Fun with Optics  
 Krzysztof Służewski1), Tomasz Wróblewski2), Grzegorz Karwasz1)
1)Zakład Dydaktyki Fizyki, Wydział Fizyki, Astronomii i Informatyki Stosowanej, 

Uniwersytet Mikołaja Kopernika, 87100 Toruń
2)Zakład Zastosowań Fizyki, Instytut Fizyki, Akademia Pomorska, 74100 Słupsk
Abstract
We describe how optics can become an interdisciplinary example of teaching Science. We span from traditional, i.e. geometrical optics as codified by Newton and finish on most recent discoveries how butterflies see colours. 

1. Searching for Fun with Physics

Learning physics, in any place, seems a difficult, and therefore a boring task: “Physics is not my favourite subjects” – you can hear from a driver in any taxi, from Seoul to Sao Paolo. Physics, was still a narrative science”, not much different from philosophy in times of  Aristotle  - his Zoology was much more detailed than Physics, which dealt mainly with defining the motion. For Galileo it starting becoming mathematical, but even Galileo did not use any symbol notions and used Plato-like dialogues.
 But Copernicus’ De Revolutionibus was already a very “heavy” treaty, filled of tables and mathematical considerations (and therefore, probably little read through centuries). Full of mathematics is just Netwon’s Principiae Matematicae: moreover, physics became the reason for inventing new disciplines of mathematics, like differential calculus. But without this mathematics (and modern computers) it would not be possible to shut “New Horizon” spacecraft to a distance of 5 billion kilometers towards Pluto with a precision of 5 thousand kilometers. 

The same mathematics that become an extraordinary source of scientific successes, is the reason that physics is highly unwilled in schools. This idea is fully motivated: physics deals with phenomena of all-day life – the intrinsic understanding of the laws of motion allows to 1-years infant to walk on two legs. We never would expect a ball thrown horizontally (unless it is a boomerang) to come suddenly back. So, in the first instance, physics is a qualitative science and only later, mathematical one (Karwasz, 2003). 

Phenomenological descriptions of physics date from at least a century (Perel’man, 1913) and were written in all different languages and by highest ranks physicists, see for ex. (Landau 1965, Frova, 2001, Ernst 2001). The social role of these volumes is high as they trigger interest in physics, even if do not constitute a real-type textbooks. 
The second strategy to publicize physics are interactive exhibition. In Poland they were introduced by one of us, working at that time at Trento University in Italy and Pedagogical Academy in Słupsk (Karwasz, 2000). Portable exhibition, of some 40-50 objects were shown in 1998 at II Science Festival in Warsaw and in Słupsk in the Municipal Hall, with 14,000 visitors; next year at National Congress of Polish Physical Society in Białystok, then at the Congress in Gdańsk (2003) and Warsaw (2005). In some 10 years, interactive centers, mainly for physics, exploded all over Poland, with 1 million visitors in one year only at “Kopernik” center in Warsaw, see (Karwasz, 2012).   
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Fig. 1. a) Interactive exhibition “Fiat Lux” organized by authors at Regional Museum in Toruń (2008); b) “Schrödinger’s cat” – burn inside a glass cube shows both the left and the right profile; c) two semi-cubes filled with liquids and with a gap in-between them: a crocodile picture is inserted in the gap; depending on the angle of observation the crocodile is visible or not (due to the total internal reflection between the liquid and the air in the gap) – the object noticed by Maria Karwasz in RTV shop.      
Apart from this extraordinary success, the cognitive risk of “Physics and Toys” is the most common commentary by (semi) professional science divulgators: “I have it also!” roor “I have already seen it!”. Such comments prove that the interest is still concentrated on the object and not on the phenomena itself, or more precisely – on physics. 


