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Tunguska Meteorite, Siberia  
30 June 1908 

“I saw a moving light in the sky and felt my face become warm.  Then I felt the ground  
shake and then was thrown a metre away.  Finally I heard a very loud rumbling.” 



Ripples in Water 



Wa1: Russian Wave Machine 
Longitudinal & transverse waves. 
Standing waves. 
SHM of individual particles as wave passes 
Nodes: displacement & density 



Two Main Types of Waves 
  Mechanical waves 

  Some physical medium is being disturbed 
  The wave is the propagation of a 

disturbance through a medium 
  e.g. sound, music, water 

  Electromagnetic waves 
  No medium required 
  e.g. light, radio, x-rays 



General Features of Waves 

  Energy is transferred over a distance 
  Matter is not transferred over a distance 
  All waves carry energy 

  The amount of energy and the mechanism 
responsible for its transport differ 



Mechanical Waves Require 

  A source of disturbance 
  A medium that can be disturbed 
  Some physical mechanism through 

which elements of the medium can 
influence each other 



Wa5: Transverse wave pulses 
and standing waves 

Also notice reflection from fixed end + harmonics up to 4 



Pulse on a Rope: I 
  The wave is generated 

by a flick on one end of 
the rope 

  The rope is under 
tension 

  A single bump is 
formed and travels 
along the rope 
  The bump is called a 

pulse 



Pulse on a Rope: II 
  The rope is the medium through which 

the pulse travels 
  The pulse has: 

  a definite height 
  a definite speed of propagation 

  A continuous flicking of the rope would 
produce a periodic disturbance which 
would form a wave 



PHYSCLIPS 2: Travelling Waves 
2.1 Waves on a string: 



Wa2: Powell’s wave machine 
Transverse waves 



Transverse Wave 
  A travelling wave or pulse 

that causes the elements of 
the disturbed medium to 
move perpendicular to the 
direction of propagation is 
called a transverse wave 

  The particle motion is 
shown by the blue arrow 

  The direction of 
propagation is shown by 
the red arrow 



Wa4: The slinky 
Longitudinal Waves 



Longitudinal Wave 

  A travelling wave or pulse that causes the elements 
of the disturbed medium to move parallel to the 
direction of propagation is called a longitudinal 
wave 

  The displacement of the coils is parallel to the 
propagation 



Complex Waves 

  Some waves exhibit a combination of 
transverse and longitudinal waves 

  Surface water waves are an example 
  See Active Figure 16.04 



In a long line of people waiting to buy tickets, the 
first person leaves and a pulse of motion occurs as 
people step forward to fill the gap. As each person 
steps forward, the gap moves through the line. 
The propagation of this gap is: 

1.  transverse. 
2.  longitudinal. 



Consider the (Mexican) “wave” at a football game: 
people stand up and raise their arms as the wave 
arrives at their location, and the resultant pulse 
moves around the stadium. This wave is: 

1.  transverse. 
2.  longitudinal. 



Travelling Pulse: I 
  (a) shows shape of the pulse at t = 0 

  Can be represented by  
 y (x,0) = f (x) 

  Describes the transverse position, y, of 
the element of the string located at each 
value of x at t = 0 

  Speed of the pulse is v and in time t 
travels a distance vt 

  The shape does not change: see (b) 
  Now described by y = f (x – vt) 



Travelling Pulse: II 
  For a pulse travelling to the right 

  y (x, t) = f (x – vt) 
  For a pulse travelling to the left 

  y (x, t) = f (x + vt) 
  The function y (x, t) is the wave function: 

  It represents the y coordinate of any element located 
at position x at any time t 

  The y coordinate is the transverse position 

  For fixed t it is called the waveform 
  This defines a curve representing the actual geometric 

shape of the pulse at that time, t 



PHYSCLIPS 2 Travelling Waves 
2.2 Reflection 

Wa1 too 



Reflection of a Wave: 
Fixed End 

  When the pulse reaches 
the support, the pulse 
moves back along the 
string in the opposite 
direction 

