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3. The Electromagnetic Spectrum and Visible Spectrum

Topic Heinemann
Section Pages Qs
3. The Electromagnetic Waves Pg 56-58 Pg64 1,2
Electromagnetic Polarisation Pg 67-68 Pg69 2,4,10
Spectrum and Coloured Light Pg 59 Pg64 5
Visible Spectrum Viewing Objects Under White Light Pg 59-60 Pg64 3
Viewing Under Coloured Light Pg 61 Pg64 4
Colour Addition Pg 62 Pg64 6,7
Colour Subtraction Pg 63 Pg64 8,9
Electromagnetic Waves Overview
Light can be considered a transverse
electromagnetic wave. Electromagnetic means that 1 fm- I
there are two parts of the wave — an electric 10 fm 4
. Gamma
component and a magnetic component. 100 fm - rays
In a vacuum, all electromagnetic waves move at Tpm- 1
the same speed ¢ = 3 x 10® m/s. This is known as the 10 pm+
speed of light. (In other mediums such as air, water 100 pr - T
or glass, light and other EM waves move slightly I X riys A00nm
slower.) Violet
10 nm+ Ultraviolet
nm */radlatlon Blue
All EM waves differ from one another in their 100 nm-+ Green
wavelength and frequency. Trm-+ Yellow
The range of wavelengths, as seen right, is from 10um- muﬂe Orange
hundreds of kilometres to smaller than the size of the H hght Red
100pm
nucleus of an atom. Hm Infeared 700nm
1 mm-+ radiation
Visible I_|7ght has wavele_r;gths between _ 10 mm J Mlcrowaves
~4 x 10°°'m and ~7 x 10""m. It makes up a tiny part of
100 mm-
the measured EM spectrum.
1 m+
The longer wavelengths (lower frequency waves) 10 m4
appear red, and the shorter wavelengths (higher 100 m- '
frequency waves) appear violet. Radio waves
Waves with shorter wavelengths (hence higher 1km+
frequency) have more energy associated with the 10 krn
wave. 100 km ~
Questions
Which of the following colours has the longest wavelength?
A. Red B. yellow C. blue D. violet

Which of the following colours has the highest frequency?
A. Red B. yellow C. blue D. violet

Which of the following has the smallest wavelength?
A. X-rays B. Gamma rays C. Infrared D. Radio waves
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Polarisation of Light

In a beam of light from most sources the light is
unpolarised, which means that electromagnetic =
waves of the light are oscillating in many n
different directions. So the waves are vertical
(shown left), horizontal (shown right), and also
every angle in between.

Some sources of light are polarised in a particular direction, such as
* LCD displays (phones, computers and calculators)
* Reflected light from shiny surfaces

It is also possible to block out particular directions of light using polarising filters (and hence create
polarised light.)

Polarising Light

Consider a string that is passing through a wire grid. Wave passes are sent along the string in two
directions as shown below.

Horizontal
vibrations cannot
pass through the

=1
A U~ L

Vertical vibrations
can pass through
the wire mesh

In a similar way, optical devices called polarisers only allow light with a specific polarisation to pass
through them.

If a second polariser is placed behind the first polariser, the o

amount of light getting through can be adjusted by rotating bt :‘:'_f]'-i:-:l—]:

the second polariser. The arrows below indicate the | T i c

polarisation of light that gets through the polariser. If the J 1 L 'L;:I'*' "ﬁr | W[

directions of both polarisers are the same, then all of the RS s =A R R A% "‘E,‘«,

light that gets through the first polariser will pass through E‘! ] el H
o

the second polariser.

A | Screen

A | [ k
Same amount of
’ k Light
|
I

Polarised Light
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If the directions of both polarisers are at right angles to each

other then no light will pass through.

Screen

No light

Polarised Light

For other angles, the amount of light getting through to the screen vary from almost all if the
second polariser is nearly aligned, to next to nothing if the polarisers are almost crossed.

Sunglasses

it becomes partially horizontally polarised. Many

When light reflects from a wet surface

sunglasses are designed to eliminate this glare. These sunglasses are polarised, so that they only
allow light with a vertical polarisation to go through them. Light that is reflected from the water

surface is not able to get through, and so the glare from the road is reduced.

CONCEPTUAL PRACTICE PAGE

Chapter 28 Light Waves
Palarization

The amplifude of a light wave has rmagnituds and direction, and
can be represanted by & wector. Polerized light that vibrates in a
eingle drection i3 represented by 8 singls vecior. To the ledt the
singla veckor represants verically polarized lght. The pair of
perpendicular vectors (o tha right reprasants nonpolarized light,
The vibrations of nonpalarized light are equal in all grections,
with as many vertical components as hofizontal components

1. Inthe skefch below, nonpolarized light fram a Blashlight strikes a pair of Polaraid filtars

VEETICAL COMPOMENT
DOES MOT PASS THECUGH
THIS SECEMD POLARIZER

Fig

HOM-POLASIZED LGHT VIBREATES BN ALL BIRECTIONS

HORIZIDNTAL EHD VEETCAL CONPORENTS
ﬁ ) <p

WERTHCAL COMPONINT PASSES
THECUSH FIRST POLARITIER

-« MHD THE SECOND

a Light is transmiltéd by a pair of Polaroids whan ther axes are  [aligned]  [oossad st ight anglas)
and light is blocked when thair axes are [aligned] [crossed af nighl angles),

b. Tranzmitted light is polanzed in a direction  [the same as]  [different than] the polanzetion
s of e filbes

2. Considaer the transmission of light throwugh a pair of Polarcids with polarization axes at 45° to
=ach other. Although in practica the Folaroids are one atop the other, we show them spread
oLl side by side below, From kel o right
{a) Monpolanzed light is represented by 0 hodzontal and vertical compornens
(b} Thesa componants strke filier A
(g} The varbcal componant is transmetted, and
(d) falls upan filker B. This wartical componant is not aligned with the polarization axs of fittar B,

but it has a companant that is aligred —oomponsent §,

(&) which ia transmitted Tl._mv
WM.+ 2%
+—lmml**4 >~
A “ H _ B
@ (i © @ e}

a. The amount of kght that gets through Filer B, comparad 1o the amournt that gels thirgasgh

Filter A is [more] [ess] [the samsa).

