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Vagrorelseldra och optik
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The nature of light

The nature of light
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The nature of light
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The nature of light

Electromagnetic radiation

/. N\

Wave properties Particle properties
l (PhoIons)
Propagation Emission and Absorption

/

Quantum electrodynamics

Principle of complementarity: Both the wave and the particle
descriptions are needed to explain light. But not at the same time
for the same phenomena.
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The nature of light

The electromagnetic spectrum
A=c/f

Wavelengths in m
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The nature of light

Source of electromagnetic radiation
1S
electric charges in accelerated motion

Thermal radiation:
Thermal motions of molecules create electromagnetic radiation.

Lamp:
A current heats the filament which then sends out thermal radiation
with many wavelengths.

Laser:
Atoms emits light coherently giving (almost) monocromatic radiation.
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The nature of light

Wave front: surface with constant phase. Wi s Barate

spherical, the rays
radiate from the

center of the
hPhL‘I'L‘,

Rays

Plane wave: is a wave whose wave fronts
are infinite parallel planes.

Ray: an imaginary line along the direction W
of the wave's propagation.

Wave fronts

When wave fronts are planar, the rays are
perpendicular to the wave fronts and parallel
to each other.

Rays

e

Wave fronts
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The nature of light

Reflection and
refraction
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The nature of light

Types of reflection

Specular reflection Diffuse reflection
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The nature of light

Reflection & Refraction
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The nature of light

Conclusions:

At the surface between air and glass the
angle is always 90 degrees and then the
reflected and refracted light is also at 90
degrees.

At the surface between glass and air some
of the light is reflected and some is
refracted.

The angle of reflection is the same as the
incident angle.

The angle of refraction is larger than the
incident angle.
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The nature of light

The plane of incident:

b normal to the surface.

the plane of incident.

Reflected
ray

ray

9, =0,

c ) .
n= ; (index of refraction)

n=1 in vacuum
n>1 ina material

n,sinf, = npsinb,

The plane of the incident ray and the

The reflected and refracted rays are in

(law of reflection)

Snell's law:

(law of refraction)
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The nature of light

Snell's law:

n,sinf, = n,sinb,

0 0,
— N

(law of refraction)

Normal

Incident ===
Reflected

Refracted

Rule:
Large n = Small angle

Incident

n, <

Material a

Oa

2

Reﬂectgd

Incident

Reﬂ—ected

Material a

Ny

Material b
ny, > ng,

Normal

Material b

‘Refracted
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The nature of light

Huygen's principle

Each point in a wavefront

is regarded as a hew
source of secondary
wavelets.

All the combined circles
(wavelets) from all the
points add up to create

the new wavefronts.

spherical

wavefront
(each point

emits a
° wavelet)
common
center
of both
wavefronts

spherical wavelet
wavefront
propagated _\
(envelope al—>| 4
of wavelets) ><
b > B
< G & * ¢
plane >< plane
wavefront 4 - wavefront
(each point propagated
emits a (envelope
wavelet) € _jE of wavelets)
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The nature of light

sin(6,) = vt / AO
sin(6,) = vt / AO

Since the wave speed is the same before and after reflection the
angle of reflection has to be the same as the incident angle.
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The nature of light

. 6 Uﬂ'f
sinfl, =
i AO
- Upt
sinfl, = —
AO
sinf, v,
e sint?,;, vy
Material a Material b J/
The difference of wave n, c¢/vp v, sinfs _ np
= Si— sinf, n,

speed in the two materials n = e -
changes the angle. d a b

n,sinf, = nysinf,
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The nature of light
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Air

28° o ----
neL s 5| Air

n=1.00 32
i
28%, Glass 2 Glass
: 28° n=1.52 : 28° n=152
] ]
1 Air ! Air
45° n=1.00 4s° n =1.00

1.00 sin(45°) = 1.52 sin(@) — 0 =28° 1.00 sin(45°) = 1.52 sin() — 0=28°
1.52 sin(28°) = 1.00 sin(6) —» @ = 45° 1.52 sin(28°) = 1.33 5in(6) —» 0 =32°
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The nature of light

Problem solving
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The nature of light

What is n for the
glass ?

n.sinf, = npsinf, (law of refraction)

0,=40deg. 6, =77 deg. N =1

N, = sin(77°) / sin(40°) = 152
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The nature of light

material ¢ is water and material b is glass with index of
refraction 1.52. The incident ray makes an angle of 60.0° with the
normal; find the directions of the reflected and refracted rays.