  This is the reflection of 
the pulse 

  The pulse is inverted 



Reflection of a Wave: 
Free End 
  With a free end, the 

string is free to 
move vertically 

  The pulse is 
reflected 

  The pulse is not 
inverted 



Transmission of a Wave 
  When the boundary is 

intermediate between 
the last two extremes 
  Part of the energy in 

the incident pulse is 
reflected and part 
undergoes 
transmission 

  Some energy passes 
through the boundary 



Transmission of a Wave: 
Heavy to Light String 

  Assume a heavier string is 
attached to a light string 

  Part of the pulse is reflected 
and part is transmitted 

  The reflected part is not 
inverted 

  For light to heavy string the 
reflected wave is  inverted 



Transmission of a Wave: 
Conservation of Energy 

  Conservation of energy governs the 
pulse 

  Sum of the energies of the reflected + 
inverted pulses must equal the energy 
of the original pulse 



Sinusoidal Waves 
  Active Figure 16.07 
  The curve of sin θ vs. θ 
  The simplest example of a periodic 

continuous wave 
  It can be used to build more complex 

waves 
  The wave moves to the right 

  Brown wave represents the initial 
position, and as the wave moves toward 
the right it will reach the position of the 
blue curve 

  Each element moves up and down in 
simple harmonic motion 
  Remember to distinguish between 

motion of the particles of the medium 
and that of the wave 



Amplitude and Wavelength 
  The crest of the wave is 

the location of the 
maximum displacement 
of the element from its 
normal position 
  This distance is called the 

amplitude, A 
  The wavelength, λ, is 

the distance from one 
crest to the next 



Wavelength and Period 
  More generally, the wavelength is 

the minimum distance between any 
two identical points on adjacent 
waves 

  The period, T, is the time interval 
required for two identical points of 
adjacent waves to pass a position 
  The period of the wave is the same as 

the period of the simple harmonic 
oscillation of one element of the 
medium 

  See Active Figure 16.08 



Frequency 

  The frequency, ƒ, is the number of 
crests (or any point on the wave) that 
pass a given point in a unit time interval 
  The time interval is most commonly the 

second 
  The frequency of the wave is the same as 

the frequency of the simple harmonic 
motion of one element of the medium 



PHYSCLIPS 2: Travelling Waves 
2.3 Wave Function 



The Wave Function: I 

  Consider the wave y(x,t)=A sin(kx-ωt) at time 
t =0 with initial condition y(0,0)=0 

  Then y(x,0)=A sin(kx) 
  At x=λ/2 then we must also have y(λ/2,0)=0 
  i.e. A sin(kλ/2)=0, implying kλ/2=π or k=2π/λ 
  So y(x,0)=A sin(2πx/λ) 
  If we travel with a pulse moving at +v, then   

y(x,t)=y([x-vt],0), so 
  y(x,t)=A sin(2π/λ[x-vt]) is the Wave Function 

  Describes a wave moving in +x direction at speed v 



The Wave Function: II 
  y(x,t)=A sin(2π/λ[x-vt])  

  describes a wave moving in +x direction at speed v 
  Similarly, y(x,t)=A sin(2π/λ[x+vt])  

  describes a wave moving in -x direction at speed v 
  Since v = λ / T, then the wave function can also 

be expressed in the periodic form: 

  The wave number   k = 2π/λ 
  The angular frequency  ω= 2π/T 
  Note that                                   can also be acceptable, depending on initial conditions  

 

y(x, t) = Asin 2π x
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y(x, t) = Acos(kx −ωt)



Sinusoidal Wave 
on a String 

  Series of pulses from string 
attached to oscillating blade 

  Creates wave consisting of 
identical waveforms 

  Each element of string oscillates 
vertically with SHM at same 
frequency as the blade 

  The transverse speed of the 
element is given by 
  i.e. vy = -ωA cos(kx – ωt) 

  Different to the speed of the 
wave itself! 
  vwave = λ/T = ω/k 

constant
y

x

dyv
dt =

⎤= ⎥⎦

vy 

vwave 

Active Figure 16.10 

Wa5 again 



Wave Function for a travelling wave given by 
y(x,t)=0.35 sin(10πt-3πx+π/4). 

(a)  What is its direction? 
(b)  What is the vertical position of an element 

at t=0, x=0.10m? 
(c)  What is its Wavelength? 
(d)  What is its Frequency? 
(e)  What is the maximum transverse speed of 

an element? 
(f)  What is the wave speed? 



PHYSCLIPS Waves 2.4: 
Travelling Sine Wave 



A sinusoidal wave of frequency f is travelling along 
a stretched string. The string is brought to rest, 
and a second travelling wave of frequency 2f is 
established on the string.  What is the wave speed 
of the second wave? 

