Harmonicky oscilator — pruzina

4 pruzina q =X 5 k
X X X=—— pohybova rovnice
m
m
|:x = —kx obecné FeSeni:
K k x(t) = Asin (ot + @)
d, =——X
m
K
uhlova @ =.,[— fazovy posuv
frekvence m
X(t) = Acos gsin wt + Asin g cos mt
C,=Acosp, C,=Asing

X(t)=C, sin ot +C, cos wt




Nucene¢ kmity s tlumenim

4 pruzina « budici sila: pohybova rovnice:
X : . h_. k F .
F = F,sin(Qt) X +— X +— X =—2sin(Qt)
m m m
K h y F .
f=—, 26=—  X+20+afx=—CLsin(Qt)
k m m m

« obecné feseni: X(t) = Clealt + Cleazt + X
« partikularni feSeni: Xp = Ap sin (Qt + ) partikularni feSent:
. F .
2 2 0
(A 0 — A Q2 )sin(Qt + &)+ 208, Qcos(Qt +a) = —2sin (Qt)

= m
A, (? - Qz)cosa —25Qsin asin(Qt )+

+ A, (02 — 92 )sin o + 252 cos e |cos(t) = %sin (Qt)



Nucene¢ kmity s tlumenim — feSeni v komplexni reprezentaci

harmonicky kmit: X = ASIﬂ C()t + ¢) — 5 Af' i(ot+o)

2NN

amplituda
P uhlova frekvence fazovy posuv

Ae'?) = Acos(wt + @)+ iAsin(wt + @)
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Nucene¢ kmity s tlumenim — feSeni v komplexni reprezentaci

pruzina

 budici sila: pohybova rovnice:
- . h. k F. .
F=Foe'm K — X+ — X =0 gl
m m m
K h 5 F
wf=—, 20=— X+20 + ot x=—2e
m m m

« obecné fesen: X(t) = Clealt + Cleazt + X

VS IVIR I Qt+a :
» partikularni feSeni: Xp — Ape ( ) partikularni fesent:

(IA\p(()O2 — ApQZki(QHO!) 4+ i25Aeri(Qt+a) _ ieigt
m

A, [(a)g ~-Q’ )+ i25Q] _ % i



Nucene¢ kmity s tlumenim — feSeni v komplexni reprezentaci

4 pruzina « budici sila: pohybova rovnice:
X - . h. k F. .
F=Fe X+ —X+—x=—2g"
m m m
h 5 ..
20 =— X+20+aix =2
m m

+1260)= 26 £ = (0f ~Q?)+i260Q = Ke”

m
2 20
\/(COO2 _QZ) +45ZQZ’ 9p = a)oz _ 0?2
F 250
m AKe¥ =Dt = tga=—tgf=-—3"
m W, —Q

C MK (w2 -2 f + 45207



Nucene¢ kmity s tlumenim

@ pruzina e budici sila: pohybova rovnice:
X : . h. k F, .
F = F, sin(Qt) X +—X+—Xx=—2sin(Qt)
m m m

K 5 F .
o) =—, 25=1 X+ 25 + wix = —2sin(Qt)
K m m m
* Partikularni reSeni:
— |:0 -
X, = sin| Qt +arctg

m\/ (0 - f +45°07 Q° -

F

- Ollt 0(2'[ _ 2 2
 Cast feSent: Cle + Cge , al,z =—0 =t \/5 — W,
konverguje k nule s rostoucim ¢asem. Po dostatecné dlouhé dobé¢
Vv ustaleném stavu Ize tento Clen zanedbat a za feSeni pokladat pouze X,




Nucen¢ kmity s tlumenim v ustaleném stavu

4 pruzina
X » Amplituda kmitt:

« Staticka vychylka:

A

" my(w - 02 + 45707

@=1F,=1,m=1

0=1
5=0.5
6=0.25

: B L
& ImA A0
a)(?:ijxsz FOZZFO
m mw, K
<
F

6=0.1
6=0.05
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Nucen¢ kmity s tlumenim v ustaleném stavu

i pruzina

» Amplituda kmitt:
« Staticka vychylka:
lim A=A (0)=

Q—0

F,

M,

K K

A

" my(w - 02 + 45707

@=1F,=1,m=1

0=1
5=0.5
6=0.25

s 2
ma)o

lim A, = Ap(oo):O
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Nucen¢ kmity s tlumenim v ustaleném stavu
_ Fo
- 2
my(w? - QY + 45207

« Amplituda kmiti: Ap

i, 2k fof -0t 2570

do :m{(wg_gz)z_ungzjw =1 F,=1,m=1
b
dﬂzo | —— 6=1
dQ ST —— §=05
al \ — 8=0.1
* rezonance amplitudy ; \ 52005
Q=) —25°=Q, =\ af -26° < 3
F [
AR, )= ° g
i 2ms+/(? - 52) |
1
O: L L L L I L L L L 1 L L L L 1 L
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Nucen¢ kmity s tlumenim v ustaleném stavu

|:O
» Amplituda kmitt: Ap = , 5 \2 ,
my (w0 -2 ) +46%0
dA, _ 2F(wf -0*-25%)0
de m{(wg —o?f +452g22JB/2 o=1F=1,m=1
6 : :
[ ':
aA, _ | | —— 5=1
do 51 : —— §=05
[ | — 8=01
- rezonance amplitudy 4 : f: —— §=0.05
Qf =a@f —26° = Q. =.Jaf —-26° < 3 /'Ii
F 3 [
A (Qr): s I /o
i 2ms+/(? - 52) | o
g _
_ F, : :
LILn()Ap(Qr)_w XS—Ap(O)—ma)g | . | .
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Mechanicka rezonance

« Tacoma Narrows Bridge (1940), Tacoma, Washington U.S.

WOULD THIS HAVE SAVED BRIDGE?

o

U \W.
PROPOSED
HOLES IN
GIRDCER
SC WIND
WCULD
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i g
i [wivoV 1]
4 | AGAINST |
| |THIS GIRDER | OUTRIGGERS
CAUSED TO DIVERT
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