Waves (I)



Traveling waves

(solid, liquid, gas... and vacuum)

— Therefore the properties of the wave (speed
for example) will somehow depend on the
properties of the medium.



Type of traveling waves

e Impulsive:

e Periodic:




Direction of wave VS Direction of particles

e Transverse wave:

particles move perpendicular
to the direction of the wave

e Longitudinal wave:

particles move parallel to the
direction of wave

e Both:

[Applet]



Harmonic Waves

e Standard form: y = A sin k(xzvt)
T Also: y = A cos k(xxvt)

—>X

( | : Wavelength>§

Assuming this picture is taken at t=0:
X(t=0)=0, y(t=0)=0  y(t) = A sin k(x-vt)



Relationships for harmonic waves

y(X,t) = A sin k(xxvt+f) or y = A cos k(xxvt+f’)

v: Speed (m.s™) T: Period (s)
A: Amplitude (m,...) n: Frequency (s or Hz)
| : Wavelength (m) k: Wave number (m™)

Period, Wavelength, Speed: |T=| /vorv=1 /T I
) v=1In
n=1/T

Anqular Frequency:

w = 2pn = 2p/T (rad.s™)

Wave Number:
From x=0, wave begins to repeat itself at x=I
kx =kl =2p

k=2p/l




Alternative forms

Assuming: y(x,t) = A cos k(x-vt)

v: Speed (m.s™) T: Period (s)

A: Amplitude (m,...) n: Frequency (s™ or Hz)

| : Wavelength (m) k: Wave number (m™)
y(X,t) = A cos K(x-vt) = A cos (kx-kvt) with:

k=2p/l ,v=1/Tandw=2p/T

y(X,t) = A cos 2p(x/l —t/T) = A cos (kx —wt)




Exercise

Consider a travelling mechanical wave: y(x,t) = 0.2 cos (p/8)(x-32t)
where x and y are measured in meters and t in seconds

Determine:
(a) Amplitude:

(b) Wave number:
(c) Wavelength:
(d) Speed:

(e) Frequency:

(f) Period:

(g) Angular Frequency



Velocity and Acceleration

e Position: y(x,t) = A cos 2p(x/l —t/T)
« Velocity: v, = y/ t=2p/T Asin 2p(x/l —1/T)

* Acceleration: a, = v,/ t= 2yl t*=-4p*/T? A cos 2p(x/l —t/T)



Wave Equation

Wave: y(X,t) = A cos (kx — wt)

Acceleration:a= v/ t= 2y/ t*=-w* A cos (kx — wt) = -w* y(X,t)

2y(x, D)/ 2= -w? y(x,t)

Curvature of the string: 2y/ x*=-k* A cos (kx —wt) = -k® y(x,t)

With: w=vk  v? = w?/k?

Wave Equation:




Exercise

Find the maximum velocity and acceleration of a particle in a transverse
wave described by:
y(X,t) = 0.20 sin p(x+100t)

vy(x,t) = y/ t=0.20 100p cos p(x+100t)

vyismaxwhencosq=+1 v, =0.20x 100 x p =20p m/s

a,(x,t) = v,/ t=-0.20 (100p)* sin p(x+100t)

a,ismaxwhensing=*1 a,.,, =2000p? m/s?



