Kreisbewegung

I = Rcos(wt)X+Rsin(wt)y

w=2rf

- Frequenz [1/s] = [Hz]
Winkelgeschwindigkeit [rad/s]






Euler'sche Formel e = cos@+ising

Im(z2) I

e'™ =cos(wt)+isin(ot)

— Re(2)

N

Einheitskreis _
o = Kreisfrequenz

‘e‘e‘zx/e“" 0 :\/e_ozlz\/(cosé?—isin6?)(cosé’+isin6?) —Jcos? @ +sin% @ =1







Lineare gewohnliche Differentialgleichung

2
md—§+b%+kx=0 (1)
dt dt
2
md—zz+b$+kz:0 (2)
dt dt

2(t) = %, (t) + i%, (t)

2 2
mi %, p% T% Lin %2 4iky, =0
d - dt d " dt

Wenn z als LAsung zu Glchg. (2) gefunden wurde, sind x, als auch x,
Losungen zu Glchg. (1)

+kx, +1m



Lineare gewohnliche Differentialgleichung

2
md—zz+b%+ kz=0
dt dt

Losung:  7(t) = x, (t) +ix, (t) = Ce™

/

Konstant

mA°Ce™ +bACe™ + kCe™ =0

mA°+bAi+k=0



Lineare gewohnliche Differentialgleichung

mAi°+bl+k=0

_—b+\/b2—4mk P :—b—\/b2—4mk
- m ’ 2m

A

Lésung: z(t)=Ce™ +Ce™

2(0)=C,+C,

dz
O=4C,+2C,

zzz(O)—%(O) ) &2(0)—%(0)

Anfangsbedingungen:

— 2

' A, =4 A —4,



b2 < 4km Schwingfall

2
d X+b%+kx:0

m
dt? dt

y . _ At At
Losung: Z(t)=Ce™ +C.,e

 —b++/b? —4mk
2m

A

~b+[-1(4mk —b?)

2m

ﬂ1,2 =

_b+ivamk —b?2 -1 .
= =—=Tlw,
2m T

A

x=Re(z)




b2 < 4km Schwingfall

z(t)=Ce™ +Ce™ by =—tio,

e(a+b) _ eaeb
. —t/7 qlapt —t/7 -1t
Z(t)=Ce e +Ce e

' = cos w,t +isin ayt

z(t)=C,e™"" (cosmt +isin m,t)+C,e ™" (coswt —isin ayt)

X, (t) = Re(z(t))



Differentialgleichungen zweiter Ordnung

Losung Differentialgleichungen zweiter Ordnung

d*z dz _
a—5+bo +cr=d,

a=1
b=1
c=1
d=1

Anfangsbedingungen:

z(to) = 1

d
7 (to) =11
tu =0

LOsung




Lineare gewohnliche Differentialgleichung

2
mﬂ+b%+ kx =0

dt*  dt
/

Lineare Differentialgleichung zweiter Ordnung LOsung: X = Ce’ﬂtt
2
d*x dx
M| —-| +b—+kx=0
dt dt
Nichtlineare ,
Differentialgleichung d?x h ax X = 0
zweiter Ordnun M——+D0| — | +KX=
) dt? L dt
d°x  dx

m—-+b—+kx’=0
dt dt



harte/weiche Feder
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harte Feder

Numerisches Losen von Differentialgleichungen 2. Ordnung
dr __
2 &
d X 3 ar = % = d;: = %%
m —2 + kX —_ O Anfangsbedingungen:
I z(to) = 0.1 At =005
vz(to) = |0 Nsteps | 2000
tp =10 Graphische Darstellung: | x ~ vs. t v
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weiche Feder

md—2X+ K sgn(x)\/m =0
dt’

0.15

0.10

0.05

T 0.00

-0.05

-0.10

-0.15

L]

Numerisches Losen von Differentialgleichungen 2. Ordnung
=
Ar = % = d;* — -sqri(abs(x))"x/abs(x)
Anfangsbedingungen:
z(tp) = |1 At = (005
vz(to) = 0 Nsteps 200
tp =0 Graphische Darstellung: |x v/ vs. [t
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Pendel (weiche Feder)

Numerisches Losen von Differentialgleichungen 2. Ordnung

dr

0.10 N

0.05

T 0.00

-0.05

-0.10

015

a2
ir = % = d;: = |-sin(x)
Anfangsbedingungen:
z(tn) = 0.1 At = 0.05
'l?z(fﬂ] =0 Nxtcp.s 500
tp =0 Graphische Darstellung: |x v/ vs. [t
4
1
T
-1
4
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Relaxationsoszillator
e

Numerisches Losen von Differentialgleichungen 2. Ordnung

dr _

Van-der-Pol-System

dx_ (1—x2)%+x:0

negativen Reibungs fir kleine x

i
Ay — % = % = (1x"))*vx-x
Anfangsbedingungen:
z(tg) = 0 At = 005
vo(to) = 1 Nsteps | 1000
to=10 Graphische Darstellung: x +|vs. 't v
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Rauber-Beute-Gleichungen