In this work we show a methodological extension of interactive physics: visiting an exhibition or participating in an interactive lecture is only a departure point for own, independent search for phenomena around us. This approach was already developed in a thematic exhibition on optics “Fiat Lux! or playing with light” organized in collaboration with the Regional Museum in Toruń in the medioeval cellar of Toruń Town Hall in 2007 and then travelling to other 20 musea all over Poland for several years. Optics is a powerful tool to trigger interest in the external work: we use our vision continuously but between the light, the object seen and our impression there is also our eye and our brain. So optics is not only physics but also psychology and arts.     


The main scope of the present report is not to numerate optical phenomena but to go beyond “organized” exhibitions and ready books: the aim of this paper is to induce the reader (or rather spectator) to search in any time and any place of optical impressions. For didactical simplicity we follow three branches of optics: geometrical optics, wave optics (interference, diffraction), and chromatography, which for us is the science of colours.   

2. Fun with flat mirrors
    Modern geometrical physics starts from Vitelo (1237-1300?),  Turingen - Polish medieval priest and scientist, who studied the laws of reflection. Among the objects drawn in Vitelo’s Perspectiva we find a periscope, one of the most simple optical devices. It consists of two flat mirrors positioned at 45º, see fig. 2a.  The resulting image is virtual, straight and of the same size as the object. If mirrors are positioned at +45º and -45º, see fig. 2b, the image is inverted. If you want to observe the whole horizon you must to turn your head with the periscope. 
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Fig.2 Fun with periscope: a) a scheme of a correct construction and b) its application – how to see the world like an adult (“Fiat Lux” exhibition in Toruń, 2007). c) A scheme of a “wrongly” mounted periscope and d) the upside-down images in it.  
Two flat mirrors can placed also in other ways: one behind another, like in fig. 2c, giving an infinite number of successive reflections. This is what happens staying between two mirror in a hair-dresser workshop. In fig. 3a we show a parallel positioning of two mirrors in which the front mirror is semitransparent and the reflected object is placed behind it (i.e. between the two mirrors). An infinite number of successive reflections – every next smaller – is seen. But if the photographer is illuminated, he is also reflected from the front glass, see fig. 3b. This induces us to the question of reflections – is a window glass transparent or is it a mirror? An answer is given in fig. 3c – where a stack (about fifty) of transparent plastic foils is positioned. If they are few (a douzen) they are transparent – a piece of paper below them is quite well visible even if a reflection of the objects above the stack (including the photographer) is also present. To conclude the question of semitransparent and non transparent mirrors in fig. 3d we show an object that we see every day – an interior car mirror. At darkness, in order to get blind from lamps of a car we “switch” it off. In practice, we change the angle of the mirror in a way, that it reflects the light from behind above our eyes. Why, therefore, we see anyway the lights of the car behind? The light reflects from the glass
 that is placed in front of the mirror, fig. 3d. Check it before you start driving!
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Fig. 3. Parallel mirrors and the question of reflection from glass surfaces: a) an infinite number of reflections of a chain of lamps positioned between a mirror behind and a glass window in front. b) The same object but the photo taken not in darkness – a reflection of author (GK) is seen. c) a pile of transparences: a piece of paper with printed text is positioned under 20 of them – the text is still visible; another piece of paper positioned under 50 transparences (lower half of the photo) is barely visible, instead – the reflection of the photographer can be seen. d) internal car mirror – two reflections of author are seen: from the mirror behind and the protecting glass in front.    
A number of other playing can be done with flat mirrors, the most funny is so-called kaleidoscope, i.e. “nice vision” in Greek. It consists of three mirror, forming angles of 60º, fig. 4a. Other configurations, see fig. 4b are also possible. In front of the mirrors small objects – pieces of colorful glass, beads, feathers are placed. Their casual position is reflected in three mirrors giving a symmetric, “nice” picture, see fig. 4c. A variation of the kaleidoscope includes a big glass sphere in front of the tube with mirrors. Images of objects in front of the sphere are formed immediately after it, inside the tube. Such a kaleidoscope can be used to multiply the external world.     
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Fig. 4. a, b) Two types of kaleidoscopes and images formed in them: b) a flower from outside, c) small pieces of colorful glass. (Photo GK) 

