Kapitel 14 - Harmonisk oscillator
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Vagrorelselara och optik

Kurslitteratur: University Physics by Young & Friedman (14th edition)

Harmonisk oscillator: Kapitel 14.1 - 14.4
Mekaniska vagor: Kapitel 15.1 - 15.8

Ljud och hérande: Kapitel 16.1-16.9
Elektromagnetiska vagor: ~ Kapitel 32.1 & 32.3 & 32.4
Ljusets natur: Kapitel 33.1-33.4 & 33.7
Straloptik: Kapitel 34.1 - 34.8
Interferens: Kapitel 35.1 - 35.5
Diffraktion: Kapitel 36.1 - 36.5 & 36.7
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Vagrorelselara och optik

Tid Wa 31-Oct Ti 01-Nov On 02-Nov To 03-Nov Fr 04-Nov
08-10
10-12} Vaglara kap 14  |Vaglara kap 14 Vaglara kap 15
(A kap 14 J(A) kap 15 (A) kap 15
[Cvningar Optik&Vig [Crmiingar Optiki Vg
130 (L213-19)
15-17
Tid Ma 07-Nov Ti 08-Nov on 09-Nov To 10-Mov Fr 11-Nov
Vaglara kap 16
08-10 (A) kap 32
10-12 Vaglara kap 15 [Vaglara kap 16 | Vaglara/Optik kap 32
(A) kap 16 |(A) kap 16 (A) kap 33
[(Crvmingar Optik&Vag (k. 13-16) Owninigar Optiki Vg
13-15) (L2181} 218-19)
1517
Tid Ma 14-Nov T 15-Nov On 6oV To 17-Hov Fr 18-Nov
08-10
10-12 Optik kap 33 |Optik kap 34 Optik kap 34
(A) kap 34 (A kap 34 (A) kap 34
1315 [Crvmingar Optik&Va Cwningar OptikiVidg
(L21
1517
Tid Wa 21-Nov Ti 22-Nov On 23Nov To 24-Mov Fr 25-Nov
optik | kap 35 [
08-10 (A) kap 36
1012 Optik kap 34 |Optik | kap 36
(A} kap 35 (A} kap 36
13-15 Cnmingar Optik&Vag
15-17
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Ny web sida

Foreldsningar i vaglira och optik under 2016

Schema (pdf)
Kapitel att studera (pdf)

Uppgifter (pdf)
Formelsamling (pdf)

Kapitel 14 - Harmonisk sviingning

Forelisningsanteckningar (pdf)

Spray paint oscillator
| —

- Simple harmonic motion

n Hooke's Law: force exerted by a spring

http://hedberg.home.cern.ch/hedberg/home/optik2016.html
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Inledning

Enkel teoretisk
modell:

Hastighet =
Avstand / Tid
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Inledning

Mer komplicerad modell:
Position = T(x,y,z,t)

Hastighet =
derivatan av r med
avseende pa tiden

r(t) = [v(t) d¢

= _dr _
y v(t)= 21 f a(t) ot

Vincent Hedberg - Lunds Universitet

Harmonisk Svangning

Del 1. Vad dr harmonisk
svdanghing och hur kan den
beskrivas matematiskt ?
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Harmonisk Svangning
Exempel
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Harmonisk Svangning
Experiment

Ett experiment som hjdlper oss att hitta en
matematisk beskrivning av harmonisk svdngning:

https://www.youtube.com/watch?v=p9uhmjbZn-c
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Harmonisk Svangning
Experiment

Slutsats: Harmonisk svdngning kan beskrivas av funktionen
x = A sin(Bt + C)
om t dr tiden och A, B och C dr konstanter som beskriver rérelsen.

