic elastic properties has an anisotropic character. Aﬁd ‘
the for the absorption coefficient of linear waves, de-
ved or an isotiropic medium [2] '

2 2/ 3 4 2\
XTGL{O (C: A S

~
=

for zn znisoiropic medimm (piezo=
cf the Tirsi and second coefficiants
and I, , there should be the comporents of syme=

tensor of viscosity Y k1 of the fourth order,

2 gusriz crystal, ulirzsonic oscillztions of anot.he}r type .-
the same iime; they can be longitudinzl, tran.é- »
and cn ihe surface, Figure 3a is a photograph of repeétéd'
rlses, showing simmlianeous generation of longitutﬁ.nal’
in he sample. The figure clearly'shqws. ’
&ifference iz tbe speed of propagation of longitudinzl and transe -

verse osciileiions: C C
transverse < longitudinal,

-3
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% 24

0% the spacing cf impulses, shown in Figure 3b,

The Diciure

The second group of impulses, which are spaced much farther |
apart (ztout &.5 times as much) apparently correspond to another

3 ==3

iype of oscillations, propagated with a speed approximately heS

SSe

Wnether these oscilletions should be taken as a new type,

new capi propagated at 2 speed of approximately 1250

shether thsy shotld be explzined zs inter-

ferences phenomena, further experiments must determine,

Eiastic heterogeneities occur in metals [3] along facets
of conitiguous crystazls. Their value depends on the dimensions of
Tn the propagation of ultra=
ves on ine conizct faces of crystals, temperature fluctua~
ormed, wiich lead to the formation of local heat cur=

Thiz increases the eniropy of the oscillating body; that

increases wne energy loss of ithe ulirzsonic waves [h]e

=rature properties depend on the dimensions of
and their orientation, the energy losses of the
waves wnich arise & E  will also depend on the diw

mensions of the crystals and their orientation; that is, on the

-Lln
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is tne mean value of the granule and & s the

i
H

where I
sarameier which determines the orientation of the gramle,

ne energy losses of the ulirasound depend also on the

Tne en
“&r A, more zccuraiely on the parameter X, where BN

a1

K=F{5)-

rixents show thzt energy losses increase as the

3

wevelengin

A

reiationship 1nc**eaaes, and are more noticeable when—< I.
> | , an especially large absorption of the

Litrasontc waves Is observed, and the metal becomes "somewhat

inis case the large absorption of the ulirasonic

Gpagus" In it
gered as the diffusive dissipation of waves,

onsidered
L winich, in such a case, can be likened %o the
Topagation of light in a tarbid meditm,

noted here that ultrasonic x-raying of solids

has fomnc wide application in the defectoscope study of metals, ‘7 -

Defecioscone anzlyses, based on this principle, permit metals %o
ithickness of several meters and detect minute

D2 xerzyed o z thickne
cal recrysiallization,

c defectoscope is the Soviet

Sokolov was the first %o discover
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FPurther development of ultrasonic defectoscope analysis
ied to the idea of obtaining a visible representation of de-
fecis and heterogeneities, and later op e to making an ultra= .

sonic microscope,
Tne Ultrasonic Microscope [7]

£s has already been indicated above, at the present time

there is a possipils vy of obtaining short ultrasonic waves of t.he

order of Jong infrared waves and even visible light, This makgs

the wiirasexzic Eicroscope feasible, making it possible to see in

€ magnified fashiopn objects and heterogeneities found in media ,
and non~transperent to iight. Since almost all V
are iransparent to ultrasonic waves » the ultrae - - 3

sonic microscope can finé a wide application in different fields

of science ang Indosury,

basic metheds of obtaining a visible representatlon m S

mcroscope have &lready been published by the author.

ine essential elements:

Obtaining 2 visibie representation by means of a ree

cathode tube similar to the method used in telem i -

£ 2 visible Tepresentation in an ultrasonic
¥2Iich employes the met thods used in electron micro-.‘ '
& piezosleciric quartz plate serves as the photoe-

