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Anti-Gravity Mirror

LEARNING OBJECTIVES

Learn about the law of reflection and
make people think that you are flying
using a big mirror.

Introduce the law of reflection before
performing this activity.

http:/unawe.org/light/1/



http://www.exploratorium.edu/snacks/anti-gravity-mirror

Bending Light

AGE
6+

Learn how to make a lens and how our
eye manipulates the light that enters it.

This is a simple model of our eye.

p.org/light/2/



http://www.optics4kids.org/home/content/classroom-activities/medium/bending-light/

Bird in the Cage

AGE
6+

Understand how our eyes work and that
we see colour when receptor cells (called
cones) on our eye's retina are stimulated

by light.

Before performing the activity explain
what an afterimage is, what cones are and
how they work.

0://unawe.org/light/3/



http://www.exploratorium.edu/snacks/bird-in-cage

Black is Black — Oris it?

LEARNING OBJECTIVES

Learn that the black pigment (ink in
this case) is actually made up of many
different colours.

While exploring the chromatography, the
concept of capillary action (how water moves
up paper) is introduced. A similar activity is
“Black Magic (Colour Chromatography)”.

http:/unawe.org/light/4/



http://www.optics4kids.org/home/content/classroom-activities/easy/black-is-black-%E2%80%94-or-is-it/

Creating Eclipses in the Classroom

Explore these fascinating natural
phenomena with an easy-to-build model.
Learn about the movement of the Sun, the
Earth and the Moon and how sun light is
related to them.

Adult supervision is needed for children.
Introduce and explain the concept of
eclipse before performing the activity.

0://unawe.org/light/5/



http://www.unawe.org/activity/eu-unawe1302/

Construction of the Planetarium Box

Learn about the most famous
constellations and build a different box for
each of them.

For help see:
https://en.wikipedia.org/wiki/Constellation
https://en.wikipedia.org/
wiki/88_modern_constellations
http://en.wikipedia.org/
wiki/List_of_constellations_by_area

p://unawe.org/light/6/



http://www.globeatnight.org/dsr/dsee/Dark%20Skies%20Activities/Demonstrating%20Light%20Pollution%20and%20Shielding%20Activity/Planetarium%20Box%20Construction.pdf
https://en.wikipedia.org/wiki/Constellation
https://en.wikipedia.org/wiki/88_modern_constellations
https://en.wikipedia.org/wiki/88_modern_constellations
https://en.wikipedia.org/wiki/88_modern_constellations
http://en.wikipedia.org/wiki/List_of_constellations_by_area
http://en.wikipedia.org/wiki/List_of_constellations_by_area

Coloured Shadows

LEARNING OBJECTIVES

Learn the concept of shadow and of additive
colour, that is how different colours of light
can interact and mix to produce various new
colours and coloured shadows.

Connect with the fact that many of the
current video displays use the concept of
additive colour, where three different colours
of light are combined in order to produce a
wide range of colours. The primary colours
often used are red, green, and blue (RGB).

Try to mix together also coloured pigments
in order to see the differences and

discuss the results and see this activity
http://www.ehow.com/ehow-mom/blog/
at-home-science-color-mixing-experiment/.

http:/unawe.org/light/7/



http://www.exploratorium.edu/snacks/colored-shadows
http://www.ehow.com/ehow-mom/blog/at-home-science-color-mixing-experiment/
http://www.ehow.com/ehow-mom/blog/at-home-science-color-mixing-experiment/

B Detecting Infrared light using a CCD

AGE
6+

Learn about the different components of
the light and discover that some of them are
invisible to our eyes. Prove the existence of
Infrared light and detect it thanks to a webcam
or camera phone.

Before doing the activity explain that

white light is composed by different

colours, some of them are visible and other
invisible. Explain that remote controls

for devices like televisions, cable boxes

and DVD players typically operate in the
infrared. On the front of the remote is a

light emitting diode (LED) that produces
light in the infrared region.

—

p://unawe.org/light/8/



http://www.optics4kids.org/home/content/classroom-activities/medium/detecting-ir-light-using-a-ccd/

Exploring Pinhole Images

AGE
6+

Construct a pinhole camera in order to
learn how light behaves and how light
rays pass through a small hole.

Explain that light rays move in straight line.
Useful to explain how our eyes work and also
on what principles photography is based.

A connection with technology can be made,
see the activity “Create a Pinhole Camera”.

0://unawe.org/light/9/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Giant Lens

LEARNING OBJECTIVES

Understand the law of refraction and how
magnifying glasses work using a large
page-magnifier lens.

CAUTION: Don't use the sun! The image you
make can become so hot that it can burn
the paper, and so bright that it can damage
your eyes.

Discuss the fact that the lens creates an
image that hangs in midair. Notice that the
lens also creates upside-down images of
distant objects and right-side-up images of
nearby objects.

http:/unawe.org/light/10/



http://www.exploratorium.edu/snacks/giant-lens

LEARNING OBJECTIVES

Prove the fact that many of the current
video displays, newspapers and magazines
use pictures made up of little dots.

: . . 4
Explain the concept of objects’ resolution ‘

and connect with the fact that many of
the current video displays use the concept
of additive colour, where three different
colours of light are combined in order

to produce a wide range of colours. The
primary colours often used are red, green,
and blue (RGB).

http:/unawe.org/light/11/ ’



http://www.exploratorium.edu/bts/activities/activity4.html

LEARNING OBJECTIVES

Build your own sundial.

CAUTION! Do not look into the Sun!

A sundial is an ancient device for
measuring time by using only the sun and
its shadows.

http:/unawe.org/light/12/

4



http://www.wikihow.com/Make-a-Sundial

Investigating Shadows

AGE
6+

LEARNING OBJECTIVES

Understand what shadow is and explore
some of the features of shadows.

of several light sources and considering

4
Go further in the topic discussing the use ‘
the distance of objects from the source. }

http:/unawe.org/light/13/ "



http://micro.magnet.fsu.edu/optics/activities/students/investigatingshadows.html

Learn About Plants

Photosynthesis Experiment 1

Oxygen bubbles: a simple experiment
to understand the connection between
photosynthesis and light.

This is a video, just follow the instructions
and reproduce the experiment.

Explain photosynthesis in advance.

For help see http://en.wikipedia.org/
wiki/Photosynthesis.

://lunawe.org/light/14/



https://www.youtube.com/watch?v=wnzKdpHGzEc
http://en.wikipedia.org/wiki/Photosynthesis
http://en.wikipedia.org/wiki/Photosynthesis

Learn About Plants

Photosynthesis Experiment 2

LEARNING OBJECTIVES

Why leaves are green: a simple
experiment to understand the connection
between photosynthesis and light.

This is a video, just follow the instructions
and reproduce the experiment. Explain
photosynthesis in advance. For help see
http://en.wikipedia.org/wiki/Photosynthesis.

http:/unawe.org/light/15/



https://www.youtube.com/watch?v=hEn9oDfDfMw
http://en.wikipedia.org/wiki/Photosynthesis

Light Mixing

Learn the concept of additive colour, which
is how different colours of light can interact
and mix to produce various new colours.

Connect with the fact that many of the
current video displays, such as a computer
monitor or television, use the concept of
additive colour, where three different colours
of light are combined in order to produce a
wide range of colours. The primary colours
often used are red, green, and blue (RGB).

A potentiometer can be added into the circuit
in order to control the amount of current fed
into the LED.

://lunawe.org/light/16/



http://www.optics4kids.org/home/content/classroom-activities/medium/light-mixing/

Light Scavengers

LEARNING OBJECTIVES

Understand how different materials
interact with light.

Investigate five characteristics of
materials: translucency, transparency,
opaqueness, reflectivity and refractivity.
Explain these characteristics and the
respective behaviour of light in advance.

http:/unawe.org/light/17/



http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_soundandlight/cub_soundandlight_lesson6_activity1.xml

E Liquid Crystal Infrared Detector

AGE
6+

A

Experiment with one method of detecting
infrared radiation.

This is a simulation of infrared radiation
detection using a liquid crystal sheet.
Explain that infrared telescopes have a
detector sensitive to infrared light.

Before doing the activity explain that light
is composed by different colours, some
of them are visible and other invisible. It
contains light from the ultraviolet, visible
and infrared regions.

://lunawe.org/light/18/



http://www.exploratorium.edu/spectra_from_space/IR_activity/

Make a Green Gumball Black

Understand that we see, for instance, red
objects because the red light is reflected
back to our eyes. All the other colours of
visible light are absorbed into the object.

Analyse what happens to the objects’
colours if we use coloured light (filters)
instead of white light.

://lunawe.org/light/19/



http://www.optics4kids.org/home/content/classroom-activities/easy/make-a-green-gumball-black/

Make Your Own Periscope

LEARNING OBJECTIVES

Learn how mirrors and reflection work in a
simple periscope.

CAUTION! Sharp tools! Ask an adult to do
all the cutting.

Explain law of reflection and how mirrors
work in advance.

http:/unawe.org/light/20/



http://www.unawe.org/activity/eu-unawe1318/

Mirror, Mirror on the Wall:

Angles of Reflection

N
Simple experiment with a mirror to
understand how reflection works.

Introduce the concept of angle of
incidence and angle of reflection.
Underline the fact that light bounces off a
mirror at the same angle that it arrives.

://lunawe.org/light/21/



http://www.optics4kids.org/home/content/classroom-activities/easy/mirror,-mirror-on-the-wall-angles-of-reflection/

Mirrorly a Window

LEARNING OBJECTIVES

Make fun of your brain with a mirror.

Introduce the law of reflection before
performing this activity.

This activity uses the same concepts
as the activity Anti-Gravity Mirror, but
produces a different effect.

http:/unawe.org/light/22/



http://www.exploratorium.edu/snacks/mirrorly-window

LEARNING OBJECTIVES

Build a shadowbox theater and shadow
puppets and have fun with them.

4
Explain what shadow is and explore some }‘

of the features of shadows in advance.

http://unawe.org/light/23/ "



http://micro.magnet.fsu.edu/optics/activities/students/shadows.html

AGE
6+
LEARNING OBJECTIVES

Learn that the white light is composed by
different colours, the colours of rainbow.

Explain that this occurs because we see
the coloured light reflected by objects. In
this case, the sum of rainbow’s colours
gives white light.

Introduce law of refraction and make
connection with activities in which we see
the different colours of rainbow starting
from white light.

ﬂ Spinning Your (Colour) Wheels

http:/unawe.org/light/24/



http://www.optics4kids.org/home/content/classroom-activities/easy/spinning-your-(color)-wheels/

E Watch TV Upside Down on a Piece of Paper

Learn how magnifying glasses work.
Thanks to them we can use the behaviour
of light to create images.

Discuss the behaviour and the properties
of light in advance and explain the law of
refraction.



http://www.optics4kids.org/home/content/classroom-activities/easy/watch-tv-upside-down-on-a-piece-of-paper/

Water Sphere Lens

AGE
6+

Make a lens and a magnifying glass by
filling a bowl with water and use the
law of refraction to focus light as in the
1700s.

Explain the law of refraction and how
magnifying glasses work in advance.

://lunawe.org/light/26/



http://www.exploratorium.edu/snacks/water-sphere-lens

What Colour is a Tomato?

LEARNING OBJECTIVES

Shine white and coloured light (try different
colours) on several objects (tomato,
orange, etc.) in order to understand how
light affects the colours we see.

Explain why we see colours: the reflection
and absorption of the wavelengths and
the detection by our eyes of the reflected
visible ones.

http:/unawe.org/light/27/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Stations of Light

LEARNING OBJECTIVES

Four stations to examine light behavior:
refraction, magnification, prisms and
polarization.

<4
Before doing the activity introduce the ‘
concept of wavelength and explain that }
light coming from the sun or white light is
made up of a large range of wavelengths.

It contains light from the ultraviolet,
visible and infrared regions.

Va

http:/unawe.org/light/28/



http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_energy2/cub_energy2_lesson03_activity1.xml

An Ice Lens

LEARNING OBJECTIVES

Understand the basic lens-making
techniques and how these affect quality
of lenses.

Before constructing the ice lens explain
properties of lenses and behavior of light
through them.

http:/unawe.org/light/29/



http://www.optics4kids.org/home/content/classroom-activities/advanced/an-ice-lens/

Bridge Light

LEARNING OBJECTIVES

Understand constructive and destructive
interference of light waves producing a
rainbow-coloured interference pattern.

Before doing the activity explain what a
light wave is and its properties. Introduce
the laws of reflection and refraction of
light in connection with thin slits.

http:/unawe.org/light/30/



http://www.exploratorium.edu/snacks/on-the-fringe

Corner Reflector

LEARNING OBJECTIVES

Understand the law of reflection using a
corner reflector.

Explain that objects which don't give off
their own light must reflect light in order to
be seen.

Discuss the fact that the number of images
that you see in the mirrors depends on the
angle that the mirrors form. Notice that

in a corner reflector, multiple reflections
reverse the image and invert it.

http:/unawe.org/light/31/



http://www.exploratorium.edu/snacks/corner_reflector/index.html

Demonstrating Light Pollution and Shielding

8+

To demonstrate what constitutes light
pollution, by illustrating the effects ineffective
lighting has on energy consumption, cost and
our ability to see the stars.