Normal

n, (water) = 1.33

=

ny (glass) = 1.52

_d

0, =0, =600°

n,sinf, = nysind,
; ng . 133 , ;
sinfl, = —sinfl, = ——sin 60.0° = 0.758
Ry 152

0, = arcsin(0.758) = 49.3°
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The nature of light

Light intensity
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The nature of light

Intensity

The intensity of the reflected
light increases from
almost 0% at 6 = 0°

to
100% at 6 = 90°,

The intensity of the reflected |
light also depends on n and on
polarization of the incoming
light.

The sum of the intensity of
the reflected and refracted
light is equal to the intensity
of the incoming light.
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The nature of light

Total internal
reflection
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The nature of light

Total Internal Reflection
when light goes to a medium with smaller n

A ! ! b
| ! '
1 6, | |
i L9, = 90°
' P
ol |
n . . .
“ | . \}

h
>
S

At the critical angle
of incidence, @ , the

3 i
4r angle of refraction 8, = 90°.
Any ray with 6, > 0, shows a

total internal reflection.

(0]
4 \ np

n,sinf, = n,siné, Sl =2 -

a

(critical angle for total internal reflection)
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The nature of light

Total Internal Reflection

optical fiber Porro prism

The light is trapped

in the rod if all
the angles of incidence
(such as @, B, and y)
exceed the critical angle.
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The nature of light

Optical fibers

Principle Structure

Light ray
,f Strength
’_N \ n2 < ”1 Member

L \ \ - ' Cladding
B i \"-.,\.‘__EH;_;; ,_S" . | . ‘ J £
Outﬁ / Ts

‘ N Jacket |
Cladding /‘_\X-__.,__l Coating Core

29
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The nature of light

Protective layers
Plastics such as Teflon, polyurethane or PVC.

Jacket \

400 um

Cladding

125 pm

Core
8 um

Single mode fiber

Small core - low attenuation , .

Glass (SiO,) or plastic

Dopants: Ge increase n
B or F decrease n

Multimode fiber
Large core - light can travel along

multiple paths
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The nature of light

Problem solving
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The nature of light

A submarine periscope uses two totally reflecting 45°—45°—90°
prisms with total internal reflection on the sides adjacent to the 45°
angles. Explain why the periscope will no longer work if it springs
a leak and the bottom prism is covered with water.

n=1.52 for glass & n=1.33 for water

The critical angle for water (n, = 1.33) on glass (n, = 1.52) is

Ot = arcsinE = 61.0°

The incident angle has to be larger than the critical angle for total
reflection. But 45° is smaller than 61° so total internal reflection will

no longer take place.
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The nature of light

Dependency on
frequency and
wavelength
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n, Ny Frequency and wavelength
: b
EC‘de“‘ v: The speed is larger in a material with a
Y small n.
e ] ... Normal
Refracted | 7 f: The frequency does not depend on n.

Reflected ray
ray

A: The wavelength is longer in a material
with a small n.

c , .
n= 5 (index of refraction)

n=1 in vacuum
n>1 ina material
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The nature of light

Problem solving
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The nature of light

The wavelength of the red light from a helium-neon laser is 633 nm
in air but 474 nm in the aqueous humor inside your eyeball. Calcu-
late the index of refraction of the aqueous humor and the speed and
frequency of the light in it.

Ao Ag 633 nm
A=— n=—=
n A 474 nm

= 1.34

~3.00 X 10°m/s
a 1.34
225 X 10°m/s

v
A 474 X 10 °m

= 2.25 X 10®m/s

=474 X 1014 Hz
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The nature of light

Dispersion
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The nature of light
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The nature of light

. . Dispersion
How is this P
pOSS| b l e ? Index of refraction (1)
1.7
n,sinfl, = nysinb, (law of refraction) ate flint glass
Answer: n must depend on A ! 16 -
e flint glas:
Quartz
ate crown gla
n=c/v e
ed quartz
so the speed in a material must fruortc
then depend on A il |
"400 500 600 700
Wavelength in vacuum (nm}
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The nature of light

Rainbow

Light from sun

e

A = 50.1° (red)
to 53.2° (violet)

Light from sun

A = 40.8° (violet)
to 42.5° (red)
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