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Priklad 1

Nech vel'kost' rychlosti gulicky pri dopade na plésku je v a hladand vyska
je h. Podla zdkona zachovania energie pre gulicku s hmotnostou m dostaneme

mg (H —h) = 3mv* = v = /2¢g (H — h). Odraz je pruzny, preto uhol dopadu
je rovny uhlu odrazu, po ktorom bude mat’ rychlost’ vodorovny smer. Pdjde
teda o pohyb zlozeny z volného padu z vysky h a rovmomerného pohybu s

2h
q

(lebo h = 2g¢t%). Vo vodorovnom smere zatial' preleti gulicka vzdialenost’ vt =
Uy .-“% = \/4h(H — h), ¢o je viak podla zadania rovné &. Plati teda rovnost

% = +/4h (H — ).

Upravou dostaneme kvadratickii rovnicu s korefimi Ei"f—zﬁ:@ff . Podmienku
h < H splia riesenie 2—4"‘EH ~ 0,067 H.

rychlostou v vo vodorovnom smere. Tento pohyb teda bude trvat' cas t =

Priklad 2

We need to find force acting on liquid in one quarter of the pipe. For a small

segment of the pipe,

dm v?

d b= = pSdpv?

and it is pointing towards the center, providing centripetal acceleration to the liguid.
Projection of the total force on the horizontal axis 1s F, = fﬂ?rf? dF cos ¢, and the
answer 1s T' = F,

T = pSv?

This we can get from more sophisticated hydrodynamics as well, by considering
momentum flux equation
a
Pyl IO
where II;; = 6;;p+ pv;v; 1s momentum density tensor, and f; is external force density.
Considering left quarter of the pipe, for steady flow there is no momentum change in
this volume, and thus we must have for the external force acting on the volume

F,— /dlffi = /dvvjnz-j = ?gdsjﬂz-j = jgpvz-(vdS)

where we used Gauss theorem and the fact that the pressure is uniform. The surface
integral 1s not zero only through opening parts of the pipe, since on the sides v | dS.
For x-component of the force we integrate only over the vertical cross-section at the
top of the semi-circle, to immediately get

T = F_r = p'l‘.,’('ta‘,S} — pS'UQ



Priklad 3

Oznac¢me si dizkovii hustotu naboja na nasej ty¢i ako A a situdciu si trochu
zovseobecnime. Predstavme si, Ze mame homogénne nabitil ty¢ s rovnakou
hustotou naboja A a dlzkou o L. Intenzitu elektrického pola vo vzdialenosti oL
od jedného jej konca oznac¢me ako FE,. Zadanie nam hovori, ze £, = F.
Situdcia s E, je vSak len a-krat zvii¢ésena (teda vlastne zmensend, ak o < 1)
situdcia s E;. Ak by sme zobrali ty¢ dlzky L vo vzdialenosti L od nas, nasekali
ju na kusky a kazdy jej kusok a-krat vzdialili a a-krat zvacsili, dostali by sme
ty¢ dlzky aL vo vzdialenosti oL od nas. Kazdy spominany kiisok by pritom
zvacsil svoj naboj a-krat, mame totiz vzdy rovnakn hustotu naboja. Prispevok
elektrickej intenzity od kusku s nabojom g vo vzdialenosti r by sa teda zmenil
z k% na k—l; = ikr% Inymi slovami, elektricka intenzita kazdého kusku sa

QZT.Z
zvacsi 1-krat, a preto E, = +E; = 1 E.
[0 ] [a] - ¥

Teraz si uz len stadi véirrﬁnif, #e ak zoberieme tri tyce s dlzkami %L, %L a
%L a umiestnime ich do vzdialenosti %L, %L a %L od nas, spoja sa do jednej
tyce dizky L, ktora bude od nas vzdialena %L.
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Inymi slovami, dostaneme presne tu situaciu, na ktoru sa pyta zadanie.
Intenzita elektrického pola teda bude

i T 49
El/? + EQ',“? -+ E);ff? i TE -+ §E+ ZE = IE

Priklad 4

SOLUTION: We conserve 4+momentum in the lab frame:

vk toh =+, ,

where p = (p°, p'.p?.p?) = (E/ec. p) is the 4—momentum. Weusea (—, +, +, +)
metric, in which case the scalar product of two 4-vectors isa-b = a, ¥ =
—a b + a-p, and is (inertial) frame-independent. For a particle of mass m,
then, p- p = m2c2 (evaluate in rest frame). Thus.

Pp -DPp = I:p*.rr + Py _p}(;' T {prr 0= p}(}

il s O s ‘
—mgc” —mpec” —Mige” +2p,. -p, —2p, - P — 2P, - P

= —m:?.l 2 .
In the lab frame,

= (Egfe,py) » Pnp=I(mMmgue,0) . pr=0g/cPyx)



80 p'ﬂ' 'pﬂ = _Eﬂ'nl-nf p-'r. "pK = _ETEEK!’CE +P'|r|' "PK._. aIld pﬂ "pK = _EKmn_.
Substituting these dot products into our earlier formula, we obtain
—mic = —m2d—mict—mic? —2m,E, +2m, Eoy -I-EE,EEH,J‘CE —2p. Py -
We're told the lab frame angle between pion and kaon is 90°, so we set
pr - P = 0 and obtain
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2(muc? — Ey)

The minimum of Er is achieved when E- takes the smallest possible value,
which is F k=m Krzz. Finally, then,

i :m_ﬁ—mfr—mﬁ—

m3, + 2y, 2
w
2(mn — my)

" = 1149 MeV |

and so the threshold kinetic energy of the pion is
T. = E.—m_c® = 1009MeV .

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) Q) a distance a? /b from the
center. also at 4 = 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
vanish anywhere on the surface of the sphere:

© o =10 V.

&(R.,0,0) = 4
4 ?) Va2 + b2 —2abcosf  Va®+d? — 2ad cosf

After pushing one radical over to the other side of the equation, invert-
ing hoth sides, and squaring, one then separately equates the constant
terms on both sides as well as the coefficients of cosf. This yields two
equations:



which vield the familiar results Q = —aQ /band d = a’ /b. The poten-
tial everyvwhere is then

Q - Q
Ve + b2 — 2br cos# \/{h)g+a9—21}rcﬂsﬂ

a

o(r, 0, o) =

It is tempting to compute the potential due to the image charge at (),

Qa Qa

ﬁjimagE(THQ:D = —m = ﬁ‘-l-"imagﬂlrkb} == —bg = ag s

multiply by ). and conclude that W = an,ﬁ {bg - -:12] is the work

required. This is wrong! The reason is that the image charge moves

with ). To get the richt answer, integrate F dr, where F is the radial

component of the force, F = (QE. The electric field due to the image

at @ is

_ Oimage(r)
ar

B Qar

- T

Next we multiply by ) and then integrate to get the work done on
the charge:

oo

T rdr GQQ
W= —Q‘/d?" E(r) = ﬂQEf[,r.ﬂ —a?? 2P —a))
b b

The wrong answer we obtained by the simplistic analysis is a factor of
two too large.