Other kaleidoscope-like configurations of mirrors are shown in fig. 5. In fig. 5a  there are three mirrors in a “classical” configuration of 60º but the spectator is inside. An infinite number of successive reflections of the author (KS) crowd the image. Exactly 6 images are obtained when two mirrors (from a bathroom) are positioned exactly at 60º, fig. 5b.
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Fig. 5. Fun with flat mirrors, continued: a) inside a giant kaleidoscope made of three mirrors positioned at 60º; b) similar to the previous - photo taken from outside (at University Udine). c) scheme of successive reflections. 
Similar to the previous is the hair-dresser room (author M. Brozis [1]), with three mirrors in 3D configuration at 90º angles, fig. 6. In photo 6b we present not only the two primary reflections (left-right inverted), but also reflection of reflections (twice inverted, i.e. non-inverted) – the first from right. 
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Fig. 6. “Hair-dresser room” [1], i.e. three flat mirrors under 90º - a) reflections from three mirrors; b) from left to right we see the reflection of the battery in the left mirror (inverted left-right), the battery itself, the reflection of the battery in the right mirror (inverted) and reflection of the reflection (non inverted). c) auto-photo – the image is upside-down.
Even a single mirror can produce quite a fun. In photo 7a, Waldek seems to levitate. In practice he stands on his left leg, hidden behind a big mirror.  In a “Soviet bank” (insert a coin and you will never get it back!), fig. 7b, a flat mirror is placed in a small box under 45º and half of a star is glued to it in the center. The other half, seen by the observer is just the image in the mirror. The bottom of the box is lined with a design not allowing to evaluate the perspective; the distance between the image and the observer eye is constant for every point of the mirror, see fig. 7c.  In this way the observer is convinced to see he whole box, but the “bank” is hidden behind the mirror and inserted coins disappear.         
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Fig. 7. Fun with single flat mirrors. a) Waldek, apparently hanging in air, is standing on his left leg behind a big flat mirror, and his right leg is in front of the mirror. b) “Soviet bank” – a mirror placed at 45º: the observer is convinced to see the whole box but coins are dropped behind the mirror – one can hear them but not see. c) Independently from its position, any object from the bottom gives an image at the back of the box.  
3. Fun with spherical mirrors
Witelo’s treaty on optics De perspective was used as an university textbook till times of Newton – still Kepler wrote a comment on it. His imaginary portrait (painted by Giangacomo del Forno in 1942) is shown as one of 40 most prominent scientists at the Rectorate aula Padova University, fig. 8a. Witelo was first to study experimentally reflections, not only from flat mirrors, but also spherical and cylindrical, both convex and concave. His experimental set-ups (reconstructed on the project by A. Bielski at UMK) are shown in fig. 8b an 8c. 
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Fig. 8 Witleo and his experimental set-up. 8a Immaginary portrait by Giangiacomo del Forno (1942) in Sala dei Quaranta, Palazzo Bo’, Univeristy of Padova (shown here su concessione dell’Università degli Studi di Padova). b) set up (diameter 60 cm) to study the angle of reflection with 1º precision (reconstruction by A. Bielski, UMK). c) set up to study angles of reflection from cylindrical and spherical mirrors (diameter 30 cm)
, 
Today, cylindrical mirrors 
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Fig. 1. a) Interactive exhibition “Fiat Lux” organized by authors at Regional Museum in Toruń (2008); b) “Schrödinger’s cat” – burn inside a glass cube shows both the left and the right profile; c) two semi-cubes filled with liquids and with a gap in-between them: a crocodile picture is inserted in the gap; depending on the angle of observation the crocodile is visible or not (due to the total internal reflection between the liquid and the air in the gap) – the object noticed by Maria Karwasz in RTV shop
Fig. 2. Concave and convex mirrors. a) Korean spoons – for soup (only pieces of meat can be extracted with sticks), and for tea – the image is smaller if the curvature radius of the mirror is smaller. b) concave mirrors produce inverted images if an object is distant. c) the same spoon can be used to look into a proper eye – the image is non-inverted and enlarged.  
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Vitelo studied also curved mirrors – spherical and cylindrical, 
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4. Didactical outcome 

but he could not make them telescope system
The first telescope was most probably constructed by a Dutch optician H. Jansen in 1604. He might have used the existing Italian construction. Galileo Galilei improved the construction in 1609 by increasing the magnification to 30 times.