This interactive demonstration illustrates
the effects of lighting on our view of the
night sky and how shielding can reduce
light pollution while at the same time
making the lighting more effective. This
demonstration is best done when in a
completely darkened room.

://lunawe.org/light/32/



http://www.globeatnight.org/dsr/dsee/Dark%20Skies%20Activities/Demonstrating%20Light%20Pollution%20and%20Shielding%20Activity/Demonstrating%20Light%20Pollution%20&%20Shielding%20Activity.pdf

Detecting Ultraviolet Light Using Tonic Water

I
Prove the existence of ultraviolet light
and and understand the concept of
fluorescence.

Before doing the activity introduce the
concept of wavelength and explain that
light coming from the sun or white light is
made up of a large range of wavelengths.
It contains light from the ultraviolet,
visible and infrared regions.

://lunawe.org/light/33/



http://www.ucar.edu/learn/1_5_2_23t.htm

LEARNING OBJECTIVES

Understand the diffraction of light using a
Ripple Tank.

This is a simulation of light wave behaviour
using waves in water. Before doing the
activity introduce the concept of wavelength
and explain that light is made up of several
wavelengths. Possible connection with the
wave—particle duality of light.

If in need of help for the Ripple Tank see
http://en.wikipedia.org/wiki/Ripple_tank.

http:/unawe.org/light/34/



http://www.optics4kids.org/home/content/classroom-activities/advanced/diffraction-between-wax-blocks/
http://en.wikipedia.org/wiki/Ripple_tank

Duck Into Kaleidoscope

LEARNING OBJECTIVES

Understand the reflection of light by
making multiple images of yourself.

Build a kaleidoscope and create hundreds
of reflected images. Explain the law

of reflection in advance. The basic
kaleidoscope is a triangle, but mirror

tiles can beformed into other shapes and
angles as well.

http:/unawe.org/light/35/



http://www.exploratorium.edu/snacks/duck-into-kaleidoscope

Your Father’'s Nose |84+

LEARNING OBJECTIVES

Learn about the laws of reflection and
refraction and see yourself become
someone else thanks to a “two-way”
mirror.

Explain the laws of reflection and
refraction in advance.

http:/unawe.org/light/36/



http://www.exploratorium.edu/snacks/everyone_is_you_and_me/index.html

LEARNING OBJECTIVES

Detect ultraviolet light and discover if
sunscreens protect us well against it
through simple experiments with ultraviolet
beads, different material (glass, coloured
and transparent plastic) and several
sunscreen lotions.

comes WP

CAUTION! Do not stare at the Ultraviolet

light or shine it in someone’s face.

Before doing the activity explain that

white light is composed by different

colours, some of them are visible and other ‘
invisible. Explain what ultraviolet light is, '

that it is dangerous on our skin and why.

http:/unawe.org/light/37/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Exploring Lenses - The Magic Lens

LEARNING OBJECTIVES

Understand how law of refraction works
between different media.

CAUTION! Do not look into the laser cavity
or at any reflections of the laser from
shiny surfaces. Construct an “air lens”
and use this and other lenses (made by
glass, plastic, etc.) in air and water.

http:/unawe.org/light/38/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Exploring Light Spectra

LEARNING OBJECTIVES

Construct a spectroscope in order to
examine the different colours of light (the
spectrum) radiated by several different
sources.

CAUTION! Do not look into the laser cavity
or at any reflections of the laser from
shiny surfaces. Do not look into the Sun!
Introduce in broader way what colours
compose the light (visible and not) and
explain that each colour has a different
wavelength and what a wavelength is.
Similar to the activity “Spectra”.

http:/unawe.org/light/39/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Exploring Refraction (Gelatin Optics)

Understand the law of refraction using laser
(or a flashlight) and gelatine and learn how

lenses work.

CAUTION! Do not look into the laser cavity or at
any reflections of the laser from shiny surfaces.

Underline the connection with the concept of
light that travels from air to glass and then with
eyeglasses lenses. Explain that the strength

of the lens depends on its shape and the
material it is made of. If you have more gelatin,
try different curvatures and see how the light
behaves with each shape. The great thing
about these simple lenses is that you can layer
them to manipulate light in many ways.

://lunawe.org/light/40/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Give and Take |s+

LEARNING OBJECTIVES

Understand that dark-coloured materials
both absorb and reemit energy contained
in light (visible and infrared light) more
readily than light-coloured materials.

<4
Explain the concept of light spectrum and }‘

of energy contained in light before doing
the activity.

http:/unawe.org/light/41/



http://www.exploratorium.edu/snacks/give-and-take

Herschel Infrared Experiment

AGE
8+

Learn that every colour (visible or invisible)
which composes white light has its own
temperature. From this experiment we can
prove the existence of Infrared light.

Before doing the activity introduce the
concept of wavelength and explain that
light coming from the sun or white light is
made up of a large range of wavelengths
(and colours - some of them are visible and
other invisible). It contains light from the
ultraviolet, visible and infrared regions.

://lunawe.org/light/42/



http://coolcosmos.ipac.caltech.edu/cosmic_classroom/classroom_activities/herschel_experiment2.html

How to Make a Hologram

LEARNING OBJECTIVES

Learn about holography and make a 3D
hologram.

CAUTION! Do not look into the laser cavity
or at any reflections of the laser from shiny '4

surfaces. Adult supervision is necessary!

Explain holography (with interference and
diffraction) in advance.

For help and examples see:
http://en.wikipedia.org/wiki/Holography
http://kids.britannica.com/ ‘
elementary/art-88729/

Holography-uses-no-camera
http://web.mit.edu/museum/
collections/holography.html

http:/unawe.org/light/43/



http://www.wikihow.com/Make-a-Hologram
http://en.wikipedia.org/wiki/Holography
http://kids.britannica.com/elementary/art-88729/Holography-uses-no-camera
http://kids.britannica.com/elementary/art-88729/Holography-uses-no-camera
http://kids.britannica.com/elementary/art-88729/Holography-uses-no-camera
http://web.mit.edu/museum/collections/holography.html
http://web.mit.edu/museum/collections/holography.html

How to Build a Solar Collector

LEARNING OBJECTIVES

Understand how light can be used to heat
water and build a homemade solar collector.

For more information about solar water
heating and solar collectors see:
https://en.wikipedia.org/
wiki/Solar_water_heating
http://en.wikipedia.org/wiki/
Solar_thermal_collector
http://www.green-the-world.net/passive_
solar_water_heater.html

http:/unawe.org/light/44/



http://www.wikihow.com/Build-a-Solar-Collector
https://en.wikipedia.org/wiki/Solar_water_heating
https://en.wikipedia.org/wiki/Solar_water_heating
http://en.wikipedia.org/wiki/Solar_thermal_collector
http://en.wikipedia.org/wiki/Solar_thermal_collector
http://www.green-the-world.net/passive_solar_water_heater.html
http://www.green-the-world.net/passive_solar_water_heater.html

How to Build a Homemade Radiometer

LEARNING OBJECTIVES

Understand how a radiometer works and
build a homemade Crookes radiometer.

For more information about Crookes
radiometer see:
http://en.wikipedia.org/
wiki/Crookes_radiometer

http:/unawe.org/light/45/



http://www.ehow.com/how_12186568_build-homemade-radiometer.html
http://en.wikipedia.org/wiki/Crookes_radiometer
http://en.wikipedia.org/wiki/Crookes_radiometer

Interference in a Ripple Tank

LEARNING OBJECTIVES

Understand what happens when waves
collide in a Ripple Tank and learn
interference of light.

This is a simulation of light wave behaviour
using waves in water. Before doing the
activity introduce the concept of wavelength
and explain that light is made up of several
wavelengths. Possible connection with the
wave—particle duality of light.

If in need of help for the Ripple Tank see
http://en.wikipedia.org/wiki/Ripple_tank.

http:/unawe.org/light/46/



http://www.optics4kids.org/home/content/classroom-activities/advanced/interference-in-a-ripple-tank/
http://en.wikipedia.org/wiki/Ripple_tank

Laser Target Shoot

LEARNING OBJECTIVES

Understand the law of reflection using
laser and mirrors.

<4
CAUTION! Do not look into the laser cavity }‘

or at any reflections of the laser from
shiny surfaces.

http:/unawe.org/light/47/ "



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Lens Activity: Looking Through Lenses

LEARNING OBJECTIVES

Learn the refraction law of light and
understand how different types of lenses
work.

BN
In this activity two kinds of lenses are }.

discussed, convex and concave and their
properties.

http:/unawe.org/light/48/



http://www.optics4kids.org/home/content/classroom-activities/medium/lens-activity-looking-through-lenses/

Look Into Infinity

Understand the law of reflection and see
how images can repeat forever.

Introduce the law of reflection before
performing this activity.

://lunawe.org/light/49/



http://www.exploratorium.edu/snacks/look-into-infinity

c Magic Wand

AGE
8+

Understand how we see with this activity
by seeing pictures in thin air thanks to a
“magic wand”.

This activity will help you investigate and
understand how we see.

Explain the behaviour of light and its properties
in advance. Discuss how our eyes work.

://lunawe.org/light/50/



http://www.exploratorium.edu/snacks/magic-wand

Make a Light Fountain

LEARNING OBJECTIVES

Understand the law of light reflection
inside a stream of water.

Use this activity to illustrate total internal
reflection, as well as how optical fibers work.

http:/unawe.org/light/51/



http://www.optics4kids.org/home/content/classroom-activities/medium/make-a-light-fountain/

E Make Money Appear Before Your Eyes

|

Understand the law of refraction using a
cup, a coin and water.

Explain the concepts of light that travels
from water to air and index of refraction.
Possible connection with the wave—
particle duality of light.

://lunawe.org/light/52/

AGE
8+


http://www.optics4kids.org/home/content/classroom-activities/easy/make-money-appear-before-your-eyes/

Mirrors and Images

LEARNING OBJECTIVES

Understand law of reflection using two
mirrors.

m — — K

Explain that objects which don't give off
their own light must reflect light in order
to be seen.

Discuss relationship which combines the
angle between two hinged mirrors with
the number of images you see.

http:/unawe.org/light/53/



http://www.optics4kids.org/home/content/classroom-activities/medium/mirrors-and-images/

LEARNING OBJECTIVES

Learn about the law of reflection and
create an illusion, which is done with
mirrors, that would do credit to any
magician.

Introduce the law of reflection before
performing this activity.

This tool can be bought in many stores,
but if you want to create your own Mirror
Mirage see http://www.exploratorium.
edu/snacks/real_image/index.html

http:/unawe.org/light/54/


http://www.exploratorium.edu/snacks/parabolas
http://www.exploratorium.edu/snacks/real_image/index.html
http://www.exploratorium.edu/snacks/real_image/index.html

Photosynthesis

LEARNING OBJECTIVES

Experiment to show that a plant needs
light for photosynthesis.

CAUTION! It's necessary an adult supervisor

Introduce photosynthesis in advance.
For help see http://en.wikipedia.org/
wiki/Photosynthesis.

<4
to handle boiling alcohol and water. ‘

http:/unawe.org/light/55/ "



http://www.mikecurtis.org.uk/photosynthesis.htm
http://en.wikipedia.org/wiki/Photosynthesis
http://en.wikipedia.org/wiki/Photosynthesis

® Release the Rainbow

A

Understand through refraction’s law that
white light is composed by 7 different
visible colours (the rainbow’s colours).

Explain what wavelength is and why we
usually see the light white. Remember that
some wavelengths are not visible to our eyes.

Possible connection with rainbow (what is,
why it forms), see also http://en.wikipedia.
org/wiki/Rainbow.

://lunawe.org/light/56/



http://www.optics4kids.org/home/content/classroom-activities/easy/release-the-rainbow/
http://en.wikipedia.org/wiki/Rainbow
http://en.wikipedia.org/wiki/Rainbow

Ritter Ultraviolet Experiment

AGE
8+

Prove the existence of Ultraviolet light.

CAUTION! This experiment uses ammonia
to develop blueprint paper. The ammonia
should be handled by an adult only.

Before doing the activity explain that
light coming from the sun or white light
is composed of different colours, some
of them are visible and other invisible. It
contains light from the ultraviolet, visible
and infrared regions.

://lunawe.org/light/57/



http://coolcosmos.ipac.caltech.edu/cosmic_classroom/classroom_activities/ritter_experiment2.html

. Shadow Sculptures

—

Understand how shadows occur and
create a sculpture that looks like a pile of
trash, but finds meaning when you shine a

light on it.

I

Explain how shadows occurs and its
properties in advance. Then follow the
instructions and use your fantasy.

For examples of shadow sculpture see:
http://freeyork.org/art/
the-art-of-shadows-by-kumi-yamashita
http://www.thisismarvelous.com/i/4-
Amazing-Shadow-Sculptures-by-Tim-Noble-
and-Sue-Webster

://lunawe.org/light/58/



http://www.instructables.com/id/Shadow-Sculptures!/
http://freeyork.org/art/the-art-of-shadows-by-kumi-yamashita
http://freeyork.org/art/the-art-of-shadows-by-kumi-yamashita
http://www.thisismarvelous.com/i/4-Amazing-Shadow-Sculptures-by-Tim-Noble-and-Sue-Webster
http://www.thisismarvelous.com/i/4-Amazing-Shadow-Sculptures-by-Tim-Noble-and-Sue-Webster
http://www.thisismarvelous.com/i/4-Amazing-Shadow-Sculptures-by-Tim-Noble-and-Sue-Webster

Soap Bubbles Shapes

LEARNING OBJECTIVES

Learn about the laws of reflection and
refraction of light and create geometric
art with soap films.