1.  twice that of the first wave 
2.  half that of the first wave 
3.  the same as that of the first wave 
4.  impossible to determine 



A sinusoidal wave of frequency f is travelling along 
a stretched string. The string is brought to rest, 
and a second travelling wave of frequency 2f is 
established on the string.  Describe the 
wavelength of the second wave. 

1.  twice that of the first wave 
2.  half that of the first wave 
3.  the same as that of the first wave 
4.  impossible to determine 



A sinusoidal wave of frequency f is travelling along 
a stretched string. The string is brought to rest, 
and a second travelling wave of frequency 2f is 
established on the string.  Describe the amplitude 
of the second wave. 

1.  twice that of the first wave 
2.  half that of the first wave 
3.  the same as that of the first wave 
4.  impossible to determine 



The amplitude of a wave is doubled, with no other 
changes made to the wave. As a result of this 
doubling, which of the following statements is 
correct? 

1.  The speed of the wave changes. 
2.  The frequency of the wave changes. 
3.  The maximum transverse speed of an element of 

the medium changes. 
4.  Statements (1) through (3) are all true. 
5.  None of statements (1) through (3) is true. 



WBM02VD1: Waves travelling 
at different speeds 

35 seconds 
Wa5 again 



Speed of a Wave on a String 
  The speed of the wave depends on the physical 

characteristics of the string and the tension to 
which the string is subjected 

  Assumes that the tension is not affected by the pulse 
  Does not assume any particular shape for the pulse 

tension
mass/length

Tv
µ

= =



Wave speed in spring:  
dimensional analysis 

  What quantities might vwave depend upon? 
  Try tension, T, and mass per unit length, µ 

  i.e. Suppose vwave ∝ Tα µβ, implying 
  Dimensionally, we have    so that 

  L: 1   = α–β 
  T: –1 = –2α 
  M: 0  = α+β 

  Which has a consistent solution α= ½, β= –½ 
  So, solutions can only exist of the form 

  Note: this is not a proof, rather it is a plausibility 
argument for a solution of this form  
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Outline of Proof: I  

  The string is under tension T 
  Consider one small string 

element of length Δx 
  The net force acting in the y 

direction is (supposing the angle 
are small, so tanθ=θ=sinθ): 

  i.e. 

which leads to the wave equation 
(see HR&W section 16.2)     

ΣFy = T[sinθB − sinθA ] ≈ T[tanθB − tanθA ]
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Outline of Proof: II 

  Consider when θA=- θB=θ, say 
  Occurs at top of cycle 

  Then F=2Tθ 
  Applying N2L: F=mv2/R 
  But m=µΔx and Δx=R2θ 
  So 2Tθ=2µRθv2/R 
  i.e. v2=T/µ or  

F 

θ v 

 

v ∝ T
µ



Suppose you create a pulse by moving the free end of a taut string up 
and down once with your hand beginning at t = 0. The string is 
attached at its other end to a distant wall. The pulse reaches the wall 
at time t. Which of the following actions, taken by itself, decreases the 
time interval required for the pulse to reach the wall?  
More than one choice may be correct. 

1.  moving your hand more quickly, but still only up and down once by the same 
amount 

2.  moving your hand more slowly, but still only up and down once by the same 
amount 

3.  moving your hand a greater distance up and down in the same amount of time 
4.  moving your hand a lesser distance up and down in the same amount of time 
5.  using a heavier string of the same length and under the same tension 
6.  using a lighter string of the same length and under the same tension 
7.  using a string of the same linear mass density but under decreased tension 
8.  using a string of the same linear mass density but under increased tension 



How fast is the Mexican Wave? 
www.animations.physics.unsw.edu.au/jw/mexican-wave.htm 

See above URL for discussion on Wave Speed vs. Particle Speed, Stiffness, Tunnelling,  
Polarisation, Longitudinal vs. Transverse waves 



Energy in Waves in a String: I  

  Waves transport energy when they 
propagate through a medium 

  We can model each element of a string 
as a simple harmonic oscillator 
  The oscillation will be in the y-direction 

  Every element has the same total 
energy 



Energy in Waves in a String: II 
  Each element can be considered to have a 

mass of Δm 
  Its kinetic energy is ΔK = ½ (Δm) vy

2 
  The mass Δm is also equal to µΔx 
  As the length of the element of the string 

shrinks to zero, then 
	
dK = ½ (µdx) vy

2 
  y=Asin(kx-ωt), vy=∂y/∂t=-ωAcos(kx-ωt) 

