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Problems for the International Young
Physicists Tournament 1999 in Vienna

1. ROTATION

A long rod, partially and vertically immersed in a hguid, rotates about 105 axas, For some
liquids this will cause an wpward motion of the liquid on the rod and for other liquids a
downward motion. Explain this phenomenon and determine the essential parameters on
which it depends.

2 IONIC MOTOR

An electrolyte (an aqueous solution of CuSOy, Nalll, ...) in a shallow tray is made to
rotate in the field of a permanent magnet (a small "pill" placed under the tray). An electric
field 15 applied from a 1.5 ¥ battery in such a way that one clectrode is in the form of a
conducting ring immersed in the electrolyte - the other is a tip of a wire placed vertically
i the ¢enter of the ring. Sludy the phenomenen and ind possible relations between the
varables.

3. MAGIC MOTOR

Construct a DC motor without a commutator, using 2 batlery, a permanent magnet and a
coil. BExplain how il [unctions,

4, 50AP FILM

Explain the appearance and development of colours in a soap film, arranged in different
peometnes.

5. DROPPED PAPER

Il a rectangular picce of paper is dropped from a height of a couple of meters, it will rotate
around its long axis whilst sliding doswn at a certain angle. How does this angle depend on
various parameters?

6. SINGING GLASS

When rubbing the rim of a glass containing a liquid a tone can be heard. The same
happens il the glass 15 immersed inoa liguid. How dees the pitch of the tone depend on
different parameters?

7. HEATED NEEDLE

A needle 15 hanging on a thin wire, When approached by a magnet the needle will be
attracted. When heated, the needle will return to its original position. After a while the
needle will be altracted again, Investigate this phenomenon, describe the characteristics
and determine the relevant parameters.



8. ENERGY CONVERTER

A body of mass 1 kg falls from a height of | m. Convert as much as possible of the
released potential energy into electric encrgy and use that to charge a capacitor of 100
dmicro .

9. AIR DRYER

For 4 minutes collect as much water as possible from the air in the room. The mass of the
equipment must not exceed 1 kg, lis initial temperature should be equal to ambient (reom)
temperature, The water should be collected in a glass test tube, provided by the jury.

10, CHARGED BALLCN

An air-filled balloon rubbed with wool or dry paper may stick to the ceilling and stay
there. Investigate this phenomenon and measure the charge distribution on the surface of
the balloon.

11, BILLIARD

Before a pool-billiard game starts, 15 balls form an equilateral triangle on the table, Uinder
what conditions will the impact of the white ball (16" bally produce the largest disorder of
the balls?

12, FLOUR CRATERS

If vou drop a small object in flour, the impagt will produce a surface structure which looks
like moon ¢rater, Whal immformation about the object can be deduced from the crater?

13. GAS FLOW

Measure the speed distribution of the pas Mow in and around the flame of a candle. What
conclusions can be drawn from the measurements?

14. WHEAT WAVES

The wind blowing through a wheat field creates waves. Describe the mechanism of the
wave formation and discuss the parameters which determine the wavelength.

15, BRIGHT 5POTS

Bright spots can be seen on dew drops if vou look at them from different angles. Discuss
this phenemenon in terms of the number of spots, their location and angle of observation.

16, LIQUID DIODE

Make an electrochemical diode and investigate its properties, in particular the frequency
dependence.

17. SOUND FROM WATER

When you heat water in a kettle vou hear a sound from the kettle before the water starts (o
boil. Investigate and explain this phenomenon.



LROTATION

Z. Osmanov, A. Razmadze
School Ne 42 named after LLIN. Vekua

First 1 want to talk about are liquids, which move down. Rod begins to rotate, In cause of
viscosily liquad rotates too. Let us consider it°s small element, which is situated. on the surface.
For it is being at rest it is necessary all the forces, acting on this element be balanced, They are
gravitating, cemtrifugal, and reacting forces. Surface takes such a shape under action of
centrifugal force.
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From the proposed theory we can find such a tendentious:

1. With inereasing of o (angular velocity) - height of falling increases,
2. With increasing of R {radius of vessel) - height of falling increases.
3. With increasing of r (radius of rod) - height of falling decreases.

MNote: It is interesting thal outcome from this theory is following: height of falling does not
depend on next hquid parameters: viscosity and density.
Proposed theoretical results are in good agreement with experiments,

To approve theory [ want to present some experimental data. Here we can see the detention
hetween height of falling and frequency for water when rod’s radiuses are different.

-
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The next graph shows us that nothing changes when we make experimentswith different liguidl.
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Next | want 1o talk aboul are Liquids which make

upward metion on the rod. In order to understand differcnce

- between these liguids let us again consider small element of
N/" the ligquid. Tt is obvious that for being at rest there must be a
”"\\/ = force, compensating the action of all other forces. Let us

=i

4 s understand its origin.

K‘ The liquids, which make wupward motion on the rod. are
mg polvmer liguids and in cause of their structure they posses
elasticity, In order 1o understand the nature of this elasticity let
ws speak aboul one molecule, IT we leave molecule (0 11s own
devices 1t's one end will freely fluctvate. Generally it will take
such a size in which it will be possible to change more forms.
FjE 2% Mow i we will pull the
another end the
possible conformation number will be decreased, As the
system always tends to 1ake the pesition with the minimal
energy or ol highest probability, there appears the ———
restoring  force. From this we can undersiand  that

polvmers posses elasticily.

E=3E4T — Jung's module for polvmers,
£ — Number of cohesion,

Let us consider an elementary prism in liquid. In cause ol viscosity different layers of
liquid moves with different velocities. That’s why initial right prism became inclinative. In cavse
of elasticity increased size will tend 1o become initial. That's why liquid makes upward motion.

More qualitatively we can represent this phenomenon in the following way: we have a mod
and stretched along the whole length elastic. It is not difficult to understand that it tries to
contract the rod and makes self to climb on it. To get quantitative dependence of climbing
heighl on some parameters, we are interested in normal component of this stretch. In cause prism
15 elastic it 15 obeved on Hook's law.

The projection of tension on normal axis is ollewing:

i FII :
J i g = —Ldfﬂb COS §

For displacement we have:

dF =0GdS.y

Iig 5.
U the other hand force that makes prism to change its form is difference between viscosity
forces:

L



dF ~dSnbV"(x)

Pressure acting on rod is following:

dF
p=——>_= gt
dS
from this we can judje about height of rising. The dependance from parameteres is following:
b 2
v | bruregdin

O

Fig 6.

O

g RF+9rt E 1
We can sce that height depends on viscosity, but in it's own
lurn viscesity depends on some parameters toa, To understand it
qualitatively let us talk about theory of Alowing, When liquid
flows molecules change their positions and to do this it is
necessary to posses definite energy,
From this theory we have that with temperatures increasing
viscosity decreases and with anpular velocities increasing it
decreases too,

How we know polymers are entangled to
each other long molecule. It is not difficult o
undlerstand that il one molecule’s end moves
i to one place, another can move o another,
From this consideration we can get following

lendentions:

L.With T increasing viscosity decreases.
2.With o increasing viscosity decreases,
3 with increasing of concentralion viscosity

INCIeases,
4. %1k

=l E ]

increasing
viscosity increases,

of molecule’s

length
Fig 7.
A With nereasing of  molecule’s
----------------- Mass viscosity increases.
To approve getting dependence here
. Nt - I we can see results of experiment at
different temperatures;
| Graph 3.
1
|.'I-\.|I
I
LS o LS 1
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From experiment we can see thal the height either of downward or upward mation goes on
constant, [ can explain il such a way: al this tme when H goes on constant we can see splash and
waves. At definile w centrifugal force is more than elastic. The energy decreases in cause of
making waves and on splash. The flow transforms from laminar into turbulent,



2. IONIC MOTOR

2, Osmanov, A. Bashiashvili
School Ne 42 named after LY. Vekua

mzgnetic pill

If we make experiment we can see rotaling liquid in the Petri dish. At first I want 1o explain
this phenomenon qualitative and then go to the theoretical description.

Every body moving in the liquid “feels” resistance of it. In our case movement of small
particles in the electrolyte is affected by liquid — liquid attends 1o stop these bodies bul from
the Mewton's third law we know that in this case these bodies will act on the liguid with same
force. And hguid posasess movement.



Now let us try to describe this phenemenon by some mathematics.
Refore we starl 1 want to say, that | assume electric and magnetic field uniborm.