4
Explain the laws of reflection and ‘
refraction of light in advance and then }
explore what happens with thin slits
(bubbles, oil slicks).
For help see the activity “Why Are Bubbles
So Colourful?”.

4

http:/unawe.org/light/59/



http://www.exploratorium.edu/snacks/soap-bubble-shapes

CD Spectroscope

LEARNING OBJECTIVES

Construct a spectroscope in order to
examine the different colours of light (the
spectrum) radiated by several different
sources.

<4
CAUTION! Do not look into the Sun! ‘
Introduce in broader way what colours }
compose the light (visible and not) and

explain that each colour has a different
wavelength and frequency and what they are.

http:/unawe.org/light/60/ '



http://www.exploratorium.edu/snacks/cd-spectroscope

Spherical Reflections

N l
Learn about the law of reflection while
discovering art and science in a myriad of
spherical reflections.

I l

Study the properties of spherical mirrors
creating a colourful mosaic of reflections.
Explain the law of reflection in advance.

://lunawe.org/light/61/



http://www.exploratorium.edu/snacks/spherical_reflections/index.html

LEARNING OBJECTIVES

Understand that white light is a mixture
of many colours and every colour
correspond to a wavelengths. Investigate
the properties of filters.

of wavelength before doing the activity.
Instead of a transmission-diffraction
grating you can use a prism or piece of a
CD with the shiny label removed.

4
Explain the concept of light spectrum and }‘

4

http:/unawe.org/light/62/



http://www.astrosociety.org/edu/publications/tnl/35/rainbow.html

Touch the Spring

I

Understand the law of reflection. You can
see the light bulb, but you can't touch it.
This is a magician’s illusion at its finest.

—

Introduce the law of reflection before
performing this activity.

://lunawe.org/light/63/



http://www.exploratorium.edu/snacks/touch-the-spring

LEARNING OBJECTIVES

Understand laws of reflection and
refraction of light in connection with thin

slits.

Explain the laws of reflection and
refraction of light in advance and then
explore what happens with thin slits
(bubbles, oil slicks).

http:/unawe.org/light/64/



http://www.optics4kids.org/home/content/classroom-activities/easy/why-are-bubbles-so-colorful/

LEARNING OBJECTIVES

Understand how light rays travel in straight
lines are used in the processing of images.

Build a pinhole camera and use light rays
and their properties to create photographic
images.

Before doing the activity explain that light
travels in straight lines and is inverted
when it passes through a small hole.

It could be also helpful introduce the
concepts of longitudinal and transverse
waves, wavelength and amplitude,
frequency and electromagnetic waves.

http:/unawe.org/light/65/



http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_soundandlight/cub_soundandlight_lesson8_activity1.xml

Blue Sky — Red Sunset

LEARNING OBJECTIVES

Simple experiment to learn why the sky is
blue and the sun is red at sunset.

<4
Explain in a simple way what scattering ‘
is and why different colours of light are }

scattered by different amounts.

http:/unawe.org/light/66/ "



http://www.optics4kids.org/home/content/classroom-activities/easy/blue-sky-%E2%80%94-red-sunset/

Build your own Microscope

LEARNING OBJECTIVES

Build an effective microscope using
simple materials.

COMMENTS

Adult supervision is necessary. 4
Introduce the concepts of focal length

and lens before doing the activity.

Here you can find a similar microscope }
http://brunelleschi.imss.fi.it/esplora/

microscopio/dswmedia/risorse/how_to_
make_microscope.pdf

4

http:/unawe.org/light/67/



http://www.scienceinschool.org/2012/issue22/microscope
http://brunelleschi.imss.fi.it/esplora/microscopio/dswmedia/risorse/how_to_make_microscope.pdf
http://brunelleschi.imss.fi.it/esplora/microscopio/dswmedia/risorse/how_to_make_microscope.pdf
http://brunelleschi.imss.fi.it/esplora/microscopio/dswmedia/risorse/how_to_make_microscope.pdf

Simple experiment to undestand what the
index of refraction is and demonstrate its role
in our ability to differentiate the appearance of
different materials and see transparent things.

Explain (demonstrating with laser if possible)
that traveling from air to glass or viceversa
(see also Activity “Exploring Refraction (Gelatin
Optics)”), part of light is reflected because of
the difference in the index of refraction. This is
why we see transparent things.

For this activity CAUTION! Adult supervision
is recommended because it involves paint
thinner. Instead of paint thinner you can use
vegetable oil.

://lunawe.org/light/68/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Understand the difference between
fluorescence and phosphorescence
lighting up different materials (which have
these properties) with Ultraviolet flashlight,
coloured LED lights and laser beam light.

CAUTION! Do not stare at the Ultraviolet
light or shine it in someone’s face.

://lunawe.org/light/69/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Exploring Light:

Absorb, Reflect, Transmit or Refract?

LEARNING OBJECTIVES

Explore light's properties of absorption,
reflection, transmission and refraction
through various experimental stations
within the classroom.

Explain light properties and the laws of
refraction, reflection, absorption and
transmission in advance.

http:/unawe.org/light/70/



http://www.teachengineering.org/view_activity.php?url=collection/van_/activities/van_troll/van_troll_lesson02_activity1.xml

How Light Pollution Affects the Stars:

Magnitude Readers

Determine how light pollution affects

the visibility of stars and understand the
meaning of “limiting magnitude” by using
a Magnitude Reader.

Explain in advance the concept of magnitude
and what constellations are. This activity
involves direct observation of a constellation.
Introduce the chosen constellation with
related mythology and teach how to find th
constellation in the night sky.



http://www.globeatnight.org/dsr/dsee/Dark%20Skies%20Activities/How%20Light%20Pollution%20Affects%20the%20Stars/How%20Light%20Pollution%20Affects%20the%20Stars%20Activity.pdf

Large Driveway, Patio or Garden Sundial

LEARNING OBJECTIVES

Build an analemmatic sundial. With link for the
mathematical detailed version for 16+ students.

For children, adult supervision is needed.

Here you can find the Analemmatic Sundial
Generator http://analemmatic.sourceforge.net/
cgi-bin/sundial.pl and few more websites that
can help you to build this or other sundials:
http://www.eaae-astronomy.org/WG3-SS/
WorkShops/Sundials.html
http://www.mysundial.ca/sdu/sdu_horizontal_
analemmatic_sundial.html

This is the complete mathematical detailed
version with the theory of analemmatic
sundials, suitable for 16+ students:
http://plus.maths.org/content/analemmatic-
sundials-how-build-one-and-why-they-work

http:/unawe.org/light/72/



http://www.instructables.com/id/Large-driveway-sidewalk-or-garden-sundial/
http://www.eaae-astronomy.org/WG3-SS/WorkShops/Sundials.html
http://www.eaae-astronomy.org/WG3-SS/WorkShops/Sundials.html
http://www.mysundial.ca/sdu/sdu_horizontal_analemmatic_sundial.html
http://www.mysundial.ca/sdu/sdu_horizontal_analemmatic_sundial.html
http://plus.maths.org/content/analemmatic-sundials-how-build-one-and-why-they-work
http://plus.maths.org/content/analemmatic-sundials-how-build-one-and-why-they-work

Make a Refractor Telescope

LEARNING OBJECTIVES

Learn how lenses and refraction work in a
simple telescope.

This activity demonstrates how to make 4
and use a simple refractor telescope,

similar to the first one. Introduce the

concepts of focal length of a lens before }
doing the activity.

http:/unawe.org/light/73/ "



http://www.unawe.org/activity/eu-unawe1353/

Make a Reflective Telescope

LEARNING OBJECTIVES

Learn how mirrors and reflection work in a
simple telescope.

This activity demonstrates how to make "

and use a simple reflective telescope.
Introduce the concepts of focal length
before doing the activity.

http:/unawe.org/light/74/ "



http://www.unawe.org/activity/eu-unawe1314/

The DIY Smartphone Microscope

LEARNING OBJECTIVES

Turn your mobile into a piece of expert kit
using a block of wood and a laser pointer.

Adult supervision and help is NECESSARY
for the assembly of the rig. Introduce the
concept of lens in advance. For help see
also the video https://www.youtube.com/
watch?v=KpMTkr_aiYU

http:/unawe.org/light/75/



http://www.instructables.com/id/10-Smartphone-to-digital-microscope-conversion/?ALLSTEPS
https://www.youtube.com/watch?v=KpMTkr_aiYU
https://www.youtube.com/watch?v=KpMTkr_aiYU

LEARNING OBJECTIVES

Learn what polarization of light is and its
properties using two polarizers.

Light scattering from molecules and \
applications of polarization (eyeglasses, }‘

insects’ sight, art, photography) can be
also explained during this activity.

http:/unawe.org/light/76/ "



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

LEARNING OBJECTIVES

A simple exercise and knowledge about
diffraction in order to learn the Rayleigh's
Criterion and understand objects’
resolution.

4
Connection with art, television images, ‘
magazine images. Furthermore Rayleigh’s }
criterion also applies to the lenses of

instruments such microscopes and
telescopes.

4

http:/unawe.org/light/77/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Exploring Scattering

I

Simple experiment to learn what Rayleigh
scattering is and understand why the sky
is blue and the sun is red at sunset.

A connection can be made with Activity
“Exploring polarization” and go more in

depht with the analysis of light properties.

—

://lunawe.org/light/78/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

How to Make Your Own 3D Glasses

LEARNING OBJECTIVES

Understand how anaglyph 3D works and
build a pair of 3D glasses.

For information about anaglyph 3D and
stereoscopy see http://en.wikipedia.org/ '4

wiki/Anaglyph_3D; http://en.wikipedia.
org/wiki/Stereoscopy. You can use
your 3D glasses to watch video like
this https://www.youtube.com/
watch?v=2Lh0dSRqH4E or 3D movies.

http:/unawe.org/light/79/ '



http://www.wikihow.com/Make-Your-Own-3D-Glasses#Paper_version
http://en.wikipedia.org/wiki/Anaglyph_3D
http://en.wikipedia.org/wiki/Anaglyph_3D
http://en.wikipedia.org/wiki/Stereoscopy
http://en.wikipedia.org/wiki/Stereoscopy
https://www.youtube.com/watch?v=2Lh0dSRqH4E
https://www.youtube.com/watch?v=2Lh0dSRqH4E

Polarized Light Art

LEARNING OBJECTIVES

Understand what polarized light is and
use it to make colourful pictures.

Introduce light polarization and its \
properties before performing this activity, ‘

use the activities “Exploring Polarization”
and “Polarized Sunglasses” as help.

http:/unawe.org/light/80/ "



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

Polarized Sunglasses

LEARNING OBJECTIVES

Understand what polarization of light is
and how polarized sunglasses work.

Introduce light polarization and its \
properties before performing this activity, }‘

use Activity “Exploring Polarization” as help.

http:/unawe.org/light/81/



http://www.exploratorium.edu/snacks/polarized_sunglasses/index.html

Rotating Light

LEARNING OBJECTIVES

Understand what polarization of light is
and introduce its properties by passing
it through sugar, water “rotates” to reveal
beautiful colours.

the concept of wavelength and explain
that light coming from the sun or white
light is made up of a large range of
wavelengths. Finally introduce light
polarization and its properties.

4
Before performing the activity introduce }‘

4

http:/unawe.org/light/82/



http://www.exploratorium.edu/snacks/rotating-light

The Magic Box - Fun with Polarization

Learn about light polarization and its
properties and construct a magic box with
a wall with no resistance inside it thanks
to light and polarization.

Introduce light polarization and its
properties before performing this activity,
use “Exploring Polarization” as help.

.org/light/83/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

LEARNING OBJECTIVES

Create and decorate your own
spectrographs in order to examine the
spectrum of light.

CAUTION! Do not look into the Sun!

Explain the difference between absorption
and emission spectrum. Instead of a
transmission-diffraction grating you can use
a piece of a CD with the shiny label removed.

http:/unawe.org/light/84/



http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_spect/cub_spect_activity4.xml

12+

A

Learn the law of refraction using an open
spectrograph to calculate the angle

light is bent when it passes through a
diffraction grating.

Use the Pythagorean Theorem to size a
spectrograph prototype.

CAUTION! Do not look into the Sun!

Instead of a diffraction grating you can use
a piece of a CD with the shiny label removed.

It Could be helpful to perform the activity
“Building a Fancy Spetrograph” in advance.

://lunawe.org/light/85/



http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_spect/cub_spect_activity7.xml#prereq

Determining the Earth's circumference
using shadows and maths.

Calculate Earth's circumference using
shadows, angles and maths.

://lunawe.org/light/86/



http://www.astro.umd.edu/~richard/ASTRO340/eratosthenes.pdf

LEARNING OBJECTIVES

Identify why some light bulbs are more
efficient (more light with less energy) than
others.

converted into heat and light, which is
also an electromagnetic form of energy.
Introduce these concepts in advance.

