\Waves

T / Velocity of cord particle

N VN &= Velocity of wave

Average speed of cord particle is zero, just
moves up and down.

We are Interested in wave velocity
Waves carry energy, momentum, but not mass



 Oscillator (person or machine) controls A
and f

« Speed v depends on medium and is
Independent of A and f



. . Tension
string — | mass/length

mass

u linear density

- length

V,; = 340 m/s but varies with temperature and
pressure.
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f=7 T
A
f=2T
Vv
_ =37
\/\/\/\
=T

In one period T,
wave moves one
wavelength A

v =AT=Af



t>0
D(X)
'
| X
X =0 X' =0

D(x') = Asin(2nx'/A)
But X' = x — vt which means D(x') is D(x, t)!
D(x, t) = Asin( (2n/A)(x — vt) )
D(X, t) = Asin( 2nx/A — 2nvt /A)
D(X, t) = Asin( 2nx/A — 2xft)
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Y= A sin kx
y, = A sin(kx + %)

o0 = phase difference in radians
= 2tAXIA


Q_PhaseDifference.pptx
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(a) Discontinuity where the
wave speed increases

String with smaller String with larger
wave speed wave speed
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(b) Discontinuity where the
wave speed decreases
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The teflected pulse is inverted.
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Standing Waves



Support rod
A Wire or string Pulley

e ——— '
Function generator %

Mechanical [[zsme 3 25
driver

Waves in a string or a wire
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Equation of Standing Wave

Consider two waves travelling in opposite
directions

D, (x,t) = Asin(kx - wt)
D,(x,t) = Asin(kx + wt)

Dyet(X,t) =7

Recall trig identity

sinfy + sinf, = 2 cos 1t 5in?1-%2

91 0,



= D, (X,t) = 2Acos(wt)sin(kx)

For many reflections:

D, .(X,t) = A, cos(mt)sin(kx)
\ }

\ Y } Y
Amplitude oscillates Stationary in space




String fixedatx=0and x =L

At x =0, sin(k*0) = sin(0) = 0
At x =L, want sin(kL) = 0 (Node)
Requires KL = nm, n an integer
2rn/A)L=nn & v =Af
f=nv/2L



String fixed at x =0 and open at x = L

At x = 0, sin(k*0) = sin(0) = 0
At x = L, want sin(kL) = 1 (Antinode)
Requires kL = mn/2, m an odd integer

2n/A)L =mn/2 & v = Af

f = mv/4L



Fourier Analysis

« Multiple waves of same frequency on a
string can only give sinusoidal shapes

« Waves of different frequencies can give
much more complicated shapes

A Piano and Guitar playing the same note
sounds different because of extra harmonics



D(x, 1) = D(x, 1) + D5(x, 1) + D3(x, 1)

Sum of all three

X
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Frequency Representation

Waves on the same string
« Must have same speed v

« Differ only in amplitude A and frequency f
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Pulse — Frequency Representation

D+A: jk A .

A- -A-

 Pulses generated by a quick motion

« \Would require a range of frequencies to
duplicate using F.A.



Pluck a guitar string, hit a piano key, blow
Into a tuba

You generate a pulse (many frequencies)

Only the frequencies that match the
standing wave (or resonant) frequencies of
the instrument are persist for a long time
before dying out.

Matched frequencies with can have
different amplitudes

Why different instruments sound fifferent
when playing the same note.
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