To caleulate figld in our system we can consider it like cylindrical condenser (fiz. 1) and writc
Ciauss theorem for the eylindrical surface:

ES=—L

EE,
Expressing g and C:

2mee, H
R

it ol

R

=Cl;, C=
H q E

In

114

Fig. 1

So we can gel field tension:

Now our target is to describe motion of single ion, for this we have to know that in electrolync
solvates we have not jons bul more complex particles — solvions. Solvions appearance can b
explained by existence of electric interaction between ions
and solvent molecules, sec figure 2. And [rom the
solvatation chemistry we know  that solvions can be
considered like small elastic balls. Let's write Newton's
second law in both wveclor and projections form for the
meving solvion:

o

¢

f

'. \
H’Iﬁ:ﬁﬁ-Fﬁ{{’l-fi \_..

Fig. 3.

On the Ngure 3 vou can see choused coordinate system and
forces vectors, And in projeclions one can write:
Q



A .
mx = —-6xrnx — —g—r - qyB
¥

A .
—6xrny — —-—q y+ gxB
=

Il

my

Here you can see that we've expressed resistance force by  Stocks formula. We can do it for
this case (“microworld™) it's known from the literature. And A is expressed so:
b?'
A= —F—

123

R,

iF

So we get differential equations, which we can solve using computer simulation with any
numerical method, for example Runge-Kutt method. Then we can get such diagrams for the
salvion trajectory (fig. 4) and velocity (fig. 5):

In

Fig. 4. Fig. 5.

Now we can see that character of the trajectory is right but velocity dependence doesn’t satisly
us, because we know from the hydrodynamics that near the surface of hedy immersed in the
liquid velocity of the liquid flow is zero, but we didn’t get this from our model. So this model
15 W0 rough to deseribe velocity of the ion. Let's go o our second model — in it we describe
dynamics of not single ion motion but of the whale water.

Mow let’s consider that solvion velocity consists of two components: tangential and radial (fig,
). At first let's lind radial component,



4

e can write cxpression for the current fow;

J=n,qv,+n_qv_

Y
Assuming, that: )
R, = H_ = n fl
Vv g e, = TR
and g

= j§:8S =2arh;n = —

Fig. 6.

So, radial velocity is expressed as follows:

. _ MR
" 8emN |

Now let's find tangential component of solvion velocity(this will be equal 1o waler rotatio
tangential speed). Writing Lorenz foree moment for the thin laver of the liquid{with a thicknes
dr — fig, 71 we can get;

dM , = dgBv .r Bt 5
=" @M ;= rodr
da = ng . dV R
4 = Hg ,
For the moment of the viscous resistance foree we have:
v 2 dv

dM , = ((-7nS Jam(mapS—H Pri=

dr dr

S
- Cdv
:—E:rh??i(r‘! e
dr \ dr |

Because we are observing established rotation,
one can equate these two moments (figure 8. ):
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Here we’ve got expression for the solvien tangential
veloeity which is equal to water rotation tangential

& R-rYR-2)

= v, =—(R* - x*) +
M, 0 =g e

Figz. 5.

where C = B
2an RA

Vl B

i

|

r‘.=
Fig. 9.

Tangential velocity dependence on distance from center — distribution of velocities onto

radius.

Here we can see that our graph is more “compressed” near zero of r axis, it can be explained if
we remember that viscous foree depends on surface square and near zero of r we have

relatively small surface of inner clectrode.



Now let’s see some experimental data, Here you can see experimental graphs.
0,05
oS : I

i

0,08 &

I ; |

| ez
| o
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| want to clarily some unclear moments in this problem. At firs! about radial component of
water velocity — does the liquid in our system poses radial velocity? The answer is “no” and
i's because the both types of ions move along radius but in opposite directions, when one 100
“tries” 1o move water in one direction , other “tries” (o move waler in opposite direction so the
water stays stationary., But if we throw in clectrolyvie small bodies (chalk dust for ex.) they
doesn’t stay on fixed distance from inner electrode. It can ke explained by existence of
velocity, and correspondingly pressure gradient. And because of pressure gradicnt there
appears foree (which acts on our small body) and this force makes small body moving 1o the
peak point of velocity distribution.

Additional questions that may appear in this problem.

Q1: Lifetime of this system.
Ad: We know Faradays formula

M = Klt



And if we putin I=1A, M=10g we can get that time after which
all electrolyte will exhaust is t ~ 3 hours,

()2: Reynolds number.
A2: B hers 15 Petri dish radius,

23: Electrochemical potentials.
AJ: So the upper bound of the voltage we can give on electrodes js ~1,1 V.

because then begins water hydrolvee and the chemical reaction affecrs very
much this phenomenon, so there exists lower bound which iz set by

electrochemical potentials, we have here value for potentials
difference V ;

V = +0.34V

Od: Magnetic field.
Ad: Using formula for the tangential velocity, we can get:

B~ 107°TI

14



3. MAGIC MOTOR

T.Bibilashvili

[nstitute of Physics of the Georgian Academy of Sciences
G.Dalakishvili
School No 42 named after LN, Vekua

A= few o of msulaied wae
B - s frwe of saulition (bare]
& = bare wire

I - mzgnesic pill

We have motor shown on the picture, In our madel we consider rectangular Trame as
]
coil and take dipol magnetic field. Because inductivity of coil is small L~ i and E.M.F.
caused by alternating of magnetic flux lhruuLh frame is neglipable ~10%, We consider

buitery EM.F. £ and constant current 1= /R . The proposed aprouch is in good agreement
with experiments, We gel [ollowing data:

EmQ W

R, = 2105

2a =71 em

d =102 mm

A =0.001T-m'
X fe = 0.5

g = 9.8 miz"

£r=6cm

where R is resistance of buttary, d - diameter of wire, k — index of friction between wires, g
is free falling acceleration.

- i I'-l-.lll
e | il = Y
, IFy-F—r -
| — e LA bl T
f | . 5 - I I|-'
i : Flx. )
| g G0
F=1-dxB a, (0,0, 2e)

.Ii':':. =1 .4, x H i, (0, —2et)

15



where p 1s dipole moment
From magnetic field on frame with current act forces Fy and F; they make momenis M,

and Mz with respect to ¢.m. of frame and it begins to rotate.

."'l’.ri!', =d'x F ey |~ Sin g, a2 cos g, 0)

£ c2iny w A M =M + M,
M,=a, xF, o [asin g, dcos,0)
From graph one can see that work of moment per one period is zero, it means that we
have nol source of energy bul we have a friction, loosing of energy and rotating must fade.

T’-.l ()
| |
'1_ .--L ~ J_r'“
% -.-' S 5 - i7
il |_ T .__-"' L et i
i a L3 I b g
. . b ¥ "‘.,_ . (B
L - e
L]
== al L a-r % o o r | om |':-_ L 1
1
. 1 1
."".-'}=H!g+f‘_t},+r.‘!}, -

where Ny is a reaction foree belween wires
When 0 = N,. the coil jumps. Graph (1) shows us a picture when the magnet is shifted
with respect te the symmetric axe of frame, graph (2) shows a picture when the magnetic pill

15 exactly under frame axe.
From graph (1) is ¢lear that during disconnection is cut negative parl of moment so we

have positive work
From graph (2) is clear that with disconnection is cut equal negative and positive parts

of moment so work is zero

wraph. | WET 2 graph.2  w=n2

el 1 2 i = (]

M, =40 =0 or N=0O
kN2 gzl
M, =—ag

Jp=M +M,+M,+ M _

1]



wee also have frction between wires and air friction. My is moment of friction between wires
and My — moment of air frictien. Abeve are expressed main equation of rotation. Below we
show selution of this equation for angular velocity, angle and current.

N TR o I
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without disconnections

large friction

normal conditions




4. SOAP FILM

£ Osmanov, A, Razmadze
School Ne 42 named after LN, Vekua

In soap film color appearance is caused by
interference, Incident wave divides on two
parts; reacted from the upper and lower sides,
Film must be thin encugh for these waves to
meel each olher. They are brought together
and interfercd to cach other. This gives us

possibilily to walch interference picture.

It is obvious that these two parts have passed different ways, If reacted wave falls behind the
reflected one by whole number of waves, then they will meet each other in phase and will
happened inereasing of summer wave, we will see increased correspondent color. If reacted
wave will fall behind by odd number of halfwaves will happened decrcasing of summer
wave, we will not see comespondent color.

Maximum and minimum distribution in interference picture depends on light waves length,
on reflection index, angle of incidence and films thickness. Dependence of interference from
these paramelers is given by path length’s difference:

T A
r"-"—Er.!'x'H'—sm'{x+;

Rcal soap film is guit difficult object of observation. In

this article we consider it as totality of some idealizations.

