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Il we make experiment we can see rotaling ligquid in the Petri dish. At first I want to 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.



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

To caleulate figld in our system we can consider it like cylindrical condenser (Tig. 1) and write
Cinuss theorem for the evlindrical surlace:
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So we can get field tension:

Fig. 2.

Mow our target is to describe metion of single 100, for this we have to know that in electrolytic
eolvates we have not jons but more complex particles — solvions. Solvions appearance can be
explained by existence of electric interaction between ions
and solvent molecules, sec figure 2. And Irom the ¥ A
solvatation chemistry we know  thal solvions can he /
considered like small elastic balls. Let's write Newton's "
second law in both veclor and projections form for the
maving solvion:
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Fig. 3.

On the Ngure 3 vou can see choused coordinate system and
forees vectors, And in projeclions one can write:
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Here you can sce that we've expressed resistance foree by Stocks formula. We can do it for
this case (“microworld™) its known from the literature. And A is expressed so:
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S0 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
solvion trajectory (fig. 4) and velocity (fig. 5):

Fig. 4. Fig. 5.

Mow we can see that character of the trajectory is right but velocity dependence doesn’t satisfy
us, because we know from the hydrodynamics that near the surface of bedy immersed in the
liquid velocity of the liquid flow is zero, but we didn™t get this from our model. So this model
is oo rough to describe velocity of the ion. Lel's g o our second moedel — in it we describe
dyramics of not single ion motion but of the whole Water.

Mow let’s consider that solvion velocity consists of two components: tangential and radial (fig,
&) A first Tet's find radial COmponent.



One can write expression for the carrent flow;

J=n,qv, 6 +n_gv_
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Fig. 6.

So, radial velocity is expressed as follows:
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Now let's find tangential component of solvion velocity(this will be equal to waler rotatio
tangential speed). Writing Lorenz force moment for the thin laver of the liquid({with a thicknes
dr — fig. 7) we can get;
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For the moment of the viscous resistance foree we have:
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Because we are observing established rotation,
one can gquate these two moments (figure 8. ):




dM = aMl Pl
Here we’ve got expression for the solvion tangential

- velocity which is equal to water rotation tangential

dM[ velocily.
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Fig, 9,
langential velocity dependence on distance from center — distribution of velocitics onto
radius.

Here we can sce 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 ¢lectrode.



Mo let's see some experimental duta, Here you can sce experimental graphs.
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| want to clarify some unclear moments in this problem. At first about radial component of
water velocity — does the liquid in our syslem 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” fo move waler in oppesite direetion so the
water stays stationary, But if we throw in cleetrolyvte small bodies (chalk dust for ex.) they
doesn’t stay on fixed distance from inner electrode. It can he explained by existence of
velocity, and correspondingly pressure pradient. And because of pressure gradicnt there
appears foree {which acts on our small body) and this foree makes small body moving 1o the
peak point of velecity distribution.

Additional questions that may appear in this problen.

Q1 Lifetime of this system.
Adz We know Faradays formula

M - Kff



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

()2: Revnolds number.
A2 B here 15 Petri dish radius,

PVR
Re =——=10
3: Electrochemical potentials.
AJ: So the upper bound of the vollage we can give on electrodes is ~1,1 V.
because then begins water hydrolyze and the chemical reaction affects very

much this phenomenon, so there exists lower bound which is set by

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

+0.34F

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

B~ 107Tl
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