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Priklad 1

@ Naértnime si na$ plan. Palicka sa nehybe, ak sucet sil a momentov sil na nu posobiacich je nulovy. Na
palicku posobi gravita¢na sila smerom nadol a elektricke sily od zvyinych ndbojov v réznych vodorovnych
smeroch, a nakoniec je tam strop, ktory celd sustavu uréite udrzi. Momenty sil bude najprirodzenejsie pocitat
vzhladom na bod na strope. V takom pripade na kazda palicku posobi iba moment od tiazowvej sily a od
ostatnych pali¢iek. Takze potrebujeme zistit, o aky uhol sa palicka musi vychylit, aby bol ich sacet nulovy:

Budeme pocitaf so vieobecnymi hodnotami, takze si oznaé¢ime naboj g, hmotnost palicky m a jej dizku d.
Zo symetrie je jasné, Ze v rovnovazne]j polohe tvoria bodove naboje vrcholy $tvorca a staci nam pozerat sa len
na momenty sil pésobiacich na jednu pali¢ku. Nech mé $tvorec dlzky stran r, ¢ize jeho uhlopriecka ma dizku
\/2r. Vyberme si jednu palicku. Na niboj na nej pésobia elektrické sily od susednych nébojov. Obe maji
velkost
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a su navzajom kolmé. Preto ked ich vektorovo zloZzime, dostaneme silu velkosti /2F.; so smerom od stredu
tvorca k naboju na nadej palicke. Sila od ndboja, ktory lezi uhlopriecne od ndsho, ma velkost
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a smer ma tiez od stredu k nasmu ndboju. Na ndboj na nasej palicke teda posobi celkova elektricka sila
velkosti F, = +/2F,, + F., smerujica od stredu stvorca. Gravitacnd sila pdsobi samozrejme nadol a pésobi
v fazisku palicky. Na obrazku 22.1 to celé vyzera nasledovne:




Spodna strana trojuholnika je polovica uhlopriecky $tvorca, preto je jej dlzka 3‘% A takisto z trojuholnika
vidime, Ze r = ;Z’Ed sin ¢. Rovnica rovnosti momentov sil je teda
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V tomto momente sa dostavame k tomu, Ze tato tloha nema analyticke riesenie, teda Ze nevieme vyjadrit,
comu sa rovna uhol ¢. Musime teda zobrat kalkulacku a s rozumom vyskasat par hodnét ¢. Dostatocne
presny vysledok ndjdeme napriklad binarnym vyhladavanim. Vysledkom pre hodnoty zo zadania je p = 68°.

Priklad 2

Priklad 3

The pressure force from the water on the bottom 1s

D?
Fy = pgH——
4
it 18 pointing up and we may think 1t 1s applied to the center of the bottom. To
separate the bottom from the cylinder we put the weight as close as possible to the
side of the cylinder. Then the moments equation relative to the rotation axis at the

diametrically opposite point will be

D F, 1 .
mgl) — Fw§ =10 = m = 5 = ngﬁDB

- only half the weight of the displaced liquid!

Priklad 4

(a). The electric field will be

E=1Ys

For the magnetic field,
2msB(s) = podene = ,U.'-DGTSEJ = ,u-mrsgor,_-E,

where s is the radial coordinate, and J is the eurrent density. Thus

B(s) = tasgb g,
Thus
5= L(E x B) = —oiss,
and
P = 2msLS = TeWo’s®,
and so at & = b/2, the power flow will be

~ 3,42,
P — _mhe Vo &

(i.e., Howing into the volume).



(b) For comparison, the Ohmic power will be
3 L]
P=1V = (Z2)JVp = ()0 EVp = TGN

and so they are the same.

Priklad 5

SOLUTION: A typical scale has atoms on lattice spacings around 2-3 A, so let’s say 2.5 x 10710 m.
Bond energy is a few electron volts; we'll say 2 eV, or about 3 x 10719 J.

Approximating the trough of the potential as one that has a minimum at (a, —¢), and intersects
the r-axis at a/2, we get U = —c+ %f's{:ﬂ —a)?. The force is the negative gradient of potential,
s0 F = —%E;&-I, where Ar = (z — a) is the displacement from equilibrium. For this single-pair
interaction, we associate the spring constant, k = %‘E;.

The cross section of the fiber has A/ a? bonds, where A is the cross-sectional area. Therefore,
the force required to separate adjacent lattice planes by Ax is multiplied by this ratio. We
aim for a total spring constant, so that Fioe = — ko AX, AX being the total fiber stretch
that we seek. We note that each inter-atom displacement is a small fraction of the total fiber
displacement by the ratio of inter-atomic spacing to total length: Az = %&X , where L is

the fiber length. We therefore multiply the single-pair spring constant by E‘%_r% to get the total

spring constant, resulting in &, = %’E‘EL!—’% = %% The first factor is equivalent to an elastic
modulus for the material, for which we would compute about 150 GPa (a reasonable value for
metal). Multiplying by A/L results in approximately Ko == 1000 N/m. Hanging a 1 kg (10 N)
mass on this fiber would result in a 0.01 m displacement, which matches crude intuition, and

also sugpests that the material would probably snap for a strain this large.
Priklad 6

(a) Newton’s equations are

—

md}i =F = —mVU .
Or we can use the Lagrangian

L=3m(i*+3" +3%) —mU
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and the Euler-Lagrange equations

Using % = +, the result is
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It will be useful for the next part to rewrite the equations of motion as

9. (1 22 iz
mérT = —af (; + lﬁﬁﬁ) + BC'BT_S‘



(b} The angular momentum is

and its time derivative is

Only the non-central bit matters:

(e) To evaluate the right hand side of the torque, we need to parametrize the orbit. If the
plane of the orbit were not rotated away from the z-axis, it would be ) = a(cos i, 0, sin ).
We need to rotate this vector by an angle f about an axis (say ¢) perpendicular to the
the z-axis. The associated rotation matrix is

cosfl 0 sinf
R(3,0) = 0 1 0
—sinf 0 cosd

This gives
7 = alcos # cos p, cos A sin @, — sin # cos ).
L -6 —6
L = &’B(—yz._rz,ﬂ} = aﬁ(cosfi‘sinﬂcosga sin 9;.,_@0595'11193052 i, 0)
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The average over a period of singcos g = %sin 2 is zero, while ::ms2 @) = % 50

SIE = ﬁ cos f sin 4.
a