  Thus dK= ½µω2A2cos2(kx-ωt)dx 



Energy in Waves in a String: III 

  Integrating over all elements in one 

wavelength, making use of               

 the total kinetic energy is Kλ = ¼µω2A 2λ 

  Similarly, the total potential energy in one 

wavelength is Uλ = ¼µω2A 2λ	


  This gives a total energy of  

  Eλ = Kλ + Uλ = ½µω2A 2λ 

 

cos2(kx)dx
0

λ

∫ =
λ
2

 

Remember cos2θ = 1
2 (1+ cos(2θ)) and k = 2π /λ



Power Associated with a Wave 
  The power is the rate at which the energy is 

being transferred:  

  Proportional to the  
  Frequency squared, f2 
  Amplitude squared, A2 
  Wave speed, v 

 

P =
ΔE
Δt

=

1
2

µω 2A2λ

T
=
1
2

µω 2A2v



The Linear Wave Equation 
  The wave functions y (x, t) represent solutions of 

an equation called the linear wave equation 

  Satisfied by any wave function having the form  
 y = f (x ± vt)  

  Provides a complete description of the wave 
motion 
  The starting point for describing many forms of wave 

motion 

 

µ
T
∂ 2y
∂t 2 =

∂ 2y
∂x 2    i.e.  ∂

2y
∂t 2 = v2 ∂

2y
∂x 2   with  v2 = T

µ



PHYSCLIPS 2: Travelling Waves 
3.1: The Wave Equation  
(extension of syllabus) 



PHYSCLIPS 2: Travelling Waves 
3.2: Power in a Wave 



PHYSCLIPS Travelling Waves 
3.3: Radiation & Intensity 

(extension to syllabus) 



Which of the following, taken by itself, would 
be most effective in increasing the rate at 
which energy is transferred by a wave 
travelling along a string? 

1.  reducing the linear mass density of the string 
by one half 

2.  doubling the wavelength of the wave 
3.  doubling the tension in the string 
4.  doubling the amplitude of the wave 



Waves vs. Particles 
Particles have zero size Waves have a characteristic 

size – their wavelength 

Multiple particles must exist 
at different locations.  
Cannot exist at same 
location. Combine to form 
extended objects. 

Multiple waves can combine at 
one point in the same medium.   
They can be present at the 
same location 

Always exist. Only certain frequencies can 
exist – “quantised” 



Wa6: Superposition of Waves 

Frequency mixer. Any combination of the first five 
harmonic overtones can be added to the fundamental 
and the result displayed on a CRO. Sawtooth, square 
waves, triangular waves, etc. can be generated 
approximately. 



Superposition Principle 
  If two or more travelling waves are moving through a 

medium, the resultant value of the wave function at 
any point is the algebraic sum of the values of the 
wave functions of the individual waves 

  Waves that obey the superposition principle are 
linear waves  
  For mechanical waves, linear waves have amplitudes much 

smaller than their wavelengths 



Superposition and 
Interference 

  Two travelling waves can pass through 
each other without being destroyed or 
altered 
  A consequence of the superposition principle 

  The combination of separate waves in the 
same region of space to produce a 
resultant wave is called interference 



Superposition Example: I 

  Active Figure 18.01 
  Two pulses are travelling in 

opposite directions 
  The wave function of the pulse 

moving to the right is y1 and for 
the one moving to the left is y2 

  The pulses have the same 
speed but different shapes 

  The displacement of the 
elements is positive for both 



Superposition Example: II 
  When the waves start to 

overlap (b), the resultant 
wave function is y1 + y2 

  When crest meets crest (c) 
the resultant wave has a 
larger amplitude than either 
of the original waves 

  The two pulses separate 
  They continue moving in 

their original directions 
  The shapes of the pulses 

remain unchanged 



Superposition in a Stretched 
Spring 

  Two equal, symmetric 
pulses are travelling in 
opposite directions on 
a stretched spring 

  They obey the 
superposition principle 

Time 



WBA06AN1: Constructive 
Interference of two Waves 

21 seconds 



Types of Interference 
  Constructive interference occurs when the 

displacements caused by the two pulses are 
in the same direction 
  The amplitude of the resultant pulse is greater 

than either individual pulse 

  Destructive interference occurs when the 
displacements caused by the two pulses are 
in opposite directions 
  The amplitude of the resultant pulse is less than 

either individual pulse 



Destructive Interference 
  Two pulses travelling 

in opposite directions 
  Their displacements 

are inverted with 
respect to each other 

  When they overlap, 
their displacements 
partially cancel each 
other 

Time 



Wa7: Interference of waves – 
phase/shifter mixer 

Two waves of equal amplitude and frequency are displayed on a CRO along with their 
resultant. By shifting the phase between the two both constructive and destructive 
interference can be shown.	


