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: Sﬁld}"ﬁl‘ optical and physical pr-upunicsl.af pﬁﬂicics suspended in a
certain medium is of interest for various ficlds of science [1-4). Search

" and development of new methods for determining such an significant

" characteristic of liquid drups as surface tension Il unduuhtedly an
: lmpﬂﬂant ub;cl:tn'r. ' :

: Tl‘lﬂ prcm.nt nnrk ufﬁ:t;s an experimental waj' of determining surface

557 tension of a I|t|uul drup hy I:;,ht sc.lttr..rm;, at a f' xed nnglc.
: ’

An acoustic Ieul.umn was® I'.lh{:{] to c:clude the cffect of a suspension
- string or substrate upon the utml.llui value of a drop's surface tension s
- 5,8, 9]. It allows to “\unm.ml" i drop in a fixed point along the axis of a
cylindrical acoustic resonator hy compensating the drop's gravity with a
radiation pressure of a stan tlmg ultrasonic wave. Stable levitation of the
drop allows to use the effect uf t:.\.i:ltntmn uf forced spheroidal
- nmllatlans af the (lrnp s shauc [6-!l| to mcrc.m: sensitivity of
measuremcnls nf Il-thl mtcnmt} Iy scattered at a fixed angle clnse to

nurm.:l with to th mudul: lieht Iu,.lm In tlus case f, is rc::nrdcd at

an proper frequency of sphmndal oscillations of the dmpﬁ Surf.lcc
tension of the drop's substance at an mtcrf.u:c with water, when the
drop is npern.m:m" sphumulal mmllatmns, is dctcrmmcd from:

=E(219v “%)sz o

where 0 0 i— are densities of the environment substance (water in
this case) and the drop, respectiv ely, Ris a drop radius . When D . 0 —
arc knn“n [l‘rum t.tbh': d;‘lhl] and ‘R h.ls bcen mc.uuri:d fur i:x.lmpic with

an optical mlr.:ru\cupc,f can Iu. ducrmmcd hy c1lcul1t:ng the 5urf.,u:c
tension of the studicd Iu||ml a .,
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A diagram of thL prcn.mnl.ﬂ unit is shown in Fig.l Optical 535:&,‘.1* :
1 is designed to form a parallel lincar-polarized beam of laser radiation -
of sufficient cross scction.

Radiation source is a He-Ne laser with =

emission wavelength A =0.63mm and output Po=1MW. Central part of -
the unit is a system of particle levitation and their shape oscillation T, :

excitati i,
system 8 and system 9 for particle shape oscillation excitation. The ©~

on. It consists of an acoustic resonator A4, particle levitation "

acoustic resonator is made of transparent optical glass in the form of a. "
cylinder. The resonator is filled to an estimated height with fresh.'_.__‘"_.j
double-distilled water put through a system microparticle filtering. ™ -
There is # cover on the top which is also an acoustic. refiector, with an

e

'upcmnt- in the {:Llltl‘{. I'm tlu. mpul ui IllL studiced |:¢u1|ch,.s. Llleedn

 Levitation system is tl::si;_',nud 0 'cx::itc in the rosonator an acoustic i
field of a configuration and power sufficient to keep an examined = -
particle in a given point along the longitudinal axis of the resonator ina .~ B
Jasting and highly stable manner.. The levitation system contains: a e

master oscillator of low-frequency signals GZ-51/1, a power ampllficr,
malchmg rc.utn*c tu u~|u}rl .md aring plu,utlcch ic mdmtor. R

*

The principie uf npurntiun of llu: s::spcnsiuu syslcm is the

~ following. A change of frequency of the master oscillator excites one of .

the working modes of the piczoclectric radiator and as a result a definite
type of acoustic oscillations with a specified field distribution in the
whole space is set up in the resonator. For a glass resonator with an -

inside diamcter d=27mm and a water column h=190mm at sound £
velocity v=1500m/s Ill'l. working fru|uu|c1r uf mode cxcltatmn(n g 5

z cu— urdm ie {rcmm.ltnr .um] is in lhn case r\ 23 8 mm.

(2]

Experimental study of distribution of the ficld of the standing wave of
mode (1, 0, 16) in radial direction and in the qunmuluml axis jll‘ﬂ\’Ld thc
ill:l'.‘,ul'dtj of lhmrmL.tI L:i|Lu|.IlmlL'i. AL o

dTh“S* the resonator I“ﬂﬂum an .m»—:n mmLtrlc.tI mudc with a given -
istribution of the field in longitudinal and cross scections, securing a
studied drup ina definite point .llm:" the axis of the resonator. -
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T]n, H}"ill..m uf mummm nf par lICtL ~ilm|n. uac:lldhuns 1S dr..slgncd to
furm an acoustic ficld with a configuration, frequency and amplitude

enabling ‘to obtain forced. resonance oscillations of the shape of a
" suspended drop at a fru]uenr.v nf natural nscnllatmns of one of the modecs

. '_-I_'-:-..-'-.' wlﬂl [gl-" _. .. i“'t: f. i

: '.hftcr:i‘céléfuillg_:l stable Im‘itﬂtiﬂn of the studicd Adrop, amplitude of the
- modulating signal must be raised to a value, which provides optimum

