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Light and the EM Spectrum

Spectral Distribution of Sunlight and Molecular Absorption
25
Extraterrestrial Sun

— Sunlight at Sea-Level
(air mass m=1)
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Light and the EM Spectrum

1 Radiation
This is solar radiation
Majority of solar energy comes from the visible and infrared parts of spectrum
Scattering and absorption occur in the atmosphere
Direct and diffuse components of radiation need accounting for

Flux incident on an external opaque surface will be partially absorbed and partially
reflected

Absorbed component may be transmitted to interior surface via conduction and
then surface convection and long wave exchange to increase internal
temperature

Absorbed component on outside surface will raise temperature and emit energy

Short wave flux (Direct and Diffuse) incident on a transparent surface will be
partially absorbed, reflected and transmitted

2.Long waveradiation
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Light and the EM Spectrum
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http://upload.wikimedia.org/wikipedia/commons/f/f1/EM_spectrum.svg

Light and the EM Spectrum

A Visible radiation (Light) has wavelengths of ~ 3880 nm

A Ultraviolet Radiation (UV) has shorter wavelengths than visible:
UVA 400-315 nm overlaps slightly with visible range

UVB 31880 nm is most destructive as it can penetrate atmosphere and damage
biological tissue

UVC 286100 nm would be even more destructive but is absorbed by the
atmosphere

Infrared Radiation

A IR has longer wavelengths than visible
A IR-A 78631400 nm

A IR-B 14003000 nm

A IR-C 300010° nm
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Light and the EM Spectrum

Wavelength (um)

0.38 —0.78

Total

(visible range)

1
1353

It is important to view Light, as Energy
EI EIi 1l EOOEA Ac”)Ei AE
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Light and the EM Spectrum

A Light is the visible portion of the EM spectrum from about 380
/80 nm

A EM radiation in this range is absorbed by the photoreceptors of
the human eye

A Wavelengths are associated with colours

A Eyes are most sensitive to green light at 550 nm (Spectral
response of average eye for Photopic vision)

A The llluminating Engineering Somety of North America (IESNA)
AAEET A 1 ECEO AOd OOAAEAI O Al AOCU
OAOET A AT A POI AOAETI C A OEOOAI OAl
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Behaviour of Light

A Reflection

A Refraction

A Transmission

A Absorption

A Diffusion (Scattering)
A Spectral response

A Units and conventions
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Reflection (Specular)

A Specular reflectiorg for instance that encountered with a mirror or
polished surface, is when light is reflected away from the reflecting
surface at the same angle as it is incident

A Specular reflections illustrate the law of reflection

Incident

Reflected
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Reflection (Spread)

A Spread reflection occurs when an uneven surface
reflects light at more than one angle, all of which are
close to the incident angle A
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Reflection (Diffuse)

A Diffuse reflection is also known as Lambertian
scattering and occurs when a rough or matt surface
reflects light at many angles A
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Refraction

A When light passes from one material to another, it will refract. The
i ECEO xEI1 AEATCA OAI T AEOU Al A

A The incident angle of light and the material refractive index
determines the amount of refraction which occurs

A N, the refractive index is the ratio of the speed of light in a vacuum
to the speed of light in the material

A Speed of light in air is very similar to speed of light in a vacuum
A Therefore, N for air is 1.000293
A#1 1 OEAAO 1 ECEO DPAOOEI C &ZOI I AEO
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Refraction

Snells law is the law of Reflected
ray

_ Incident
refraction: ray

N,sin, ;= N,sin_,

N1 is the refractive index of air
N2 is the refractive index of glass

« 1 is the incident angle of light

« 2 is the refracted angle

3TAIT 60 1 Ax
that light travelling

from a medium with a
low N to a high N

bends towards the B
normal and from high _
to low N it bends Re r:y e

away from Normal
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Refraction

Material
Diamond
Ilce
Sodium Chloride (Salt)

Glass (typical)
Water
Air
CO2

*measured with wavelength 589 nm in vacuum
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Refractive Index
2.419
1.309
1.544

1.52
1.333
1.000293
1.00045
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Reflection and Refraction

A A transparent surface which transmits most of the incident light will still h
OAZI AAO 1TECEO AO AT OE 1T £ EO6O0 OOOAZEAA/
A This reflection happens when light travels through a change is refractive
index
A1 O 1101 Al ETAEAAT AAh &OAOI Al 8O0 , Ax I,
R = (N, Z N2/ (Np +Ny)?