They are rough, bul considering them we can belier

' understand what happens in reality. The first idealization we

-_ : want to talk about 15 plane-parallel plate. 1t 15 obvious that the

! B ek only parameter changing in the expression of path length's
; difference for different color is angle of observation (it
correspondents to the angle of incidence). The angle under
which we observe increased color with wavelength & is:
; if ik 2nik? |
| Gy = arcsin |- -l
Fig. 2 L .

where k 15 number of maximums.

It is not ditficult o understand that passing from plane picture (Fig. 1} to space one
(Fig. 2) we will see concentric cireles of different colors. These circles are with following
rachi;

R o= Lty w;

s
where L1s distance between eve and plate,
apeaking abaout colors we must mention about intensities with which we sec them. This
15 the expression for intensity at interference:

2ahr
f=f|+fz,+2ﬂ,.f|f:-cus[ - )

The intensity of the wave that was reflected from the lower and upper sides is respectively:



h=ifi-RIR(1-R) pp s 0
We got them from Frenel's formulas. In them reflection number 1s following:
|| sinlee— B} te’ (e~ 5)
R=—|—s e - Y |
2| sin*la—A)  1xifa+ 9)

Mext dealization we want 1o talk about is

concenine circles there under following radii:

—

-\_'-\-\__\_ g -
== sphere where distance between two parts ol soap
fs"f R/ r\x“--.____q_h film is the same everywhere, We will sec
. /! g
i I." | 1 m? 4
\ 7

; [¢3 s 3 3 Yool
/ r=Lsinla, — oL sin” 2o, —4|{F. — R sin” &,
\\ " Fip.3 L is distance between our eve end center of soap
8 o &
Erat T bubble.

How we know under the action of gravitating foree soap ilm changes its thickness
{liquid in it flows), To bring in proposed solution times factor we censider liguids flowing.
For small element of liquid we write Newlon's 11 law:

. A
0 =ma=mg, —nS o+ [ flow has settled ).

Az

Having made some transformations we have:
¥
Sdpg ., ~ ?;J?E

From this we get middle veloeity of flowing:
I__.r e ﬁjﬁ- ﬂ.‘!
i
Alter this from Law of mass conservalion we have:
- VdAt = [Adb
I'rom this we can get. that film thickness depends on time such a way:
1
it i
(2pgs 1
V # 4

(We assumed that thickness decreases  uniformly
everywhere,)

Fig. 4

Flow is laminar when R€ & [Eﬂﬁﬂ]

1 q - - -

Wwhen Ree [JU-..SU] appears regime of waviness flow.
Under this regime surface tension forces became comparable with
others, In causc of it appears capillary wave, which is undamped in
Lime.

20



Mewtan's 1 law in this case is:
Ap
Ama = —nASY' + Amg, — £ AxS,
Ax
Middle velocities in both regimes are approximately equal:
i o e
':Fw}ﬂ{y.'.}'" i

i
The length of undamped wave is:

2 P’ [20d

n \ p

. . ; Rl
This wave moves with velocity © 7~ 3l

The frequency of given wave is:

: I 2ad
I = J1f
WV Iﬂ

For the function. which expresses thickness of the film we have:

z(t) = d(%cna{m — oy + l}

f
A
e
— i i s -
' f EE In cause of flowing film takes wedgeble shape. During At
III." by lime soap lm’s upper part  decreases by Ad:
| ]
: d
B g il
Jra ;{ I i % !
_< L sl For the angle of opening we have:
o ¥ et ]
/oo 1|, (208 1
B =3l 22 o,
/ i i L i 'r.iHI l:f,:-,
| i -
h/ - \
li"s the thickness along x-axis 1:!'{1' ]' = ¢ {1" :' 3 2}’{1' }.‘f
Fig. &
w=pg+y s :
The path length difTference for wedge is: - P
I : \ . :
A g L r i
Ar=2dlxmcos + — L ‘. [
[ } I 3 i = F! By ,'“ :
sl ;
MNow we can judge about interference in this case. " 4
Fig. 7

On the other hand the film is membrane, it joins into resonance with frequencies,
coinciding with its natural frequency.



Phe rough estimation of soap film’s natural frequency is:

2

The soap film mass is:

m = 47R* pd

de (Jf]"_';]U *
Theoretical frequencies which we got are fellowing:
v e (100:1000)Hz

[t is in good agreement with experiment.

7273

L



5. DROPED PAPER

Z.Osmanov, G.Dalakisfivifi
School Ne 42 named after IL.N. Vekua

N oEAT K
P Y
2 4
.1 pic.2
Re--10°
F,=0,13pV Ssini sini = sinfer — @)
}IJ
L =03b(1-sini) g = P
"wa - F;Jr..
. b?
M =1 =
L e i3

I, is force caused by air when paper moves with velocity V. Fy makes moment My with
respeet to c.m. of paper and paper begins rotation. o - density of’ air, S-square of paper, | -
inertial moment with respect to longest axis, m is mass of paper and bewidth of paper,
L,ip,o0 are shown on pae.2

When paper rotates because of air [riction air rolales around paper and as a result of this
event we have two flows: rotating and blowing ones.



At the ABC airflow intensive each other at the AC break each ather ABC is
longer than AC so  rolation conserves Becawse of velocity differcnce according the
Bemoulli rule appears difference of pressure U is wvelocity of rotating Forces caused
by difference of pressure are expressed below
In simple model we have:

||::H:-'!'_-Ir F}I [II_." 3 J___a-]’!
P =P - O 2 P, =P i e LN

' 7 : a5

AP =2pUV F=APS
F = pKVR where K =2aRU

K=Y AFV = {VdF
ACA Al
force cansed by rotation is following:

s 2
F:r; o PKW K= ‘.E.Ul'b W (. an angular velocity of paper

by=nlV

viscosity forge n-viscosity of air
- == e o L] ¥ =
M =mg+ ‘r1l + ‘FJ' +1r_; Mewton's second law
When air surrounds paper F| disappears and we have no moment.

Steady motion

Steady motion trajectory of a paper is line which
makes angle 8 with respect to the horizontal.
Steady condition means balance of all forces
Condition of balance is cxpressed below and we
get dependence of steady angle on different
parameters.




F,=mgsint

F, = mgcost
i
i E = R —
5 F, umb wlp
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6. Singing Glass

T. Bibilashvili

Institute of Physics of the Georgian Academy of Sciences
Z.Osmanov, D.Shugliashvili
School Ne 42 named after N, Vekua

The main part of the problem is to find how depends [requency of the sound on some
parameters. To find this dependence we must find a frequency, but the glass has very difficult
form and we’ll get wo difficult mathematical equations. Therefore, we can solve this problem
for a model of the glass. In this paper, I'll consider three model of the glass.

First model is the tuncated pyramid. which vou can see on the picture,

- == =

1
1
I
-

clasticity 1 browght in spring with elasticity K.
So to find a frequency we must write the Low of Energy Conservation and after
deriving it we'll get formula like formula (1), All energies which are present in this system:

Kinetic energy of the inner water
__;xf,ﬁ‘zﬁj Kff}ca+3Htancr+4aH3+3H3tan-:r\‘
120 cos*ar | 3

fw _in

Kanetic energy of the outler water

pdll

(4D —3rtane) ( s

This model gave me best
results because of this it's
main model and 'l consider
it more exact than others.
Mow S0
comments  aboul  variables
that are present here. Some of
them are clear 1 think, bui 1
want 1o talk abouwt S and K. S
i5 the httle shift of the glass
will in some moment of the
time. In real case(l mean in
the  pglass)  we  have
oscillations because of there
is elasticity of the glass, so in
maodel  instead  of  glass

-

‘||.|'-,..- .I: Py C
Y- 12 cod' @

6 k4{.D.— ftance |

(f.r + 2 H tan E:)E J

36

| ( htana | |
1+
2D~ htana) J

.



MS?
g oM

Kinetic Energy of glass wall werld 3
Potential energy of the spring

Hgd - 2y Mg :
Epis =KS5* -5 a WH = o0 ]+ - +C
Pepwing 21:':.3” fl"L (ID..IE J'Uﬁu. ] Sin ﬂ'} 1

Patential ENETEY ol the inner waler
 pdgH ’S a+Htana
5 2L a+2H tang

'EPH'

Potential energy of the outer water

=C,S

fw out

Potential energy of the glass wall
1 MHSg
Pwall = :
SR )

E

Kw i

+ I

Ew_om

+FE. . +E +E, . +E +Lp, . =CONSL

Fowall Pspring ~ " Pw_in P out

F+olx+C=0 (1)

S0 here vou can see frequency dependence on some water and glass parameters
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How you can see from these theoretical and experimental graphs they are close to each
other, s0 we can say that this theory explains reality good enough,

Mo lets talk about other models which | had considered. Second model s lull
pyramid you can see it on the picture and alse here are formula of frequency for this model
and graph of this formula.