Discuss the fact that in a light bulb, 4
electromagnetic energy (electricity) is >‘

http:/unawe.org/light/87/ "



http://www.teachengineering.org/view_activity.php?url=collection/cla_/activities/cla_activity3_household_light_bulbs/cla_activity3_household_light_bulbs.xml

Learn the properties of laser beams and
the differences between flashlight and
laser (divergence, diffraction and colours,
coherence) through simple experiments.
Predict the size of a laser beam with
calculation (optional).

CAUTION! Do not look into the laser cavity
or at any reflections of the laser from
shiny surfaces.

The optional maths part is for students
aged 15+.

://lunawe.org/light/88/



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

15+

LEARNING OBJECTIVES

Understand the laws of reflection and
refraction using laser and gelatin.

CAUTION! Do not look into the laser cavity
or at any reflections of the laser from
shiny surfaces.

Use gelatin as a smoked lens, to

view total internal reflection and as a
colour filter. Introduce the concept of
wavelength, what colour filters are and
explain how lenses work.

http:/unawe.org/light/89/



http://www.exploratorium.edu/snacks/laser-jello

15+

LEARNING OBJECTIVES

Quantitative procedure that can be used
. for exploring photosynthesis and its
SUﬂ|IghT connection with light.

4
. Students must be familiar with the ‘
@ oxygen technique they can readily design }
' )‘) experiments to answer their own
Explain photosynthesis in advance.
For help see http://en.wikipedia.org/

questions about photosynthesis.
= wiki/Photosynthesis.
==

carbon dioxide

4

http:/unawe.org/light/90/



https://blogs.cornell.edu/cibt/files/2015/09/Floating-Leaf-Disk-Brad-Williamson.pdf
https://blogs.cornell.edu/cibt/files/2015/09/Floating-Leaf-Disk-Brad-Williamson.pdf
http://en.wikipedia.org/wiki/Photosynthesis
http://en.wikipedia.org/wiki/Photosynthesis

LEARNING OBJECTIVES

Understand the diffraction of light using
laser and a hair.

CAUTION! Do not look into the laser cavity 4
or at any reflections of the laser from ‘
shiny surfaces. }
Through few calculations and thanks to

diffraction of light you can measure the

thickness of your hair. Without the maths,

diffraction can be also explained and
shown to younger students.

http:/unawe.org/light/91/

Kt S



http://www.osa.org/osaorg/media/osa.media/Membership/Explorations-in-Optics-July-2103.pdf

LEARNING OBJECTIVES

Understand the inverse-square law that
relates the light's intensity to the distance
from the light's source.

Before doing the activity explain the
relation between the illuminated area and
the intensity of light and what intensity is.
Use proper maths calculations to support
your explanation. For help see http://
en.wikipedia.org/wiki/Inverse-square_law

http:/unawe.org/light/92/



http://www.exploratorium.edu/snacks/inverse-square-law
http://en.wikipedia.org/wiki/Inverse-square_law
http://en.wikipedia.org/wiki/Inverse-square_law

Understand what parallax is and how to
use it to calculate distances.

This series of activities will help you to
understand how distances in the universe
can be measured by the parallax method.



http://www.eaae-astronomy.org/WG3-SS/WorkShops/Triangulation.html

LEARNING OBJECTIVES

Estimate the power output of the sun
using a simple handmade photometer.

Before performing the activity introduce
the inverse-square law with the proper
maths calculations. See the activity
“Inverse Square Law”.

http:/unawe.org/light/94/



http://www.exploratorium.edu/snacks/oil-spot-photometer

Understand how in space massive objects
bend light like lenses.

This workshop presents the theory of
gravitational lenses, what they are and how
they work. The more interesting activities
related to the topic are “Experience3” and
“Experience 4" on pages 6-9.

From page 11 you can find the geometrical
approach and numerical examples which
are suited for 18+ students.

These are two simple videos that can help:
https://www.youtube.com/watch?v=2Vf3cz0B37w
https://www.youtube.com/watch?v=vLp6CwEIGP4



http://www.eaae-astronomy.org/WG3-SS/WorkShops/pdf/ws3_2007.pdf
https://www.youtube.com/watch?v=2Vf3cz0B37w
https://www.youtube.com/watch?v=vLp6CwElGP4

ERATOSTHENES METHOD FOR DETERMINING
THE SIZE OF THE EARTH

VERTICAL AT ALEXANDRIA

50 * 5000 = 250 000 STADIA
= 35 000 MILES

1/50 OF CIRCLE

ALEXANDRIA

LEARNING OBJECTIVES

Determining the Earth circumference
using shadows and maths.

Calculate longitude and latitude of a place
using shadows, angles and trigonometry.

http:/unawe.org/light/96/

4



http://www.iucaa.ernet.in/~scipop/Obsetion/eratos/eratos_1.htm

16+

LEARNING OBJECTIVES

Understand how light can be converted
into electrical current and build a
homemade solar cell.

CAUTION! Adult supervision is necessary to '4

use the burner.

For more information about photovoltaic
effect and solar cells see:

http://en.wikipedia.org/wiki/Photovoltaics
http://en.wikipedia.org/wiki/Theory_of_solar_cell
http://en.wikipedia.org/wiki/Solar_cell

Here you can find an explanatory video: https://
www.youtube.com/watch?v=g5Edw99PgzQ

http:/unawe.org/light/97/ ’



http://www.wikihow.com/Make-a-Solar-Panel-(Copper-Sheet-Method)
http://en.wikipedia.org/wiki/Photovoltaics
http://en.wikipedia.org/wiki/Theory_of_solar_cell
http://en.wikipedia.org/wiki/Solar_cell
https://www.youtube.com/watch?v=g5Edw99PgzQ
https://www.youtube.com/watch?v=g5Edw99PgzQ

LEARNING OBJECTIVES

Understand the Beer's law and derive the
relationship between light and number of
layer of attenuation.

Introduce the equation used to calculate
intensity and measure light intensity
through different numbers of sheets of
transparencies. Discuss the fact that
different substances absorb light differently.

For more information about Beer's

law see http://en.wikipedia.org/wiki/
Beer%E2%80%93Lambert_law

http:/unawe.org/light/98/



http://www.teachengineering.org/view_activity.php?url=collection/van_/activities/van_bmd_activity3/van_bmd_activity3.xml
http://en.wikipedia.org/wiki/Beer%E2%80%93Lambert_law
http://en.wikipedia.org/wiki/Beer%E2%80%93Lambert_law

16+

LEARNING OBJECTIVES

Understand law of refraction and
reflection, what index of refraction is
and its relationship with incidence and
transmitted angles. Learn the Snell’s law
and how total reflection occurs.

CAUTION! Do not look into the laser cavity
or at any reflections of the laser from shiny
surfaces.

The activity execution is similar to “Make
a Light Fountain” but with laser. Using the
proper physical equations to demonstrate the
discussed laws, the activity is suited for 16+ .

Use this activity to illustrate total internal
reflection, as well as how optical fibers work.

http:/unawe.org/light/99/



http://www.optics4kids.org/home/content/classroom-activities/advanced/total-internal-reflection/

How to Build a Cheap Integrating Sphere

for Colour Light Demonstrations

LEARNING OBJECTIVES

How to build and use an integrating
sphere to show how red, green and blue
light combine together to produce other
colours including white light.

This video has the purpose of helping
teachers in performing activities with RGB
coloured light.

Moreover, if you know simple electric circuits,
you can easily build a sphere like this one.

http://unawe.org/light/100/



https://www.youtube.com/watch?v=sTWN0fqIRfw

INDEX

A

absorb 19, 41, 70, 98
absorption 27, 70, 84
amplitude 65

art 43, 58, 59, 61, 76, 77, 80

brain 22
Brightness 94
Bubbles 59, 64
bulbs 87

C

camera 8,9, 43, 65

chromatography 4

coin 52

colour 3,4,7,8,11,16,18,19, 24,
27, 30, 37, 39, 41, 42, 56, 57, 59,
60, 62, 64, 66, 69, 82, 88, 89, 100

concave 48

constellation 6, 71

constellations 6, 71

convex 48

D

diffraction 34, 43, 62, 77, 84, 85,
88, 91
distances 93

E

Earth 5, 86, 96

eclipse 5

electrical current 97

energy 32,41, 87

Eratosthenes 86, 96

eye 2,3,8,9,10,19, 27, 50, 56, 62

F

filters 19, 62, 89
fluorescence 33, 69

G

glass 26, 37, 38, 40, 68
glasses 10, 25, 26, 79
Gravitational Lens 95

H

hologram 43
holography 43

illusion 54, 63

image 9,10, 25, 31, 35, 49, 53, 54,
65, 77

infrared 8, 18, 28, 33, 41, 42, 57

insects 76

intensity 92,98

interference 30, 43, 46

inverse-square law 92, 94

invisible 8,18, 37,42, 57

K

kaleidoscope 35

L

laser 38, 39, 40, 43, 47, 68, 69, 75,
88, 89,91, 99

Laser 47, 88, 89

Leaf 90

lens 2,10, 26, 29, 38, 40, 48, 67,
73,75,77,89,95

lens-making 29

light pollution 32, 71

light rays 9, 65

light waves 30

liquid crystal 18, 41

M

magnification 28

magnifying glass 10, 25, 26

magnitude 71

maths 72, 86, 88,91, 92, 94, 96

microscope 67,75

mirror 1, 20, 21, 22, 31, 35, 36, 47,
53,54, 61,74

mobile 75

molecules 76

Moon 5

N
night sky 32, 71

o

opaqueness 17
orange 27

P

Parabolas 54

parallax 93

Periscope 20

Phosphorescence 69

photographic 65

photography 9, 76

photometer 94

photosynthesis 14,15, 55, 90

pictures 11, 50, 80

pinhole camera 9, 65

Planetarium 6

plant 14,15, 55

polarization 28, 76, 78, 80, 81, 82,
83

prism 28, 62

Pythagorean Theorem 85

R

radiometer 45

rainbow 24, 30, 56

reflect 19, 24, 27, 31, 35, 53, 68, 70

reflection 1, 20, 21, 22, 27, 30, 31,
35, 36, 38, 39, 40, 43, 47, 49, 51,
53, 54, 59, 61, 63, 64, 68, 70, 74,
88, 89, 91, 99

reflectivity 17

refraction 10, 24, 25, 26, 28, 30, 36,
38, 40, 48, 52, 56, 59, 64, 68, 70,
73, 85, 89, 99

refractivity 17

resolution 11,77

Ripple Tank 34, 46

S

scattering 66, 76, 78

sculpture 58

shadow 7,12, 13, 23, 58, 86, 96

sky 32,66, 71,78

Snell’'s law 99

solar 44,97

solar cell 97

solar collector 44

Spectra 39

spectrograph 84, 85

spectroscope 39, 60

spectrum 39, 41, 60, 62, 84

Spring 63

stars 32,71

sun 5,10, 12, 28, 33, 39, 42, 57, 60,
66, 78, 82, 84, 85, 94

sundial 12,72

sunglasses 80, 81

sunscreen 37

sunset 66, 78

T

telescope 18,73,74,77
televisions 8

tomato 27
translucency 17
transmission 62, 70, 84
Transmit 70
transparency 17
transparent 37, 68
trash 58

U
ultraviolet 18, 28, 33, 37, 42, 57, 69

\'