Because our hearing sensitivity is logarithmic, it is very difficult to get complete cancellation: if the 
waves cancel to 99% you don't see much of a wave, but you can usually hear a sound that is only 40dB 
down. 



Superposition of Sinusoidal Waves 

  Assume two waves are travelling in the same direction, 
with the same frequency, wavelength and amplitude 

  The waves differ in phase 
  y1 = A sin (kx - ωt) 
  y2 = A sin (kx - ωt + φ) 

  y = y1+y2  
 = 2A cos (φ/2) sin (kx - ωt + φ/2) 

  Sinusoidal 
  Same frequency and wavelength as original waves 
  Amplitude 2A cos (φ/2) 
  Phase φ/2 

  See Active Figure 18.03 

 

Remember sinA + sinB = 2sin A + B
2

cos A − B
2



Sinusoidal Waves with 
Constructive Interference 

  When φ = 0, then cos (φ/2) = 1 
  Amplitude of resultant wave = 2A 

  The crests of one wave coincide with the crests of 
the other wave 

  Waves are everywhere in phase 
  Waves interfere constructively 

y=2A cos (φ/2) sin (kx - ωt + φ/2) 



Sinusoidal Waves with 
Destructive Interference 

  When φ = π, then cos (φ/2) = 0 
  Also any odd multiple of π 

  The amplitude of the resultant wave is 0 
  Crests of one wave coincide with troughs of the other wave 

  The waves interfere destructively 

y=2A cos (φ/2) sin (kx - ωt + φ/2) 



Sinusoidal Waves, General 
Interference 

  When φ is other than 
0 or an even multiple 
of π, the amplitude of 
the resultant is 
between 0 and 2A 

  The wave functions 
still add	


y=2A cos (φ/2) sin (kx - ωt + φ/2) 



Summary of Interference 
  Constructive interference occurs when:  
	
φ = 0 
  Amplitude of the resultant is 2A 

  Destructive interference occurs when:  
	
φ = nπ where n is an odd integer 
  Amplitude is 0 

  General interference occurs when:  
 0 < φ < 2π  

  Amplitude is 0 < Aresultant < 2A 

y=2A cos (φ/2) sin (kx - ωt + φ/2) y1 = A sin (kx - ωt), y2 = A sin (kx - ωt + φ) 



Standing Waves 
Active Figure 18.08 

  The diagrams above show standing-wave patterns produced at 
various times by two waves of equal amplitude travelling in 
opposite directions 

  In a standing wave, the elements of the medium alternate 
between the extremes shown in (a) and (c) 



Standing Waves: I 
  Assume two waves with the same amplitude, 

frequency and wavelength, travelling in 
opposite directions in a medium 
  y1 = A sin (kx – ωt) 
  y2 = A sin (kx + ωt)  

  They interfere according to the superposition 
principle 
  y = y1+y2 = 2A sin (kx) cos(ωt) 



Standing Waves: II 
  The resultant wave will be  

 y = (2A sin kx) cos ωt  
  This is the wave function of a 

standing wave 
  There is no (kx – ωt) term, and 

therefore it is not a travelling 
wave 

  In observing a standing wave, 
there is no sense of motion in 
the direction of propagation of 
either of the original waves 

2A sin kx 



Standing Waves: III 
  A node occurs at a point of zero amplitude 

  i.e. when sin(kx)=sin(2πx/λ)=0 
  These correspond to positions of x where  

  An antinode occurs at a point of maximum 
displacement, 2A 
  i.e. when sin(2πx/λ)=±1 
  These correspond to positions of x where  

0,1,
2
nx nλ

= = …

1,3,
4
nx nλ

= = …



Particle Motion in  
Standing Waves 

  Every element in the medium oscillates 
in simple harmonic motion with the 
same frequency, ω 

  However, the amplitude of the simple 
harmonic motion depends on the 
location of the element within the 
medium, 2A sin kx 



Amplitudes relevant to 
describing wave motion 

  Three types of amplitudes exist: 
  The amplitude of the individual waves, A 
  The amplitude of the simple harmonic 

motion of the elements in the medium, 
 2A sin kx 

  The amplitude of the standing wave, 2A 
  A given element in a standing wave vibrates 

within the constraints of the envelope function 
2A sin kx, where x is the position of the 
element in the medium 



Two pulses move in opposite directions on a string 
and are identical in shape except that one has 
positive displacements of the elements of the string 
and the other has negative displacements. At the 
moment the two pulses completely overlap on the 
string, what happens? 