¥
T Illlt
- T o
pdrguH g (‘:L E’la‘ /
2L sin 2al. 3 il }.f ;"f H
'I.IIII f ."/LL
b 2j

1

4} JiLr £

Here you can sec third eylindrical maodel of the glass. You also can see dependence and graph
of this dependence.
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How you can see from this graph it is not like other models and experimental graph. So this

means that this maodel don’t explains reality as good as needed. So what is the problem and
why 1t doesn™ explains reality, [ think its because that
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7. HEATED NEEDLE

G Dalakishvili, Z.Meskhia, Z.Osmuanov
School Ne 42 named after LN, Vekua

Experimental device

Experimental regimes

&y _
.LI: - & ] AR R N E A T i n “"‘-_ *
aqf N ' - |
I.
_.'.. I_.___:_"..__."_. —i--h . ——
_.l.n' _r_n' 5 .._I.- 5 ':|I-ll LI, i/
L L3 ol !

u.;.=4ﬁ.llc' {,=40 mm
Tt 1= (0,43 sec

F = mpgtper,
I_.——I
[ -._'rj"" ()’
it =
1'.l mi

-
2r
T= = (55

fi
where 1, is length of needle, F is a magnet force, m is mass of needle and o - frequency of
oscilalions near magnet,
&

¥
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IN CLASSICAL THEORY

|
=1

il

u=—pBcosd 9=(iB)

- '\-"" -
; AU
) Fhx=-AU= I =-—

: o Ax
| ; AB

i
o F, = pcos§—

-

B(x)=consi=F =10

where w is a magnet moment of circuil, | — current in the circuil, Fy — interaction force
between circuit and magnet and S is square of the circuit,

From piclures and expression for Fy is clear that we have repulsion or attraction when
magnetic field is not uniform



QUANTUM THEORY

(M=Nau= T .
] T Probability is following:
Wi oo e (Strte erergy) SET
p~e "
."i'_ = (T
I'lrl|-| = s B=Jlu-|:-'rf.1.| 'ﬂ"-'ll"f":l

No= Ny + Mo+ N,
N (gt V4 N (—pry+0- N

Ll .H T
h

JHT kil

M o= ¥ - - -
T T

where M is magnetization of iron, N — concentration of aloms. p - magnetic moment of an
atom, &y, , M, (N - are respectively concentrations of atoms whose magnetic moments are

directed to, opposite and perpendicularly to the outer magnetic field,

—n
| = i J.l-EII
= |
& T, R I '
4
5 J
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Dependence of magnetization on lemperalure
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Dependence of coil inductivity on temperature of an iron core.



Thermodynamical calculations

| AW For balance law we will get following expression:

— emdT = ES(T ~ T, )dt + £oST " dli
£ = 200 1/Ksm® &= 0,3
Ty= 290 K m=015p

§=1.2510"m? =460 J/kgE

where Ty is temperature of environment, m - mass of needle and 5 - square of needle.

n
- Sea = J fﬂ‘ [ =3%
CHH T, T-I- + S ;i 'gTE'
ECF gF
T ~ 990K T, ~820K

Ty and T are respeetively initial and after t time(lime in which needle comes o magnet)
lemperanires.



8. ENERGY CONVERTER

E.Kiziria
Institute of Physics of the Georgian Academy of Sciences
L.Kochoradze

Gvmnasium Ne 7 named after A. Razmadze

The main aim of our problem is to charge a capacitor, which we reach by converting the
potential energy of falling bedy into electric energy. We tie the body of 1 kg. to rope of 1 m,
which is winded round the rod of the generator, The fall of body makes the rod of the generator
1o Totale,

At first let's consider the ideal case, when the potential energy of falling body is
converted into the electric energy without any loses, so

n™ =100% then Uk, ~d44Tv

HI=

This means. that the maximum voltage, to which we can charge the capacitor to equals 1o
447 .

The generator and the rod are shown on the picture 1. with the forees applied to the body
and to the rod of the generator.

T v
| GJ | r
T k‘\-
T -
SN 1
mg L4
‘M
P - J
Pic. 1 ~ g hi i
We can write the following syslem:
I st = const| Where 1 = is the inertia momentum of rod
I =TR-M L =Y ratation, B~ the rod radius. Mg — the friction
! r i | momentum, which we measured from our
e ————77— | experiment, w - lhe angular velocity of rod
T |, mgh - M, : E .
=T = m=_|IL ; rotation,
y 1||| l.’ L mi -'JIE
i = Kb
e M, =7,7-107° Nm.
3

We can consider our problem in two stages: In first stage the potential energy of falling
hody converts into the kinetic energy of rod rotation. In the second stage the kinetic energy of rod
rotalion converts into the eleetric energy. At first let’s consider the first stage.

Let's find the efficieney of converting potential energy into kinetic one:

LY
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g el
TR
14
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From the formula we see that with the decrease of My, ) is increased.
Now let’s consider the ideal case, when the kinetic energy of rod rotation converls into
the electric energy, than we'll have:
E.=Ex I =3TIY
Now we sea that the maximum voltage we can charge the capacitor to equals to 371 v.
Now let’s consider the real case, and find out the cfficiency of converting kinetic energy
into electric. From the experiment we saw that the value of voltage to which we could charge the
capacitor equals to 220 v, then we'll have:

<
Ez

'tll:'
The whole efficiency, or the efficiency of converting the potential energy into electric will

= 0,69

= (.35

J'jll:, —
be:
=, =024

This means, that we use 24% of released potential energy to charge the capacitor,
We built the graph of the dependency of the whole cfficiency on different heights,
{picture 2) from which we see that in our case we are in quite a good region.

Pic. 2

Efficiency
T

1|:|jll e e e ————— — g — e e e e T R R R R R R G R
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Now about the way we charge the capacitor:

We took 3-phase generator (picture 3), in order to have the minimum lose of voltage. The
positien of coils 18 shown on the picture 3. This position of coils is optimal in our case. They are
shifted from each other by the angle 120®. Then we took 3-phase step-up transformer and
connected each of the coils o the appropriate winding. The penerator produces approximately 6
v. and then transformer steps it up.

The transformer in its way is connected to the special rectifiable diode system {chosen by
us), by help of which we charge the capacitor and volimeter shows the voltage it's charged 10.
Pic.3

7 1 T T
| e |
¥ i A
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Now let’s consider in details the principle of work of our rectiliable diode system.

The rotation of core in the generator emerges the maximum and minimum value of
voltage on the coils. This changes in time. As the coils are connected to the appropriate
transformer windings, and they in their way are connected to the proper diode couple, so work
anly those diode couples, which are proper to the maximum and minimum voltage value. For the
maximum voltage lower diodes work (picture 3), for the minimum voltage — higher, and the
current goes always by the same direction.

In the end let's speak about the way to improve achieved result. One of the ways is 1o
increase the number of transformer windings, but we can't increase it infinilely. Another way 15
that, if we take into account:

[/ =U, cos Nax

Where 1y is the amplitude of voltage change, @ - the frequency of rotation. N - the
number of magnet couples in the generator core, and 1 - time of rotation, then we can see. thal by
increasing o, U is increased wo. Let's look at the formula;

4 |_|! mgh — M,
_",||L -l::f+nn'-€3:|.|_r{

From it we can conclude the following:

Tf we reduce R, o will be increased, the same thing happens if we reduce M.

We taok the rod of quite a little radius (approximately 3 mm.) and the result we got in this
case is 220 v. that's approximately 24% of released potential energy.



9. AIR DRYER

Z. Osmanov, A. Bashiashvili
School Mo 42 named after IN. Vekua

To solve this problem, let’s at first solve such a sub-problem. We have
vessel with water vapor at given humidity and on given temperature, and
the question will be: how much shell we decrease temperature for waler
vapor to condense? This problem has direct connection with Our one,
because we also get water from atmosphere air by condensing it and we
need low temperatures of condensing surface, So let’s go directly to
solution of our sub-problem.

