METODY RIESENIA FYZIKALNYCH ULOH zima21 - Priklady 5
VZOROVE RIESENIA
Cvicenie 23.11.2021

Priklad 1

Derivovanim x podie ¢asu ur¢ime rychlost v a zrychieni dwidr. Dosazenim do relativistické pohybové rovnice
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Poutijeme princip superpozice; vysladné zrychlen| je dano jako razdil zrychleni vyvolaného pinou koull a mensi, odabranou kouli.
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Priklad 2

SOLUTION: (a) Equations:

Moy, = —k(2T0, — Top—1 — Ton41)
MaTopy1 = _k(2m2ﬂ+1 — Lan — -Tﬂﬂ--'j}
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m } is dispersion relation.

(b)

Low frequency — acoustic mode (ala’ sound)
— analogous to mode of monatomic chain
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Neighboring masses vibrate in phase, af —

(c)
High frequency — optical mode
—  resembles EM wave in plasma
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Neighboring mass vibrate out of phase, as af — 0.
(d} No propagation in gap:

(ZENV2 = qp < (ZE)1/2,
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Priklad 3

Solution. The boat ends up where it started! The mass of
the man does not matter, nor do the length and the mass of
the boat, nor does the magnitude of the drag coefficient £.
The problem requires no data!

A description of the motion. (A precise solution is given
in the next paragraph.) When the person starts walking right,
the boat starts moving left (Figure 14.5). Hence drag force
points right, and by Newton's second law the center of mass
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Figure 14.5. The boat eventually approaches its starting position.
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of the man+boat accelerates right.® Having acquired motion
to the right, the center of mass of man + boat continues by
inertia even after the man sits down. Eventually, all slows
down due to drag. To recap: the boat started moving left,
activating the drag, which caused the center of mass of the
whole system to move right—the motion that persisted once
the man sat down. Remarkably, the boat will approach its ini-
tial position as time goes on. Why this strange coincidence
happens is still unclear from the argument just given, but it
is explained in the next paragraph.

The justification of the remarkable answer is quite
simple, but it requires a little calculus. Let b = b(t) denote
the position at time ¢ of the boat’s center of mass (all is
measured in a reference frame of the shore), and, similarly,
let p = p(¢) be the position of the person (treated as a point
mass). The center of mass’ of the boat-person system is the
weighted average of the two positions: C = C(1) = (mp +
Mb)/(m + M). Newton’s second law (stated on page 172),
applied in the direction of the boat’s motion, gives

{m + MCE = —kb:

here each dot denotes the time derivative. Substituting the
expression for C we obtain

mp + Mb = —kb. (14.1)

Let us integrate this relation from ¢+ = O tot = oo,
The Fundamental Theorem of Calculus® gives [~ p dt =
p(ox) — p(0). But p(0) = 0 because all starts at rest, and

® This s a little like a caroon dog running almost in place: his feet slide
hackward on the ground (like the boat sliding in water), while the dog’s center of
mass accelerates forward. Cartoon characters. however, routinely break Newton's
laws,

7 See page 169 for the definition,

¥ See page 184 for the details.