T the Infigence of e tlirge

from the other by a beami;
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of ligni. This causes secondary electrons to fly out [7] from the

it luwminated surfzce, which is covered by a photosensitive: coatiﬁg,,
3. As in zhe p:ecediné variations, a homogeneous bea]r;L ofr 7
unlirasonic rays iliuminates the object being examined or the ’
1Ty in a licuid medium, and zfter passinz through an
wiirasonic lens, comes out onm the surface where it produces the

Chiracterisiics of

& certain angle, the representation

is iransferred either to a screen or is observed in a magnifier [81.

ulirasonic microscope, the resclving power, as in

¢roscope, depends on the wavelength of the ultrae

and can be obtained close to the resolving power

of the optical microscope,

2y using uliresonic oscillations in ithe fuiure whose wave= .
than the wavelengths of iight, we shall MCﬁése :
resolving power of the microscope and make it greater than 1n
microscope, Use of the ultrasonic microscope will be
ts resolving power is increased. We shall now gﬂ.vg

ulis of several tesis > tarried out with an ultrasonic microe

structure of the wltrasonic ray be homogeneous
ave; if not, the representation of the object -

b is 2 representztion of a metal wire,

-7 -
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homogeneous (2) and heterogeneous (b) ultrasonic field,

Figure 5 is a representation -
« The figure clearly shows that at
coating which covered the quartz plate

I3 hzs been magnified L5 times,

The cualify of the metei cover of the quartz plate surface
very accursiely determined this way, Figure 6 is ar illuse
iween the twinning and the monocrystal

Iration of ithe border line

fields on ihe guartz plzte, By this meems, it is possible to de= .
ierxine veEry accurately the elastic heterogeneities in various types

of crysizlis which oscur internslly and cannot be discerned from the

dissolving crystal par-

entation of a thin film of lacquer
Spreadinz in kerosene, magnified 33 times, Figure 8b is a repre-~

fecis in aluminum foil magnified 33 times,

Froz tnese experiments an idea can be obtained of how sensi=
0 tne smalies: chianges in the elastic
By means of the ultrasonic microscope
10 observe and study ihe formation of Very minute
2 iguid mediam (the appesrance of cavitation, the

chemical Teaciions, the lives of microorganisms,

: 01-5
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—chemical Processes bty Ultrasonic Waves

< the present time, measuring the speed of chemical reace - . ;

observing the flow of chemical prolesses is done by

methods tsuelly only suited to a limi.ted number of phencaende

Tne prodosed methed using ultrasonic oscillations permits

chysico~chemical processes to be observed,

zre the essential elements of the method: the

mediug in woich the process to Dbe investigated take place is

"x=rzyed” Wik U

<razsomic rays. The speed of propagation of ultra=

gpoic oscillaiions C 2né the coefficient of absorption a

zre measured throughcui the whole Drocess. Since the magnitudes

of

z ané 7. vary as the process being studied develops, to
cerizin degree their change will characterize the process’undsr
zation -- as for example, ihe time of its developmen‘b; : ‘I’hﬁ.s,j.r
the speed of sound propagation C and the coefficient of ab-
4 are recorded without interruption, we will ébtiaix‘)'.' :
the magnitude of € or L measured in relation to :
£ development of the process. Ey ihis curve, it is ‘

, judge the length of the phenomenon developing, the

+ude of the concentiration of the substance investi-

is pessible by this method to measure very accurately the '

time of developmeni of @ chemical reaction regardless of how long

- — ot
el :C

resction goes on (ranging from several hours to microseconds)e - -
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Tne Quasi=Mpdulated Frequency Method

€ssence of this method consists of the following: The
freguency of ihe eleciric generator which excites a quartz crystal
by changing the capacitance or selfe
< the generzior circuit, A high frequency generator is
an electrical oscillator receiver, W:Lth :
ihe receiver will be subject %o the sum of the i‘re- ]
frecuency of the ultrasonic oscillations f £ plils
£Ciric generzior f2 The sum is obtaz.ned
the ultrasonic oscillations act on the recelvm .
the two freguencies fyand f, will act in the recéiir-'
2 wWay that after the corresponding amplificafiéﬁ