Humidity determination is:

_ D)
i/ P

Where F{T) — is water vapor pressure on the given T temperature and P, (T) — saturated
vapor pressure on the given temperature,

S0, the condition for the water vapor condensation is followin e

| D)2 P,fc:?')J

Let’s write Klausivs-Klaperon equation for the saturated vapor pressure on  the given
temperature:

Because T and P altermation is ammall, one can

x‘“‘--h__h ARSI
—_

dP_R-R_
— di T—F
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And get, thal:

T, KT

Fai s

Finallv applying following conditions:

P(T) = 1P, (1)) = Jh

T,
P =2 fF
) ?l I

One can gel.
T: - ‘.I; = - '3,3‘K

So, it's enough for temperature to change on 3.3K for dew to fall, but really in experiment
we have much bipger temperature alterantion; about 20-25K.

After these caleulations we can choose the way of cooling condensing surface: 1t can be ether
vaporisation or solution of ammonium nitrate. We've constructed both type of deviees and it
was very inleresting to estimate their efficiencies. So we input such definition of efMficiency:
since we can get hov much air we've “refined” we can calculate how much water potentially
we could get (on given humidity) and from experiment we know how much water we've gol
<o let's call ratio ol experimentally gol waler Lo potentially “refined” water efficiency:

= el

m, ‘
I? —
H’.I‘J,j
.
H‘i:. L =Wl
where  Af—  mass of a water per volume unit, ¥ — volume of reworked air.

Mow our problem is to get, how much air we rewarked, we can solve it this way:

[f we hang small plate over the air low we can gel by angle of inclination (if we know mass
and surface square of the plate) velocity of the air Mow, the following formula is known from
Jukowski's SOCHINENIY A,

& 5 | *EmE

Ve
N— \ 0,1355tgar

-

"-“5"5 m;‘rs

Then volume of reworked air can be calculated so-



V = ;i"li"'S‘.Jf
where tis 4 mins and N — number of air emitting coolers.
S0, efficiencies for both two devices are:
Here are schemes of our devices.

n=6% 1, ~3%

This device (side view) can be used both with ammonium nitrate and ether,
efficiency coefficient before is for ether.




And this device (lop view) can be used only with ether.

Now [ want to describe our devices,

In first we have a platform where are bolied: motor, two coclers and cylindrical cup in
horizontal position (due to its symmetry axis). This cup has holes in bottom — it’s for
vaporized eiher to flow out. Job of one of the coalers is to make ether flowing oul and other
cooler brings air to condensing surface (cylindrical cup). The cylindrical cup is rotated by
motor, by this ether is layer is thinner and effective vaporization surface is bigger, This device
uses 18V battery.

In second device on platform we have four coolers bolted and vertically placed cylindrcal
cup. This cup isn’t rotating, but inside il we have mixing device which mixtures ammoniwm
nitrate in one case and forces ether to flow to the walls ether in other. This device uses one Oy
battery for coolers and one 3V battery for mixer.

And now 1 want to make a shorl conelusion and say just a few words about problems with
usage of this devices, We need to rise up efficiency: how can we dio it?

The main minus in exploitation is water collection, we used o collect water rubber brush and
lo collect water by this way it's better to have water frecze,

Alsa the way to rise efficiency is to rise surface of ether vaporization, this we realized in
second device — we made REZBA inside the rotating cylinder.

Another way 1o rise elficiency to find better cooling source this can be Peltier madules, but
for us they were unusable, because the device mass limit was one kilogram and  Peltier
modules require small veltage and big current — we needed transformer to produce such
output, but it"s extremly hard to make such transformer and fit in weight limit.
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10 CHARGED BALLOON

E.Kiziria
Institute of Physics of the Georgian Academy of Sciences
L.Kochoradze
Gymnasium Ne 7 named after A. Razmadze

When an air filled balloon is rubbed with wool or dry paper electrization takes place. In
this case we can consider several ways of clectrization. One of the ways is (he ruin of balloon
structure and electron loses. In this case balloon is charged in positive charge.

It's more realistic to consider electrization case, which depends only on friction. In this
case we assume that there is neither dust nor humidity layer on the balloon surface, so
electrization happens only because of friction, in another words triboelecrization takes place.

I°s clear that some definite surface is heated by friction. Here we consider two cases of
heating: I - is the whole surface heating and 11 - is the heating of some surface inequalities. Both
cases are depended on the surface structure characteristics. It's clear that for some solid bodies,
which can have high temperature for inequalitics, it's possible thermo emission, after which the
heated surface is charged in positive charge. Albeit this case isn't inevitable. If both structures
have freely connecled ions, than we ean determine the number of those ions that can shift from
one structure into another by Boltzman distribution:

N = N g

Where Ny 13 the initial number of ions and A is the ion binding energy. In this case a big
number of lons will shift from the heated surface to relatively cold and this will lead 1o
electrization.

On picture 1 (a) s shown the difference of temperatures on the surface with inequalities
(that leads to surface electrization) and picture 1 (b) shows us the clectrization process between
two rubbing bodies,

But if A (ion binding energy) is sufliciently big, than by the surface heating one of the
surfaces reaches the sufficient value of temperature for the charge to shift by the above
mentioned way,

Pic, | g RS E s
s /—I'l H_.__"’H \'\.l J. 5 |.J & el e
(#1] 2

(b} —
-+

As we know charged balloon may stick to the ceiling and stay there, The explanation of
this phenomenaon is the following: as the charged balloon has an electric field round it, when it's
approached to the ceiling, ceiling dipoles are polarized and interaction foree is emerged (picture
2). If the interaction force is more than the balloon gravity force, than balloon may stick to the
ceiling and stay there.
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The charge of the balloon and its ability to stick o the ceiling is greatly influenced by air
humidity. We constructed scveral graphs of charge distribution en the surface for different air
humilities, here are some of them:

Charge distributien for p=738%
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Charge distribution for g=83%
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These graphs are made from the following experiment:

We constructed "feeler” (see picture 3) that is a conductor, which is connected to special
"Wibron" voltmeter. We rubbed the balloon with the paper and then measured potential difference
between feeler and points taken on the balloon surface. The distance between points is 1 sm. and
the result of experiment is shown on above given graphs.

Pic. 3 [T e
Vibron

Feeler measures the

Feeler potential difference

W, W) an the 3 mm. diameter

We also conducted another experiment:

We put Xerox powder and little iron ball in the plastic bottle, With the bottle shaking, ron
ball breaks powder particles and powder dust is produced. Then we poured this dust on the
charged balloon surface and got very nice and interesting picture. Before the dust pouring we
measured the charge of the balloon and it was negative. We have also constructed the graphs ol
charge distribution before dust pouring and after and they are given below:

Charge distribution before pouring for p=83%
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Charge distribution after pouring for p=83%

Point Number

Now let's consider what happens when we pour powder on the charged (in our experiment
negatively charged) balloon surface. Powder particles are dielectrics and they are polarized (see
picture 4).

+ 4+
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Powder Particle

7

S ol e s

Pic. 5

F=qL gradE

As the result we pel that positively charged lines and surrcunding negatively charged
balloon surface are covered by powder and we get Lixtenberg pictures (scientist who found these
pictures). But within the air bumidity more then 85% Lixtenberg pictures aren't taken because in
this case discharge takes place between balloon surface and air {see picture 6).

7

Balloon Surface

Pic. 6

[T anode 15 approached to the negatively charged balloon surface (in cur experiment paper
plays ancde role} electrons from the whole surface gather in the point under anode {leaving

behind positively charged lines) and then happens discharge (sparkle). Picture 7 (a) shows the
resull we ot after this process,

Pic. 7
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Another picture occurs il cathode is approached to the negatively charged balloon surface.
Electrons are repulsed from the place under cathode and leave behind positively charged areas.
Ihese arcas attract electrons from the cathode and electrons are shified from the cathode 1o the
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surface. Then the same process happ ntil cathode is removed from the surface and finally we
pet the picture 7 {b).
Below are given some Lichtenberg pictures taken by us after different experiments:
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11. BILLIARD

T. Bibilashvili
Institute of Physics of the Georgian Academy of Sciences

G.Ovanesyan, D.Shugliashvili
School Ne 42 named after [N, Vekua

I think that the main part of the problem is to understand what is the chaos therefore
we must define it. So | think that we have chaotic distribution of some particles on the plane
or in the dimension if we have no priorities in the particle’s positions. Or we can say this such
a way: if the probability that particle will be in some point of the plane {or dimension) is
similar for all points than those distribution is chaotic.

