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Priklad 1
Let v = velocity of massm  and V = velocity of mass M

There are 2 external forces on the system of M and m, namely gravity, which is
conservative, and the normal force of the table, which does no work.

Therefore the sum of the kinetic and gravitational potential energies is conserved:
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The external forces have no horizontal components so the horizontal component of
the momentum is conserved.

mv-MV =0

Combining these gives:

il o | 2gR

e M m
I M i M

Priklad 2

Priklad 3
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In a normal mode, all the masses oscillate with the same f——

frequency and the same phase. There are three normal (1) k
modes for a system with three masses. Because of high m _/\/\/\/\/—
symmetry of the problem. in this case. all of these can be

found without doing any calculations. First normal mode 3 2m
corresponds to the case where small masses on the left

moves by equal and opposite amount and the mass 2m on
the right is stationary. The frequency of this normal mode
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is the same as a single mass m connected to a spring with

spring constant k 1.e. w; = % : @) — K €
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The second normal mode corresponds to the motion in
which two small masses on the left move together by the 3 2m
same amount. and the mass 2m moves by the equal but k
opposite amplitude. Since the two small mass moves m _/\/\/\/\/—
together. we can consider them as one mass with value

2m. So the problem boils down to two masses with value
2m joined together with a spring of total spring constant  (3) — —_—

2k k

2k. The frequency of this motion is w, = |—. - _/\/\/\/\/_
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Finally. the last normal mode corresponds to the case
where all the masses are displaced by the same amount. k
they will not return back to their equilibrium positions, so '
ws = 0.
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Priklad 4

Assume the capacitor, no matter how constructed. scales like a parallel capacitor (C = Area/separation).
Thus., ' = 9C. The inductance of the coil will be proportional to N@/i. where @ is the magnetic flux
through one turn of the coil carrying a current 7. For a long solenoid of length / and radius 7. the magnetic
field is mniform inside the solenoid (and zero outside) and equals N/l Thus, @ = ,ug;r'Nm"J/f and the
inductance is L = u,mN“7/1. which also scales as .

As LC will scale like 7° . the resonant frequency will scale like 7/7 .

Alternatively, we know that Maxwell’s equations are scale invariant., So, if one takes Maxwell’s
equations describing a particular system. and scales all the dimensions (spatial and tempo- ral) by v. the
set of solutions of the resulting system are just the solutions for the original system. but with all the
dimensions (spatial and temporal) scaled by y. Of course. if the temporal parts are scaled by v. that means
that the frequencies of all solutions are scaled by 1/7.

Priklad 5

SOLUTION: This problem is conveniently solved using the method of images.

(a) An equipotential ¢ = 0 is achieved over the entire sphere by placing
an image charge of strength Q = —(a/b) () a distance a2/b from the
center, also at # = 0. Even if we did not remember these values,
they could easily be determined by supposing the image charge lies
a distance d from the center, and then demanding that the potential
anish anywhere on the surface of the sphere:
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After pushing one radical over to the other side of the equation, invert-
ing both sides, and squaring, one then separately equates the constant
terms on hoth sides as well as the coefficients of cosfl. This vields two
equations:



which vield the familiar results Q = —a@Q /band d = a2 /b. The poten-
tial everywhere is then
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(b) It is tempting to compute the potential due to the image charge at (2,
(Qa Qa

{ﬁ’imagﬁ{r”gzn = _b‘l = ¢imﬂg€[bj = _b‘l art

T
multiply by ¢). and conclude that W = (I.Qﬂf (bﬁ — a"}] is the work
required. This is wrong! The reason is that the image charge moves
with (). To get the right answer. integrate F dr, where F is the radial
component of the force, F = QE. The electric field due to the image

at @ is
_aﬂff‘image{?'} = Qar
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Next we multiply by ) and then integrate to get the work done on
the charge:

W=—0 drE[’-r}:uf,}'g/. "“d""r,.= agr
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The wrong answer we obtained by the simplistic analysis is a factor of
two too large.

Priklad 6

At time £, lower end of the stick will be distance vt from the wall, making
angle cosn = vt/ L with the Hoor, and the bug progressed to a point wt from —
this end (along the hypotenuse). The height above the Aoor will be
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Maximal height will be reached at time ¢ = o

, when the stick makes angle
45 deg with the Hoor, and it will be
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[f the bug is fast, and it reaches the end of the stick (in time { = L/u) before
the stick makes 45-angle, then the maximal height is
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