A telescope consists of a simple lens (a convergent lens) and an eyepiece which is a divergent lens, both placed in a tube at a meticulously matched distance. When Galileo looked into the sky through this apparatus, he saw the sky magnified by hundreds and thousands of times more than what has been observed by the scientists of all past epochs.

Thanks to this discovery we can observe distant stars at the edges of the Universe.

In a telescope an objective (with a long focal length) and an eyepiece (with short focal length) are positioned in such a manner that their focal points meet.
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Galileo's telescope gives a virtual image, which is upright. Armed with this powerful research work tool, Galileo began observing the sky. He found out that the surface of the Moon is not smooth, as was widely believed, that the Milky Way consists of millions of stars. He discovered that Jupiter has its own satellites, today called Galilean. The latter one was a very important discovery. It proved that the Earth is not the only celestial body around which other bodies do orbit. Galileo watched also other phenomena and objects such as the Sunspots, phases of Venus, Saturn's rings. He published the results of his work in the book 'Suderius nuntius' in 1610.

The angular multiplication P for simple Galilean telescope is described by the following formula:

P = fb/fk ,

in which fb - is the focal length of the objective and fk - the focal length of the eyepiece.

The magnification power of the telescope cannot be enhanced freely by the application of an eyepiece with shorter and shorter focal length. It is determined by so called angular resolution of an objective limited by diffraction phenomena which depend on the width of the objective, termed its "aperture" d.

The objective can distinguish two separate objects, provided the angular resolution is described by the following formula:

Dy = 1.22l/d ,

in which: - l the wavelength (the Rayleigh criterion).
Another important instrument is an optical microscope. 

The microscope is one of the most important inventions of all times. Before it has been constructed our idea about the world was limited to what we could see with a naked eye. The microscope created new perspective to study the (micro and macro) universe.

Do you need a lot of money to demonstrate the scheme and principles of operation of a microscope?

Try to build a microscope cheaply. You will need a magnifying glass and a small glass ball. Keep the ball immediately above the object under observation and place the magnifying glass at a distance of 20 cm from the ball. You can observe a magnified image through this optical system.
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A real microscope, as well as this toy, consists of a long tube at the end of which an eyepiece (ocular) and an objective, both being convex lenses, are fixed.

The objective collects the light radiating (or reflected) from the specimen and creates its enlarged (real) image, whereas the eyepiece, close to the eye, enlarges this image further.
The first microscopes had thick spherical lenses. Their constructor, Anton van Leeuwenhoek went down in history as the originator of microbiology, by sheer coincidence. He traded in baize and spices, and one day he decided to find out why pepper has sharp (peppery) flavour. He suspected, that the seeds had minuscule hooks, by means of which they stuck to the tongue. He ground some seeds and poured water over them, to make them soft. Since he was very busy, he inspected the seeds only after a few days: they were teeming with microbes.

The diagram shows the optical path of light beams in a microscope. The image viewed in an eyepiece is a virtual image and it is highly enlarged. The angular multiplication of an optic microscope is described by the following equation:

w = (x×D)/(fob×fok),

in which x - stands for the length of a body tube, D - is the viewing distance (250 mm), fob and fok are an objective and an eyepiece focal length respectively. The actual magnification is the product of the powers of the eyepiece and the objective lens being used. In practice microscopes with the power from several dozen to 1000 are applied.

