METODY RIESENIA FYZIKALNYCH ULOH 1 leto21 — Priklady 5
VZOROVE RIESENIA
Cvicenie 22.4.2021

Priklad 1
Kedze uvazované elektrické pole je homogénne, na vietky vylietavajiice elektrény bude smerom nadol
posobit konstantna sila velkosti Ee. Ta bude udelovat elektronom zrychlenie a = ETE Mézime si tiez uvedo-
mit, Ze gravita¢na sila posobiaca na elektrony je oproti elektrickej sile zanedbatelna. Cela stistava je rotacne

simernd, takze vo vypocte sa staci obmedzit na jeden rez obsahujuci zdroj. Analogicky k Sikmému vrhu v
homogénnom gravitacnom poli mézeme popisat suradnice elektronu uniknuvsieho zo zdroja pod uhlom ¢
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V zavislosti na pociatoénej rychlosti a elevacnom uhle elektronu mézu vo vieobecnosti nastat tri pripady:

« elektron narazi do hornej dosky kondenzatora;
« elektron sa obtrie o horni dosku kondenzatora;

« elektron nedosiahne dostato¢nt vysku na to, aby sa dotkol hornej dosky kondenzatora.

Pozrime sa na elektrén, ktory sa prave obtrie o hornt dosku. Letiaci elektrén dosiahne svoju maximalnu
vysku po case
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Ak tento ¢as dosadime do vzorca pre y-siradnicu a polozime ju rovnu 4, zistime pod akym uhlom musi byt
vypusteny elektron, aby svoju maximalnu vysku dosiahol prave vo vyske dosky, ¢o teda znamenad, Ze sa o iu
obtrie.
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Ak do tohoto vztahu dosadime zadané hodnoty, vyjde uhol ¢ = 36,37°. Tento uhol je mensi ako 45°, ¢o
znamend, ze vietky elektrony, ktoré by mohli doletiet dalej, narazia do hornej dosky. Ak dosadime tento
uhol spolu s ¢asom T do rovnice pre x-sturadnicu, zistime v akej vzdialenosti od stredu sa budu elektrony
obtierat o hornt dosku
4, = PRospging
a

Vieme teda, Ze vrchol trajektorie takéhoto elektronu je vo vodorovnej vzdialenosti x;, od zdroja. Ak si uvedo-
mime, Ze elektron dosiahne vrchol trajektérie presne v polovici prejdenej vodorovnej vzdialenosti, zistime,
Ze maximalny dolet na spodnej doske je x; = 2x;,.

Po dosadeni hodnét zo zadania dostavame x;, = 2,715 m. Ak vezmeme do uvahy rota¢ni simernost tlohy,
zistime, ze elektrony budu na hornu dosku dopadat do kruhu s polomerom 2,715 m a na dolnu dosku do
kruhu s polomerom 5,43 m. Pre celkovi plochu dopadu teda dostavame vysledok

S=n(xd+x3) = 5ax; = 116 m>.



Priklad 2

Priklad 3
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Priklad 4
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Let y be the distance above the horizontal. The potential energy of the
cylinder is just mgy and of the mass point is mgy + mgacos#/2 and
y = afl sin v, so0 the total potential energy is

V(#) = mg(2afsine + acosf/2).

The cylinder will roll freely when there are no stable points:

dV ; - _
w - ™ (2sum—§smﬂ) =0=
4sine = sinf

so when sin# > 1/4, the cylinder begins to roll.
Alternatively, one may take torques around the contact point.

Priklad 5

Solution 1.4. We will use the normal modes of the system to
this problem. First we find the motion of the normal-mode coordi
subject to the applied force, and then transform from those coordi
to the ordinary spatial coordinates of the blocks. With some p
insight we could immediately write down the normal modes of th
tem (10.27). However, it is instructive to solve methodically fi
normal modes, as we do below.

Let n; be the displacement of block 2 from equilibrium. The
tial energy of the system is

1 1
Y= §k(7h - 7)2)2 = - 5’“("72 = 773)2) (1

and the kinetic energy is

B : .
T = 57'"'(’712 + 12® + 1i57). (1
The Lagrangian is L = (7 — V), which we can write as
1 3
=3 . > Z(T.,mn, Viimins), (1
s=]1 y=1

where

m 0 0 E -k 0 '
T=| 0 m 0 and V=| -k 2k -k |. (
0 0 m 0 —k &k



simple problem it may seem that writing T as a matrix is
sary and heavy-handed. However, it is useful to do this so
could easily generalize to the case in which the masses of the
are not equal.

g Lagrange’s equation, we find the equations of motion:
Tin+ Vn =0, (10.21)

o have defined the vector 9 = (71,%2,73)7. The normal modes
ctive motions where all three blocks move with the same fre-
. Since there are three degrees of freedom there will be three
modes. For each one the solution is of the form

n(t) = aje™st, (10.22)

he a; are time-independent. If we insert this form for n(t) into
tions of motion (10.21), we get a matrix equation for the vector

(V- w:-T)a,- =1 i (10.23)
for a nontrivial solution to exist, we must have
det [V — w?T]| = 0. (10.24)

ds to a cubic equation in w?, with roots w? = 0, w? = k/m,

 3k/m. Substituting these frequencies into equation (10.23)
# to solve for the three normal modes, for which we choose the
tion prescription

a’Ta; =1 (no summation on i). (10.25)

Il can be shown (see Goldstein, chapter 6) that the vectors a;
chosen to satisfy the “orthogonality” condition

al T a; = &;;, (10.26)

will use this later on. Subject to this condition, our normal



n(t) = &a; + a3 + £3ay, (10
where the ¢; are called normal coordinates.
Suppose we now apply a force F(t). Our equations of motion

T (L) +v (3 o) = F(0) (

s=1 s=1

We use the matrix equation for a normal mode vector, (10.23),
rewrite Va; as w?T a;. If we now multiply on the left by a}' and
the orthogonality condition (10.26), the normal modes decouple (w!
is why they are called normal modes) and we obtain the equatio
motion for the normal coordinates:

& + w2 = fi(t), (10
where we have defined
fi(t) = a] F(t). (10

In our particular problem, the force is given by

fcoswt
F= ( 0 ) . (10.
0

This gives us

h = \/;Hf coswt, (10
fa = \/;;f cos wt, (10
fi = \/;;f coswt (10




lution is

f 1
= —(1 = coswt), 10.37
& \/3;”3( ) ( )
f
V2m(wi — w?)
f
= t— t). 10.39
€3 ot wz)(cosw cos wst) ( )
can be verified by substitution.) Next we substitute the normal
inates back into equation (10.28), to find the motion of mass C:
_f ‘
s = 3w2(1 coswt) 3

&2

(coswt — cos w,t), (10.38)

(coswt — cos w,t)

(w} — w?)
+ —1—(coswt — coswst)| . (10.40)
6(w3 — w?)
Priklad 6

In the lab frame:
E,=4nc Ex=E,=0
B«=By=B,=0

In moving observer’s frame:
By’ = Ex
E/=y(E,-BB,) E’=E/ =0
E =y(E,+BBy) = E, =yE,=4nyc
B, =B, B’ =B, =
By =y(By+BE,) By =y B E,=4nyBo
Bz’z'Y(BZ_BEy)

Notice that E,” =y E, = 4nyc is basically because the moving observer sees measured charge density due
to Lorentz contraction.