Vincent Hedberg - Lunds Universitet 1

Harmonisk Svangning
Funktionen

X = A sin(Bt + C) eller
X = A cos(Bt + C-m/2)

1

: ' ~ 05
e . = 0 %
— W ‘ 05 ]

x : Vertikal forflyttning. Enhet: meter 1

-2n -3n/2 -m -m/2 O n/2 m 3n/2 2n
360 27C 180 0 90 180 360

t: Tid. Enhet: sekund
A : Amplitud (maximal forflyttning). Enhet: meter

B = o : Vinkel frekvens (antal svédngningar per sekund ganger 2t).
Enhet: Radianer per sekund

C = ¢ : Fas vinkel (bestammer ldget vid tiden = 0). Enhet: radianer
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Harmonisk Svangning
fochT

X = A sin(ot + ¢')
eller
X = A cos(ot + )

T: Period = tiden det tar for massan att aka
upp och ner. Enhet: sekund (J

f: Frekvens = Antalet perioder per sekund. 1 &/ D
Enhet: 1/sekund = Hz

f=1/T o = 2nf Ne b

period of oscillation

Vincent Hedberg - Lunds Universitet 13

Harmonisk Svangning

fas vinkel
X = A sin(ot + ¢') eller x = A cos(of +¢) | 7
Fas vinkeln (¢) bestdmmer ldget vid tiden= 0. . *

For da gdller: x = Asin(¢') eller x = Acos(¢) -

-2n -3n/2 -m -m/2 O n/2 w 3n/2 2

o = .
SEEE %%%% %%%ex
< F i £ W 2 P A g >’\ ;7'“'\\
W S W W o ' W S W
x’ B X | ) )
7 1 N | x| i~
‘ S ‘ t \ t
0 0)
X = A sin(ot) X = A cos(ot) X = A cos(ot + 1)
X = A cos(ot - w/2) X = A sin(ot + n/2) X = A sin(ot - 1/2)
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Harmonisk Svangning
v och a

Vi har nu en matematisk beskrivning av ldaget
(den vertikala forflyttningen).

Vad dr hastigheten och accelerationen ?

_ dx
v =
_dv
a(t) = dt
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Harmonisk Svangning
Vv och a

Forflyttning: X = A sin(mt) —» Xpax = A

Hastighet: V= g—: Vv=0mA cos(@t) —F V. =0A
. dv _ 2 "

Acceleration: a=7"4~ a="0 Asin(@t) —» ap,, = ®® A

https://www.youtube.com/watch?v=eeYRKW8V7Vqg
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Harmonisk Svangning
Sammanfattning

X Forflyttning (m) %
A (!\
: D s o

—+ A Amplituden (maximum)

-0 Viloliige A=

+4--A  Amplituden (minimum) et

G =acos(xy/A)=acos( A/A)=0

x Forflyttning (m)

A Amplitud (m) x= Acos(@t+0) R

t Tid (s) dx . :

T Period (s) i s Asin(OtH))  —a v, =0A
f Frekvens (Hz) =1/T a =g—: =-0? Acos(Ot+)) —p - = @?A
® Vinkelfrekvens (rad/s)=21t/T=2Tf

¢ Fasvinkel (rad) =acos(xy/A)
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Harmonisk Svangning
Problem

el y L8 '__,:_.zl,ﬂ'h
= J [/ \adosie
25| o J t-\_-'.;\..._h.&—h‘,

| fi=i:y

-
1w D=

| gakET (2 ten des
oK el
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Harmonic oscillation
Problem

En ultraljuds apparat anvdnder |jud med frekvensen
6.7 x 106 Hz.

Hur lang tid tar varje svdngning och vilken

vinkelfrekvens motsvarar detta ?
1 1 "
f=1/T| 71=== ——=15X10"s = 0.15 us
=2 f 6.7 %X 10° Hz
0) - TCf 6
w = 2mf = 27(6.7 X 10° Hz)
= {

247 rad/cycle) (6.7 X 10° cycle/s)
= 4.2 X 10" rad/s

Vincent Hedberg - Lunds Universitet
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Harmonisk Svangning
Fjadern & Krafter

Del 3. Fjadrar,

Hookes lag & Krafter

WL

COOECren

https://www.youtube.com/watch?v=_ca770YbeZw
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Harmonisk Svangning
Fjadern

A [
[
'
!
!
/
'
’
L/
|
Compression Elongation
X
2x Y
[
'
Y ]
[

Hooke's law for a spring

Force

e T e VAVAVAVAVAVATL

k = fjdderkonstanten S\ o
beskriver hur styv fjddern dr >/VVVVVV i

21
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Harmonisk Svangning
Krafter

Newton’s first law of motion: A body acted on by no net force moves with
constant velocity (which may be zero) and zero acceleration.

Newton’s second law of motion: If a net external force acts on a body, the
body accelerates. The direction of acceleration is the same as the direction of the
net force. The mass of the body times the acceleration of the body equals the net
force vector.