In the telescopes and microscopes the main element are the corresponding lenses. If the lenses are properly shaped can show the world distorted in an interesting way.

The world observed through this magical eye resembles an image in the kaleidoscope, but it is not an image of colourful beads reflected from mirrors, like it was there, but the view outside the window multiplied and divided 20 times.

The magic eye resembles a plane-convex lens , but its convex surface is not spherical, and has a shape of a 'rosette' from gothic temple - an array of radiating polished plates with a little circular centre, as if it were a bunch of glass prisms. Each of those prisms deflects the light beams in the direction of the observer's pupil. We see a whole rosette of virtual images, set in a circle around the 'real' image.
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The magic eye is similar to an insect eye. The eye of a fly is like a rosette; tens of little eyes on the surface of a spherical cap. 

The multiplied images of a single source effect can also be observed in the sky. The light from distant galaxies, travelling through space which is full of massive objects, is bent in gravitational fields and reaches us in its multiplied form, as predicted in general relativity theory.
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Recently, two scientists have found evidence that each galaxy is surrounded by a halo consisting of hundreds of invisible, dwarf galaxies. This discovery, published in 'The Astrophysical Journal', supports strongly the theory claiming that most of matter in the Universe has the form of undetectable particles, called cold dark matter, which travel slowly in Space. An astrophysicist Neal Dalal from the University of California and Christopher Kochanek from Harvard-Smithsonian Center for Astrophysics in Cambridge have based their conclusions on the analysis of gravitational lensing. According to Einstein's theory of gravitation, massive objects, for example galaxies, curve space-time continuum and bend light passing them around. Due to that phenomenon light can be focused as if in a lens.

[image: image43.jpg]Qnatar
Image 1

Gussao o - . *p.
 Image2 A e . f/ 4

View from Earth




 [image: image44.jpg]Nationsl Optical Astronomy Observatory, Tucson
R Bal s salhe eSS S




The diagram shows, how multiplied images of one object are created (two in our case) between the source object and the observer as a result of bending. The picture is a classic example of gravitational lensing. Multiplied images of one distant quasar have been created as result of space-time continuum curving by a galaxy which is closer to the Earth.

Imagining the lens thoughts are usually thin glass slides, bold in the middle, but the glass of water is also a lens - lens "fatso".
How to make a collection of batteries out of only one battery? We will need a glass and a rectangular aquarium.

A battery in a glass full of water seems to be wider. In order to make it thinner we have to place an empty glass with a battery inside to an aquarium filled with water. Isn't that simple?
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The ability of an optical apparatus to magnify depends not only on the shape and the material of the object, but also on the medium in which the apparatus operates. Your eye works properly in the air, but in water the image is blurred - the lens of the eye cannot focus well enough.

This toy serves the purpose of illustrating how our perception of objects (batteries) of the same size can change depending on the way in which we view them. Cylindrical glasses placed in aquarium have biconvex lens properties. All three glasses used here have the same shape. In order to obtain different images created by glass-turned-lenses their refraction index in relation to their surroundings is manipulated. By filling the glass with water we obtain a magnified image. On the other had, the size of the image is reduced if we fill aquarium with water an the glass remains empty. A general lens equation is a combination of the values of the lens curve radius and various refractive idices of two different media on both sides of the lens.

n1/p + n3/q = (n2 - n3)/R2 + (n2 - n1)/R1.
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The experiment presented above proves that convex lens is not always a focusing one and a concave lens is not always a dispersing one.

3. Physics, chemistry, biology of colours
Not many ways of getting colours come from physics. The first one – colours in the rainbow was explained by Descartes, but the rainbow is quite complicated, as we will describe it later. Similar to the rainbow are colours from a triangle of glass (or any angles piece of glass, an angle of aquarium or a piece of snow): they are formed by refraction, i.e. different angles at which different light wavelength travel between air and glass or water. 
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The color wheel. On the left drawing "Optics" Isaac Newton published in 1704. On the left circle contemporary of Newton.
Little tops have colourful stickers. Rotation of tops gives an optical illusion of colour mixing. The result of mixing red and green is different (yellow), and red and blue is yet another (magenta - pink).