5 Ve lhe difference of the frequencies :E' :

N
H
£

e frecusncies ,_\.is recorded by an oscile .
tiugzed into the amplifier output, It is:
is broportional
the wlirasonic Ty ,( and the dife
medinr $o be investic gated, If the
ulirasomic ray /g is set, the value
Consequent tly, changes
ithe diffusion speed of the
ssible to record the Small -
Sound in a medium which changes

g every siep of the development of the

: - -00039R000200130001-5
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The Quasi=Modulated Frecuency Method

The essence of this method consists of the following: The .-
frequercy cf ihe electric generator which excites a gquartz crystal’
is charng=d by 5-10 percenit by changing the capacitance or selfe

induction of the genereior circuit. A high frequency generator is

connscied induciively with an electrical oscillator receiver, With

such = hook-tp, the receiver will be subject to the sum of the fre-

guency of the ultrasomic oscillations fy pius
ne eleciric generator i‘z. The sun is obtained »
ultrasonic oscillations act on the receiving
wwo frecuencies fyand fp will act in the xgceiﬁ-

a way ithat after the corresponding amp]ifiqation' ’

will give the Gifference of the frequenciss fl

0

The difference of the frequencies,is recorded by an osg:il-r_v,
‘sgreph, woich has been plugged into the amplifier outpuit. It is
vaiue of the frequency f)_ is proport.ionai
paik of the ultrasonic ray /( and the d:;_f-
i in the medium to be investigated, If the
the ultirasonic ray /é is set, the v>aluerb )
ctly proportional to C. Consequently, changes
from changes in the diffusion speed of fhe*, ;
means, it is possible to record the small-

of diffusion speed of socund in a medium which changes-

oroperiies cduring every step of the development of the .
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The Diffraction of Light Method in 2n Ultrasonic Field -

In ihe propagation of unlirasonic waves in an elasiic med::.um,
concertratiions aznd rarefaciions are normally created. They are -
dsiributed znd follow one afier the other, The refractivérindexz"r
of the medium changss in accordance with the periedic distribution

concentraiions and rarefactions, Tnis takes place both for |
movings and for sietionary waves, If the medium is xerayed b'y'a
pareiial beam of light, which passes perpendiculzr to thedirection' 3
of the ulirasonic waves, the concentrations and rarefactions fbrm

sn uwmustal "diffraciion grating®. The optic properties of such a

chznge from point to point to the first approximetion ac=""

i uhe sinusoidal law, The constant of the grating is
nz Lo one-hzlf the lengih of the ultrasonic wave. To obtain -
JLERD

e diffracticn piciure, it is necessary that the length of the

onic wave be rather small,

The phenomenon of the diffraction of light in such a grat-
ing can basiceily be likened io diffraction in the ordinary optic

£reving.

i

According o Debye's theory, the intensity of the specira
firsi order is proportional to the square of the amplitude
7T e

ulvrasonic wave. This relaiionship was confirmed experie

menteily for smell amplitudes,

In an ulirasonic wave, the dielectric constant of the

and the corresponding refraction index ,}L change
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If we assume thal the frequency of the ultrasound is,(_:'on-' i
1y Iess than the frequency of light Q< &  -- that is; " _ »
f density tzkes place very slowly when ¢ 1is come .

> whe {requency of light & ; the formuia for the diffracé.

- = . st °V <COS¢-C6§!?)
*—e{\’wiﬂ)t‘“ﬁo}ﬁ( i ])X
| NEgmet

= the change in refraction index; 8 '~At}71'e”'

- the angle of incidence of the beam of
= lthe mean value of the refrzction index; R o~ the ‘
vecior of the point of observations; Zo = the length' oi‘r o
of light in the ultrasonic field; Xo = the width of- ‘l‘fher |

:itrascnic field,

Tne derivation gives a satisfactory description of the dif=

of light only for spectra of the first order,

and Nagandrz Nath [11)] have assumed that the 'light -
through an ultrasonic greting, preserves its recti- -

