11 Hausaufgabe zu Theorie der hoheren Mechanik zum Montag, den 5.7.2010
H20

a) mr =mg+ T(-%,-%, l_T) + 2mw(vg cos(A), —vs sin(\) — vy cos(A), v sin(N))

i = —T% + 2vg cos(A)w .
= | § =-T7 —2wussin(A) — 2wvi cos(A) | mit T' = L
Z =-g+ TZ_TZ + 2wvg sin(A)
Fiir Anfangsbedingung ,,Bewegung in hor. Ebene” muss gelten 2(t) = £(t) = 2(t) = 0
& =TT+ 2wuvy cos(N)
= | § =—-TY% —2wv; cos(N) mit l_TZ — % =1
0 =—g+ T+ 2wuysin(N)
~ . & = —%(g9 — 2wvesin(N)) + 2wvy cos(A)
— !
= T'=g = 2wuysin(d) = i = —¥(g9 — 2wvysin(N)) — 2wwy cos(A)

Als Nahrung kann angenommen Werden:w

~ 0, da Faktoren im Z#hler klein und Lénge
des Pendels im Z#hler relativ grof3

= &= —9r+2wvrcos(\) = —Jx+2wycos(N), = —%y—2wuvicos(\) = =Ty — 2wi cos(\)

b) &= —%z — 2wyi® cos(N), ji = —9yi — 2wii cos(N), d=x+1y
=d=i+ij= —91 — 2wyi® cos(\) — dyi — 2wiicos(\) = —4(z + yi) — 2wi(& + gi) cos(\) =
—49d — 2wid cos(\)

Ansatz: d(t) = Ae
= 0 = d(t) + 2wid(t) cos(\) + 2d(t) = A(v* + 2qwicos(A) + ) = 0 = 72 + 2qwi cos(A) +

= 1,2 = —wicos(A) iy /w?cos?(N) + § = —wicos(\) £ \/%i\ / % +1

Da Pendelfrequenz i.d.R. viel grofler als Erdrotationsfrequenz,

S

wlcos()

also ¢ >> w? ist +1~=1

= 712 = —wicos(\) \/> — Ajemiweos)—y/Pit 4 Age~Hweos( N+t
Durch Konstruktion von d ist A komplex, also A1 = By + 1By, As = C1 +iCs.
AuBerdem folgt nach Euler:

d(t) = (By + iBa)(cos((wcos(A) — y/9)t) — isin((wcos(A) — \/E)t))

+(C1 4 iC)(cos((w cos(N) + \/> —isin((wcos(A) + \/>

= B cos((w cos( \/% )t) + iBg cos((w cos(A) — \/7)t) — iBysin((wcos(A) — 4/ 9)1)
+ By sin((w cos(A \/% )t) + Cy cos((w cos(N) + f )t) 4+ iCo cos((wcos(X)

+\/% ) — iCy sin((w cos(N) 4—\/j ) -+ Ca sin((w cos(A —l—\/>

= Bj cos((w cos( 9)t) + By sin((w cos(\) — \/;) ) + C4 cos((wcos(N) + \/%)t)
+C sin((w cos(A \/%)t ) + i(B2 cos((w cos(A) — \/%) ) — By sin((w cos(\) — ﬂ)t)
—Cysin((weos(A) + 1/9)t) + Co cos((w cos(A) +

= z(t) = By cos((w cos(\) — \/E) )+ Bs sm((wcos( ) t)
+C cos((wcos(A) + \/> ) + Casin((w cos(N) + f
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y(t) = By cos((wcos(A) — 4/ 9)t) — By sin((w cos(\) — \/Q)t)

—C1 sin((w cos(A) + \/> ) + C cos((w cos(N) + f

i(t) = —Bi(wcos(\) — /) sin(w cos(A) - f) ) + Ba(weos(A) — /) cos((weos(A) — /1)
—C'1(w cos( +\/7 ) sin((w cos( —l—\[ + Cy(w cos( +\/7 ) cos((w cos(N) —1—\[

§(t) = —Bi(weos(\) — /%) cos((wcos(A) — \[1)t) = Bafweos(A) — | /#)sin((weos(A) — /$)8)
—C1(w cos( —I-\/> cos((w cos( +\[ — Ca(wcos(A) 4 4/ ¥) sin((w cos(N) —l-\[
Sinnvolle Anfangsbed.: zu ¢t = 0 ausgelenkt ohne Anfangsgeschw. losgelassen

= #(0) = 9(0) = y(0) =0, (0) =
= x(0) =20 = B1 +C1, y(0) =0= By + Cy,

#(0) =0 = Ba(wcos(\) — \[)—1—02 (wcos( +\/7
§(0) = 0 = — By (wcos()) — \f) Cr(weos(\) +1/4)

Da w cos(A <<\/7 weosV+VE —1=By,=0Cy, B =C4 éBI:C&:%, Bo=Cy=0
w cos( f

= z(t) = B (cos((wcos(\) — f) ) + cos((wcos(A) + \/7 = 70 (2 cos(w cos(N)t) cos(ﬂt))
y(t) = — % (sin((w cos(\) — f) ) + sin((w cos(X\) + \/> 2 (2sin(w cos(A)t) cos(\/%t))
(Winkeladdition bei Kosinus / Sinus)

cos(w cos(A)t) )

= 7(t) = o cos \/>t ( —sin wcos()\)t)

H21
cos(wt) ' — sin(wt) .
Z(t)=o0| sin(wt) = Z(t) = ow cos(wt) , == 7rf = 2@ - %
0 0

Nun wirkt mit der Zentrifugalkraft die Gewichtskraft auf den Fahrgast, so dass
die resultierende Kraft schréig auf die Schienen vom Kurven-Mittelpunkt weg. Wir

nehmen nun an, dass die die Schienenebene einen derartigen Winkel zur Horizon-

talen bildet, dass die resultierende Kraft senkrecht darauf steht und der Fahrgast
keine Beschleunigung mehr zur Seite, sondern nur noch nach unten (in seinem System, das Zuginne-

re) wahrnimmt.

. . — sin(wt) — sin(wt) cos(wt)
Fy =md x (& x ) = BT X (Z X 7) = mow? | cos(wt) X cos(wt) x | sin(wt)
0 0 0
— sin(wt) — cos(wt)
= mow? cos( wt =mow? | —sin(wt)
— sin? — cos?(wt) 0

gw cos(w
FR—FGﬂLFZ—*m ow? sin( wt
g — —
Fr - Fg = |Fr| -|Fo| cos(a) = a = arccos( e )

h = asin(a) = asin | arccos —_m*  )) = gsin (arccos [ ——L— ) ) = /1 - %
my/(ew?)2+g2-mg /2wt g2 0%wi+g?
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