The sensation of seeing almost all colours may be experienced when we mix in certain proportions only three light beams with exactly matched spectrum width.
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The word colour comes from Latin. In most contexts it refers to what the eye perceives. The word colour is used to refer to different cards in card games. Colours were used in army for differentiating rank, and nowadays colour are used to label quarks.

	[image: image55.jpg]



	[image: image56.jpg]





Instead of colour, one can say also a paint. For sounds we say "timbre". These names are associated with perception of various stimuli with our eyes (or ears). On the other hand, the colour depends on ingredients forming an object. In particular ingredients with clear, vivid colours are called dyes.
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The reception points in our eye register incoming light waves - which are sets of stimuli for our brain. Following further processing in the reception points these stimuli undergo transformation into sensations. Such a transformation does not follow the order of linear way. In other words, the same sensation can be created in our eye as a result of various light wave configurations.
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White light can be obtained through mixing only three colours: red, green and blue. If we project these three colours onto a screen so that they cover, what we perceive is white light. By mixing these colours in proper proportions we can obtain a desired light spectrum range. That is why we call red, green and blue basic complementary colours. But if we subtract a colour, like in the print process, we have other three fundamental colours: magenta, yellow and cyan.

A very common method for obtaining the color is to use appropriate filters which absorb light. Thanks to them we can use sunglasses of all colors of the rainbow.
There are two types of sunglasses. The first regular type is just colour-tinted, and the other type looks like colour-tinted mirrors.

1° The first type of glasses seem to have the same colour on both sides of them. This type is like an absorbent filter; it transmits light of a certain colour, e.g. green, and absorb other colours. 
2° The other type uses a completely different phenomenon - it reflects a given colour. As a result, a pair of glasses which look red may reflect red colour so that you don't see red when you wear them. The world observed through such glasses lacks red, and there is much more blue in it.
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They are so called reflecting filters. The front surface of the glass is covered with a thin selective reflection layer. A similar thin layer covers your computer screen.

Selective reflection of one colour is possible due to the light-wave interference. A reflection layer consists of several alternately arranged layers with alternating high and low reflection index. The thickness of a single layer is l/2, where lstands for the length of wave which is selectively reflected. Light covers the distance of l - (forwards and then backwards) in each layer. Individual reflected waves enhance the same phase, i.e. they undergo enhancement. 

The graph “a)” shows an exemplary transmission of the light spectrum (in relative units) for mirrored coating glasses (the orange curve) and, to make a comparison possible, for an interference blue waves transmitting filter glasses, which is also shown on it.
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Graph “b)” illustrates, an exemplary transmission of the light spectrum for 'green' (absorptive) sunglasses. As you see, it is the red light spectrum which has the greatest (percentage) share of the light allowed through such glasses. Why do they look 'green' when we look at them at an angle, why does everything look 'greenish' when we look through such glasses?

The secret is hidden in our eye. The colour sensitivity of our eye is different for different colours. In the daytime our eye cone cells are most sensitive to ca. 550 nm light waves, which is green colour spectrum. They are tenfold less sensitive to ca. 650 nm light waves (red colour spectrum) and to those of ca. 470 nm.

In order to describe how we see colours through glasses the sensitivity of human eye to light spectrum should be taken into consideration. The graph “c)” shows spectrum range transmission of the light after passing through the glasses multiplied by relative sensitivity to light spectrum, which seems to explain 'green' light perception. The sensitivity factor has been obtained as a mean from numerous measurements taken for individual observers and with disregard for various kinds of eye cone and rod cells. 
Below shows the absorbance of filters
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Red: ~ 600-700 nm.  