— s .
EF = ma (Newton’s second law of motion)
bR NS yor Aova Db watio C ;M

\

-

.l-l-

(=
.

si//Z
-
2,
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Harmonisk Svangning: Fjadern

Vertikal A= W 3
svidngning | 5 , =
GrGViTGTionen A hanging spring 5_" _ﬁ‘e i F=k(Al — Xx)
drar ut fjddern o =l '
till ett nytt . Fa—
jamviktsldge. e
Y Equilibrium position
i?lzl:;:lt\eg” i (spring relaxed)
\ e
Detta dr inte f \ _ol*
R0 C L X
fallet om fjddern AWV

dr horisontell. VTR E_m 5

S

Svdngningarna blir emellertid de samma |
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Harmonisk Svangning

Krafter
) Y
x=0 Fi4q=0 a,=0 :
= total = x ~ S x ¥
D ; mg
) y 4y
n
x>0 Fr<0 a,<0 o 4
total % _.__ﬂ;nnnn%éx - :

x<0 Ffofal>o c1x>o

1111

Y
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Harmonisk Svangning
Krafter

%E._ﬁ;’\\\\\\\\
F, = —kx (restoring force exerted by an ideal spring)
Ef? = ma  (Newton’s second law of motion)

I

G =——==——&X (simple harmonic motion)
dt m
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Harmonisk Svangning
Krafter

x = Acos(ot+d)
Gamla v = -0 Asin(ot+¢)
formler:
a = -’ Acos(®t+¢) l:> a, = —wx
Ny f E ay = Lo = —E-r (simple harmonic motion)
y formel: S Rl ple
. k Frekvensen beror
Kombinera G == av v@ saker:
gammalt med
nytt: |k 1. Fjaderkonstanten
Sl 1 o 2. Massan
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Harmonisk Svangning
Krafter

Man kan se pa svdngningarna pa ett annat sdtt:

d*x k 9°x k
= — = —— imple harmonic mofi il L
a =3 X (simple harmonic motion) 2 + mx
Detta d@r en differential
ekvation som har I6sningen:
k
x = Acos(wt + @) —w?Acos(wt + @) + EAC()S((UC +¢)=0
k |
i —w?Acos(wt + @) + w?Acos(wt + @) =0
27
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Harmonisk Svangning
Problem

Del 4. Problem losning

3. Find x.

3cm

cm

p it i
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Harmonisk Svangning
Problem

g

T NAANNNNNNNNNE AR
‘\[____;, e . . * v % b N % y wl

| = |

x=0 x=0030m

Vad ar fjader konstanten ?

Hooke's law for a spring F 6.0 N
—— X 0.030 m
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Harmonisk Svangning
Problem

m = 0.50 kg

WTAVAVAVAVAVAVAVAVAVAVAVAYS
k = 200 kg/s? J FIRICHRT RIS ; bL

I I
x=10 x=0.020m

Massan drages tillbaka 2 cm och sldpps.

Vad blir vinkelfrekvensen, frekvensen och perioden av svangningarna ?

2 /200 kg/s?
0= |—= = 20 rad/s
m| \ 0.50 kg
r.o 20 rad/s
= —|=——— = 3.2 cycle/s = 3.2 Hz
f 2ar| 2 rad/cycle Ryl 7
S N S
fl 3.2 cycle/s o0
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Harmonisk Svangning

Problem
= 2 m = 0.50 kg _
5= 2dolge SANVVVNR =
o =20 rad/s bL Xo = 0.015 m
Y R S = SSRs s, Vo = +0.40 m/s

x=0 x=0015m

Vad dr amplituden och fasvinkeln ?