Ok lets go back to the Billiard. At the beginning, 1 want lo consider very simple and
very rough model of the Billiard. It is rough so it has some idealizations.

1) After the first collision, the energy of the 16" ball will be distributed uniformiy for all
balls. S0 we have no energy losses.

2) We have no more collisions between balls afier the first collision.

i) All balls are identical. All collisions are clastic.
By ideahization (1) and Low of I = i I

Energy Conservation we can calculate : 20

velocity of the balls after the collision.

Now we can absorve movement of one ball because we have no more collisions
between balls.
Let's assume that afier the first collision one of the balls was directed by any angle but
with known velocity, Our problem is to find coordinates of this ball, when it will be
stopped by Irction with table. For this we must follow it's way and it's every collision
with walls. But I think this too difficult o to do this more easily 1 want to bring in mirror
reflections of the table (pic, 1).
Cin this picture ball is moving on the straight ling, so we can write again Low of Energy

Mirror 3% Mirror

ity

e
_'_'_'__—"'F!
2
7 ml,
conservation and find full L way which this ball would make. & = 5
fr

Butl we wan to find coordinates of this ball in the table coordinate SYstem S0 We Imust convert
L to the X and Y of this system. Here you can see formulas by which we can make this
COnsert,
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It 1s very interesting that we get fraction paris in these formulas, because there is the formula
that is generating accidental numbers,

a, = {ﬂ”k}, a, €(0;1),k >1

It gives us numbers and probability that it will give us seme number is similar for all
numbers and this like our definition of chacs. 8o our ball's final coordinates are chaotic. But
we must add one ineguality which u can see here. It is because that if we had no cellisions
with balls than we will have distribution like this on picture and il's not chaotic. So afler
solving this inequality we will get final answer: To get finally after stopping of the balls
chaotic distribution on the table we must impact 16" ball with velocily not less than 17 mds,

L.': }{J ‘r- -"Jr. .-' f.-;r
= Li=ya© 0= S T, T
2 WelT mis
L,>b

Now lets consider more exact model of the Billiard. This model is with the help of the
computer. The final answer that this model will give us is the velocity of the first impact,
angle by which was made this impact. Idealizations of this model are not oo serious but I
must say aboul them.

1} The friction force is constant and we have only rolling friction.
2) All collisions are absolutely elastic and central.
3) Ralls are moving only by straight lines and we have no jumps.

Now lets talk about model and what is doing computer. Computer “knows” initial
distribution ol the balls (pic.1). We must input angle and velocity of 167 ball and then it will
follow each ball movement. Computer is calculating balls position every 0,000 -sec. and |
think this is good exactness, So computer “knows” each ball position at any moment of the
lirme.

Mow lets go back to the chaos definition. We define chaes for the plane. Yes our
Billiard table is a plane, but it is not infinity it has borders. Therefore, these borders must take
effect and we must understand what is a real chaos for the Billiard wble. For this computer
remaves friction (1o watch balls motion for a long time) and shoots 16™ ball with any velocity



and angle. Then after every At=0.1 sec. time it divides the table on the 10x10 cell and looks
how many balls are there in each cell, remembers this number.

Computer makes those calculations 400000 times and adds all 400000 tables to each
other. I think is sufficient big statistic. Well finally we will get 10x10 table which shows us
distribution of the balls during approximately 22 hour of balls moving. Here you can see the
histogram of this distribution in 2-D view.

Function of chaotic distribution

[ want to say that if in the future I will get that distribution on the table than I’ll say that this
distribution is chaotic.
To prove this definition I can say that when this distribution is established it is not changing
any more.
How you can see from the histogram, balls are more often near the walls than in the other
parts of the table. This is very interesting and I think it’s because we have more collisions
near the walls then in other parts, because here we have not only collisions between balls we
have also collisions with the walls.

Well now lets go back to the model. After definition of the chaos computer returns
friction to the model and begins loop.

Loop:

1) Get angle in the range o € [o0; 90)

2) Get velocity in the range V € (0; +cc)

3)  Shoot the 16" ball with taken velocity and angle.

4) After stopping all balls computer divides table 10x10, then creates table
of numbers and writes in this table of numbers how many ball is in
each cell of Billiard table.

S) Compare table of numbers with table of chaotic distribution and if
these two tables are similar then last distribution is chaotic and
computer remembers this velocity and angle and makes everything
again for next angle. Back to (1)

Else if they are not similar computer changes only velocity. Back to 2)

6) Finding minimal velocity from list of all velocities that gave us chaos.
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50 after this loop we will get a final answer. But at first | want to talk aboul
comparing. Computer makes this comparing by method X (Greek). X -is a number and for
table 10:10 it must be less than 35 after comparing and in this case we must say that two
compared lables are similar with exactness 999,

Principally by one picture we can not say is it chaotic or no. Therefore for each angle
and velocity computer gets o £ 1%, V + 1%V regions and makes experiments 10000 times
in this range. Then it adds these 10000 tables and compares it with the table of chaotic
distribution.

Well iU’s lime to say aboul final answer on the problem. After all these ERpeTiments we

ol et answier:

Final Eesults:

YW=10 m's =2 =755
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4. WEAT WAVES

G. Dafakishvili, Z.Osmanov
Ychool No 42 named after LN, Vekua

If wind blows an obstacle around it appear vortices. Thesc vortices make wave-like
structure. Because one comb behaves as an obstacle appear next voriex which flows on a
surface ol and makes depth area. (see pictures)

—/‘li% - ﬁ““m;%f’ r_-_x“‘“mf;l/ﬁ“‘a_

With certain amplitude stabile waves are large ones, because force acting on the wave
from wind is propartional 1o AJ%, where A is amplitude and A - wavelength. If the force is big
the wave is not stabile. For decreasing of above force wavelength must be increased

Sell organization mechanism

Sell organization means that with different elasticity, masses and nonlinear distribution
of concentration different wavelengths appear, but the system as a whele one behaves as a
large wave. In this case appear areas with high density, which means that spikes are put on
ecach other. This area behaves as a wall and it cuts waves because of which overtones take
place.

Fourier component of amplitude is following:
Alm)~1/m”
il means that: A is large,

—



Theoretical model

We characterize elasticity of spike by spring with elasticity k and this spring is deformed
vertically. Iy is initial deformation of spike caused by own mass, o is angle with which we
have correlation among spikes. so we have correlated system were the wave can propagate,

Iy is force caused by delormation and Fy is force caused by wind,

1 =1
I, = kA F?:F]j;ﬁlf‘smﬂcr A—{“"—J1-:!.!',

L
were Fyois foree caused by deformation, Fa is force caused by wind, p is density of air, § -
square of spike and V — velocily of wind.

L, ~0.1m

d~1Im [ -006m Sin o =

k~10"'H/m

Fo=F = V-3mfs

We write down equation of force balance and get resull the minimal velocity of wind
after which the wave propagates.

F o= —kx
F=-ntV,

Because of air friction spike looses its energy. Friction is caused by viscosity, Fi is
expression of a viscosity force and F,

clasticity one along vertical axe where 1 is an air
viscosity.

Bolution of spike motion equation gives us expression of amplitude fading:

57



_:'-!r_r
A=Ae ™

For energy dissipation we have following expression:

We also have source of energy: wind.
A
I

_F.fejl—t‘:":....‘_:_:_ ;"-:-_-H__"“'*_..i_‘ﬂ_

Expression for force coming from wind action on the wave is followine:

£
C=—F

A N
F=dn(l7 -0 s = 2 it
A If k

- " i1 =

B=FF Vo
A€

A

where C is wave velocity, U — a wind one, n — spike concentration, & - wavelength and A
amplituce.

I we write down the balance equation for all energics we will get the wavelength
EXPTEESI0N:

|| = nS|P| = 2= - )X 2L

¢ mt

N~10"Pas m~10"kg p~lkg/m’
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15. BRIGHT SPOTS

A.Ashadze
School No 42 named after LN, Vekua
T. Bibilashvili
[nstitute of Physics of the Georgian Academy of Sciences
L.Kochoradze
Gymnasium Ne 7 named after A, Razmadze

Let us start wilh the definition of dewdrops:

Dewdrops are little water drops, in which surface tension {oree 1s much more than
the gravity force and we can consider it as the dominant force applied to the drops. By its
influence dewdrop takes the sphere shape, so we will solve the problem for the sphere
drops.

At first let us consider the case of direct reflection. A dewdrep is shown on the
picture 1, on which a sunbeam falls by an ¢ angle. In this case our eye is located by the
angle D=2 and we see the direct reflection spot.