video 7,11,14,15,16, 75,79, 97,
100

visible 8,18,19, 27, 28, 33, 37, 39,
41,42, 56, 57, 60

w

water 4, 26, 34, 38, 44, 46, 51, 52,
55, 82

wavelength 27, 28, 33, 34, 39, 42,
46, 56, 60, 62, 65, 82, 89

wave—particle 34, 46, 52

waves 30, 34, 46, 65

white light 8, 19, 24, 28, 33, 37, 42,
56, 57, 62, 82, 100



IMAGE & ACTIVITY CREDITS

PAGE PHOTO/ILLUSTRATION ACTIVITY

Cover Sarah A, flickr cc

1 Ruth Hartnup, flickr cc exploratorium.edu

2 X_tine, flickr cc optics4kids.org

3 Jen Leung, flickr cc exploratorium.edu

4 José Sabater Montes, flickr cc optics4kids.org

) NASA/JAXA UNAWE

6 aquinoktium, flickr cc globeatnight.org

7 (jennY), flickr cc exploratorium.edu

8 Srisenor, cc optics4kids.org

9 Tom 7, flickr cc OSA

10 Pepijn Schmitz, flickr cc exploratorium.edu

11 Nick Harris, flickr cc exploratorium.edu

12 Nathan Reading, flickr cc wikihow.com

13 Nick Page, flickr cc http://micro.magnet.fsu.
edu/

14 Sean Murray, flickr cc Appu Series

15 Kate Fries Appu Series

16 D Coetzee, flickr cc optics4kids.org

17 theilr, flickr cc teachengineering.org

18 Hubble Heritage, flickr, cc exploratorium.edu

19 John D, flickr cc optics4kids.org

20 UNAWE UNAWE

21 Jenn, flickr cc optics4kids.org

22 Exploratorium Teacher Institute exploratorium.edu

23 James Emery, flickr cc micro.magnet.fsu.edu

24 “Disque newton” by Cyrille BERNIZET optics4kids.org

wikimedia commons

25 Antonio Roberts, flickr cc optics4kids.org

26 Exploratorium Teacher Institute exploratorium.edu

27 McBeth, flickr cc OSA

28 Mohammad Tajer, flickr cc teachengineering.org

29 Bill Bumgarner, flickr cc optics4kids.org

30 Exploratorium Teacher Institute exploratorium.edu

31 Exploratorium Teacher Institute exploratorium.edu

32 makelessnoise, flickr cc Credit:globeatnight.org

KK] Jonathan Reyes, flickr cc University Corporation for
Atmospheric Research

34 Wikimedia.org cc optics4kids.org

35 Exploratorium Teacher Institute exploratorium.edu

36 Exploratorium Teacher Institute exploratorium.edu

37 Esperluette, flickr cc OSA

38 Tamasflex, wikimedia.org OSA

39 Spencer9, flickr cc 0OSA

40 mizmareck, flickr cc OSA

41 Exploratorium Teacher Institute exploratorium.edu

42 final gather, flickr cc IPAC, NASA

43 wikihow.com wikihow.com

44 wikihow.com wikihow.com

45 jim hutchison, flickr cc ehow.com

46 Wikimedia.org optics4kids.org

47 Eli Brody, flickr cc OSA

48 Kiran Foster, flickr cc optics4kids.org

49 Exploratorium Teacher Institute exploratorium.edu

50 Michael Porter, flickr cc exploratorium.edu



https://www.flickr.com/photos/butohmedusa/5358569502/in/photolist-9asVda-9aw52m-7YXvaU-7PBSGw-7PxWdH-7PBTTN-7PxUie-7PxWt4-ar3uUW-54Ad5e-6F13Bv-bBfWuo-fAsjJW-9Cq9wB-bpXLab-dFRThN-6nT5Yr-7VtpeZ-4CRTw3-dMFzBy-am8wyw-4uS5Hu-ePLj9o-vqWSsE-6JxAzR-9sBEWQ-pWU1nV-cADkR1-cADL9y-8ApZHm-9S3fed-4uN17c-5VRVei-dwrBXP-7b7yY7-qb64Zs-69CDN8-8ApSkj-9RZkzp-7yYXQ-LiekU-fuAA4m-dkQtKL-h2zWi4-5pwy53-7b3L6v-9d9hUM-u5U9P-avrTBu-6oh2X2/
https://www.flickr.com/photos/ruthanddave/8106533017/in/photolist-br3u35-suxwWA-s3DFxC-doZ2Lw-d326V3-9MJnZN-eGLBi6-dmm6QD-dgM5Mi-CnSgo-dmma4s-8PvXbE-8PsPeX-8PvYFs-8PsQuX-bMEY26-8Pw8H7-9xrKSm-dgM6G2-bqt4ne-efEPgn-9MFzVF-87kxBR-d325V5-4VE5qv-7ccWB8-4VE4T8-4VJhGy-9MJp4d-4VE2wr-4VE2a6-4VJgEY-4VE58v-qBxKe8-RbBTy-qTPtqk-fDqJgL-qTTZky-qNfgdw-qNakQ6-qNakfP-qLZMYP-pRxsEX-qvTPei-qvKjay-qvLdhG-qvKfSm-qNaf46-pRjsGh-pRxsVr
https://www.flickr.com/photos/45935274@N00/8878350837/in/photolist-ewxSor-vM4QbH-4xudbF-adJQM8-nYt8x4-eTW9ht-8qXnZb-7r3tyX-oLZn2z-8VjiJG-ffTLjP-tZ7tnX-fo9LLD-7r7p5Q-d1m7kQ-cSe2F9-o9HSoP-88uN5S-7k93jz-9eFFzy-7zETUt-7WbPDw-8o7Pkb-6dCp8Q-5Lpuze-8q3AoG-mRWQhU-oBYN2w-6WDpxM-63CQjs-9BGtxG-eQgVYY-4BC9QD-87JZqo-7G528F-4mjacT-e1J2TL-axY8nr-8EtoJd-ms4PP8-bq2WiQ-8So9qt-65zvbN-72bt6j-8BuWh8-7H89LX-75V7Dq-6Dh9g2-5wFoHL-9TEpbs
https://www.flickr.com/photos/jennikokodesu/3472706428/in/photolist-6hSwCL-a8FaZv-5jpDaM-fLeTqr-zAvJp-djiAvf-7SAx4t-orWUn7-34RB7G-AAqnz-5T6Aox-arYHTn-bATZVL-3zHTsC-nmDNHM-nmCFJE-kHXA4P-9ZVaet-3QDhka-7SAxz6-tENLh-3QDoqt-bGAacD-bLfxrP-9mdSHu-9gVGcb-nmDNT6-84FWox-7LFT1P-8mihKa-7EQuWs-fzpA8U-5L6ZCL-7sYfhX-aqUr5P-CXvFD-9SqDBn-mi2juW-CXAT1-CXEp8-CXEoS-8p1RKc-pCunBg-mhZpjR-565RAa-CXFA1-CXFzY-CXvFG-4GheGv-9SsMy7
https://www.flickr.com/photos/nudomarinero/7837891346/in/photolist-cWBf2G-4f3SRb-CZRdn-p4E45v-9YfSuZ-oNi8qq-oNiDL3-oNiGvb-p5MTYM-p5MSdx-oNiD8Q-p5MUWP-oNi95S-pL5q4U-dDa7A4-dDa6tV-dDa6mR-dDa7T2-dDfuZj-dDfuXu-dDfuVq-dDfuMC-dDfuFU-dDfuDN-dDfuAS-dDfuyW-dDfux5-dDfuvb-dDa7kZ-dDftyf-dDa6pT-dDa6ox-dDa6kr-dDa6in-dDftnm-dDftiL-dDa5jB-dDa4nR-6QjPHp-6QjPHt-6QjPGZ-fN3xRV-fNk8PG-fNk8r7-fN3x9K-fN3x4x-fNk7VQ-fN3wGx-fN3wBT-fN3wrv
https://www.flickr.com/photos/nasamarshall/3749824749/in/photolist-6HmQfR-rMUv1b-rUQKVU-2VeXv3-5dQwq9-hpPsi-9Ufq3d-rEVGM6-5pqV9-94jopb-dxU7Vy-zbAJC9-akUJFa-yVPFjJ-zat8o7-hdPXjE-oQJVBL-32SJNc-aTjn6M-n8uvdD-97v96V-93w9ZV-95dL5Z-rKS2xo-qYxkGW-rMThH5-c2DQuE-s3bRHU-z8JUrQ-rEy71y-9TP7JF-c2RvQL-4vMuDU-c2A1Zy-pzD5i5-93Jw7H-rCPiXk-za587f-9a1wwq-97q14F-93gJcU-c3rpeQ-Caofo-rqD4nx-n9qJvH-4tAQuA-hdTjPV-7s5EGW-9Uhj1D-wg6Jdx
https://www.flickr.com/photos/44080248@N03/5426014939/in/photolist-9gtKcH-9y8Fgh-dogskt-huWYD1-aEnG3h-bsGLsE-5Q5e3h-pKmXK5-hDDDSy-fkV8bw-q1qknB-q2aRsF-q23Cpu-q2ePRY-yr5aLt-q22zHh-6bou7b-bxRu7k-qgkSjU-pn3Mi4-q2pTAx-jJeuX2-qpHkmf-iH3BAE-pKndxE-qhEiRt-qgjKQU-q2d23B-KNgvE-q2zV5e-9y8EUC-qWUe3d-qhyTL8-qhvwed-qhySTr-qhFTAR-2L3E2-ejqFqm-q28gck-7uP3S5-rdr7b9-dJSRop-qTVv67-bcRAWH-8ZNPFA-q1a8Hp-qhMn5j-qhMakN-qghxS9-q1hhRu
https://www.flickr.com/photos/jennyyanez/123962090/in/album-72057594100780925/
https://www.flickr.com/photos/55193576@N06/5124612915/in/photolist-8NQYT6-9hf92J-hN1Hv-9hbZq6-4SXMJS-2hVkzA-4svANu-4vLjtU-84fZct-JSXUg-5xmfoP-4LM8C6-9DzCgt-nkUkGp-sjzbU-sjzaV-9nawsX-sjzit-sjzg7-6FAG47-Gsc61-9QGUBL-sjzf6-sjzdt-2CMorK-2sEfW3-FzQi5-hN1H8-848U9M-sjzeK-
https://www.flickr.com/photos/brighterorange/62833715/in/photolist-6y3gV-7ZoJos-3n83K6-5eF7ab-cdAwPo-9D9atW-fPzp9F-eKP3gL-828d2d-55v97c-5Qyc4G-9Ph7Bu-79X24m-oUBmRa-oUBR4o-55BUgy-7nRt5N-6r9EZP-d3CxBJ-m4eA2Y-6pR1KK-e2FDTz-bRGvYc-98Vo14-d2Lzbb-bRGvKr-eKP1Mm-fbTctq-4smnpS-bjSZP7-y37nSb-6vAWFJ-g3zXcb-4sWfwz-61dHtE-vKTkAQ-dZeFPT-4t1dFE-4t1dFd-4shiZX-9iyxng-4sWfwX-8c5bvS-9sUDwi-CmmLJ-e7dmJH-4t1dFm-4t1dFY-fXGk1X-81SFCg
https://www.flickr.com/photos/captainchaos/3637295534/in/album-72157619889042238/
https://www.flickr.com/photos/nickharris1/5647824695/in/photolist-9B5zvR-u4Sw9G-aLUaNP-dryV7A-takLAt-4Y2J9A-tamrg4-taaMkL-szCkfo-svPfyZ-szCkXq-szCm85-taaKwq-rVas88-n6psNt-szDGDW-tPJGaB-szvXET-tPJbhk-n6pmra-n6rb9U-szoD4N-svD1XN-n6qRLk-tPJKyk-sRZJtT-tdwc53-tdwc1L-n6s8SC-rUYhj3-takKUt-szLcH4-py4cr5-ryGweQ-
https://www.flickr.com/photos/nathanreading/8485359441/in/photolist-dVPFJH-t9QAGf-7NcWff-nV4UzA-o2XJdy-8Db4qs-pBuScL-5AUVD5-cu2Do-nhgcXJ-nrHpyQ-6vttrj-4E1KhA-7fVLjL-4rrvmX-nVv5wV-8Svqcc-7LhHHW-882SFp-vDnE1A-cmJKjL-ayz6he-a6SGHK-b1oZan-aTUe7n-cYTSuy-deVRCS-pyMXdR-9b2rnB-6K97Gu-6FgYNr-66NvX2-oPA4sx-6vqBPk-23VYrY-MgN8w-nXj4t7-573KE2-
https://www.flickr.com/photos/nicksie2008/13310937174/in/photolist-hg9br2-5NnqLj-sSRLMd-cWQhEb-p4ZU7D-uWZ53h-9kWrKd-4TFpKJ-iqsevi-xW5uir-wmqHfP-2ns9pL-g5L8cj-p6AVYH-irCaZX-nt7NCs-mj8kz-5qHBA4-dCojyv-xv1jsd-pZawqn-oM49qm-jRHojK-hP6asc-96hsyc-qDrtMd-vFdhoG-iWmjHB-4qxC2c-xLxszW-pkXWnU-qBPeXX-aZxHPM-7FdXU-hkG2Ag-9FVhZE-qoFy5Z-7zzidM-5zQFBh-9KQ8t1-ioXKrq-7ifrdm-4u9fFv-oKGgW4-bnxF8S-hBUQXS-mhf2SN-5wrHCE-mymNY1-wkfvqT
https://www.flickr.com/photos/threefingers/3453471951/in/photolist-6gaWTR-
