Oscllaclje
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U opstem slucCaju ugaona brzina nije

identicnha sa kruznom frekvencijom!
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Filmovi 20 i 21!


Sistem teg opruga
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na frekvenciju! /o
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Film 24!


Paralelna veza dve opruge
DO

M M
F =K AX +k,Ax F = kgAX
ke =k, +K,

Jednak pomeraj!



DN

Redna veza dve opruge

DO

—
K M
W F_F F
k. k k=KX
M
AX = AX, + AX K. = KiK,
e k +k,

F — klAX]_ — kZAX

2 Jednaka sila!
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Energija linearnog harmonijskog
oscilatora

E=U+K U=%kx2 K=%mv

Energ,
1

lurning point

E=L1}pA?




Totalna energija sistema

E=U__ +0C E=K, ., *t0

E=U+K=%Kk (A cos(nt))?+ ¥2m (A o sin(ot))?

= 1, k A2 cos2(mt) + 2 m A2 ©2 sin?(ot)

E =% k AZ cos?(mt) + 2 m AZ k/im sin?(ot) = 2 kK A? (cos?(mt)+
sin4(wt)) |

E =15k A? :Em(ﬂm)‘z

Oscilacije su neprigusene

(smatra se da nema otporne sile) !



Linearni harmonijski oscilator




Linearni harmonijski oscilator

+E X=x& -0

p
1( d°E
E,(x)~E, (0)+ 2!£ dxzp 10 X*

. F =—gradE (dZEp) g
> = — 5 = — > X “
dx -

e

Stanje stabilne ravnoteze d2E
| =const.=k
dx
x=0
d*x d’x Kk
m =—kx= +—x=0
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Matematicko klatno

F. =ma, =F, —mgcosé

F =ma_=-mgsiné
: dv  d°*s
a =— =
. B
F, Szl6’:>d28=|d(29
/ : dt dt
d-g :
mi =—mQgsing@
......... J dt? )
2
d9+g9:0

d—>0=sINn@ =40 qt?
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Matematicko klatno

2
df+99:0
dt

6(t)=6,sin(wt+¢)

. | (il—f:a)é’o cos(awt + )

mg / d 2(9 2 i
......... =0 6, sin(wt + @)

—°0, sin (ot +gp)+%¢90 sin(wt+¢)=0
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Matematicko klatno

......... mg a):27z'f:2_7z-:>T:27z'\/I
T g
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Fizicko klatno

O:‘M‘:\ﬁxmg\:mg\ﬁ\singo
‘f';‘ = C Rastojanje centra mase od ose rotacije
lae =—mgCsin g
d*p .
a:dtg (D—)O:>S|n(0z§0

d 2¢+ mgC

=0
dt? | v
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Fizicko klatno

A%+

¢ _ Ke/lt
2
99 _ e d 2 —KA%"
dt dt
K A%e™ + m?C Ke™ = 0
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Fizicko klatno
0 =Kel"+K e e!™ =cos(wt)+ jsin(wt)
o =(K,+K,)cos(mt)+ j(K,—K,)sin(at)
(K +K,)=A j(K,—K,)=B

@ = Acos(wt)+ Bsin(at)

Konstante A1 B

\/ > > . A odreduju se iz
@ =V A" +B"sin| ot +arctg B poéetnih usloval

T _ 27 27T /—I
@ mgC
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Slaganje oscilacija

X, =Acos(wt+g) X =Acos(at+p,)

X=X +X, = Acos(wt + ¢)

A=A’ + A +2AA, cos(p—0,)

tg _Asing + A sing,
g A cosg, + A, cos o,




|zbijanje

|
200

|
400




Lisazuove figure

x = Acos(mt) y = Bcos(awt+¢)

x> y° 2xy .
+2—— "2 cosp=sin
A’ B° AB v 7
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Furijeov red
X(t)=Asin(wt)+ A, sin(2et)+ A;sin(3wt)+...

+ B, cos(at)+ B, cos(2wt)+ B, cos(3mt ) +...