R is the reflection loss

For example (Air and Glass at normal incidence):
(1.527 1)2/ (1.52 +1)2
=0.0426
~ 4% reflection loss at each of the two boundaries with air
Reflection loss increases with angle of incidence
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Total internal reflection

A Recap that light moving from a high N to low N, bends away from
normal e.g. light moving from glass to air

Ay £ A AAAT T £ I ECEOGO EI AEAAT AA Al
reaches an angle called the critical anglg

A This is where light is refracted along boundary of two materials
and not through the materials

A At angles greater than _the light is reflected back into the
material

A This is called total internal reflection

A Fiber Optics make use of this phenomenon
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Total internal reflection

A Light beams 1, 2 and 3 are
below the critical angle and
refraction takes place as
normal

A Light beam 4 is at the
critical angle and is thus
refracted at the boundary
between the two mediums

A Light beam 5 is at an angle
greater than the critical
angle and is reflected back
totally
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Dispersion

A Refractive index is a function of the wavelength of incident light

A Materials have higher N for shorter wavelengths e.g. blue light bends
more than red light

A This is called dispersion

A When white light passes through neparallel faces of a prism it splits
into its spectral components

Gr e
Blue
Indigo
Violet

— Glass prism
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Absorption

A A material can absorb light (instead of transmitting it)

A It can absorb all of part of the incident light, normally converting it to
heat and absorb light at some wavelengths while transmitting light at
others, this is called selective absorption

A For example: coatings to prevent solar gains will let visible light through
while absorbing heat gains from near infrared.

A4EA AiTO1T O I £ 1 ECEO AAOI OAAA EO CEOA]
Al = jertx
A | is the light transmitted (varies with wavelength of light)

A | is the intensity of light entering thenaterial, | is the absorption coefficient and x
0

is the thickness of the material
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Absorption

A The absorption coefficient can be further broken down into t

A 1, absorption per unit concentration coefficient and
A «, the concentration of the material A
A This then considers the thickness and concentrati

material;

Al =lerx

A Units forp are in moles per litre
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Transmission

A, ECEO PAOOEI ¢ OEOI OCE Al 1A =
that object

A Reflection, refraction, absorption and diffusion all affect i
transmission
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Diffusion (Scattering)

A When light is incident on a rough surface, it is reflected or
transmitted in many directions at once, this is called diffusion or
scattering

A Amount of scattering depends on:
Difference in refractive index between the two materials

Size and shape of particles of diffusing material compared to the
wavelength of light

For example, air molecules are the right size to scatter light with
shorter wavelengths giving us the blue sky

Bidirectional scatter distribution function (BSDF) quantifies scatter
and its effects
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Spectral response

Increasing energy
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Increasing wavelength  ———————

0.0001 nm 0.01 nm IOnm 1000 nm 0.01 cm ] cm I m 100 m

Gamma rays Infrared Radio waves

Radar TV FM

Visible light
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Spectral response

A The human eye is more sensitive to some wavelengths
than others

A The eye contains two types of photeceptors, CONES
and RODS

A In bright light the cones dominatg PHOTOPIC vision

A In dim light the rods dominatg SCOTOPIC vision

A In between both rods and cones are useMIESCOPIC
vision

A Relative sensitivity of cones (photopic) peaks at 555 nm

A Relative sensitivity of rods (scotopic) peaks at ~507 nm
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Spectral response

Luminous Efficiency Functions
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Spectral response
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Units & conventions

A The CIE has chosen a wavelength of 555zmaak of
the Photopic sensitivity function as a standard
reference wavelength of the lumen.

A By definition: there are 683 Im/W at 555 nm wavelength

A Lumens at all other wavelengths are scaled by their
Photopic and scotopic luminous efficiency functions

A Example: at 507 nm there are 1700 Im/W in Scotopic and
only 304 Im/W when Photopic function Is used.

A The convention is to use the Photopic luminous
efficiency function in nearly all light measurements
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