X = Acos(mt+ =
(wt+9) — Xpax = A t=0 X0 = Acos¢

=.[.IL = - 1 + —_
Vs O Asin(0tt) —p v . =®A | vy, = —wAsing
a=g_: = =% Acos(t+0) —p Ay = OPA

Voy —wAsing

—_— = — = —@lang¢
X0 Acosg '
i { ( 979 oy ) 53° = —0.93 rad
= arct: —— | = arctan{ — = mny = =Sy rad
G = = (20 rad/s)(0.015 m)
A=x0/cosp=0.015/cos(-0.93)=0.025m
Vincent Hedberg - Lunds Universitet 3t

Harmonisk Svangning
Problem

o = 20 rad/s =030 kg

SAVVVVVVVR
¢ = -0.93 rad =
A=0025m Y R R AR, b"

| |
x=0 x=0.015m

Vad dr ekvationerna for laget, hastigheten och accelerationen ?

x = Acos(wt+d) — X A

max =

= dx . .

v ‘—*F == ASln(mt+¢) — vmax = mA
_dv __ 2

= = ©” Acos(Ot+H0) —p a_ . =m?A

x = (0.025 m)cos[(20 rad/s)t — 0.93 rad]
vy = —(0.50 m/s)sin[(20 rad/s)r — 0.93 rad]
a, = —(10 m/s*)cos[(20 rad/s)t — 0.93 rad]
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Harmonisk Svangning
Vertikal svangning

Del 5. Vertikal
svangning

Vincent Hedberg - Lunds Universitet
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Harmonisk Svangning
Vertikal svangning

Vertikal TE = -

svdngning | = = | =
Gravitationen pevnm A _*_: IR - p——

drar ut fjadern — tuobes - E I, x it
o Hooke's law - z
till ett nytt dullmmn =
jdmviktsldge. s
mg

- X)

Vincent Hedberg - Lunds Universitet
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Harmonisk Svangning
Vertikal svangning

Utan svangningar: Hur mycket drages fjdadern ut ?

%k Ftota1 = Fsp — Fg = kAL —mg

=

Unstretched AL A Fiotgr =mad =10
spring N
(1
m
® mg
- AL = —
Fq k
\/
Vincent Hedberg - Lunds Universitet 35

Harmonisk Svangning
Vertikal svangning

Spring g g Spring
k stretched «= stretched
by AL S; g_ by AL — X
Med svangningar: / = i, =i
Unstretched AL e 5
Summera RE — § "F""“‘
krafterna o . Fo
s
Block’s .V( _
equilibrium  ~A 7 "0 cijjation
position

Frotar = sy — Fg = k(AL — x) —mg
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Harmonisk Svangning
Vertikal svangning

Frotat = Fsp — Fg = k(AL — x) —mg Newton's

mg andra lag:
™ > 5
. R . Ftotal =ma * 0
Feotar = Fsp — Fg = —kx

[ o o - Xk
-—kx—ma—mé—tz— 50z T X =
Denna differential ekvation har féljande I6sning:
k
x = Acos(wt + @) D=

Vincent Hedberg - Lunds Universitet 37

Harmonisk Svangning:
Cirkular rorelse

Del 6. Cirkuldr rérelse
och harmonisk svdngning
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Harmonisk Svangning:
Cirkular rorelse

Beskrivning av
circuldar rorelse :
om hastigheten
|v| dr konstant

SmartSchool

avstand _ omkrets

Hastighet = —g4— == eriod

21r _
T or

V=

2
Acceleration: a=VY/r = (02 r

Vincent Hedberg - Lunds Universitet 39

Harmonisk Svangning:
Cirkular rorelse

Bade harmonisk svdngning och cirkuldr rérelse kan
beskrivas av en sinus funktion.

; Vinkeln ckar
linjagrt med tiden

6 =w

https://www.youtube.com/watch?v=9rOHex jGRE4
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Harmonisk Svangning:
Cirkular rorelse

Bl

---- A

http://www.animations.physics.unsw.edu.au/ jw/flash/shm_springl.swf

Vincent Hedberg - Lunds Universitet 4

Harmonisk Svangning:
Circuléar rorelse

Vad blir x, v och a i x-riktningen ?

y y v
v E
- - HG P
” > i il : \‘C)
7 ~ I’ Y f, I & “~
4 A [N 7 \ ’ 10 47 %
/ 1 % ’ \ / | Ja
| | 1\ ] \ ! p 0 \
I ] \ I 0 \ I \
1 ‘ - X 1 ] Y : - '_I_ X
; 1 1
1 H A 0] . 0 .
\ 0 S " \\ v, = —v "sin@ ‘\ a, = —a "cos
\ s 7 \ ’
\ x =A cos 0 % J % J
“ ,/ \\ ’ ~ ’
'\\ = ~. .7 \""-. S
-,..-__‘-" - '__..-' - -

x= A&G = —v sinf = —q coso

_ r‘GdIUS /

s VZ\ 2 = 2
Totala Accelerationen: a=" /r = @ ay = —w"Acosf
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Harmonisk Svangning:
Cirkular rorelse

