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Vågrörelselära och optik

Kapitel 15 – Mekaniska vågor
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Vågrörelselära och optik

Kurslitteratur: University Physics by Young & Friedman 

Harmonisk oscillator:              Kapitel 14.1 – 14.4
Mekaniska vågor:                    Kapitel 15.1 – 15.8
Ljud och hörande:                   Kapitel 16.1 – 16.9
Elektromagnetiska vågor:       Kapitel 32.1 & 32.3 & 32.4
Ljusets natur:                         Kapitel 33.1 – 33.4 & 33.7
Stråloptik:                              Kapitel 34.1 – 34.8
Interferens:                           Kapitel 35.1 – 35.5
Diffraktion:                            kapitel 36.1 - 36.5 & 36.7
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Mechanical waves:
Transverse waves

Transverse waves
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A wave is when a system is disturbed from its 
equilibrium and the disturbance is moving.

A mechanical wave propagates in a medium.

An electromagnetic wave can propagate without 
a medium in vacuum.

Waves transports energy but not matter.

Mechanical waves:
Transverse waves
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Transverse wave: The medium moves 
transverse to the wave direction.

Mechanical waves:
Transverse waves



Vincent Hedberg - Lunds Universitet 7

Mechanical waves:
Transverse waves

A sinusoidal transverse wave is when the waves have a periodic sinus shape.
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Transversal sinusoidal wave:

Every point on the wave 
moves up and down like an 

harmonic oscillator with the 
period T.

νy

x

Mechanical waves:
Transverse waves
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ν

Mechanical waves:
Transverse waves

y

x

Definitions:
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Longitudinal waves

Mechanical waves:
Longitudinal waves
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Longitudinal wave: The medium moves in the 
wave direction.

Mechanical waves:
Longitudinal waves
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Mechanical waves

Longitudinal sinusoidal wave

Every point on the wave 
moves sideways like an 

harmonic oscillator with the 
period T.

ν

x

y
Amplitude
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λ

What is the wavelength (λ) for a sinusoidal wave ?

What is the wave speed (ν) ?

Mechanical waves:
Longitudinal waves

ν

ν = λ / T
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Mechanical waves:
Longitudinal waves

Sound is longitudinal waves in air
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Mechanical waves: Problem

Problem solving
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ν = λ / T
f = 1 / T

Mechanical waves: Problem
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The wavefunction

Mechanical waves:
The wavefunction
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The height of the wave as a 
function of distance x

The height of the wave as a 
function of time t

Wavefunction y(x,t):

Function that describs the height of the wave as a function of 
time and distance

Mechanical waves:
The wavefunction
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+ if moving in the –x direction

Mechanical waves:
The wavefunction
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Mechanical waves:
The wavefunction

Wavenumber:    k = 2π/λ

Angular frequency:    ω = 2π/T

Amplitude:    A ν = λ / T
f = 1 / T

ν = λ / T = (2π/k) / (2π/ω) = ω / k
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The wavefunction:

Velocity and acceleration up and down:

Mechanical waves:
The wavefunction
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Velocity and acceleration up and down:

Mechanical waves:
The wavefunction
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The wave equation

Mechanical waves:
The wave equation
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The wavefunction:

Velocity and acceleration up and down: The curvature:

The wave equation:

Mechanical waves:
The wave equation
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Mechanical waves:
The wave equation

The wave equation:

The wave equation describes also waves that 
are not sinusoidal !

It even describes waves that are not periodic !

And waves in three dimensions !
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Problem solving

Mechanical waves: Problem
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Mechanical waves: Problem

Given in problem: To calculate:
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Mechanical waves: Problem

cos(-x) = cos (x)
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Wave speed and 
the string 

characteristics

Mechanical waves: Wave speed
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Mechanical waves: Wave speed

Mathematics: derivation

y

x

y = x2

dy
dx = 2x = 4

y = 4x - 4
The derivation 
gives the slope 
of the tangent.
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Mechanical waves: Wave speed

Goal:

Figure out how the wave speed depends on 
the characteristics of the string.

Basic idea:

Look at the forces on a small string 
segment and apply Newtons law: F = m a
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Mechanical waves: Wave speed

The wavespeed (ν) in a string depend on the string 
tension given by the force on the string (F) and the 
mass per unith length of the string (μ).

For a transverse wave the horisonthal force is zero.