The filter absorbs light at a wavelength to 600 nm

Green: 495-570 nm 
The filter absorbs light at a wavelength to 495 nm and from 570 nm

Magenta: 380 – 500 + > 600 nm
The filter absorbs light at a wavelength from 500 nm to about 600 nm
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Some glasses change color depending on the angle at which they look. They are made of glass dielectric. 
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Changing the angle of light or the angle of observation changes the way that moves the light inside the glass. This causes a change of color light rays. Likewise, they are changing the color of the pyramids and spheres of Swarovski.

This is a rainbow-coloured sphere. It is difficult to say what colour it is; from one side it is honey-yellow, from the other green, from the top it is bluish. And if you spin it the colours change.
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The colours in the sphere (or in a similar structure resembling a pyramid) are not basic colours. For example there is no red. These colours are compounds (sums) of two basic colours. Such is the case with cyan; it is a mixture of blue and green.

This heavy glass ball cut in the shape of a football ball delights us with a range of colours depending on the angle from which we look. It looks like rainbow or even better.

Swarowski's crystal sphere performs the 'diamond trick'. Due to its diamond-like cut, the light incoming into it undergoes multiplied reflection inside the sphere, which happens at various angles, so that the light leaving the sphere is broken up into separate colours.
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Although made of cheap pieces of glass, this belt buckle also breaks up colours. A cheap imitation of diamond, a cubic zirconia, zirconium oxide ZrO2 , also has a high value of refractive index: 1.48 in comparison to 2.42 for a diamond.
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	The phenomenon of multiple inside the sphere reflection is utilised here. Due to the high value of the refractive index for diamond a total internal reflection angle for this medium is the greatest for all known media and it is 24°. Proper cut of the diamond allows for 'catching' the light inside it, and when it finally leaves it, due to the high value of refractive index, it undergoes dispersion into different colours.


The mirror on the bottom surface of the sphere multiplies the paths taken by the light and mixes colours. Both in the sphere and in the pyramid colours do not need to be basic complementary colours. We can see cyan and magenta.

It turns out that proper cut does not guarantee Svarowski's sphere effect. The glass has to have high refractive index. A sphere made of glass which has low refractive index, even with a mirror underneath, reflects light only at some angles.

Infrared radiation

The infrared is a kind of light which appears over red in a spectrum resulting from the use of a prism. The 'infra' part comes from the fact that energy of this kind of light (converted into one quantum, that is 'a parcel') is smaller than the energy of the visible light.

The infrared radiation is not visible, but can be felt, e.g. it is hot near a bonfire. The night-vision device used by the army is a screen sensitive to infrared radiation. But can you see it with a naked eye?

Have a look at those photos of a TV remote controller. The photo was taken during 'transmission' with a regular digital camera. The video cameras operate similarly - their sensors see the infrared.
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Semiconductors with so-called small energetic gap, like germanium, are used as IR detectors. It these sensors the light absorbed causes an electron pass from its fundamental band to the conduction band, and in this way a current flows in the semiconductor. The light must bring enough energy to make such a transition. The infrared light brings little energy, in spite of the fact that the radiation from a fire makes an impression to be warm. To detect the IR light, the semiconductor used has to be characterised by a small energy gap: it is only 0.6 eV in germanium, compared to 1.2 eV in silicon.

The IR light used in TV pilots is not much useful for transmitting signals at great distances; it gets absorbed by many gases, like carbon dioxide (CO2), water vapour and so on. Due to an increase of the CO2 concentration in Earth's atmosphere, more and more IR radiation is trapped and the climate warms-up. We call it a greenhouse effect.
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The spectra of IR absorption by CO2 and water vapour are somewhat complementary. In this way, on Mars, where quite a lot of CO2 is present in the atmosphere but little water, the greenhouse effect is small (3K, i.e. 3°C), on Venus, where water, CO2 and also SO2 are abundant, the greenhouse effect brings the temperature up to 450°C. On Earth, the natural greenhouse affect is modest, 33K, bringing the average temperature on our planet to some comfortable +15°C. On the figure, the IR absorption from the ammonia molecule NH3 is shown.
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The sense of vision IR are snakes. Thanks to see the approaching warmer than the ambient mouse even in complete darkness.

