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LIGHT AS PHOTON FLUX (QUANTUM MODEL)
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Optical power density: Jon = ®Ppn * Epn [W/m?]
Optical power (intensity): P,y = [, - A [W]
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LIGHT AS ELECTROMAGNETIC WAVE (WAVE MODEL)

— Gauss law for E field

— Gauss law for B field

— Faraday law (induction)
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— Ampere law
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LIGHT AS ELECTROMAGNETIC WAVE (WAVE MODEL)
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POLARIZATION OF LIGHT — ORIENTATION OF E FIELD

incident beam

plane of
incidence

- Transverse electric: TE, horizontal, perpendicular, s, o
(vector E is perpendicular to the plane of incidence)

- Transverse magnetic: TM, vertical, parallel, p, ©
(vector E is parallel to the plane of incidence)
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LIGHT AND MATTER

a) Absorption coefficient a of crystaline silicon (c-Si) at wavelength
550 nm equals 7150 cm™. What is the thickness of a c-Si layer that
absorbs 95 % of light as it passes through the layer?

material
Po
P(z)
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LAW OF REFLECTION

Oincident = greflected
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Specular reflection Diffuse reflection
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LAW OF REFLECTION — Retro-reflector
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cube corner type
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enclosed (engineering grade) glass bead
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encapusulated (high intensity) glass bead

h-cy
Lo

Ep=h-f =

EpnleV] - Aglnm] 1240

c A
n=-2=

Ao _ Ank
c A

_1_0

co = 299792458 m/s
h=6.6261-10"3 Js
q =1.6022-1071% 4s

LAW OF REFLECTION — Retro-reflector
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LAW OF REFLECTION — Lunar Laser Ranging
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LAW OF REFLECTION — F-117A Stealth Fighter
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LAW OF REFRACTION (SNELL LAW)

n,sinf; = n, sin 6,
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LAW OF REFRACTION (SNELL LAW)

nqysinf; = n,sin6,

Sidewalk ()

Light propagates slower in a material with larger refractive index.
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DISPERSION — Prism
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DISPERSION — Rainbow

light
refracts

white light
from the sun

light
- reflects

some light
passes through

white light
from the sun
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DISPERSION — Rainbow
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TOTAL REFLECTION

a) Example: air = glass
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LAW OF REFRACTION (SNELL LAW)

ANIMATION:

Laser View
© Ray
Wave

Material: Air |

Index of Refraction (n): 1,00

Air Water Glass

Material: Water ~|

Index of Refraction (n): 1,33
0

Toolbox

Air Water  Glass

¥IShow Normal

http://phet.colorado.edu/en/simulation/bending-light
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TOTAL REFLECTION - Optical fiber

SINGLE FIBER CABLE

OUTER JACKET STRENGTH
MEMBER

INNER
COATING  FIBER
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TOTAL REFLECTION - Optical fiber

a) A light beam shines into the center of an optical fiber. The
refractive index of the fiber is 1.475, the refractive index of the
coating is 1.455, the refractive index of air (surrounding) is 1.

What is the maximum angle 6, under which the light beam will
still be successfully coupled into the fiber? What is the numerical
aperture NA of the fiber?

b) The length of the fiber L is 1 km. How long does it take for the
light beam to cross the fiber, if the incident angle is 0° or 8,?
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TOTAL REFLECTION — Mirrage
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TOTAL REFLECTION — Mirrage

h-cy

Epp=h-f= p

EpnleV] - Aglnm] 1240

oA _ Ank
"ETT7 T
sin; n, o A4

sinf, n; ¢ A

co = 299792458 m/s
h=6.6261-10"3 Js
q =1.6022-1071% 4s

FRESNEL COEFFICIENTS — Electric field
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Phase shift in reflection: ,,From LOW to HIGH is PI (r)!“
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FRESNEL COEFFICIENTS — Optical power density
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REFLECTION OF POLARIZED LIGHT
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= unpolarized
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glasses reduced
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direct light
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light partially polarized
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q Light source
Polarizer ,