For a small string segment (Δx) the mass is m = μ Δx

The ratio of the force in the y-direction to the total
force is the slope of the string. We can also get the 
slope by taking the derivative of the wavefunction:
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Newtons second law:   F = m a        and      a = the second derivate on time.

When Δx goes to zero 
this is equivalent to 
the second derivative on x:

The wave equation is:

The wavespeed is then:

Fy=

Mechanical waves: Wave speed
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Mechanical waves: Wave speed

Force (or string trension)

String mass per unit length

The wave speed in a string depends on two things:

More generally:
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Problem solving

Mechanical waves: Problem
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Mechanical waves: Problem
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Power

Mechanical waves: 
Power & Intensity
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The power in general:

Wave power (P): 

The instantaneous rate at which energy is transfered along the wave.

Unit: W or J/s

Wave intensity (I):

Average power per unit area through a surface perpendicular to the wave 
direction.

Unit: W/m2

Mechanical waves: 
Power & Intensity
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Mechanical waves: 
Power & Intensity

The ratio of the force in 
the y-direction to the 
force in the x-direction is 
the slope of the string:

The wave power:
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Mechanical waves: 
Power & Intensity

The wave power:

k = ω /
ν = ω/k

The maximum wave power:

The average wave power:
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Problem solving

Mechanical waves: Problem
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Mechanical waves

Solution:
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Intensity

Mechanical waves: 
Power & Intensity
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Wave intensity (I): The rate at which energy is transported by a wave through 
a surface perpendicular to the wave direction per unit surface area (average 
power per unit area). Unit: W/m2

The intensity through 
a sphere with radius r1

If there is no loss of 
power:

Mechanical waves: 
Power & Intensity
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Problem solving

Mechanical waves: Problem
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Mechanical waves: Problem
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Reflections

Mechanical waves: Reflections
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Reflections of a wave

The support provides an opposite force 
which produces and inverted wave.

Boundary conditions

Mechanical waves: Reflections
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The wavefunction of two waves is typically the 
sum of the individual wavefunctions.

This is called the principle of superposition.

This is true if the wave equations for the waves 
are linear (they contain the function y(x,t) only 
to the first power).

For example can sinusoidal waves be 
superimposed like this because their wave 
equation

is linear.

Mechanical waves: Reflections
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Standing waves

Mechanical waves:
Standing waves
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Mechanical waves:
Standing waves
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Mechanical waves:
Standing waves

f = ν / λ

L = λ / 2 L = λ L = 3λ / 2

L = 2λ 



Vincent Hedberg - Lunds Universitet 53

Different times

Mechanical waves:
Standing waves
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Mechanical waves:
Standing waves

Wavefunction from superposition of two waves:

Trigonometrical relationship:

Y(x,t)=A[-cos(kx)cos(ωt)+sin(kx)sin(ωt) +cos(kx)cos(ωt)+sin(kx)sin(ωt)]

Nodes are given by sin(kx) = 0

λ = ν / f
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Mechanical waves:
Standing waves

Wavefunction:

Velocity:

Acceleration:
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Problem solving

Mechanical waves: Problem
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Mechanical waves: Problem
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The nodes are at

f = ν / λ

ν = 143 m/s
f = 440 Hz
A = 0.075 m
ω = 2760 rad/s
k = 19.3 rad/m

Mechanical waves: Problem
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ν = 143 m/s
f = 440 Hz
A = 0.075 m
ω = 2760 rad/s
k = 19.3 rad/m

Mechanical waves: Problem

Amplitude = 2A = 0.15 m
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Stringed 
instrument

Mechanical waves:
Stringed instrument
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Instrument with strings of 
length L has nodes at both 
ends.

f1, f2, f3….  Harmonic frequencies
f1: Fundamental frequency
f2, f3, f4….  Overtones

Mechanical waves:
Stringed instrument
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Long string: Low frequency
Thick string: Low frequency
Large tension: High frequency

A stringed instrument does not produce only harmonic frequencies 
but a superposition of many normal modes.

Mechanical waves:
Stringed instrument



Vincent Hedberg - Lunds Universitet 63

Problem solving

Mechanical waves: Problem
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Mechanical waves: Problem
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Mechanical waves: Problem

f1 = 20.0 Hz
L = 5.00 m
μ = 40.0g/m
F = 1600 N
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Mechanical waves: Problem

f1 = 20.0 Hz
L = 5.00 m
μ = 40.0g/m
F = 1600 N