1.  The energy associated with the pulses has disappeared. 
2.  The string is not moving. 
3.  The string forms a straight line. 
4.  The pulses have vanished and will not reappear. 



At the moment the string has the shape shown by the brown curve at each of 
the three times above (t=0, T/4 & T/2), what is the instantaneous velocity of 
elements along the string? 

1.  zero for all elements 
2.  positive for all elements 
3.  negative for all elements 
4.  varies with the position of the element 

Consider a standing wave on a string.  Define the velocity of elements of the string as 
positive if they are moving upward in the figure.  



Standing Waves 
in a String: I 

  Active Figure 18.10 
  Consider a string fixed at both ends 
  The string has length L 
  Standing waves are set up by a continuous superposition 

of waves incident on and reflected from the ends 
  The ends of the strings must necessarily be nodes 

  They are fixed and therefore must have zero displacement 

  These boundary condition result in a set of normal 
modes of vibration 
  Each mode has a characteristic frequency 



Standing Waves in a String: II 
  This is the first normal mode that 

is consistent with the boundary 
conditions 

  There are nodes at both ends 
  There is one antinode in the 

middle 
  This is the longest wavelength 

mode  

  ½λ1 = L so λ1 = 2L 



Standing Waves in String: III 
  For consecutive normal 

modes add an antinode at 
each step 
  i.e. second mode (c) 

corresponds to to λ2 = L 
  i.e. third mode (d) 

corresponds to λ3 = 2L/3 



Standing Waves on String: IV 

  The wavelengths of the normal modes 
for a string of length L fixed at both 
ends are λn = 2L / n      n = 1, 2, 3, …  
  n is the nth normal mode of oscillation 

  Since v=fλ, the natural frequencies are  

 

fn = n v
2L

=
n
2L

T
µ

= nf1



WBA08AN1: The First Three 
Harmonics 

Loop 



When a standing wave is set up on a string fixed at 
both ends, which of the following statements is true? 

1.  The number of nodes is equal to the number of antinodes. 
2.  The wavelength is equal to the length of the string divided by an 

integer. 
3.  The frequency is equal to the number of nodes times the 

fundamental frequency. 
4.  The shape of the string at any instant shows a symmetry about 

the midpoint of the string. 



Quantization 
  This situation, in which only certain 

frequencies of oscillation are allowed, is called 
quantization 

  Quantization is a common occurrence when 
waves are subject to boundary conditions 

  There is also a deeper interpretation of this 
phenomena underlying quantum mechanics 
and the interpretation of particles as waves 
  Higher level physics……  



Waves on a String: 
Harmonic Series 
  The fundamental frequency corresponds to n = 1 

  It is the lowest frequency, ƒ1 

  The frequencies of the remaining natural modes are 
integer multiples of the fundamental frequency 
  ƒn = nƒ1 

  Frequencies of normal modes that exhibit this 
relationship form a harmonic series 

  The normal modes are called harmonics 
  They are also known as the resonant modes 



Musical Note of a String 
  The musical note is 

defined by its 
fundamental 
frequency 

  The frequency of the 
string can be 
changed by 
changing either its 
length or its tension 



Harmonics, Example 

  A middle “C” on a piano has a 
fundamental frequency of 262 Hz.  

  Question: what are the next two 
harmonics of this string? 
  ƒ1 = 262 Hz 
  ƒ2 = 2ƒ1 = 524 Hz 
  ƒ3 = 3ƒ1 = 786 Hz 



Frequencies of 
Musical Notes 

http://www.phys.unsw.edu.au/jw/basics.html 



Wa8: Standing Waves – 
vibration generator and wire 
The different modes can be generated easily, and the dependence of the 

frequency on tension shown. 



Standing Wave on a String 

  One end of the string is attached to a vibrating blade 
  The other end passes over a pulley with a hanging mass attached to 

the end 
  This produces the tension in the string 

  The string is vibrating in its second harmonic 
  Harmonics are given by  

 where T=mg 
ƒ

2 2n
v n Tn
L L µ

= =