Pray-Predator Cycles

d

d_)::l — (b — PX, ) X

dx,

—==(rx,—d)x
Lotka-Volterra Gleichungen

http://www.scholarpedia.org/article/Predator-prey model



Rauber-Beute-Gleichungen

Numerical 2nd order differential equation solver
% = (327271
JTT = |[x1-1"x2
d Xl Intitial conditions:
1 — — z1(to) = 0.1 At = 0.05
= (b PX, ) X oY
dt za(to) =1 Nisteps |200
tp =0 Plot: | x1 v vs.|t w
dx,
el (g —d)x,
5.0
Lotka-Volterra Gleichungen
4.0
3.0
T1
2.0
1.0
0.0
2 4 6 8 10

http://lamp.tu-graz.ac.at/~hadley/physikm/apps/ode2n.php



32

dx?

Euler-Lagrange Gleichung

(B1

Balken und Cantilevers

0.010

0.005

0.000

-0.005

82 w 32 _I_ ( ) -0.010
-_— — o 0.0 0.2
Oz For 1

0.4

I‘(Lz

0.6

0.8

1.0

http://lampx.tugraz.at/~hadley/memm/mechanics/beams.php






Black-Scholes-Modell

WAV 1, LV
w535 +3% 5 %

s =1V
Simulations of Small, Medium, and Large-Cap Stock Prices

Based on Parameters From Monthly Stock Returns 1928-2008
2 T T T T T

Small
Medium
Large

18-

V = Wert einer Option
S = Basiswert

r = Zinssatz
o = \Volatilitat
t = Zeit

1 1 1 1 1 1 1 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

http://de.wikipedia.org/wiki/Black-Scholes-Modell



Resonaz

d’z dx
m— + b— + kx = Fj cos(wt).
dt? dt Numerical 2nd order differential equation solver
der __
m =1[kg] - + @ =
a, = Lz — B2 _ | gry 0 2%vx+0.1000%cos(1*1)
b=0.2[kg/s] - + T m T oa '
Intitial conditions:
k=0.9[N/m] - + z(to) = 0.02 At = 0.05
Fy =01[N] - + vz(to) =0 Niteps 1000
to=0 Plot: x v vs. |t v
w =1 [rad/s] - +
submit
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2
mdx1
dt’

Resonaz

2
d Z( bd—x+kx F, cos(at)
dt dt

m£+bg+ kz = F, exp(iat)
dt’ dt

Z=X +IX,

dx, d?x, , dx,

dt

kx, = F, t
+kx, =F,cos(wt) m o "

2 +b—2+kx, = F;sin(ot)



Resonaz

n

Im(2)

| Alei(wt - 0)
eingeschwungene Antwort
Foei(Dt

0 Re(z2)
erregger R

L/




Resonaz

2
m%+b%+ kz = F, exp(iawt)
z = Aexp(iat)

(-w'm+iob+k)A=pe’A=F,

—o’'Mm+iob+k = pe'’ = pcos@+ipsiné




Resonaz

x = Re(z) =

0

yo,

cos(awt — 6)




m=i kel b—l1 wem] k= |pval

Q=F =l |
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Imifz)

Resonaz

m =4 [kg]

b =1 [N s/m]

k =6 [N/m]

Fy =1[N]

w =1.3 [rad/s]
B

E
Wy =4/— — —
Rel(z) m 4m?

I
&
5
—
&
—

(k—mu?)®+u2b
Q="

Fye™t anzeigen:

z anzeigen: [

=1.22 [rad/s] = 0.194 [Hz]
=2.10 [rad] = 120 [deg]
=0.664 [m]

=4.90
Aei@t=8) anzejgen:

xo anzeigen: [



Resonaz




Gutefaktor

Q _ T

T

1

Schwingfall Q>—
2

aperiodischer Q= E
Grenzfall 2

1
Kriechfall Q< >




Gutefaktor

Stolidampfer Q ~ 0.5

Stimmgabel Q ~ 1000

L

Q=2

Quarzoszillator Q ~104-10°




Parametrisch erregte Schwingungen

Numerical 2nd order differential equation solver

F
F, dv;
ﬂ:__n:_ﬁ

Intitial conditions:

= |-0.2000*vx-9.81*x/(0.5%(1-0.4* cos(8.3*t)))

z(to) = 0.1 At — 0.05
vr(to) = 0 Nisteps 1000
to =0 Plot: \x w|wvs. [t w
submit
4]
4 N
I
-4
-6
10 20 30 40

mdz—:v + bdm + 9 =10
dt? dt (1 — Acos(wt)) '
m =1 [kg] - +
b=0.2[kg/s] - +
[=0.5[Nm]| - +
A=04[N] - +
w = 8.3 [rad/s] | - +

Kind auf einer Schaukel
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