
Lecture 8

• Sinusoidal waves

• Wave speed on a string

• 2D/3D waves

• Sound and Light



Sinusoidal waves (graphical) 

• generated by source in SHM

• snapshot and history graphs                      
sinusoidal/periodic in space, time

• Wavelength (  ): spatial analog of T,              
distance disturbance repeats 

• In time T: (one oscillation for                          
point) wave (crest) moves 

v = distance
time = λ

T = λf

λ

λ



Sinusoidal waves:mathematical

• Set wave in motion by x→ (x− vt)

D(x, t) = A sin
[
2π

(
x
λ −

t
T

)
+ φ0

]

k = 2π
λ ; ω = νk

φ0 sets initial condition:
D(x = 0, t = 0) = A sinφ0

wave number, 



Waves on a string

• Newton’s laws applied to                 segment of 
string

y(x, t) = A sin (kx− ωt + φ0)
vy = −ωA cos (kx− ωt + φ0)

ayy = −ω2A sin (kx− ωt + φ0)

(Fnet)y = may = (µ∆x) ay

(Fnet)y = 2Ts sin θ ≈ −k2ATs∆x

⇒ v =
√

Ts
µ (independent of A/shape)

(evaluate slope of y = A cos(kx))



2D/3D waves

• 2D circular waves: wavefronts (lines              
locating crests), small section                                          
appear as straight lines far away

• 3D spherical waves...appear as                       
planes far away, described by D(x, t)                
(same at every point in yz plane) 



Phase and phase difference

• wavefronts are surfaces of same 
displacement constant phase

2D/3D waves 
D(r, t) = A(r) sin (kr − ωt + φ0)

with A(r) decreasing with r

phase difference, ∆φ = 2π ∆x
λ

∆φ = 2π between adjacent wavefronts
(separated by λ)

phase, φ = kx− ωt + φ0

D(x, t) = A sin φ



Sound waves

• human ears: 20 Hz to                                      
20 k Hz

• ultrasound: > 20 k Hz

vsound in air at 20◦ = 343 m/s
(larger in liquid/solid)



Electromagnetic (EM) waves
• oscillations of EM field, can travel in vacuum        

e.g. light from stars

• visible spectrum: 400 nm (violet/blue                    
to 700 nm (orange/red)

• EM spectrum: visible + higher frequencies         
(UV/X rays) + lower frequencies                       
(IR/micro/radio waves)

• index of refraction (light slowed down):

frequency does not change (e.g., 
sound wave hitting water):

vlight = c = 3× 108 m/s in vacuum
(" vsound)

! λsound ⇒ flight # fsound

n = speed of light in vacuum
speed of light in material = c

v

fvac.

(
= c

λvac.

)
= fmat.

(
= vmat.

λmat.

)

⇒ λmat. < λvac.