Kombinera

accelerationen fran diskussionen om krafter

med

accelerationen for cirkuldr rorelse

Vincent Hedberg - Lunds Universitet
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Harmonisk Svangning:
Circular rorelse

Krafter Circular
F=ma Rorelse X = Acosf
F=-kx a, = —w?Acos
ax:—ﬁx a, = -2 X
m
k
w=.|—
m

En harmonisk svdngning krdver en motverkande
kraft som dr proportionell mot forflyttningen.

Vincent Hedberg - Lunds Universitet
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Harmonisk Svangning:
Circuléar rorelse

1 k
= % = o= (simple harmonic motion)

1 2 :
2T —2m 2 (simple harmonic motion)
f o k

h-.a
I
|
|

Observera: f och T beror enbart pa k och m.
Inte pa amplituden !

Mass m increases from curve Force constant k increases from Amplitude A increases from curve
1 to 2 to 3. Increasing m alone curve | to 2 to 3. Increasing k alone 1 to 2 to 3. Changing A alone has
X increases the period. X decreases the period. X no effect on the period.

Rz hatsor. AALA
IR 1YY

m okar k okar A okar
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Harmonisk Svangning:
Vinkel rorelse

Del 7. Harmonisk vinkelrorelse

The Henry Graves supercomplication
Vidrde: 206 mil joner kronor
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Harmonisk Svangning:
Vinkel rorelse

Fjddern i en klocka utfér en harmonisk svangning.

Balance wheel Spring

The spring torque 7, opposes
the angular displacement 6.

6 = Ocos(wt + ¢)

Vincent Hedberg - Lunds Universitet 47

Harmonisk Svangning
Pendeln

Del 8. Pendeln

Foucaults pendel Demonstrerar jordens rotation
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Harmonisk Svangning
Pendeln

Pendeln utfor harmoniska svangningar

6 = O cos(wt + ¢)

Vincent Hedberg - Lunds Universitet 49

Harmonisk Svangning
Rorelse ekvationer

Forflyttning: x= A sin(ot) — Xpax = A Rirelse av en massa
a5 hiingande i en fjiider.
Hastighet: v='ge VO Acos(@t) —F Vi =OA
Jv x=0niirt=0
Acceleration: a=74~ A= -@? A sin(@t) —p Ay = 0% A
Forflyttning: x= Acos(ot) —» x . =A Massa i circulir
a rirelse.
Hastighet: v=—"— Vv=-0Asin(ot) —» v = WA
gt max x=Anirt=0
\4
Acceleration: a="3~ a= -0” Acos(0t) —p- Ay = OA
Forflyttning: x= Acos(Wt+d) — X =A Harmonisk svingning
x =Acos(p) nirt=0
Hastighet: V= g—}t‘ v =-0 Asin(0t+d) —m V.= OA ,(¢)
¢ = fasvinkeln
. B . al .
Acceleration: a="g~ a=-0" Acos(Ot+0) — ap,, = O°A| (avgér liget vid t = 0)
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Harmonisk Svangning
Energi

Del 9. Energi och
harmoniska svangningar

https://www.youtube.com/watch?v=PL5g_IwrC5U
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Harmonisk Svangning
Energi

x Total mekaniska energin ar konstant
=0 Ek=0 E
E,

Kinetisk energi: |, = diir v=-0A sin(o t)

3
: . k i
Potentiell : =k gar . j>
otentie energl 2 / Ek

. 2 :
Total energi: g =E, + Ey= % (tyEx=0forx=A) -A 0 A"
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Harmonisk Svangning

Energi
x = Acos(ot+d) =
vV = -0 Asin(wt+0) T Nm
E, = 7kx? = 7kA2cos?(wt+¢)
@

= imaA%sin?(wt+) =

E, = E, + Ex = zkAZ[cos?(ot+0) + sin?(ot+)] = TkA?

