4.3. Superpositions of Ocillations

Here: Superpositions of double harmonic oscillations
a) Same frequency but perpendicular with each other

x =xg+cos(@t) y=ygecos(@f+a) xo=yo
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b) Different frequences:  @1,®2 game direction of oscillations

X1 = Xo *cos(@; 1)
sSum: X=X +X»

X2 = Xxg «cos(@2 + 1) = X0 * cos{@1 * f) +xo * cos(@z * )

= Xo|cos @it + cos@at]| = 2 »xp » cos( ml;mz 1) » cos( mlzmz t)



Are frequencies only little"
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4.4. Coupled oscillators e.g.: Pendelum

,Small" deflection around the balanced condition

X +03+ 2(x—-y) =0 AAAAANAA
+O5V + 5 =0 '
}7 Oy (}7 ) . .
Approach: x = Ae®, y = Be™ = Coupling constant D
(-0*+05+2).4=2L2 .8
5 5 Statement of ratio A/B
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Multiplication (-@*+@j+ 7)*-A-B=(5)*+4:B =
2 Frequences: of = 0},03 = 0 + 3=

Fundamental oscillations: Oscillations in phase/paraphase
General solution: Superposition -->beat frequency

Model for a deformable body:

Simple system: 2 balls + 3 springs

i eransd [rraian] n balls with (n+1) springs
_1 Natural ocillation - 9

1. Harmonic



4.5. Waves

Waves: Mechanics, Elektromagnetism, Matter, Gravitation
Propagation of a perturbation in a medium: z.B.: Rope

J\/ % Stays stationary in S* during propagetion
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S' moves relatively to S with

N/_LZ a velocity v

x=x+vetor x=x—-vet—

The propagation spread out towards
the right with y=Flx—-v-+t)

or to the left y=Flx+veit)
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Description of a transverse oscillation of a rope:

So(z +dz.1) angle

Assumptions:
Gravitation negligible

| flat humps of the rope
W(z+dzt) aﬂ(m P

\E/\(Z’ tj / ; oz <1

I.e.: small deflection

dm

Equatipns of motions due to Newton for dm:
= —Sg +sin®(z,1) + Sg « sin®(z + dz, 1)

ccupancy of mass: dm = 1« dz

M(z.t)
oz




sin®(z + dz, t) = Ob(zvdzt) ozl *P(zt) 7 Development of
: . PY¥(zt) Sy 0*(zf)
Inserted: — = —

Equation of an oscillation! transverse polarisation
What is the connection with perturbation on the rope?

General equation of oscillation  Dijffrentiate: oF _ OF _ da
for funktion vy ot da ot

Comparison with

y = Flx—vet)x—vet=a wave equation results to:

%y _ aEF(aa 2 | 8F da _ &F 2. 8% _ g
ot? der? da o da? 7 ot?
&y _ SEF(aa 2 | OF d%a _ &F
a2 oa da  ox2 Bal
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Reflexion of ocillation of a rope:
Deflection of rope =0

| Flz-vt) G (x+vt) .
A/L at a fixed wall
J\ —\f The coming perturbation gets

\ reflected with negative sign!

Fixed wall

o



Sound waves in gases:

. Zo) . Amplitude of oscillations

1 L gﬁzoﬂﬂzl
§(z0 + de) = Elz0) + ez
dz Vs = A« (dz+ %)dz front/ back
/ alrea
Change of volume: dV' = A4—dz = change of pressure

%
: dp = —p L = _p %
Pressure gradient causes force: P =Py P

dF = —A «dz « Z(dp) = p -A% +dz on the mass:
| dm=p«lV=peA.dz
Newton: Equations create movement:

0% _ 0% ¢ _ p 9%
prdg=pPdm = = v

Equation of sound waves!