Pic. ]

L S =2
el )=

Now let us talk more generally about other spots, Lel us consider the case when
lhe sunbeam enters the drop by the angle ¢, is refracted by the angle [ and leaves the

drop by the angle «. In this case our eyve is situated by the angle & and we see the bright
spot (see pieture 2).

Pic. 2 .
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If we write refraction rule, from the picture we can see that it is easy o lind O
angle:

II' 1 §
- e iy 1| ;
Fgp) = 2¢ 4 [:r ~ 2aresin| 2 | |w
h ]

Where (N-1) is the internal reflection number and n is the refraction coellicient
{in our case it approximately equals to 4/3).

As the problem is about spols’ location, so it is important to find o angle. It is
clear from the picture that in the case of absence of imernal reflections we have a=0-p,
but the refraction may take place also in points of internal reflection. In this case as we
count angle o from horizontal axis, then we will have:

III-"-“.-.I ™

?‘[E—Eamsin] AL | |."-,"
}=2 ez i

=2y ———

crli g

Now lel us consider the case. when the bunch of beams with the cross section AS
falls on the dewdrop, We can define AS by the following way: 45 ; (rcos get g

The bunch enters by the angle o and an eve sees spots in the angle d8=d.,. /L. where de.
is diameter of eyve and L is distance [rom dewdrop to observer (sce picture 3).

Pic. 3 \ B

We peed 1o know by which dp angle must the beams enter to fall in the di) angle:

~
s

& ' 1
__ Neosp } ds

I|:- e g
st g )
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Mow let us talk about power that comes in our eve: n_
Picture 4 shows the sunbeam that is reflected from the dewdrop and refracted inside i,
The coefficient of reflection is expressed by following formula;

F o - 'h'.
L((sinlg—8) rg’(p-5))
21 sin*{g+ 8) w2’ (p+8))

Pic. 4

m o

~o, power that comes in our eve from the direet reflection is equal lo:
W o=RWe™

l|-!_|l _||

Where o~ is Napery's number and it shows how the medium absorbs the light
and Wi is solar power that comes on the given square on earth equals to ¥ = wAs
Where e is the light intensity that comes from the sun,
And power that comes after (N-1) internal reflection equals to:

I'F._?,. . = .r-n_," & I{' = II:'-.';l_I 1".-’_: p —aal
Below some literature data are given, which are umportant in our case:

... =05sm. .{.'_W = -: i :.f;l_ ar = (0,139 wism*

I"s known thal an eve sees the light if the power that comes from the ohject (in

our case dewdrop) is 1,3% or more of the power that comes from the surface on which
the object is located.

As the problem is about dewdrops, and naturally dewdrops are on the prass or
plants, we considered a green surface, And it's known from literature, that per unit of

time green surface reflects 7% ol intensity that comes from sun, so:
7
e

100

Power that comes lrom the green surface into our eve, equals to:

F AR, o,
H = r'r.i'”..q:“_-!_"

il



So if the following equation is correct, then we will see the spot:

].{..Ir'.ﬂl
—'r'-' - ],5%
0
Mow let us talk about the kind of spots we ane able 1o see on the dewdrop: it can
be direct reflection spots. spots produced by the way shown on picture 3, or spols
produced in the extreme point, where sunbeams leave the spol.
We have constructed the graph of dependency of sing on 0 angle {see picture 3).

Pic. 3 Pic. 6

0 T Ggﬁ- T dng

Picture 6 shows the spat produced in the extreme point.

If there are several drops located on the surface we will see the picture somelhing
like rainhow, On pieture 7 several drops are located on the MM surface, observer is in the
point O and he sees the picture on the CI distance. Most intensively he sees the spots

located near 13 and C points,

Pic.?

We have mainly investigated the phenomenon with one dewdrop and wrole a
pmputer the value of O angle and i draws all the
it at the given angle. Below is given
0% on number of spots (there are

computer program. We give the ¢
possible spots that are on the drop when we observe
the table of dependence of @ angle (B is from 1% 10 9
given all possible spots):
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16. LIQUID DIODE

A. Bashiashvili
School No 42 named after LN, Vekua
E.Kiziria
Institute of Physics of the Georgian Academy of Sciences
Z. Osmanov
School Na 42 named after ILN. Vekua

. I____ Al ﬁ_rst I want to 1u|_5-'- abspul our Lii-ud:_:: it"s geomelry, and
Lo ol | 5 3 L:h_cm'.cal contents, We propese such dumi_-,: {h_g._i} : vessel
A B with two electredes put in: one with a big surface square
i (macroelectrode) and  another with a small  surface
il {microclectrode). In the vessel is poured tricky clectrolyte
B which is a mixture of two another electrolyies, they can he:
: : Fereocyanide — ferricyvanide |
:_l__f Kaliumiodum - iodum.
Flg. L. Chemical processes running in the electrolvie:

Ferrocyanide — Ferricvanide:
M o0

K, Fe(CN ), - 4K " + Fe (CN )

M ol

K Fe(CN ), = 3K' + Fe(CN )}

koalivmiodem - lodum
Kl = K 7 4+ [

When we put vollage on electrodes these processes on the cathode(K )
and anode{ A} begin:

K: Fe(CN)_ +le— Fe(CN)!
fo+2e— 31
A: Fe(CN),  -le— Fe(CN )"

P Y - S % Zs



MNow 'l try to explain why this system poses diode properties. To do this let’s understand
that voltage drop on the diode consists of voltage drop on microelectrle, macreelectrode and
in electrolyte medium. It's easy 1o talk abouwt electrode voltage drop (resistance)
proportionality. It's reverse
clectrolyte which comes into reaction with the electrode, Now let’s chserve two situations:
first, when microelectrode is plus sign and when microelectrode is minus sign.

Fig. 2.

Now i second case (fig. 3) on the macro electrode
drop but on the | P
microelectrode with the small surface square we
have very small concentration of electrolvie, and
voltage drop is wvery big. The system has bad
conductivity now.

we  have small

vollage

proportional to surface square and to the concentration of

[n the first case (fig. 2) plus sign al microelectrode) we
nave due 1o chemical reactions big amount of electrolyte
i ferrocyanide or kaliumiodum), so we have small surface
of microelectrode but big amount of elecirolyte, so the
resistance will be small. And if we observe situation on
the macroclectrode we’ll see that we have small
concentration but big surface — vollage drop won't be big
here oo, And as a result we have good conductivity of
our system.

&

@
@

Fig. 3.

Twao following schemes we used to take diode’s voltamperic characteristics and frequency

characteristics:
—
- -
Fig. 4.0ne diode testing circuit. Fig. 5. Two-diode system testing eircuit.

HS



You can see that we used also circuit where are two clectrochemical diodes used with
resistance. Role of this scheme is 1o extend frequency characteristics of our diode. So whole
system constructed from two diodes and resistance we will call diode,

[n many electrochemical systems there is such a phenomenon like reverse current, and our
system can operate in such a way too (when we give on electrodes alternative current). and
one of purposes we use this scheme is to suppress this current. Our resistance is luggage
resistance  which can be — so commonly in radiotechnicks are called headphones, speakers,
deviees on which we take modified signal. And our target is now to give on luggage
resistance cut in diode-like style signal. Here on the fig. 6 is the equivalent scheme of our
two-diode system. You can see that we replaced each diode by parallel connecled condenser
and resistance, on explanation why we replaced diede in this way | won't stop because iU's
easy o understand it. Now '] go 1o explanation of two-diode system.

As | said the main purpose is to suppress reverse current. Let’s imagine that reverse current
appeared - what happens? This current is effectively altemating and our diode contains
condenser which has small resistance for altermating current, 50 in our diode we get two
resistance parallel connected and this connection produces small resistance loo — and as a
result the main part of the current will go through the diode, our luggage resistance 1s now
protected.

But yvou can object now what if we connect to luggage resistance instead ol diode small
resistance? Will we gel same result? No, it's because we need nonlinear elements in our
scheme which has resistance dependent on voltage,

———— :

’— Mow let’s estimate order of resistance and capacity
— -+ of diode, So, taking experimental resulls: Voltages
]:I R{: | on ong diode and resistor Be on the two diflerent
H Y-

frequencies, we can pgel system of N eguations with
™ varables and find values for B and C order:

P R ~ 100k
(W)L C~0.1@ Fig. 6.

S0, | want le clanfy one moment in this problem - why this diode poses capacily, This
capacity appears because of existence of double electron layer near the electrodes. This layer
15 explmned in electrochemistry, so [ won™ stop on it’s explanation.,

Mow about some features of diodes of this type.