Vincent Hedberg - Lunds Universitet 53

Harmonisk Svangning
Energi

Energins tidsberoende beskrivs av kvadraten av
sinus funktioner

E =0

2.-'-’ s %ET:EP*-Ek: %kAZ

E, = 2kx? = z7kA%cos?(wt+¢)

N~
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Harmonisk Svangning
Energi

Om svidngningen dr vertikal far man en potentiell
energi ocksa fran gravitationen.

Ue: Elastisk potentiell energi

K: Kinetisk energi

E: Total mekanisk energi

https://www.youtube.com/watch?v=IIPWyY__N2A
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Harmonisk Svangning
Problem

Del 10. Problem l6sning

3. Find x.

3cm
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Harmonisk Svangning
Problem

A=0020m  t=0 m = 0.50 kg

W7 e\VAVAVAVAVAVAVAVAVAVAVAVS

m = 0.50 kg | | |
x=0 x=0.020m

Vad Gr v, Qnex 0Ch @ ?

X = ACOS((Dt+¢) = Xmax = A
v=A4X - pAsin@t+)) —» v, =0A

dt
_dv _ _
a= = ®? Acos(0t+)) —p Apax = %A

k 200 kg/52 Vmax = 20 +0.020 = 0.40 m/s
@ = |— =+/————— =20 rad/s
" 0.50 kg amax = 20 +20 - 0.020 = 8 m/s?

57
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Harmonisk Svangning

Problem
A=0.020m t=0 m = 0.50 kg
k =200 N/m u-ﬁi\\\\\\\\\\\\ﬁ | x
| |
o = 20 rad/s x=0 x=0.020m
Vad dr fas vinkeln ?

x = Acos(0t+d) — X = A Getting the phase angle:

v =::_:‘ = -0 Asin(ot+0) - v, =0A x=A whent=0

a= :li_r = -? Acos(0t+d) —p By = %A A=A cos(0+ ¢)

$b=0
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Harmonisk Svangning
Problem

=0.020
A=0.020m m = 0.50 kg

k=200 N/m 5'. N\ \WVAVAVAVAVAVAVAVAVAVAY o
m = 0.50 kg Ij : AR _ \ﬁ

o =20rad's I |
=0 x=0 x=0010m

Vad dr v och a ndr x dr halvvdgs in fran det maximala ldget ?

X = Acos(mt) —» Xpax = A =il 4
v =g—t" = -0 Asin(@t) —B V.= OA A/ 2=A cos(mt)
a= g_:r — Acos(ot) — a,.. = 0%A wt=1.047 rad

V=-20+0.020sin(1.047)=-0.35m/s

a=-20%+0.020 cos(1.047)=-4.0 m/s?
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Harmonisk Svangning
Problem

A=0.020m m = 0.50 kg

il AR
m=0.50kg j | . . _ . \EL :

o =20 rad/s | |

¢=0 x=0 x=10.010m
x=0.010m . oL . :
v=-035m/s Vaddr den kinetiska, potentiella och totala energin ?
. ] 2
Kinetisk energi: |, =% dir v =-0A sin(® t)
Potentiell energi: o B déir -
~ 2
Total energi: E,=E + EP:T (ty E, =0 for x = A)

Ep= 3kx? = 3(200 N/m)(0.010 m)? = 0.010 J
Ek= 3mv,> = 3(0.50 kg)(—035 m/s)* = 0.030 J
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Harmonisk Svangning

Problem
An‘I'Cl fo’jande: \ h‘r‘]{.l\ |'~I-:|L'|w\l :||1'1‘|-1 the ‘.-i‘:rlnlﬂ-_‘.. .Il‘ |? mr1 o
En b“ med m= 1000 kg. ;hhr u\m]s|u~:\-(lk\|mj:_\_' \]'&|l|.'.I]\.1|1\' i:\:l\k\\-\\\-i_\_"llt.
En forare med F = 980 N LY .
orsakar att stotddmparna gar ned med 2.8 cm. A spring— 10 []
Bilen kér 6ver ett gupp och bérjar svinga harmoniskt, —that obevs S e
ooke s — ; &
law = =
Vad blir perioden och frekvensen ? —
F. 980 N 5
k= —T‘ - —W =35x 10* kg/s‘
X —U. m

The person’s mass is w/g = (980 N)/(9.8 m/s?) = 100 kg. The
total oscillating mass is m = 1000 kg + 100 kg = 1100 kg. The