Fix)




Prigusene oscilacije




Prigusene oscilacije

2
F = —kx—bv mi Xy p &

dt dt
d’x bdx Kk b k

+ +—Xx=0 — = — — )

a2 mdt m % =
2
%+2a%+w§x=0 x = Ce"

A +20i+@; =0



Prigusene oscilacije

Ay, =—ai\/052—a)02

Xx(t)=Ce™ +C,e™

a’—w; <0 o=\ol-a®  Ap=-atjo
x(t)=Ce " +C e )
X(t)=e(Ce " +Ce ')



Prigusene oscilacije
X(t)=e"(Acos(wt)+Bsin(awt))
(C,+C,)=A j(C,-C,)=B

x(t) = e‘O‘t\/A2 + B? sin| ot +arctg A
B

X(t) =e "X, sin(wt+¢,)

a):\/a)g—az :2_|_—7T



Prigusene oscilacije
X ()

http://www.lon-capa.org/~mmp/applist/damped/d.htm
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KvaziperiodiCno kretanje
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Podamortizovano



Aperiodicno kretanje

a’—w; >0=b>+/4km ﬂw:—ai\/az—mj
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Kriticno amortizovano kretanje
a’ —w; =0=Db=+/4km A=4,=-a

x(t)=Ce ™ +Cte ™ =™ (C, +C,t)

0.1

0.08¢

-~

= 0.06

X
- 0.04
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Telo se najbrze vraca u ravnotezno stanje!



Parametri oscilatora

~—

X(

—aft; _
X, = X,€ X, = X,8

) = X,e™" sin( ot + @)

_ati+1
XI — ea(tiJrl_ti) — eaT
Xi+1

O=In (—'} =al Logaritamski dekrement



Faktor dobrote ( Q-faktor )

Q _ Ei _ i Odnos energije |
T E_E. . AE gubitka energije
i i+1 i
S
2 2
e—Zati , (t y ) 1 -
e—Zati . e—Zati+1 = (1_ e ) — (1— € )
1 1
Q= 0 >0=0~—




Prinudne oscilacije

F, cos(wt)
D

http://www.walter-fendt.de/phl4e/resonance.htm



Prinudne oscilacije

F =—kx—bv+ F, cos(mt)

d?x dx
m—- =—-kx—b—+F, cos( wt
dt? dt ° (et)
2
dz(+bdx+kx=FOcos(a)t)
dt© mdt m
b F
m m
d“x dx

pre ZaEJra)gx = f, cos(wt)



Prinudne oscilacije

2
d—;(+2a%+a)§X:O:> X
dt dt

f, cos(at) = X,

X(t)=x, (1) +x, ()
X, (t)=X,e " sin (\/a)j —a’t+ goo)

X, (t) = Acos(at - p)




Prinudne oscilacije

X (1) = e sin( o} —a’t+g3,
t>0=X%x —0
X, (t) = Acos(at - @)

t—)oo:>Xp¢O



Prinudne oscilacije

—= =—Awsin(ot - )

dtzp = —Aw’ cos(wt - p)

—Aw® cos(wt — @)+ Za(—Aa)Sin (oot —qp)) +
@, Acos(wt—g¢) = f,cos(wt)



Prinudne oscilacije

—Aw’® cos(wt)cosp — Aw’ sin(wt)sin g+
+2a Aw cos(wt)sin (@) —2a Awcos(p)sin(wt)+

+ay, Acos(wt)cos ¢+ w; Asin (wt)sin g = f, cos(wt)

U

~Aw’ cosp+ 2a Awsin (@) + o, Acosp =, (1

~Aw’sinp—2aAwcos(p)+a;Asing=0 (2



Prinudne oscilacije

200

2 2
W, — @

(2 =199 =

2000

@ = arctg ( — ] Fazno kasnjenje
Wy — @

(1sin(p)+ (2 cos(¢@)= f,sin(@)=2aAw

sin(p) =99

1+t ()




Amplituda kod prinudnih oscilacija
1:O




Amplituda kod prinudnih oscilacija

amplitude A (m)




Rezonancija

A — max

dA
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Rezonancija (Tacoma bridge)




Znacenje Q-faktora

f
Alnez ) = 2a\/a)2 —a’
0

fO

o << @y = A0z ) = o
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Alw=0)=—o-Fo
o, K
A(re;) @ 2 2r
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Amplituda kod prinudnih oscilacija




Objekat moze da osciluje oko
1. bilo koje ravnotezne tacke.
bilo koje tacke stabilne ravnoteze.