. oscillation: of the drop shape. Then maximum Q-factor of spheroidal

5 qséillutinns of the drop must bre reached by adjusting frequency f |

Oﬂl.il.f_ﬂ{ TV system ._Ill.ﬁln' pn'r'lit:h: imaging tlcs.i;:m.:d for rﬁal-time
_observation of oscillations of the drop shape and for estimation of sizes

” of studicd particles. The system is based on a small-size TV unit MTU-1

" which comprises an "Electronica L-50" TV-camera and video-display.
- The optical section of the system includes an "O1-19" illuminant, "MIR-
2" reading microscope with adjustable magnification from 19x to 33x
(measuring range 0.015- 6 mm) and vidicon of the TV camera. Images
. of the drop on the photocathode of the vidicon of the camera are
produced by a direct-shadow method. Extension rings for the camera

~lens enable to have images of particles down to 100 mem-

* Photoelectric system 11 s designed for rcmr{lin;,.thc light scattered by
particle. 0|1m.1l ]httl ummh uf i |th'i. slit llmphhu.,m, interference
f’lter for S :

Ll | ='l[l 63 m (halfwidth of the transmission 'i!alld AA = 50 A) and
- photocathode FEU tllﬁ which is u*iul as a converter of optical mglmls to
El(’:ﬂ!‘lcdl

. : 1

Mudululiuu is applied to laser radiation amplitude using a mechanical
chopper when the suspended particle sizes are controlled without
excitation of shape oscillation. If there is excitation of shape oscillation
the signal is amplitude modulated with frequency /5 [n hoth cases the

signal parameters are determined with an clectronic millivoltmeter V3-
43 and oscillograph C1-73. A variable signal after -conversion mtﬂ d.c.
mil.u.,u. may be rL"IbILI"Lﬂ by recorder LKSZ-003.
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System of diagnostics of acoustic ficld distribution in resonator 12
consists of a specially designed small-size probe with a piczoceramic
microtransducer as a sensing element. To provide transducer movement
along the axis of the resonator and on its radius the probe is fixed to a

substage ST-12 which guarantces movement 1iun;, Imth cnnrduutes with |

an accuracy of-0.1 mm.

Benzene drops (CoH ﬁ]lwilh Rf rom ~500 to ~2000 mem  were studied
experimentally. Calculation of the average surface tension for a number
of studied Benzene drops within the given range of sizes and according
to expreszion (1) gave the following value: Ogy,y = 34.10 din/cm. With an
account of an accidental ervor in measurements, the surface tension of a -
spherical drop of Benzene at the water mlm‘f.m: (sce the Table below)
ise .

Texp p = (34+2) tlinh:_m,_

TABLE - ‘

Drop 76500 | 96200 | 1013.00 | 1136.00 | 142500 | 1733.00 [ 1752.00
radius

R, pm
S2 Hz | 9600 7300 6550 5230 4100 29.80 [ 29.00
(7)) : 10.00 9.70 10.00 12,00 10,00 | 13.00) 13.30
exp. : ' '
Sexp , 31.23 3591 3397 | 3051 37.08| 35.11| 34.87
dinfcm |

L9

It is clear that the relative error in mcasurements doces not cxﬁccdc 6 %.
The obtained value Uﬂp is slightly Iuss than the Tah!é value for
Benzene surface h:mum at the water ||1I+::ri'.4u,fL v C'F,,.mﬂ 34.2 dinfcm {.lt i

=27 °C) [10]. However, relative difference hu:um:n Oexp and O (abl I8
less than 1 %, i.c. it is within an experiment;y] error.
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Fig.2 shows an experimental resonance curve of spheroidal oscillations
of a Benzene drop with & = 1752 mem, illustrating possibilitics of a high-
accuracy estimation of surface tension of a liquid drop by a described
method.  The following  calculated  data were  obtained. for  that

drop: f, = 29Hz, (), = |5[9] . Experimental 'Q-factor of spheroidal

oscillations of a drop was determined from:

O.,'-: __/__. |
a8 O (2)

“where ﬂ._ﬁ._:»— o ix the curve width at level 0.7 from @ maximum value ©
of amplitude U of the oscillations. Calculation by expression(2) gives:
Qz = 13, ic., there is good correspondence between experimental and
: theﬂrctit;al data. " ' :
“The study shows that the methad considered is promising and requires
further development.
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Flﬂ 1 Bluck dl.lﬂr.:m of experimental unit: -
l - uput.ll ':wle ul' Iwht In:.:m l’urnmtum for nalee sounding;
2 - mumlmt- hnht Iw.mr 3 - .nlmhu] p.utu.h: 4 - JCQ“'-I:IE resonator;
5 - Ilquni tu FII up rwm.lmr, 6 - |1IL.|FHL|LEII‘IL rmlmmr of lu:t‘ltnr'
'I - ;num,li.ctuc r.uh.ttur um[mﬂ mmllatmns nf p.trtmln bhﬂ;l[‘:,

- lmrtwfc qu;‘:tmn SY stu:m: 2 - system nf ﬂul.ltmn of uaclll.ttmm of
p.u*m,lc \ihlpt" - nptu:.ll TV uuh'm of |MI"EIC|E imaging;

11 - |llltmulculmll system for u.mrdm" |mr¢u.h: scaitered light; 12 -

.wsn,m of dl.lgnmtm nl' .u.mwm' fi““' dntn]:uuun m a Ieutaturs
rcsnn.unr :
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Fig.2. Experimental resonant curve of spheroidal oscillations
of a benzene drop of radius :

R =1752 mm levitated in water
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