https://www.flickr.com/photos/saiberiac/21108600728/in/photolist-yai6zS-9y3JUx-8s18ab-6EHQkH-6rgZCS-dKysBh-5a2RWZ-ayz7jH-4eF19r-8Er5KP-boENRn-mgM1KS-qiYykV-4SKko9-5Zut1e-a2vwGB-9yDCG6-4k2EFz-gBhwgp-4SKkoq-aGmNfZ-qCSWbM-4zD8d9-aiQBk4-oS3ddq-e3P96z-59jGKe-o9wosU-hvFxHq-9Dqo4i-aBcR7F-6vdAR4-4XmEu1-aKTVQB-reYJ5x-hbr8f6-6vdAG2-kJUvG2-3JDBPx-7QFCt2-z8HCKG-edNcxB-og7eQS-aBcQFz-kg5JFV-dY39rf-3JDyEv-aC3y5B-3JDmFB-kAMuoc
https://www.flickr.com/photos/dcoetzee/6753129355/in/album-72157629006713245/
https://www.flickr.com/photos/theilr/10268837315/in/photolist-gDqtze-dFPssj-4LTgjW-LaC7o-6enrqz-Ruy9M-en62JV-7erqEc-fMHjtX-6ZG49d-7yzT34-2N6JPc-egKvNt-aFTMDF-dMoKLk-hHU3vu-8hawRk-4yzkGK-4hSsNV-4RuLTL-qzDvGU-hH54JL-p9LUKA-jyok9h-77Xng2-7yDFHC-aMe4v-bnFqep-8PCJ8C-buFeJ2-oDrRH2-4UokrH-7gbPQR-6pLxY2-aDMSk2-2jreSQ-7pwLgo-aPfTo4-66WjNR-7NLjJ1-hzi3i-4gjQW9-2EinZ-sgAsqQ-8L8PBw-6Nnwy1-8peEVM-7fRqZP-berWGt-biHjhK
https://www.flickr.com/photos/theilr/10268837315/in/photolist-gDqtze-dFPssj-4LTgjW-LaC7o-6enrqz-Ruy9M-en62JV-7erqEc-fMHjtX-6ZG49d-7yzT34-2N6JPc-egKvNt-aFTMDF-dMoKLk-hHU3vu-8hawRk-4yzkGK-4hSsNV-4RuLTL-qzDvGU-hH54JL-p9LUKA-jyok9h-77Xng2-7yDFHC-aMe4v-bnFqep-8PCJ8C-buFeJ2-oDrRH2-4UokrH-7gbPQR-6pLxY2-aDMSk2-2jreSQ-7pwLgo-aPfTo4-66WjNR-7NLjJ1-hzi3i-4gjQW9-2EinZ-sgAsqQ-8L8PBw-6Nnwy1-8peEVM-7fRqZP-berWGt-biHjhK
https://www.flickr.com/photos/hubble-heritage/8662120961/in/photolist-ecrCM8-oMqUBz-psYoEK-ke7DEG-2RXSiH-mjZZUa-6WqLm7-oo4yLH-mhqcca-eg2QK4-qhSGDj-dAP2Qf-aBRNnC-snvjFo-rjebwJ-c8AiTJ-9cyAjj-KrgNs-LAfoo-b4m9Rc-f9BgDM-pBNG5h-nMv7VX-rSMp3p-dN3sqL-83zbif-6aFxQH-dC9Pus-shbnZZ-rXU9Np-rXU8Ct-rkdV4S-fWxHEb-vtr5bF-BtGLCX-dzUM7a-shehxp-qqC3k6-dv1h7v-fv73ZB-qnsm4S-e7FBrS-7WT123-aUozz-wgTtad-oWyGn9-wWTRUL-teFcWX-5m5PwE-fA6RXm
https://www.flickr.com/photos/john-pa/6709707463/in/photolist-czjyaL-g5bguP-czjwU5-g5bfwX-oa87Z-56iL2n-u9Tb-oa87J-oa87W-oa884-czjxGC-czjvBf-czjwkq-czjyNq-czjwrY-czjw1o-czjwHw-czjCYG-czjxZh-czjDhs-oc8Yz-5sSpex-4BGCne-56djvS-byQiNC-9qv4Dr-avoVW3-doGpk9-aqJerJ-5WM97U-9kmHn7-bdV1gr-FAUJY-byQiQo-gRmswt-bDnwzK-byQiE3-y1EkC-bqsCdL-czjyAo-czjyi9-czjDvq-czjxn1-czjx4U-aikLbz-888sC9-9fXcMw-9bbFh-czjBXJ-9B4wxw
http://www.unawe.org/activity/eu-unawe1318/
https://www.flickr.com/photos/b4ssm4st3r/5012710419/in/photolist-8CXsaH-nkbNM-omP8m-5T4yAb-4wJzhn-72bqE7-8uhcC2-4AwkdN-zdEDFv-4SfwND-a92EuB-2SLoX-c5k9e9-h8PJJC-bDg9WW-9obomU-iF71fS-2X5Rih-bsYsbV-8EFpqa-79JEPv-jb36Y-ngmzd7-89zbeu-ftDtnH-iQm4kj-iDsHKQ-iQhfRc-abKiAk-iLJLeo-iDpHmg-8eavAV-iWnoPm-iGZc8W-iF6reF-iWiuFi-iWjMDH-8JkBME-iQhfL2-iGZce7-jApoYL-iQj57w-5yzow-iLGwLy-iDpHjT-bvj5rF-Dpa7w-xRks1X-8q2ZWw-5sA8kE
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/emeryjl/3582955382/in/photolist-6sBzNN-6qNxRc-xbckv-6zrgCU-6QDfA8-6QHjyL-6QDeWp-6QDfnx-6QHjo7-6QDgqM-6QHkaE-6QDfT6-6QHmwj-6QDhiK-6QHj8U-6QHm4u-6zrkqy-6zrggq-8xNYZz-8xNYYM-8xNYVD-8xS1mW-8xS1iU-8xNYSg-8xS1nC-8xNYUp-8xS1o5-8xS1qJ-h6kv7V-6iPNQU-6iK9Wa-6iPN97-6iK9UP-6DZZzV-6qSGf5-6znd7p-6znecg-6znhk2-6zrhgu-6znbvT-5EaHam-gg7es-9jBfD5-9jBex9-9jxVeB-9jAWh3-9jy4YP-6CDnzW-6Czdea-6CzezM
https://commons.wikimedia.org/wiki/File:Disque_newton.png#/media/File:Disque_newton.png
https://commons.wikimedia.org/wiki/File:Disque_newton.png#/media/File:Disque_newton.png
https://www.flickr.com/photos/hellocatfood/12057763326/in/photolist-9mtWo8-4bZAaX-jy95eJ-jy898r-jnsL4y-jnvbX9-jnsPXq-7Yhasn/
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/mcbeth/327692/in/photolist-2FpS-ae4xCW-cYaYUW-c7mPzY-cxbKNf-7vimdy-6DbGzq-eGK4ky-2FpZ-eGp9AG-7QbLp8-7fGThx-eGsF6H-aF1pgE-6XhkdX-cYb16U-eGuogZ-9cPn7e-5ThUUj-6awiXa-9X7LgX-7MdMcY-HBjuh-2DZNGu-cYbKPS-HBqdH-9h4YVr-c7n7vJ-oVra-5ThWEJ-5ThVnG-7Q6SXf-5ThXaf-5ThU1b-cmYiJd-6M92Vm-5TdAFa-6M4Sc4-skYZE-2FpN-a3RPzy-2FpV-2FpX-9XaBZE-xARRC-6M92jd-5o8AB6-pXYr1n-azW2TW-6hNm56
https://www.flickr.com/photos/mohtj/436541295/in/photolist-9DvemK-8NY3gu-dGiyJX-cQaJrh-REYo4-cnwiAq-2pneLi-2g4jpR-3pzKHj-JGw26-soa6G-4nAx2d-kDGFEF-7i9aDA-8zSo2G-8zPfD8-wZdEb7-PYDqW-Ezow4-3tZUMD-eah9hj-5YxrQd-8E26fa-HmJjg-7Q7pC2-344YBa-344YvF-M9s8y-6TtPhX-8un5Vg
https://www.flickr.com/photos/bbum/15964175248/in/photolist-pEgARq-qjGz7Q-eggD12-fWXHfq-9iMEyQ-arE2SC-5R813g-bUUC7p-8Er4kG-ccgRSm-ccgS7f-bE2Eze-bE2FQ8-br7JtG-41tJGE-95A4gU-e6kcEx-dBW1UE-9dsAAw-5VtaX2-8eGX4g-DEaet-5Yo5b1-5PPGaD-93ME3P-dZZLyg-uVbu4s-gz1YqG-iH2PHf-cdTz67-beDZyc-87nQ5P-jdRX2T-869ttY-iH4WYL-iH2XTJ-cauaC7-jaqpje-6aQzaM-7w8EuL-iorBEW-6aYhNX-9v5BZt-iH2Z87-9g3ZaB-dSXpF4-jaqmy4-94ZT1w-iGZMKn-dY6B9/
http://www.exploratorium.edu/education/teacher-institute
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/makelessnoise/119120292/in/photolist-bwwj9-7Jr6EP-8fjwSd-h7VyQq-2gmGuh-8hfaAM-z9nGKM-8fj3ti-8hf5dX-awm6PZ-pZeCjr-odW1ju-eZAKDV-o5CXMQ-goZgsG-vRyna4-rfVqmQ-uVeopV-unMKR7-mCKAmM-n1abrZ-dMg5tm-dyHvwQ-nqw52c-4N3AKG-9a3Rb2-jZKvSi-s5haJR-h54F7f-e2Jecg-zj4xM2-zdWRdM-ksGKxB-mv3Gcv-a6KeMF-9XNzpm-iXvdTW-fJZKxp-xTydQz-z6Rtv-AdDDEh-xFSmfA-97Hok2-4TQRGN-dmBnGF-btwuru-qN5D7U-5MZjM4-bj22U6-xx6z4
https://www.flickr.com/photos/jpaxonreyes/5484245355/in/photolist-c4CG2A-4nMma9-c4CFZ3-c4CG85-c4CG4s-c4CG1o-c4CG6C-9mCc5p
https://commons.wikimedia.org/wiki/File:Obstacle-ripple-tank.jpg
http://www.exploratorium.edu/education/teacher-institute
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/esperbot/7192915850/in/photolist-bXBzhw-bWX7pE-9q4X7x-8Lbzqu-73L8mb-69drF9-fgbr8q-eP6su3-eNU3u2-eNU3uR-eNU3sK-p78o-9RUws7-5Theyo-9bmAz-a2RPrk-5VrLoF-4RBGZE-7Az9nh-7QXAnV-YJ9FU-22TQe1-caLxEU-tGyfh9-ASnyzH-oGNag4-7AkoHS-vgKYmu-6gLWAK-Ej8kD-8eJXKK-abvSe7-5RXCK6-5t2bCS-abvSdS-vmghRB-VKCgF-gUQj6W-
https://commons.wikimedia.org/wiki/File:BiconvexLens.jpg
https://www.flickr.com/photos/99067413@N00/117897914/in/photolist-7b7A6C-7b7yWq-zWCMZR-7b7A7G-k9gKnp-bqfZW-4gVwo-bqfWE-3oSf24-p4Tnyj-p4E568-oMrbnA-oMrchR-p2TnHU-p4VgGZ-p4TmPJ-oMqsK8-8TMH8X-3JN4fP/
https://www.flickr.com/photos/missmareck/102772690/
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/23629083@N03/14200678625/in/photolist-nCSc1D-4JcUL9-7r7oBd-6K3v6G-eaCqhJ-cs3mq-5vh45H-5Pb21A-7vW6wD-dYx9cg-7CLPiQ-9HULRk-8qi6Q7-aigubP-ehAJZU-63CQjs-ijEApN-gN86hh-nhPFYV-cyf7J9-9BGtxG-bEjZcZ-72bt6j-8BuWh8-75V7Dq-6WAX8P-5rbN97-egYNUK-7cerwA-oX2KxH-91CgsT-7H89LX-5pUuoT-7tnEkV-9uxn2h-6Dh9g2-4ELQEa-hmim4S-atTK7j-8DmWwV-6XP5vu-9TEpbs-9taubX-acne8h-7xqsya-91ddV8-bjRUB2-9mnKiJ-7RQrov-65XoJv
http://www.wikihow.com/Make-a-Hologram
http://www.wikihow.com/Build-a-Solar-Collector
https://www.flickr.com/photos/running_like_an_antelope/5376815050/in/photolist-dAFyo9-8zX9gn-a857Ke-a87ZyY-9Uoffi-9Ur2WQ-9UodGa-9UocVZ-9Uocce-9g9fSv-9v9DmF-947Du-4MrkC-58bLkt-947D2-9g9geg-3dSxAM-a87ZDJ-63mapy-8SM5H3-5LnzXx-a87ZSb-5VvSJ8-c4ChTq-c4ChS9-c4ChQU-c4ChPb-9g9g56-9gcnk5-5VvS9x-4DeCX7-bFfmvV-624gNV-e5UeR5-83a456-9YFuxz-9uzfYw-7i29ud-9c8zML-83dcif-6pYKKr-6pYHFg-6q3PcS-8HGSfr-8HKZzL-8HKZmC-8HGRzn-5VAdo1-5D5BZ8-5VwbyB
https://commons.wikimedia.org/wiki/File:Two-point-interference-ripple-tank.JPG
https://www.flickr.com/photos/coldphage/4079257641/in/photolist-7dxbvL-7dtgRr-7dtgbi-7dtffp/
https://www.flickr.com/photos/rueful/8065268132/in/photolist-dKfuee-dKkY9Y-cuD42b-5BTFQi-dKfvZ2-dKkWy1-dKkX4s-dKfsoD-dKfsBz-dKftUV-dKkZom-dKkYnj-dKftGn-dKfrY2-dKfveg-dKfvsk-dKkVsm-dKkWJJ-dKkYDj-dhGBe7-eLm9FG
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/libraryman/110679756/in/photolist-aMgeE-AsQyYG-9mbhjk-9mbe1B-35UGr9-82fc8c-7sohi1-78SrAH-9oXSe2-7sWxFg-gBgZom-7WQ1ab-7t1xaq-7WPZ7A-gHXzgi-9mbnPt-cGvdqQ-4jgktQ-hpEwXJ-bRScQa-cCUsaN-t544Ww-7gu651-f5yqhx-bDE7XS-sgVCky-5q44Ws-5pYLhZ-gq1Y6C-tPDKJ-dpUGSs-6RZTcz-3HkKtm-8P8fBD-bqekM3-3HkJiu-f9AXh-8hs3kq-beqTSc-cXZNjL-sfEPD5-8i3ebJ-7t1wfE-shNVnN-rYCUeZ-61GkaJ-4piGPg-ekQzLp-tmCvcV-7vMTAD