( b, The componant perpandicular to Hhat falls on Filter B is  [also transmitied] [absorbed)
i
.ﬂl

L H-..
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White Liaht

Colour

White light is made up of all of the
colours of the visible spectrum. The
light can be split into its constituent
colours by shining it through a prism, as
shown in the diagram below. These same
colours are observed when you look at a rainbow.

Some Common Visible Spectra

Spectrum of an

Spectroscopes are also able to reveal the incandescent light globe

particular frequencies of light sources.

Here are some examples of three different “white”
light sources. Notice that they all contain the full
spectrum of colours, however each contains a

different proportion of the spectrum. frequency

Spectrum of a fluorescent

Spectrum of the Sun light globe
Intensity Intensity I ‘
frequency frequency

Question
Which white light source looks more blue — an incandescent light or fluorescent light
globe? Why?

Colour Addition

Colour addition rules of light are

Primary colours different to those you learned about

Instead of adding every colour paint in primary school.
in the spectrum to produce
white light, just red, green and

blue can be added together. When pairs of the primary colours
are combined they produce the

secondary colours
* magenta (red and blue)

_ Secondary colours
Therefore, the primary colours

of light are red green and

blue. (Note, not red blue and
yellow.)

* cyan (blue and green) and

* yellow (red and green).
Combining the secondary colours
will also produce white.
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CONCEPTUAL PRACTICE PAGE

Chapter 27 Color
Color Addition

The skatch o e right shows the shadow
of an nstructar in front of & white screen
in & dark raom. The light sourcs is red,
50 the serean looks rad and the shadow
Inoks black. Color the sketch, or labed

the oolors with pea or panci.

A green lamg is added and rmigkes &

sacond shadow, The shadow cast by
tha red lamp is no kg black, bul ks
iluminated by green Bight. So it is green.
Caolar er mark it green. The shadow

casl by the grean lamg is not black
because it is Burninated by the red lamp.
Indicata its calar, Do the same for the
background, which recelves a miviune

of red and grean light.

& Blue lamp s added and three shadows
appear. Indicate the appropnate colors
of the shadows and the background,

The lamps are placed coser together
50 the shadows overlep. Indicate the
cders ol all screen Breas,

[l

o

&7 f
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- el =
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PRACTICE PAGE

Chapter 27 Color
Color Addition — confimued

It wou heve colored markers or pencils, have a try al these,

o W]

COLOR THE BOTTLE
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Questions

Complete the following

Red + Green = Blue + Yellow =
Green + Blue = Red + Magenta =

Colour by Filtering (Colour Subtraction)

When you look through a piece of coloured cellophane, everything you see is tinged with the colour
of the cellophane. The cellophane is acting as a filter. A filter is an object that only lets through a
small part of the light source through. For instance a red filter would only let through the red part of
the visible spectrum. The filter would absorb all of the other colours.

I I Red Fiter
OnIy this part of the
spectrum gets

through a red filter

If a pure blue light was shone onto a pure red filter, no light pass go through
(as only red light is allowed)

If two filters a placed in a row, light will only pass through both of them if there is a region of
overlap between the two filters. For example a red filter followed by a yellow filter may let through
a little orange light, as orange light may pass through both filters.

Non-pure light sources and non-pure filters

Often both light sources and filters are not “pure”. For example
* Ared light may be mostly red but also contain a little blue, green, orange and yellow
* Ared filter may mostly allow red light through but also a little blue, green and yellow

Hence, if a non-pure blue light source is shone onto a red filter, perhaps some red and blue may
pass through (producing magenta.)

Colour by Reflection (Colour Subtraction)

Coloured objects do not reflect the entire
visible spectrum equally. An object that
appears blue will reflect blue light, and a little

White Light, all g 4 cyan and violet. Hence these are the only
colours mixed 7 colours that reach your eye, so you perceive
toaether - the object to be blue. Note that it is the light

that is blue, not the object. Objects have no
colour, they only change the composition of
the light.
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lllumination with Different Colours

Consider the French flag, illustrated in the diagram opposite. If the
flag was illuminated with light of different colours, then it's appearance
would change. The diagrams below show the appearance of

the flag in a dark room illuminated by red and blue light only.

French Flag under a red light French Flag under a blue light

The red section reflects the red The blue section reflects the blue
light. The white section reflects light. The white section reflects
the red light. The blue region the blue light. The red region
does not reflect red light, so this does not reflect blue light, so this
appears black. appears black.

Questions

Why does a red shirt appear to be red?

A green filter allows green light along with a little yellow and blue light to pass through it.

A red filter allows red light along with a little yellow and orange light to pass through it.

A blue filter allows blue light along with a little green and indigo light to pass through it.

What colour emerges when white light is directed onto a red and green filter combination?

What colour emerges when white light is directed onto a red and blue filter combination?
Justify your answer.

What colour would a red pen appear to be if it were illuminated by a primary blue light
source?

A. Red B. magenta C. yellow D. black

Justify your answer.




