Electromagnetic Waves



Electromagnetic (light) wave

Picture of an e.m. (linearly polarized) wave

Transverse waves

Transport energy (and momentum)

Can travel through vacuum (!) and certain solids, liquids and gases
Do not transport matter or charge

From the Maxwell’'s Equations: wave equation with ¢ ,.,,mw = 1/ €m



The Electromagnetic Spectrum

e C=299,792,458 m/s = 186,282.397 miles/s
* Cuyr —C

vacuum

In =c (in vacuum)




Optical Properties

Interference: the superposition of two light beams to produce alternating
regions of bright light and dim light

Diffraction: the spreading of waves around corners (light waves, water
waves)

— One convincing proof of the wave nature of light: contradicts geometric
optics

Huygens principle: every point on a wave front of light may be a source
of secondary wave fronts / wavelets

Coherence: two sources of light with the same frequency and a
constant phase difference are called coherent

Monochromatic: “one color”, only one wavelength/frequency




Path Lengths Difference

Sources S1 and S2: coherent sources of light
Different path lengths: different “phases” for both waves arriving at one point
- Constructive interferences: r-r, =ml (m=0,m=+1,m=+2,m=%3...)

- Destructive interferences: r,-r, = (m+¥%)l (M=0,m=+1,m=+2,m=+3...)



Young’s double-slit experiment (1802)
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Incident Wave

Analysis

L

Path lengths difference: DL = d sin g

Screen



Analysis (Il)
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For the light coming from S, to be “in phase” with the light coming from S;: DL = nl

DL=nl =dsing

Position of nt" bright fringe

y =L tan g ; g small, tan g » sin g y=Lsinq] y,=nLl /d

y, = (N+¥)L1 /d

Position of nt" dark fringe

“out of phase” DL = (n+%2)l



Single Slit Diffraction



Single slit diffraction: Analysis (1)

— Waves 1 & 3 (and 3 & 5) out
of phase:

(a/2) sinqg, =1/2
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Single slit diffraction: Analysis (1)

 Huygens principle:
— Waves2 & 3(and1 &2, 3&4,
4 & 5) out of phase:
(a/d4) sing, =1/2
— Generalization:
(a/2n) sinqg,=1/2
N « Dark fringes in single slit
L diffraction:




Exercise

Single slit diffraction: a = 0.2 mm (2x103 m), | =500 nm (500x10-°m)

What is the angular separation between n=1 and n=2 minima ?

n=1:sing,=1/a=500x10°/2x10%=25x10* gq,»2.5x10%rad
n=2:sing,=2l/a=2x500x10°/2x10%=5x10* ¢,»5x10*rad

Angular width of the central maximum ?

Maximum between n=-1 and n=1:
n=-1:sinq,=-1/a=-500x10°/2x10%=-25x10* q,»-2.5x 10*rad
n=1: sing,=1/a=500x10°/2x10*=25x10* q,» 2.5x 10*rad



Diffraction examples

Diffraction due to a sharp
(straight) edge

“Single slit” diffraction
with your 2 thumbs !

Width: a (left fig.) or d (right fig.)




Multiple Slits & Diffraction Grating

Diffraction grating:
hundreds or thousands of slits




Application: grating spectrograph

Diffraction grating:
About 1000 slits per mm