PAGE PHOTO/ILLUSTRATION ACTIVITY

PAGE PHOTO/ILLUSTRATION ACTIVITY

51 Jean-Etienne Minh-Duy Poirrier, flickr cc optics4kids.org 17 Darren and Brad, flickr cc OSA
78 Georgios Liakopoulos, flickr cc OSA
52 Brendan Wood, flickr cc optics4kids.org 79 Wikihow s
53 Paula Bray, flickr cc optics4kids.org 80 Exploratorium Teacher Institute 0SA
54 Exploratorium Teacher Institute exploratorium.edu 81 Exploratorium Teacher Institute exploratorium.edu
55 Bryan Jones, flickr cc mikecurtis.org.uk 82 Exploratorium Teacher Institute exploratorium.edu
56 Heather Katsoulis, flickr cc optics4kids.org 83 Zephyris, wikimedia commons OSA
57 Hadley Paul Garland, flickr cc IPAC, NASA 84 Exploratorium Teacher Institute teachengineering.org
58 TheJehosephat, instrutables cc instructables.com 85 Robert Couse-Baker, flickr cc teachengineering.org
59 Exploratorium Teacher Institute exploratorium.edu 86 Royce Bair, flickr cc University of Maryland
60 Exploratorium Teacher Institute exploratorium.edu 87 Larry Jacobsen, flickr cc teachengineering.org
61 Exploratorium Teacher Institute exploratorium.edu 88 Pang Ka kit, Wikimedia Commons OSA
62 PhOtOnQuUANTIQUE, flickr cc astrosociety.org 89 Exploratorium Teacher Institute exploratorium.edu
63 Ryan Somma, flickr cc exploratorium.edu 90 At09kg, Wikimedia Commons Gl
64 Cristian Bortes, flickr cc optics4kids.org 91 Micah Sittig, flickr cc OSA
65 andeecollard, flickr cc teachengineering.org 92 Exploratorium Teacher Institute exploratorium.edu
66 Kevin Dooley, flickr cc optics4kids.org 93 Hubble ESA, flickr cc European Association for
67 Nektarios Tsagliotis, cc scienceinschool.org Astronomy Education
68 skycaptaintwo, flickr cc OSA 94 Exploratorium Teacher Institute exploratorium.edu
69 drquuxum, flickr cc OSA 95 NASA's Marshall Space Flight Center  Credit:European Association
70 illustration credit: wikihow.com teachengineering.org flickr, cc for Astronomy Education
71 Joseph Morgan, flickr cc globeatnight.org 96 U.S. NOAA, Wikimedia, public domain  The Inter-University Centre
; ; ; for Astronomy and Astro-
72 Clive Darra, flickr cc instructables.com physics
[E UNAWE UNAWE 97 wikihow.com, cc wikihow.com
4 UNAWE UNAWE 98 Amirber, wikimedia.org, cc teachengineering.org
5 S Mair, flickr cc instructables.com 99 yellowcloud, flickr cc optics4kids.org
76 Evan, flickr cc OSA 100 Bb3cxv, wikimedia.org, cc Large Optics Fabrication

and Testing Group


https://www.flickr.com/photos/jepoirrier/2487306490/in/photolist-4MN6yE-4MMZyy
https://www.flickr.com/photos/brendanwood/2160445461/in/photolist-4W1s3t-Ebb9o-5A2q3s-5zQRuD-5zUYdU-t8b9yw-7RTQa4-6j4KVh-5UN7of-5zQDUt-MRKVi-5zQC8P-5zV4do-5zVaWf-5zQQz4-5zV63N-iK6GXo-5zQJAa-5zQGvV-4tdfEv-6rr5Uq-6rr5WC-ebfdVR-ebkSLE-ebkSny-ebkS8E-cswtPW-arYMLB-81GHY6-81KRN5-7g4aBq-79EJX-4QvcF-6G4Unx-4PfycT-qxv36u-8hACg-7TZUNp-7U3iRQ-7fZfqv-7g4aSC-72BD8L-4tdfED-yKknt-sSDUb-rtVBR-4hURaF-5hch8B-3duDhx-C8Joh
https://www.flickr.com/photos/paulabray/4038870977/in/photolist-79UgCv-xyawo-6Xehke-tPCmX-6k8KCT-8rPUaD-LB8AA-kk32C-9igDs3-67vEDb-xyawk-ym19u4-bs9rtS-apu6L6-9Fspzo-8tmNHf-7bHbsJ-6k8GEM-5p93Gv-cGX8hs-xu4ea-6s6xY-Auijq-ybBtb-oXuYkH-apm8e6-9ATK6p-7XiEtm-5tueua-6bLcE-8ipMqA-5CEHt3-4yLB2F-4yQS5w-4yLzN4-4yLz4p-5EzihL-69dtt-b6hSC8-6BLtDW-6hE8yH-58UTG6-VQn4w-LVodz-99J6k-99J6t-99J6q-99J6r-99J6n-99J6p
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/bwjones/8856202251/in/photolist-euAmog-b5gptp-7bBot-4P3onJ-6TV7q-5sFhp-b4wZ4c-b5guUR-7TYRxy-b5gu1K-b5gsqr-9hchKt-6TV7p-om5uHJ-amjGEx-6TV1G-b6WsTn-b5grLg-amkLka-amoLSf-9cfyGX-b4wXY4-6TPbr-6T4jj-5sQAb-aCux6Y-7bB7k-cn1NUw-aCpa9z-9hfKYA-cxAp73-b5gmoP-4QU84H-bCSoCs-oxBc3i-dj1Nw4-cxAkes-5DU65y-qr2jkm-4dUiYd-ekAgFu-9hfKYG-6TV1C-c3SoBC-9hfKZ9-vT6xbb-sjeVB3-6TKEB-auC8FH-bGEzCB
https://www.flickr.com/photos/hlkljgk/2288988459/in/photolist-4ugEwg-9nrRjm-wBHPuG-c3V5LC-4bfadW-zWCMZR-bWXGdy-6y497Q-5yHcRJ-4f6BGV-6e8R7f-bnLkZ-4Akxs6-5yHcAj-dafkGU-51PmtB-4PozsL-4pLoAD-4Pjk1x-7vjQQ-4AxhmP-8xkVCD-ebv2nS-fMsto2-mVkCAx-4nLTHT-vpu4MS-2adAED-51Pm8X-cjUQx-9QWqsc-dLQeEH-5N5Pcn-9S3fds-3hFng6-jT88oP-7GB13Z-eK5wkB-ysdUm-awHYM-rGLiap-d5HS3q-p3WA4-eKgWum-cNpotw-egW47V-6exuit-dafkiR-dG3R2q-eboKvF
https://www.flickr.com/photos/paul_garland/2284121030/
http://www.instructables.com/file/FTDVUJJF46WOF8G/
http://www.exploratorium.edu/education/teacher-institute
http://www.exploratorium.edu/education/teacher-institute
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/photonquantique/1658342297/in/photolist-3wxroz-8HAiw-6FuAUa-bsd5TU-5stgds-5njWFN-djMGZy-naDiWy-cGzYEs-jB6WJS-qhh6BS-ktzwxg-e6ZE9r-4iqqyi-9CFuL9-qVdPQX-8NSL9L-rmFscs-qJNzyP-oVRMpj-dQYeri-9DSyp6-qXudag-qqXwXr-cGzT1S-8RNM7U-7q4yH4-71hNn9-qcDS9i-cuNq8o-68Ze2V-rXgWaA-qG6pS4-quiNhd-8RKFfV-rgjq2u-qtCvds-qwcEzR-qwcCPg-pRit1p-pKmMy6-p1PKL3-pFgGcA-pFdEAd-pFbh6D-qQEGtH-qrTpEK-pRDxHS-qEy5Sy-pFbpAD
https://www.flickr.com/photos/ideonexus/2576272739/in/photolist-6nF96-d326V3-7Asp5y-4VE58v-d325V5-7ArLy1-7Ao1TZ
https://www.flickr.com/photos/bortescristian/4560694545/in/photolist-7X1KAz-6hn1VS-4eXP6R-aT9yi8-p2LX2K-5vd4AF-e6TtF3-5vd7nv-uax9t8-eD51QZ-3Z12Wd-d5rXCS-em99HU-wDwpL3-6yLvSz-6zFNDY-p2MSoU-9NdTNb-6zBKyP-ujC4hU-9TT4DR-rdkd4g-2g9iX-6JeDAq-duJvtZ-9P9B7t-7E793R-6zFTcY-p2N5Hn-7X4Z23-7P53VD-tSWYFG-4DJzf6-7VRWCs-bpuHZj-7X1Tok-eDb3d5-s8xudk-7X1NmT-r9pTa7-oqyUUm-aEyn4T-9UJukd-bE8crk-6zBHxa-2tkaGb-6kjV2Y-aa6UJe-9NdTN5-em9aMC
https://www.flickr.com/photos/70554893@N00/4838766298/in/photolist-8nzWD9-oxnBv9-77DCfV-6rzvUA-7ro4Lu-9gseEi-rEEdxC-cjj5NQ-onSWb7-7oEd8x-dJz7vw-6zduH3-eathin-96sLfP-cjj7Wm-4jqnpa-67n14y-bf1xsR-trFSxh-gfcqbx-9TUoRX-8o6iuR-oo6aLk-8nwP1Z-9iNg8v-oo6g6i-9YQAqv-rEyn4s-o6Azf1-oo4Hm5-o6AyGi-oo6a6c-vUtNa-6HVQf9-om8qrS-onX7Gj-9gvjQw-hUK86d-59vsUa-vUtMZ-dswDCJ-eaKWBU-9eXiZ9-onT2Nu-6sKEks-9iNg
https://www.flickr.com/photos/pagedooley/4814708975/in/photolist-8ksDeH-5VoSij-scms4M-5XGoa5-5wyzpM-pP8WHT-gomTp4-Agdt66-yZUGPZ-w8LA63-qGykXL-qhRf1t-5m8uhd-pCo5pR-pMAfNx-pGPHzH-pwQKze-oFiDzX-gCYorD-eF5tHM-daTxhX-brKqXK-bpojRD-7yiVxu-c22bM-d3Rco7-4Y1kui-ixVTdh-48S9Q9-yUNdsd-urQLJU-rhchqg-ehhKQF-dRscDB-vNQ7L1-hB3PLV-wKK7M-pfx7WS-dP3abK-c4CiN9-biZ1Jk-2iCmc7-se4Gxy-icMj1x-5cwcdA-AiHjYq-a48aeH-6EBrnd-4EDZbY-qCc5Vc
http://www.scienceinschool.org/2012/issue22/microscope
https://www.flickr.com/photos/skycaptaintwo/90415435/in/photolist-f4ErLa-4Wv4Lb-8ZAR6X-v5Tgpo-cHPWMy-dgSg25-4WqNRg-Boyy9-3pvQL8-8ZpmP-6qaUQF-8k9hKu-isTwH5-75qJpr-bsmkyJ-jdoVMx-5EU9jR-6bZFDA-643HyL-6bVChF-65hVZJ-99MJmf-hw3akL-3Fr7X-rec3iy-6ca8n6-dgSfrt-6bZGgb-cHPWWQ-bfrFdP-bfrFat-aZbZsF-99Mvdm-dT7Qi2-b4wZMp-b4wYjp-b4wWv6-6qaUAv-5d5eHV-4Eqzib-5CpV6D
https://www.flickr.com/photos/12584147@N04/6922171882/in/photolist-arBJcT-ed8AV7-arQw2x-gS21K-arBJ4V-arBJbe-dyGLKk-at2RMF-9Uy7gT-7b3LRi-7b3LPz-arEo9m-68uyHv-atybnM-at5uGs-arEo6b-arBJ38-arEnZ1-arT9q1-arQ1Kn-9f11by-at5uRU-at12dP-at5uK1-gS2dt-bpVG8i-9Uy6Wz-gS1Fz-gS1u4-atybe2-85neF9-5aBA9d-gS1Wy-6XrwyA-7b7zQq-9Uy9og-9UAWTw-bxFWA9-bxFWz3-bLADjn-bxFWx5-bxFWwq-bxFWu5-bBL8Vp-6gkjoo-5jLEw1-b5nh72-7biMJJ-6rzh9Q-6gg8Qr
http://cs.wikihow.com/Jak-si-vyrobit-duhu
https://www.flickr.com/photos/22274078@N02/15608522214/in/photolist-pMgKRY-daTjXy-bkMS2W-fuS4Hn-fuS4Gi-fv7nqQ-4EeDJ2-fqSK6M-huWYD1-qp7p8P-5VTrt8-kHkv9v-fqSU2z-fr8apb-fr8aYC-fr8b61-fr8a6f-fqSUa8-bdog9t-2piz8-98Vp1i-2piAD-5USgzG-9k1fHW-i8rZsT-pJL32p-9rBFHv-fr82NS-fv7nk9-fr83ws-fuS4Lv-fqSLHr-fuS4PB-fr8311-fuS4MK-fqSLp2-fqSKca-fuS4Fr-fuS4H2-fqSJTF-fqSKDR-fv7nhC-fqSKPe-fuS4Lc-fr825Y-fv7nhj-fqSKxr-f3ma1W-4EeDQi-91a68x
https://www.flickr.com/photos/osde-info/2256959275/in/photolist-56NktK-7BZHSj-9E4eJb-9E1my2-9E1kLi-9E1kAM-4x9ssf-4rrvmX-7UXDWn-7V1SDQ-nyKNS-hxwRWq-cG2Wv5-9E1mKR-9E1mog-9E1kjv-x5to-x5tW-x5ts-7bACrV-8kK6uu-x5tG-5Z8mbR-x5tD-yfrdu-aPjH5p-2j2dKF-x5tt-x5tS-71Ewgy-5muA8m-8EfsYL-9Bm3u8-qoqBwF-qos8Ar-aGxCa-qoqBte-PJiKz-PJia8-4ixKyC-8pDVDp-4iJKrc-4gKcR9-2j6qXY-2j24oD-2j231g-2j6rsq-2j6sih
http://www.unawe.org/activity/eu-unawe1353/
http://www.unawe.org/activity/eu-unawe1314/
https://www.flickr.com/photos/smair/14162803911/in/photolist-nzw5bk-nzz5jw
https://www.flickr.com/photos/thevlue/5492644875/in/photolist-9nneKe-bLXrGZ-bMUxfk-8Mmw9B-oSi87Y-oS4a6V-ozQrDf-9nneXH
https://www.flickr.com/photos/brad-darren/16938653578/in/photolist-rNP2zm-9Ss6Bx-9Ss6ux-9Ss65a-9Ss5UZ-9SuYmJ-9SuYeQ-9Ss5va-9Ss5mr-9SuXKw-9SuX8L-9SuWQd-9Ss44K-9SuWhd-9SuVYy-9Ss3hX-9SuVyN-9Ss2WK-9Ss2Ja-9SuV8C-9SuV5u-9Ss2xZ-9Ss2uc-9Ss2mc-9SuUGh-9SuUyf-9Ss1VF-9SuUe3-9SuU2W-9Ss1gB-9SuTDj-9SrZXz-9SuThG-vnSheU-vnZGw8-efGc-s6pBxz-rNP5Wm-s6psCa-7hNdkP-xojE3w-s6gEWG-rNP8Nd-r9pnf5-9jGBPi-9jGBJT-9jGBvD-9jKG17-8Rdmc6-6GrRCL
https://www.flickr.com/photos/gliak/16637890296/in/photolist-aYGa7-rmex8w-7NWq8o-kCE8Q-7NSFNr-78EJsn-7NWwhY-78KcbE-6rKwxR-6a36go-7NSKPc-7NVHK9-7NRKYa-8ecxh4-7NWF49-7NSAy4-7NWsPN-7NScTK-7NW3zJ-7NWdNd-7NSb2X-7NRUVa-6XNYJ6-6XNZfZ-5JBQiq-kCE7s
http://www.wikihow.com/Make-Your-Own-3D-Glasses
http://www.exploratorium.edu/education/teacher-institute
http://www.exploratorium.edu/education/teacher-institute
http://www.exploratorium.edu/education/teacher-institute
https://commons.wikimedia.org/wiki/File:Birefringence_Stress_Plastic.JPG#filelinks
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/29233640@N07/5459795470/in/photolist-3hEF2K-9jsSYE-3hJWuC-3hEb4i
https://www.flickr.com/photos/ironrodart/4132833849/in/photolist-7icRw2-pSS9Hw-oqVWyd-binsBK-rGGyqa-ownvbY-osS1a2-6Trz1f-q5Eixy-o5s7zv-ogrUnb-qFpWyo-odxWhe-ojpKu1-oePnGp-pXRFae-obgDnZ-pQUzr7-oc5HRa-pMtPKV-orDgCS-okVCZz-nUDMe2-osRoTR-ojW8Qw-oig3mD-nZ14bE-qAnahr-osRNwn-oLQtkw-ofmgVV-qrGCqw-nZ2gQT-oFpFhd-osq6Bz-nUDFM9-oc4QhA-qNoNS6-obnqg4-nQKcUs-qNtFch-qGJ9iy-oAZFj8-o9pkrZ-sdTWKf-qJ69hD-pMfFMh-pLGrTj-okVXtX-okrQ2F
https://www.flickr.com/photos/ljguitar/4624182885/in/photolist-9j3zrg-9ikibn-48PeB4-bDvKp8-9ikiat-6Tomh1-9if15G-9j3zqD-9j3zq2-9j3zpt-9ibVAv-9if11N-pcdYM5-dPjDzH-nqNuN2-nqNuCx-nqNu9B-nqw5kT-nqw4St-nqQQ41-noL2jb-noL24b-nqQPw9-nszbQa-nszbw4-nqQNVu-nqwdPY-nszb6e-nqw3ce-nqNruD-nqNrnp-nqNqXg-3ripsp-83C9t8-83Fegh-72iBh4
https://commons.wikimedia.org/wiki/File:LASER.jpg
http://www.exploratorium.edu/education/teacher-institute
https://commons.wikimedia.org/wiki/File:Photosynthesis.gif
https://www.flickr.com/photos/msittig/5901463396/in/photolist-6Ccqn7-7t5QjM-sjtDHS-5hg6PX-2jwGo-rpXLur-sjtDQf-2jwGp-96jQJy-59kQ8j-9FAj8d-6iV6dQ-5eF7ab-GfuDK-4Tqpxs-9ZuxsU-5bhqeQ-u1VQP-u1VSf-8ZC6sx-8ZFbif-7Gcfbn-hvdHZ-7GgbdE-hvdze-AxKydT-AvrKzC-hvdBL-hvdEM-u2yKV-aYjt46-7t5Qde-cPauX5-bra6me-qH7unw-AJK4dy-A5t7Er-9JVmtJ-fkMeCF-fm2pJG-fm2pHh-feHfYs-8DsErD-7CyJor-bswDwd-7CyLK8-cLPqQG-cLPrcu
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/hubble_esa/13788996303/in/photolist-8th6N5-bEKdHx-4T9RNz-dhEeQ6-4Te5Ru-5wJ18c-avJh1Q-juK2dP-n1udcz-yc5kr-yc5ke-7bsQR3
http://www.exploratorium.edu/education/teacher-institute
https://www.flickr.com/photos/nasamarshall/6537790065/in/photolist-aXHTdn-4XJsbd-62TeVL-66EA72-7AWnhD-nuQKfC-82TVxY-6TuWSf-6Y51Dc-vRfUM-8rL3dY-HCtfA-8rXstv-8128dQ-5RuvMn-ciTedh-62xfMq-nuRrTf-4z9Kkf-4z5AY2-4z9NVY-8rGWWv-9YVW1y-4z9Q9d-4z9SCb-4z9LEf-dxSwU-8sQ3P2-4z5BRP-4z5uFp-4z5Bhr-8sfsa9-4z5wVp-4z9LTQ-4z5wrn-4z5uUX-4z5yTe-c2Efcu-54GY9a-4z9TEf-4z9PtS-8sQ3VK-5Msngx-8swVy4-4z9KYm-4z5vv8-j3zS4Z-4z9R97-cLNRdG-bWb9t
https://www.flickr.com/photos/nasamarshall/6537790065/in/photolist-aXHTdn-4XJsbd-62TeVL-66EA72-7AWnhD-nuQKfC-82TVxY-6TuWSf-6Y51Dc-vRfUM-8rL3dY-HCtfA-8rXstv-8128dQ-5RuvMn-ciTedh-62xfMq-nuRrTf-4z9Kkf-4z5AY2-4z9NVY-8rGWWv-9YVW1y-4z9Q9d-4z9SCb-4z9LEf-dxSwU-8sQ3P2-4z5BRP-4z5uFp-4z5Bhr-8sfsa9-4z5wVp-4z9LTQ-4z5wrn-4z5uUX-4z5yTe-c2Efcu-54GY9a-4z9TEf-4z9PtS-8sQ3VK-5Msngx-8swVy4-4z9KYm-4z5vv8-j3zS4Z-4z9R97-cLNRdG-bWb9t
https://commons.wikimedia.org/wiki/File:Eratosthenes%27_method_for_determining_the_size_of_the_Earth.png
http://www.wikihow.com/Make-a-Solar-Panel-(Copper-Sheet-Method)#/Image:Make-a-Solar-Panel-(Copper-Sheet-Method)-Step-7.jpg
https://commons.wikimedia.org/wiki/File:Beer%E2%80%93Lambert_law_in_solution.JPG
https://www.flickr.com/photos/yellowcloud/3399163593/in/photolist-re2Qw-4srj96-pUhGBF-jtq3xC-6bnAUR-re2Qs-re54f-743uGT-gVMGT-gVMRj-gVNcm-gVGpx-6u4Vad-sahsPV-pSbRpP-pzfQTi-pzfQWp-oUTz2p-qoFNc8-qbDBUw-pUgtTi-4tMCor-5BJWEb-9etwZZ-E8wGH-E8wGu-pWs5ST-bnzBz4-2BZUnG-6TwaQK-VD365-QNGib-7q1Gj3-6UYhoF-pWswHR-5dw9bo-6vaQ1x-bww6e6-rX3w6e-5L5qW-8AcgiZ-6AFK2m-7WXm8B-ezWMK-8VDJB1
https://commons.wikimedia.org/wiki/File:RGB_illumination.jpg