Ultraviolet radiation

Have you ever seen banknotes being checked in a shop? They are put into a box with a violet lamp. If they are real they glow with little ribbons and straps.

All these phenomena make use of ultraviolet light. The light of quartz lamps may burn your skin. 10% of the Sun light is ultraviolet. It's not much but still it is dangerous.

[image: image78.jpg]


 [image: image79.jpg]



In Poland, 80% percent of holiday-makers are said to sunbathe so much that they risk developing skin cancer.

Ultraviolet lies within short wavelength band of the electromagnetic spectrum range. It is high-energy radiation compared to visible light and it has various practical applications.

Ultraviolet is widely used in superficial lighting - popular fluorescent lamp would emit ultraviolet if it were not for a white scintillation layer covering the lamp tubes form inside. The gas inside the tube emits ultraviolet, which in turn activates particles of scintillation layer. By choosing different kind of scintillation layer we can obtain different radiation colours. This phenomenon is called photoluminescence.
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Many substances and organic dyes reveal photoluminescence properties when exposed to ultraviolet light. Minerals like fluoride (CaF2) and even Tonic Water, which contains compounds of quinine (see the photo) are examples. We utilise this phenomenon, by adding such dyes to the printing ink used for printing banknotes. The parts of banknotes printed with such printing ink radiate when placed in special banknote testers.
Solar light spectrum reaching the surface of the Earth would contain much more ultraviolet, if it were not absorbed by the atoms of oxygen and nitrogen (within the 'hardest' wavelength band of 150-250 nm) and by the ozone particles within the remaining 250 -350 nm band present in solar light spectrum. Ozone constitutes just a fraction. Under the 'regular' pressure at the ground level its layer would be only 3 mm thick. But it is extremely important for live beings safety.
People do not see UV light, but they see them some animals eg. Bees. Some of the flowers, which for us are white, these insects can see just as ultraviolet. Some of the flowers (eg. Plum or cherry) "shine for bees" in UV only in the middle. As a result, they know where to go to find nectar, pollinating a flower at the same time.
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Cherry flowers in UV

In humans receptors lights are suppositories and rods, located in the eye. Some butterflies have 15 different receptors of light. Thanks to this flawlessly find interesting flowers.
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15 different colour receptors (other butterflies only 4, including UV)

http://www.sciencemag.org/news/2016/03/butterfly-has-extreme-color-vision?utm_campaign=email-news-latest&et_rid=35353469&et_cid=327254
4. Virtual vs. real

Finally, a methodological note. With all computer graphics programmes – can playing with light be substituted by mixing colours on artificial pallets? Computer applets 
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Fig. 4. Computer simulations in optics (PheT, University of Colorado). a) The geometrical optics is pretty instructive – object can be moved, the refraction index and the curvature of the lens changed. b) The simulation of optics hardly can supersede a real experiment – on the picture the red light (uppermost) and the green (in the middle) gives the yellow color. 

https://phet.colorado.edu/sims/geometric-optics/geometric-optics_en.html
https://phet.colorado.edu/sims/html/color-vision/latest/color-vision_en.html   (accessed 10/08/2016)

This is also because students prefer real experiments than their simulations. This is not only in physics but to a bigger extent also in chemistry. As showed by Cegła and Nodzyńska (2014) an overhelming majority (26 vs. 1) students retain that virtual experiments can not replace real ones.    
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� Describing, in Dialogue on Maximum Sistema  the accelerated motion he uses a long phrase, within which the dependence of successive distants in successive periods of time (1:3:5, etc.) compare.  


� The coefficient of reflection from the front (and rear) surface of a window depends from the dielectric constant of the glass. Typically 4% of impacting light intensity is reflected from each surface. So the intensity of light transmitted from a single glass sheet is (0.96x0.96) = 0.922. 
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