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Priklad 1

Assume at time ¢ the bug is distance z(¢) from the wall. At the same time the
free end of the band is distance L + Vi from the wall and is still moving with speed
V. Since the band stretches uniformly, the speed of stretching at the position of the
bug is

x(t)
v L+Vt
and relative to the wall the bug has speed

Making substitution

we have equation for f(¢):

VIO + LT =V -u =

df u
dd L+Vt

which is easy to solve with initial condition f(0) =1,

The bug reaches wall when f(¢) = 0 which will happen at time

L i
= v (e‘/,/ — 1)

Bug will always reach the wall, even if the free end of the band is at first pulled
faster than it can crawl! It will take the bug exponentially long time, but with every
step the bug will be entering region where the “stretching wind” blows slightly slower
against it. Of course for very fast bug we have V/u < 1 and t = L/u, as expected.

“This is a nifty analogy to kinematics in an expanding universe and demonstrates
how we eventually recieve light that is traveling at © = ¢ from a point that is con-
stantly moving away from us at a speed V' greater than c.

in a uniformly expanding universe, if light, moving at u = ¢, is emitted one
billion years after the Big Bang from a point that has always been expanding away
from us at V' = 2¢ (so it starts L = 2 billion light years away), it will take the light
10%(e2 — 1), or 6.38 billion years, to get to us, but it will eventually arrive.”



Priklad 2

Priklad 3

SOLUTION:

Ohm’s law for a wire of length [ gives the voltage V' = Ipl/A. Therefore, the
electric field strength in the wire is £ =V /l = Ip/A. Due to the difference
in the resistivity of the materials the electric field strength has to be different
in material 1 and material 2. According to Gauss’s law, the difference in the
electric field strengths implies an accumulation of charge at the boundary

of the two materials. The net accumulated charge is
Q = c0A(E2 — E1) = eol(p2 — p1),
where £ is the electric constant.

Priklad 4
(a) Applying the law of conservation of energy for a bead of mass m and
charge (Q in the field of a dipole with dipole moment P gives

Lme? + QPERL = Lmed + QP g

This gives the expression for the velocity of the bead v at angle #
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The bead moves along a circular path until it reaches the point opposite
its starting position. The bead stops there and then goes back executing a
periodic motion.

(b) The radial component of the force on the charge due to the dipole
F,_gipole can be calculated as the derivative of the electric potential energy
with respect to r

& cosfy _ cosf)

5 (QP95") = —2QP<%".
For the circular motion muv? [T = Fi_dipole + Fr_string. Substituting v and
F,_ gipole gives the normal force exerted by the string on the bead F_string =

0. If the string were not there, the bead would move along the circular path
as with the string.

Priklad 5

{a) Let the length of string on the table be r and the length hanging below
be y. The mass m,; is described by the polar coordinates (r,¢). The fixed
length constraint is y + v = £. The Lagrangian is

L = 3my (72 +r2d?) + %mggjg + magy
3

= z(my + ’maﬂjr"2 + %mlrﬂqﬁg + mag(€ —r) .

(5)



(b) The angular momentum is conserved: p, = 0, with
oL o
=t TG,
Po=pg ™ ¢
The equation of motion for r vields
(my + mg)¥ = my1¢° —mag
P e
BT e S

where the effective potential is

5
Ug = Magr .
off f-ﬁ"l'hi" + Mag

The condition for stationary my is # = ¥ = 0, which requires Ulg(r) = 0.
This, in turn, has the solution r = a, with

>3 (mig)m'

{c) The tension in the string along the table is radial, hence there are no
torques, and p, is conserved.

(d) We write r = a 4+ 1 and expand the equation of motion:

(my +my) i = —Ulg(a) n + O(?) .
The solution is
n(t) = ny cos (wt + 4) .
where the mﬂi]lﬁt_i_()ll frequency is

w— ] Yemla) _ mag
mi + ma (mi +ma)a

Priklad 6