3. bilo koje tacke, ako na njega deluje sila linearna sa
rastojanjem.

bilo koje tacCke .
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Presentation Notes
Answer: 2.When an object in stable equilibrium is disturbed, it tends to
return to the equilibrium point. This is the basic requirement for an oscillation.
An object in unstable equilibrium tends to move farther away
from equilibrium when it is disturbed. Forces around any stable equilibrium
obey Hooke’s law, provided the displacement from equilibrium is
not too large, so any stable equilibrium point will do.



Sta je neophodno da bi objekat oscilovao?
1. stabilna ravnoteza

malo ili nimalo trenja
3. poremecaj

ni jedan od ponudenih odgovora

5. prva tri ponudena odgovora
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Answer: All three.A stable equilibrium point is needed. In addition, some
sort of disturbance is required to set the object in motion (otherwise the
object would simply remain at the equilibrium point). Finally, friction
should be small or absent, otherwise the object doesn’t oscillate but just
returns to the equilibrium point without overshooting it.



Teg povezan sa oprugom osciluje. Na grafiku je prikazana
pozicija u funkciji vremena tega. U tacki P teg ima

.I'Y

NN
%

\

1. pozitivhu brzinu | pozitivno ubrzanje.
pozitivnu brzinu | negativno ubrzanje.

3. pozitivnu brzinu i ubrzanje nula.
negativnu brzinu i pozitivho ubrzanje.

5. negativnu brzinu | negativno ubrzanje.
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Answer: 2. The velocity is positive because the slope of the curve at
point P is positive.The acceleration is negative because the curve is concave
down at P.



Ljuljaska se ljulja na sopstvenoj frekvenciji. Kada dete sedne
na ljuljasku sopstvena frekvencija

1. se poveca.
ostane ista.

3. se smaniji.
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Answer: 2. Oscillations are an interplay between inertia and a restoring
force. The extra person doubles both the rotational inertia of the swing as
well as the restoring torque. The two effects cancel.



Krug rotira u CW smeru brzinom 29 obrta u sekundi. Krug se
snima kamerom koja snima 30 slika u sekundi. Na
snimljenom filmu tacka se krecCe

__-""-\-.__

—

Y

1. veoma sporo u CW smeru.
veoma sporo u CCW smeru.

3. veoma brzo u CW smeru.
veoma brzo u CCW smeru.

5. na slu¢ajan nacin &
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Answer: 2. After 1/30th of a second, the object has completed 29/30th of
a full revolution. To the camera, it therefore appears in position 1—as if
it had rotated 1/30th of a turn in the counterclockwise direction. For each
subsequent frame, the dot appears to rotate another 1/30th of a rotation
in the counterclockwise direction. After 30 frames, the dot has made one
complete counterclockwise rotation. As seen by the camera, therefore,
the rate of rotation is not 29 clockwise revolutions per second, but 1 counterclockwise
revolution per second.



Starinski sat meri vreme pomocéu klatna. Sta je od ponudenih
iskaza tacno?

1. Sat ¢e zuriti jer se klatnu menja period usled otporne sile.
Sat Ce zuriti ako se nalazi u brzom vozu.
3. Sat Ce kasniti ako se nalazi u magnetnom polju.

Sat Ce biti taCan ako je amplituda klatna dobro odabrana.
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Answer: All three.A stable equilibrium point is needed. In addition, some
sort of disturbance is required to set the object in motion (otherwise the
object would simply remain at the equilibrium point). Finally, friction
should be small or absent, otherwise the object doesn’t oscillate but just
returns to the equilibrium point without overshooting it.



RLC kolo na slici ima veoma malu vrednost otpornosti R.
Ukoliko se povecava frekvencija generatora do veoma
visoke vrednosti:

I il e

\ L :'
c T

1‘5n H % 1‘-.:-111

1. sigurno Ce pregoreti kalem.

sigurno ce probiti kondenzator.
3. sigurno cCe pregoreti otpornik.

napon na otporniku ¢e monotono rasti.
5. nijedan iskaz nije tacan.
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Presentation Notes
Answer: 2. The velocity is positive because the slope of the curve at
point P is positive.The acceleration is negative because the curve is concave
down at P.
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