Compensator
(optional)

REFLECTION OF POLARIZED LIGHT - Ellipsometry

Compensator
(optional)
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INTERFERENCE

Constructive interference:

o ¥ il Tl

Phase shift:

0,2m, 4m, ...=m* 2n

Destructive interference:

Y

Phase shift:
I, 3, 57, .= (M + %) * 2n

m=0,1,2,3, ..
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INTERFERENCE ON THIN FILMS

h-cqy

Epp=h-f=

EppleV] - Ao[nm] = 1240

co A 4k
n=—=— a = —

c A Ao
sinf;, n, ¢ A4
sinf, n; ¢, A,
Rhoriz,s,TE =

2
n, - cosf, —n, - cosb,

ny - cos; +n, - cos b,

Rvert,p,TM =

2
n, - cosf, —n, - cos by

ny - €cos 6, + ny - cos by

T=1-R

co = 299792458 m/s
h=6.6261-1073*]s
q =1.6022 1071 4s

DIFFRACTION

| ]

-

A<<d >

h-cy
Ao

Ep=h-f =

EppleV] - Ag[nm] = 1240

sinGl_E_cl_/l_l

sin, n; ¢ A

Riorizste =
ny - cosf; —n, - cos b,
n, - cosf; +n, - cosf,

2

Rvert,p.TM =
ny - cos 6, —ny - cos Oy
ny - cosf, +n, - cosb,

2

T=1-R

co = 299792458 m/s
h=6.6261-10734]s
q =1.6022-1071° 4s

16



INTERFERENCE ON SLITS

A @
Interference
pattern

Interference conditions: coherent, monochromatic source
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INTERFERENCE ON SLITS

VIDEO:

Waves will int
and produce ar
interference pattern

h-cy
Ao

Epp=h-f=

EppleV] - Ag[nm] = 1240

sinﬁl_ﬂ_cl_ﬂi

sin, n; ¢ A
Riorizste =

ny - cosf; —n, - cosB,
ny - cosf; +n, - cosh,

2

Rvert,p.TM =
ny - cosf, —n, - cosby
ny - cos @, + ny - cos by

2

T=1-R

. m-A
sin Hm,konst = P

co = 299792458 m/s
h=6.6261-10734]s
q =1.6022-1071° 4s

17



INTERFERENCE ON SLITS - Diffraction grating

uklonska
mrezica

sin@,, = —

m-A
P

diffraction grating equation

Interference conditions: coherent, monochromatic source
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SPECTROSCOPY USING A DIFFRACTION GRATING

source I

diffraction pgrating mirrors

detector

monochromator

spectrometer
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SPECTROSCOPY — MONOCHROMATOR

Entrance Slit * Grating Return Spring Grating Mount

Low
Wavelength
Stop
Holographic
Diffraction
Grating
Follower
Arm
First L?ck
Bounce Ring
Mirror
Third %
Bounce Micrometer
Mirror Wavelength
Selector
e Second
Exit Slit e
Mirror

Photomultiplier  Control  Electronics High Voltage
Housing Panel PCB Power Supply

Verity Instruments EP200 Monochromator/Detector Organization
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INTERFERENCE ON SLITS - Diffraction grating

a) A light beam from a source that contains three spectral
components (A; = 320 nm, A, = 550 nm, A; = 640 nm) shines
through a diffraction grating with the period P = 847 nm. What
are the angles of the first interference order (m = 1) for each of

the three spectral components?

b) What is the maximal wavelength for which the first interference

order (m = 1) would still be observed?

c¢) What are the angles of the second interference order (m = 2) for

each of the three spectral components?
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INTERFERENCE ON SLITS — Diffraction grating
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INTERFERENCE ON SLITS — Diffraction grating
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INTERFERENCE ON SLITS - Diffraction grating

2,1
A =320 nm

A =640 nm

» 0,0,0
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INTERFERENCE - Optical filters
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