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Harmonic oscillation: Summary

X The displacement (m)
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— A The amplitude (maximum) R
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T
——-A The amplitude (minimum)

X The displacement (m)

-0 Position at rest L . I, ,//

¢ =acos(xy/A)=acos(A/A)=0

x = Acos(ot+d)

A The amplitude (m)

t Time (s) v =%i‘— = - Asin(@t+0)
T Period (s) _ dv
f Frequency (Hz) =1/T dt

— Vv = WA

max

LY. = -0? Acos(0t+)) —p a, ., =@?A

® Angular Frequency (Hz) =2t/ T=21 f
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Harmonic oscillation: Summary

Harmonic oscillations in a spring ’x k__ £ F = —kx
are described by the equation: otz " m’ N n

Spring
constant

x = Acos(wt + @)

Spring
force

which has the solution:

w:

Kinetic energy: |Ek = smv2  ||= $kAZsin?(wt)
= 3kA2cos?(mt)
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Mechanical waves: Summary
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Displacement of a

Mechanical waves: Summary rmemree

Location along
a wave

The sinusoidal oscillations on a string are
described by the wave equation: Wave rumber

which has the wavefunction as a solution: y(x,T) = Acos(kx-mwt) Wave
amplitude

: : = = wAsin(kx — wt) .
Velocity and acceleration

are obtained by derivation: Py(x, 1)
a2

= —sz%c’)s(kx — wt) = —w’y(x, 1)

. . « 4~ String tension
Wave velocity: 5= .
<t String mass
1-
Wavelength --~ per meter
6
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Mechanical waves: Summary

1 1
Average power: Poy = 5 u(wA)?v = = /uF (wA)*

The power function: P(x,t) = 2P_, sin’(kx-mt)
Wavefunction for a _ : :
standing wave: y(x,t) = 2Asin(kx) sin(wt)
1 [F
Fundamental frequency:

Length of a string --~~
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Sound: Summary
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Sound: Summary

WGVqunCTionZ y(x, t) = ACQS(kx —_ 0_)[) Pressure/ampli‘rude

Pressure function: |p(x.1) = BkAsin(kx — wr) Pmax = BkA
w B < Bulk modulous

Speed Of Sound: ‘ V= f.?\’ — -E 7 \/;<' ------ Density

In'l'enSI'ry (C(Ver'Clge I = Pav :,-"' Area — %BkaZ - % pBwZAZ = Zmasz

power per unit area) :

The power function:| P(x,t) = 2I sin?(kx-wt)
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Sound: Summary

-------- Distance to location 2
The inverse-square law: ) | |
<-mmmm Distance to location 1
I
Intensity level (decibel): p=10log+ F= Bigh 10

I, =102 W/m?

.- Velocity listener
.- Frequency of source

Doppler- effec’r: ]_L > v+vL f“" , positive velocity direc\’rion
'U+’US >
Frequency for listener ;/elocify source
10 °
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Electromagnetic waves: Summary
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Electromagnetic waves: Summary

E(x, 1) = JEpaxcos(kx — wt)
Wavefunction:

§(x, t) = I;Bmaxcos(kx — wt)

O

Energy density:

Permittivity Permeability

N
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Electromagnetic waves: Summary

Power per unit area: S, (x,1) = 2S,, cos?(kx-mt)

Intensity =
Average power per unit area.
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Comparing all wave functions

String: y(x,t) = Acos(kx-mt) y(x,1) = 2Asin(kx)sin(wt)

Sound: y(x,t) = Acos(kx-mt) P(X,T) = Pmax Sin(kx-omt)

EM waves: E(x,T) = Ecos(kx-mt) B(x,t) = B, cos(kx-wt)
Comparing all power functions

String: P(x,t) = 2P, sin?(kx-ot)

Sound: P(x,1) = 2I sin?(kx-wt) I = >p(wA)?v = ~\[pB(wA)? = p;nﬁﬁ Zr},ﬁ

EM Waves: S,(x,1) = 25, cos?(kx-ot) | Su = 2220 = Bt _ Locf .
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Interference: Summary
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Interference: Summary

Constructive interference:

. A _
' 52 L dsin® =01,=9 dsin = mA y, =R%G- m=0z%l..
Young S. 7F Destructive interference:
double-slit 4 dsin@ = (m + %),\ m=0,+1....
experiment ¥
Sl
. 2ardy
AR
.. | Constructive reflections: '
4 \ 2r=(m+3A (m=0,1,2...)
Newton's Destructive reflections:
Phase shift =0 & =« z

Vincent Hedberg - Lunds Universitet 16



Non-reflecting
coating

Film

Hglass = Hjim
Air

Interference: Summary

\% t= }"film /4

“Nonreflecting”

P A gir = Mitm Nilm

= My

PhOSe Shif'l' = TC & TC Glass

M,

Th e M i C h e I So n 4 Monochromatic light

Movable mirror

Y
M,
o)
Fixed A

> mirror )/' — n’l_
2

Interferometer L d L
wliter | plate
W Eye
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Diffraction: Summary
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Diffraction: Summary

One broad slit:

Two broad slits:

Path difference for principal maxima: & = d sin(6) = mA

Multiple slits:

Chromatic resolving power: R = = Nm

A
AA
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