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Electromagnetic character of light. B - magnetic flux
density, E - intensity of electric field, | = wavelength.



Wave properties of light

Light can be described in terms of wave motion. The light wavdsaaneonic oscillations
of an electromagnetic field — the vectors of magnetic flux densdyirgtensity of
electric field oscillate perpendicularly to the direction of lighdpagation.

Let us start from thepeed (velocity) of light: v = — = Af = %

whereT is the period of oscillations [d]js their frequency [s-1], anlds their wavelength
[m]; nis the index of refraction, arais the speed of light in vacuum. Remember that
the previously mentioned index of refraction depends strongly on the freguency
wavelength of light. The index of refraction increases with decrgasavelength.

Remember the relation mentioned in the paragraph about chromatidiaherra
Npeg < nyellow < Nyiolet-
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Therefore, the most refracted light is the violet light. Accordatipe last equation we

canwrite: ¢ _C _V then:

Y, hence: )I—/]
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wheref is the frequency of the light,is the speed of light in a vacuumis the speed
of light in given mediumA is the wavelength of light in the given medium, agd
Is the wavelength of light in vacuum.
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Huygens principle
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All the point of a wavefront of light
thought of as new sour ces of smaller waves
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These smaller waves expand in every direction and are in stepwith one another
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| nter ference of light:
Interference of light and related phenomena can be observed with beaoh® @&nt

light rays, i.e. rays of the same frequency and the same gihifisat a given
distance from the source of light. Interference is a resulipgrposition (addition,
summation) of oscillating vectors characterising the electromagiedd.

Constructive interferem:-e. Inferference PGHe 'ns
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Diffraction of light:

Light diffraction is a change of light propagation direction which occiwsnaight is
incident on particles, holes, slits etc. the dimensions of wh&kh@nparable with
the wavelength of light. It often demonstrates itself as theéestag of light. Light
rays diffracted at openings, slits, double slits or diffractiotimga can interfere
with each other. Therefore, we can observe also diffraction-conditiatexference

phenomena.
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Diffraction grating

Reflection grating
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Polarised light

As already explained, visible light consists ofctlemagnetic waves which are characterised by vecto
of E (electric field intensity) an® (magnetic flux density). These vectors oscillatppadicularly
to the direction of light propagation. If the lighdtam consists of more rays, thBiandE vectors
can either oscillate in many planes or only inrmyl& plane (two perpendicular planes when
considering bottB andE). Such a plane is called tpelarisation plane. In the first case we speak
about non-polarised light, in the second case abdatised light.

Circularly polarized

Wire-grid “atio,
polarizer
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Light waves can be polarised by several differeeans:

- by polarisation filters (polaroids, e.g. in sun glasses). Such a filter can be pabksedgh only by
light the polarisation plane of which has an omion allowing the passage.

- by reflection (the light reflected from glass, mirrors, polistsdfaces etc. is partly polarised — this
causes reflected light is reduced in intensity blapsed sun glasses.

Incident ray Reflected ray
(unpolarized) | (polarized)

Refracted ray
(slightly polarized)
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- Polarisation bydoublerefraction (birefringence, encountered in anisotropic crystals, e.g. theNic
prism). In this phenomenon, the original ray istapto two parallel rays polarised perpendicularly

Calcite Crystal

\ Birefringence

The two refracted rays passing through
the Iceland Spar crystal are polarized
with perpendicular erientations.
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Optically active substances (in a crystal form or in a solution) are able ttate the plane of polarised
light. Many organic substances of great biologiocglortance are optically active. It is possible, fo
example, to measure the rotation angle of polafiggt which depends on the concentration of the
substance through which the polarised light pasBlee.concentration of sugars is often measured
in this way. The measurement is done by meansstruiments callegolarimeters.
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An introduction to photometry

A relatively frequent task is to measure the quiati light emitted by a body or incident on amitinated surface.
Therefore we will briefly mention some of the momportant photometric quantities used in the Steys
Note: We always assume that the source of lighatas equally in all directions.

Theluminousintensity | is the measure of light produced by a source dfameia in unit time. Its unicandela [cd]
belongs among the fundamental Sl-units. The caraalde defined by the following statement:

1 cd is one sixtieth of the luminous intensity tblack body” source, 1 ciin cross-section area, at the temperature
of the platinum melting point (175%), under normal atmospheric pressure and viewahat-angles to the
area.

A new definition since 1979 he candela is the luminous intensity, in a giveaation, of a source that emits
monochromatic radiation of frequency 540012 Hz and that has a radiant intensity in that direat
of 1/683 watt per steradian

Note: A black body does not reflect light, it camyoemit light.

[candela = lumen / solid angle]

Unit: candela (cd)

[ m—
ST @!ﬂl [candela - lumen / solid angle]

a unit solid angle



Luminousflux @ is the measure of the amount of light emitted anttefinedsolid angleW. Its unit is calledumen
[Im]:
1 Im is the luminous flux produced by a point sewtluminous intensity 1 cd into a solid angld af (steradian).
Suppose that a 1-cd point source is at the cehtadnollow sphere with radius= 1 m (called “unit sphere”). A
luminous flux of 1 Im will pass through an aredlaf¥ on the sphere surface.
_AD

AD=IAQ - |==—[m] [cd]
AQ

whereAQ is the solid angle in steradians [sr].
Simply — Luminous flux is the light outpu of a soenmeasured in all directions (a lamp receives veattsemit

lumens). The measure of success of doing thidlsdcafficacy and is measured in lumens per waft{fin




Theillumination (illuminance)E [Im.m?2 = Ix — lux] expresses the amount of light incidentma surface.

Definition: Luminous flux of 1 Im per 12produces an illumination of 1 lux.

The difference between lux and lumens

Lux Lumens

10.000 Ix 1cm
8.000 Ix 5 cm
6.100 Ix 10 cm 700 Im
4.300 Ix 15 cm 700 Im
= a0k 20 cm oom S
2.100 Ix 26 cm 700 Im
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