—~n -

2is Detween the Disnes Z = 0 and T = Zo—,

S = differsnt optical depth and go out of the "
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Szrasomic wave Tield with Gifferent phases. As a result, th_e,t_arle‘c-i 7
field in the plane Z « Z has a constant amplitude and lS .
by prase. The assumption of phase modulation of the
1ains the presence of specira of higher 9rdgr§;; 'fnelr

<o the following conclusions:

directions, which correspond to the main diffraction

ined by the expression

iniensity of the 7 specirum during diffraction”

wave is proportional to

O

frnciion of the Y) order; in case of normal inci=

intensity is proportional To

cted beams are monochromatic, and ihe frequency..

s equal 1O

o
L
3 il
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; it can De seen that energy is symmetrically dis-v

¢ in the spzcira, However, the symmeiry of the diffraction . ~ -

araing tae specirum of zero order is not confirmed by
2 more precise examinastion indicates, the theory of -
und Nagandrz Nath is to be applied only in case of long ultra=

N

cond ticn

ne poinzed oul that as the wave lengih of the ultrasonic waves
mishes, the diffraction picture comes closer to the Bragg-

nd corresponds to seleciive reflection. By

under investigstion is x-rayed by ultrasonic
perpeadicular directions, it is possible to ob- -
ine screen z 3-dinensional spectrum, which can give an idéa -
I ithe chemiczl reaction in this medium 'noi;.

in space,
Tne Method of Ultrasonic Impulses

as explained before, short ulbrasonic
medium to be tested and are received
vessel, wWbich conteains the‘]j_qiﬁ_;i Jc;o
sied, or they are reflected from the opposite sides of the

received on the cuariz plaie, which emits them,

-1 -
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oscillograph is
in the liquid
To mzke measuremenis more accurate, it is necessary.

rectification of the cathode oacnllograph to the -

impulse siructure is a bleck of sinusoidal curves -

Figure 9.

fixed point is put on the sine wave of the impulse by '
permanent merk on ihe oscillograph, the smallest displaquﬁéﬁfs
wne impulse from ths starting pesition will be no‘biced. Know-
sine wave where the impulsa was dlsplaced, and:
f emission, it is easy to compute the angle of 1ead
trasonic beam, if the medium changes its-elaStic
the length of the path of the ultrasonlc
oscillation frequency and the magm.tude »
pnise displacement be known, it is easy to i‘md
the change in ine speed of sound propagatlon in +he
in the preceding cases, it is possible to ju"dge»" '
cal cr chemical process which occurred in the mediun 1‘;0 -
d by the cheuge in the spesd of the propagating sound.

Thod is especiziliy suitasble for measuring concentrations

-15 -
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in another, for measuring low-temperature i_'lﬁétug‘bi;ﬁs_
» anc for determining the develcpmen® of diffusiéri. In

generzile the ulirasonic impulses we used a complex'

coasisting of & thin gquarbtz plate on the sm"i‘ace" oi‘.

were zilached steel coverings from 1 %o 3 millimeters inv

guartz plate is mosi suitable in this system and emits 7
more e€ffeciively. Such an emitier assures the emissions of 2 la:rge -
components. When on the basic frequency an:dxa‘ispw
ons-nelf the wave length is fixed along t.h'e' ‘thici?-

cuartz plaie. TFigure 10 shows the setjup ‘of a L

Figure 11, 1 =~ for met.ho'c_rylic

thickness 2 eiber 2 = for cane sugar-
0.2 mm in thickness

- metal

following reactions were tested by the methods set forth

o esier
lymerization of metihacrylic e¥ke® under the influence .

-
b gres

- 16 -

Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000200130001-5



Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000200130001-5
s R . - o ERENE R T =

of 2 catalyst (benzoyl peroxide)., The reaction occurred at a tem-

perature of 50 degrees Centigrade, the amount. of polymerizing sub-

stance taxen was 100 cubic centimeter,
nversions of can sugar.

shows curves of the change of speed of propagation
ering Lhe 1st znd 2nd reactions. t is possible to cde=

*ermne the speed of the reazction by these curves,

wish {0 2xpress my deep appreciation to Senior Technician

Srachev and Senior Research worker O, G, Strakhova for their

in coastructing and devising the ultrasonic Jpparatus,
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