One ol the positive feature 15 that this type of diode works on very low frequencies,
Also this disde can work on very low voltapes.

But. ..

s difficult in exploitation.

It's very sensitive to external electric field, shaking.

And it can’t work on high frequencies Chigher then ~20kHz).

Mow when well prepared in theory let’s po directly 1o experimental data,

i)



~ulKl

Following two graphs made for stainless steel electrodes:

Concantration 1:20 , 1jcirciz) and Hsquare) lodes

10 miA

250 =0l =160

Here vou can see that results on two and one diodes don't differ.

Comcentration 1:50 ,ticircle) and 2{squara) Codea

I, mb
10.oo

Here we™ve pol real dilference on another concentration,

U, my

A aiu



Another data — we used platinum eleetrodes and got better resulis,

1[1:fﬂmtﬂm.mjaﬂ1:mﬁtﬂ}mmtﬂim i

e | f
ns are 1:10-1:500

|
| on concentration 1 00 recommended concentralio

Better resull wene go
Now we can say that working range of our diode is [-500,+500] mV
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Here are frequency characteristics.

3
o Frequency charachoristics for one diod - corpniragion 140
L
25
F 5
LI
15
1l S LI ¥
135
| B
il
0 o 02 a3 d 05 ag
This graph shows us that our diode it sell is bad on freq. Higher then 0.1Hz
|
|
Fricpmncy charmstirtdicn of b gk with kigpege roststance 1006 .
; .
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\\l\. |
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\
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A
5
\\ 10
— —
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Here we can see now how big extension we've got using twe-diode system. But here luggage
resistance 1s the same order like diode resistance so, on higher frequencies there is no diede
effect.

6y



0

sarauanbal Jop0] pue LAAT 0] YIoq SHNSAT 131130 105 24,38 PUR JOURISISIE 3FeTIn] 13351 pasn am A0

0000l naoL ool

[whbio)

P S

Woss eauelsisa) abeBEn) gipme SABGp &M J0f SN SLIEI2RIRYD fruanbaiy

10§ $ansUMaEIegs {ousnbag) sn Saoys gatgm ydead su g

0l

oo

51

g



17. SOUND FROM THE WATER

Z. Osmanov, A. Razmadze
School Ne 42 named after LN, Vekua

Sound appearance is caused by small vapor bubble, exactly by different processes,
occurring with them. Water is involved in all these processes. In cause of it are propagated
waves of compression and expansion. That is why we hear sound,

Later some frequencies, generated by definite mechanism come into the resonance with
i kettle, there happened some processes, connected with passage throw the vapor medium.
Bur all these influence only an Joudness of hearing sound.

To the solution if this problem 1 approach in such a way: I consider some mechanisms,
at the same time T explain them and make theoretical investigation. In all each mechanism |
estimate the [requency and the intensity. Then I construct the theoretical spectrum to be in
interval of heard sound and getting intensities to be higher then threshold of awdibility. Alter
that [ make some conclusions and compare theory with the experimental data,

All considered mechanisms describe the behaviors of one bubble. That is why 1 will
present them in such order in which they take place in reality,

Considered mechanisms:

Breaking off oo [ Collapes
\ _l.l". ) .'-" — {‘}-\'\._
/ “‘x__l
|I r.': Y]

/I v~ 1005z | ] v ~ 1800 H=
. s Wi
% rist g .I'_i-f_ -x<,1'“~ _1.__,*';%:;;; 7 I{.} R 5
Hi bl ey m
I;’T‘a\ Oscillation in cause of surface tension
. |'I_ Sl T

{/‘:_ JI Ill- :“\ v~ 350 H=

N . W

e -]"r—— o Fo I _{

k‘x‘ j;" m-

Yolum oscilation / &F o \
"\\.II- \

v~ 20000Hz F—f ,/JF :':'
o Wi B

First considered mechanism is growth of vapor bubble on the bottom, Then hubhle
changes i"s volume it occures waler, Exists possibility us to hear sound. But makimg rough

T



estimation we got 17 ~ 10° Hz . Such sound does not lies over hearing range. That is why it
is not interesting 1o discuss this mechanism here.
T The next mechanism is bubbles breaking off. When bubble
/ \ reaches such a size that Archimed force balances the surface tention
{ } force bubble bepans to break off. In this moment the resistance force
begins to act on it, Here we wright Newton®s 1T law:

Mpa=F —-Mg-M, a-F,
All the forces except Arkhimed and Resistance forces are
negligible small. From this we can get the acceleration:

F
4D
During breaking off bubble moves on a distance which is equal to bubble’s radius.

:.-:!.!2

-
i

The frequency of generated sound is equal to the order of
L8
TRLINEY Y- (OW 1173
t Vr
t is character time. { in this case time of breaking off.)
The pressure, with which bubble acts on keitle, is following:

2

i F,rﬁf-:"" =
4 LS

r =

F

Far intensity we will have:
y W1
R G
200 e
When we compare this with threshold of audibility it is clear that we will nol hear the sound

Wi

lwesnodd of

sl Sl I



ol one bubble, But in the kettle several bubbles are breaking off at the same time. That’s why
il is possible that we will hear them.

Afler that we use that character of generating sound is not sinuseidal, We decompose
given signal into Furies sum. Besides the main sound with frequency v we will hear sound
with frequencies which differ in whole number but with low intensities. Using ready result,

1

taking into aceount that f ~ A”, we have that n-number harmonic differs from initial at »*

limes.

JI'|'|II
|

1 o

L

4

— The next mechanism
#f{: l ﬁ;f that 1 consider is the collapse of the bubble. After the bubble wi_ll _

£ e Ny preak off the bottom it will raise up to the colder layers. Vapor inside
: \ it will begin to condense, the pressure will decrease and it will not

5 (| compensate outside pressure. It is obvious that by the collapse the

I."x %}H ) '-'-.f';x / definite waters mass is involved. This pressure acls on vapoour

o St bubble is:

o
Pyt pER+— = p,
5

We write Newton's 1T law for small walers mass Awi ;
Ama ~ AF
= I caleulate mass Am and foree AR
./- g Ani~ R p
L'\\_ -/}l It's mass of water layer , which moves l'i"lj:'_lﬂﬂ‘lﬂl' with bubble
. AF = ApR~
In the expression for AF Apis the pressure’s diflerence on which decreases pressure

inside the bubble by decreasing temperature on 1" C. Afier that [ estimate frequency.

Ap = Piop— Poy ® 10" Pa

Then frequency is following: A /
i
1 (&
s 0 G0
ry p

Intensity 15 N
/ ]1]‘5 H—"r : _I_-..

2
m



Now let us consider mechanism of volume oscillations. Let us assume that our bubble
got into the sound wave. In cause of this it changed its volume. During this it creates sound

itself too.

Ama ~ AF

We consider this process adiobatic in cause it occures
fastly. That is why we write adiobats equestion.

p[f?—gjy = p’(i;i = Af’)}]y

From this we get difference between pressures that makes
it to change the volume.

3yAr
Ap=p-pw Po ,
The frequency is following;:
3
v~L 2P0 200008z
" Naalk o
The intensity is: TR S, B
-« Wt
Froil@ ot
m

The next mechanism is volumes oscillations in cause of surface tension. Such
oscillations cough be caused by breaking off.
Amid = AF
Here the Laplass pressure plays role of
returning pressure.

20
~—dS~aArR’p
¥
Frequency of this mechanism is:

g

Vo~ — ~ 301
R p
The intensity is:
_ Wt
I~107"—
m
I/
The both lust processes occure in reality in the same
| time but for simplier I devided them.
N
|
1 2 3 4
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Now let us understand what mechanism plays first role. First mechanism has quit low

frequensy and intensity. In two lust mechanisms take place volume os

cillations by order

equal to radius, That means that our bubble can collapse essidentaly. The main mechanism is
collapse, Its frequensy is by order equal to 1000 Hz and how we know our ear 15 more

sensetive to sounds with such frequensies. So it selects this sound too.

Let us speak about experimental part. How we see from it the audibilitable interval is in

first quadrant. Other sounds we hear worstly. So how we can see such
theory can describe ditficult processes.
We made some experiments with different water’s heights in ke

rough and simply

ttle, We recorded kettles

natural frequency and got some peaks with correspondent frequencies.

Sound from the water:
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natural frequense of kettle:
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Besides it we wrote sound of heated kettle with soda waler. We were interested whal

will change with high gas concentration. How we can see it differs.
sound from soda water:
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