CREDITS

EDITORS:
DESIGNER:

ISBN:

www.unawe.org

europe.light2015.org
¢ g K2 . ) . g ~ \\ ! : -
Universiteit e K] g o1
== VY PHOTONICS
PHOTONICS PUBLIC PRIVATE PARTNERSHIP

&
5
°  International

7
) Leiden
United Nations  *
Educational, Scientificand | Year of Light
2015

Cultural Organization

?&} LIGHT2015 i
é\% PHOTONICS 4
G'M The Netherlands

NIVERSE
A(JM'REA'}ESS



http://europe.light2015.org







	Table of Contents
	Age 6+ Activities
	Anti-Gravity Mirror
	Bending Light
	Bird in the Cage
	Black is Black — Or is it?
	Creating Eclipses in the Classroom
	Construction of the Planetarium Box
	Coloured Shadows
	Detecting Infrared light using a CCD
	Exploring Pinhole Images
	Giant Lens
	Pictures in a Box
	How to Make a Sundial
	Investigating Shadows
	Learn About Plants
Photosynthesis Experiment 1
	Learn About Plants
Photosynthesis Experiment 2
	Light Mixing
	Light Scavengers
	Liquid Crystal Infrared Detector
	Make a Green Gumball Black
	Make Your Own Periscope
	Mirror, Mirror on the Wall: 
Angles of Reflection
	Mirrorly a Window
	Shadowbox Theatre
	Spinning Your (Colour) Wheels
	Watch TV Upside Down on a Piece of Paper
	Water Sphere Lens
	What Colour is a Tomato?
	Stations of Light

	Age 8+ Activities
	An Ice Lens
	Bridge Light
	Corner Reflector
	Demonstrating Light Pollution and Shielding
	Detecting Ultraviolet Light Using Tonic Water
	Diffraction Between Wax Blocks
	Duck Into Kaleidoscope
	Your Father’s Nose
	Exploring UV Light and Sunscreen Lotion
	Exploring Lenses - The Magic Lens
	Exploring Light Spectra
	Exploring Refraction (Gelatin Optics)
	Give and Take
	Herschel Infrared Experiment
	How to Make a Hologram
	How to Build a Solar Collector
	How to Build a Homemade Radiometer
	Interference in a Ripple Tank
	Laser Target Shoot
	Lens Activity: Looking Through Lenses
	Look Into Infinity
	Magic Wand
	Make a Light Fountain
	Make Money Appear Before Your Eyes
	Mirrors and Images
	Parabolas
	Photosynthesis
	Release the Rainbow
	Ritter Ultraviolet Experiment
	Shadow Sculptures
	Soap Bubbles Shapes
	CD Spectroscope
	Spherical Reflections
	There’s More to Light Than Meets the Eye
	Touch the Spring
	Why Are Bubbles So Colourful?
	Create a Pinhole Camera

	Age 10+ Activities
	Blue Sky — Red Sunset
	Build your own Microscope
	Exploring Reflection from Transparent Objects
	Exploring Fluorescence and Phosphorescence
	Exploring Light: 
Absorb, Reflect, Transmit or Refract?
	How Light Pollution Affects the Stars: 
Magnitude Readers
	Large Driveway, Patio or Garden Sundial
	Make a Refractor Telescope
	Make a Reflective Telescope
	The DIY Smartphone Microscope
	Exploring Polarization
	Exploring Rayleigh’s Criterion and Resolution
	Exploring Scattering
	How to Make Your Own 3D Glasses
	Polarized Light Art
	Polarized Sunglasses
	Rotating Light
	The Magic Box - Fun with Polarization

	Age 12+ Activities
	Building a Fancy Spectrograph
	Engineering Your Own Spectrograph
	Eratosthenes’ Experiment
	Light vs. Heat Bulbs
	Exploring Laser Beams
	Laser Jello
	The Floating Leaf Disk Assay 
for Investigating Photosynthesis
	Exploring Diffraction
	Inverse Square Law
	Measuring Distances by Parallax Method
	Solar Brightness
	Gravitational Lens Exercises
	Eratosthenes’ Experiment - Advanced
	How to Make a Solar Panel
	Light Intensity Lab
	Total Internal Reflection

	Teacher Activity
	How to Build a Cheap Integrating Sphere 
for Colour Light Demonstrations

	Index
	Image & Activity Credits
	Book Credits
	Credits