2x

B
—g period T 1s
3 [m [ 1100 kg
T =2m,|—==2m —— = 1.11s
Hooke's law for a spring k \/ 35 x 10 kg/s‘
F=_kX The frequency is f = 1/T = 1/(1.11s) = 0.90 Hz.
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Harmonisk Svangning

Problem
En klump lera med massanm  (a) L
fastnar pd en svingande massa M Putty m
vid jamviktsldget. "

VR - F—s
.. . . / /
Berdkna ny per‘iod och ampln‘ud AT A7 4T 477 G A 7 AT L T 7 47 4T 4 4 6/ IR Er Ve e aaanrs
om v; ar kand ! Aq
Equilibrium position

1 2« m Den nya perioden T,:
T il —— el —— S 277 —_—
F @ H k
2T M+m
T2: — = 277:
k w k
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Harmonisk Svangning
Problem

Konserveringslagar: Energin och rorelsemdngden (P=mv) dr bevarade

Steg 1. Rérelsemdngdens P,=P, _ M
Vo=V
bevarande ger v,: Mv; = (M+m)v, —> Vo= Viym
Steg 2. Den nya totala E.,=E,+0=2(M+mv,2=Lty2
energin vid x = 0: e z 2 727 mem
Steg 3. Den nya fotala E.=0+E,, = %kAzz
energin vid x = A,:
Steg 4. Energins bevarande 1, 1, M _ M
ger Ay EkAZ B EVI M+m |:> AP Vi Tk
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Harmonisk Svangning
Problem

En klump lera fastnar pd en (b) (L
1T

svdngande massa M vid maximal

ldget
: K
SAVAVAVAVAVAVAVAVAVAVAVAV: B/ U IS
Ber‘akna ny per‘IOd OCh amPIITUd ! i L //Ofé// LSS q i Vi +X
A1

Equilibrium position

M+m

1 27 m 21
e e e )

f @ w

1
Eﬂ: 0 + EP1 = EkAlz

For x = A dar den kinetiska energin = O:
ET2= 0 + Ep2 = %kAZZ

Den totala energin dr bevarad: A= A,
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Harmonisk Svangning
Molekyler

Del 11. Molekylers

vibration

https://www.youtube.com/watch?v=3RqEIr8NtMI
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Harmonisk Svangning
Molekyler

Matematik: Binomialteoremet

nin—1) , n(n—1)(n —2)

(1 + &Yt =1 + na|+ — W T Y

Om u dr litet kan bérjan av serien
anvdndas som approximation:

(1+0.001)®=1.013078......
(1+0.001)*=1+13-0.001 =1.013

3
U + -
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Harmonisk Svangning
Molekyler

Potentiell energi (V) Kraften mellan tva atomer (F,)

U= {‘{ & - - =1 ﬁ 8 F. = _ﬂ = U{IER“Q - ’)ﬁ['{'] o ]’)ﬁ[(&)” Sai (E)T}
I\ r N " dr oL 7 "Ry r r

R L

20, | 10Uy/Ry |
Uir)
Uor \ 5Up/Ry | \
0\ 2 : ; ! [k o
? 1.5R, 2R,
Uy I
20U, [
Jdamviktsldget dr vid r = Ry for dd dar U minimum och F = 0
Avstdndet fran jamviktsldaget dr x = r - R,
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Harmonisk Svangning

Molekyler
F,= —ﬁ = [ {ﬂ — aﬂ} — loﬁKﬁ)m —_ (&)? F,.= [‘).%K Ro )13_ ( Ry )T
re dr - 0 r 13 = r? - -R“ r r 4\ . )QU R()‘i‘_f R”"I",\:
d i RoL(1+x/Rp)®  (1+x/Ry)

Anta att vibrationerna dr sma sa att x/R, dr litet!

Da kan man anvdnda Binomialteoremet:

I TR -13 AV
(] - _r/Rn)B (] + X/R(]) 1 + ( IB)RU
_ RN 2
(I s “-/RU).‘" (1 + -‘/RU) 1 + ( 7) RU

g (14 ) - (1+ ong) | 4-(52)
Fo~f22(1+ (-13)2) - {1+ (=) | - X
Ry ( ) Ry (=7 Ry R¢

This is just Hooke's law, with force constant k = 72{}{_,/!\’02
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